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PREFACE
The Next Generation Science Standards (NGSS), authored by a consortium of 26 states facilitated by Achieve, Inc.,
are the culmination of a 3-year, multi-step process jointly undertaken by the National Research Council (NRC),
the National Science Teachers Association, the American Association for the Advancement of Science, and Achieve,
Inc., with support from the Carnegie Corporation of New York.
The NRC, the operating arm of the National Academy of Sciences (NAS) and the National Academy of Engineering
(NAE), began the process by releasing A Framework for K–12 Science Education: Practices, Crosscutting Concepts,
and Core Ideas in July 2011. The Framework, authored by a committee of 18 individuals who are nationally and
internationally known in their respective fields, describes a new vision for science education rooted in scientific
evidence and outlines the knowledge and skills that all students need to learn from kindergarten through the end
of high school. It is the foundational document for the NGSS.
Following release of the Framework, the consortium of 26 lead partner states, working with a team of 41 writers
with expertise in science and science education and facilitated by Achieve, Inc., began the development of rigorous
and internationally benchmarked science standards that are faithful to the Framework. As part of the development
process, the standards underwent multiple reviews, including two public drafts, allowing anyone interested in
science education an opportunity to inform the content and organization of the standards. Thus the NGSS were
developed through collaboration between states and other stakeholders in science, science education, higher
education, business, and industry.
As partners in this endeavor, the NAS, NAE, NRC, and the National Academies Press (NAP) are deeply committed
to the NGSS initiative. While this document is not the product of an NRC expert committee, the final version of
the standards was reviewed by the NRC and was found to be consistent with the Framework. These standards,
built on the Framework, are essential for enhancing learning for all students and should enjoy the widest possible
dissemination, given the vital national importance of high-quality education. That is why we decided to publish the
NGSS through the NAP, a unit otherwise solely dedicated to publishing the work of this institution.
The NGSS represent a crucial step forward in realizing the Framework’s vision for science education in classrooms
throughout our nation. The standards alone, however, will not create high-quality learning opportunities for all
students. Numerous changes are now required at all levels of the K–12 education system so that the standards can
lead to improved science teaching and learning, including modifications to curriculum, instruction, assessment, and
professional preparation and development for teachers. The scientific and science education communities must
continue to work together to create these transformations in order to make the promise of the NGSS a reality for
all students.
Washington, DC, June 2013

RALPH J. CICERONE

CHARLES M. VEST

HARVEY V. FINEBERG

President
National Academy of Sciences
Chair
National Research Council

President
National Academy of Engineering
Vice Chair
National Research Council

President
Institute of Medicine
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NATIONAL RESEARCH COUNCIL REVIEW OF
THE NEXT GENERATION SCIENCE STANDARDS
In accordance with the procedures approved by the Executive Office of the Division of Behavioral and Social
Sciences and Education (DBASSE) at the National Research Council (NRC), the Next Generation Science Standards
(NGSS) were reviewed in early 2013 by individuals chosen for their technical expertise and familiarity with the
Research Council’s 2011 report A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core
Ideas (Framework). The purpose of the review was to evaluate whether the NGSS, as developed during a two year
process by 26 lead states under the guidance of Achieve, Inc., remained consistent with the Framework, which was
intended to provide the scientific consensus upon which to base new K–12 science standards. The developers of the
NGSS used the Framework as the basis for their work in terms of developing both the structure and content of the
standards. The NRC asked reviewers to direct their comments to three points:
s !RE THE .'33 CONSISTENT WITH THE VISION FOR +–12 science education presented in the Framework?
s 4O WHAT EXTENT DO THE .'33 FOLLOW THE SPECIFIC RECOMMENDATIONS FOR STANDARDS DEVELOPERS PUT FORWARD BY THE
Framework committee (see Chapter 12 of the Framework)?
s &OR CONSISTENCY WITH THE Framework, are other changes needed?
The review process determined that the NGSS, released to the public in April of 2013 and published in this volume,
are consistent with the content and structure of the Framework.
The following individuals participated in the review of the NGSS: Philip Bell, Professor of the Learning Sciences,
The Geda and Phil Condit Professor of Science and Math Education, University of Washington; Rodolfo Dirzo, Bing
Professor in Ecology, Department of Biology, Stanford University; Kenji Hakuta, Professor of Education, School of
Education, Stanford University; Kim A. Kastens, Lamont Research Professor and Adjunct Full Professor, LamontDoherty Earth Observatory, Department of Earth and Environmental Sciences, Columbia University; Jonathan
Osborne, Shriram Family Professor of Science Education, Graduate School of Education, Stanford University; Brian J.
Reiser, Professor, Learning Sciences, School of Education and Social Policy, Northwestern University; Carl E. Wieman,
Professor, Department of Physics, University of British Columbia; and Lauress (Laurie) L. Wise, Principal Scientist,
Education Policy Impact Center, HumRRO, Monterey, CA.
The review of the NGSS was overseen by Patricia Morison, Associate Executive Director for Reports and
Communications for DBASSE, and Suzanne Wilson, member of the NRC Board on Science Education and Professor,
Michigan State University. Appointed by the NRC, they were responsible for making certain that an independent
examination of the NGSS was carried out in accordance with institutional procedures.
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INTRODUCTION

There is no doubt that science—and therefore science education—
is central to the lives of all Americans. Never before has our world
been so complex and science knowledge so critical to making
sense of it all. When comprehending current events, choosing and
using technology, or making informed decisions about one’s health
care, science understanding is key. Science is also at the heart of
this country’s ability to continue to innovate, lead, and create the
jobs of the future. All students—whether they become technicians
in a hospital, workers in a high-tech manufacturing facility, or
Ph.D. researchers—must have a solid K–12 science education.
Through a collaborative, state-led process, new K–12 science standards have been developed that are rich in content and practice and
arranged in a coherent manner across disciplines and grades to provide all students an internationally benchmarked science education.

ADVANCES IN THE NEXT GENERATION
SCIENCE STANDARDS (NGSS)
Every NGSS standard has three dimensions: disciplinary core ideas
(DCIs) (content), science and engineering practices (SEPs), and
crosscutting concepts (CCs). Currently, most state and district standards express these dimensions as separate entities, leading to
their separation in both instruction and assessment. The integration of rigorous content and application reflects how science and
engineering are practiced in the real world.
SEPs and CCs are designed to be taught in context—not in a vacuum.
The NGSS encourage integration with multiple core concepts
throughout each year.
Science concepts build coherently across K–12. The emphasis of
the NGSS is a focused and coherent progression of knowledge
from grade band to grade band, allowing for a dynamic process
of building knowledge throughout a student’s entire K–12 science
education.

The NGSS focus on a smaller set of DCIs that students should
know by the time they graduate from high school, focusing on
deeper understanding and application of content.
Science and engineering are integrated into science education by
raising engineering design to the same level as scientific inquiry in
science classroom instruction at all levels and by emphasizing the
core ideas of engineering design and technology applications.
The NGSS content is focused on preparing students for college
and careers. The NGSS are aligned by grade level and cognitive demand with the English Language Arts and Mathematics
Common Core State Standards. This allows an opportunity both
for science to be a part of a child’s comprehensive education and
for an aligned sequence of learning in all content areas. The three
sets of standards overlap and are reinforcing in meaningful and
substantive ways.

NGSS DESIGN CONSIDERATIONS
The NGSS are based on A Framework for K–12 Science Education:
Practices, Crosscutting Concepts, and Core Ideas (Framework)
developed by the National Research Council (NRC). In putting the
vision of the Framework into practice, the NGSS have been written as performance expectations (PEs) that depict what students
must do to show proficiency in science. SEPs were coupled with
various components of the DCIs and CCs to make up the PEs.
The NGSS architecture was designed to provide information to
teachers and curriculum and assessment developers beyond the
traditional one-line standard. The PEs are the policy equivalent of
what most states have used as their standards. In order to show
alignment and coherence to the Framework, the NGSS include the
appropriate learning goals in “foundation boxes” in the order in
which they appeared in the Framework. They were included to
ensure that curriculum and assessment developers would not be
required to guess the intent of the PEs.
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COUPLING PRACTICE WITH CONTENT
State standards have traditionally represented practices and core
ideas as two separate entities. Observations from science education researchers have indicated that these two dimensions are, at
best, taught separately or that the practices are not taught at all.
This is neither useful nor practical, especially given that in the real
world science and engineering are always a combination of content and practice.
It is important to note that the SEPs are not teaching strategies—
they are indicators of achievement as well as important learning
goals in their own right. As such, the Framework and NGSS ensure
the practices are not treated as afterthoughts. Coupling practice
with content gives the learning context, whereas practices alone
are activities and content alone is memorization. It is through integration that science begins to make sense and allows students to
apply the material. This integration will also allow students from
different states and districts to be compared in a meaningful way.

THE NGSS ARE STANDARDS, NOT CURRICULUM
The NGSS are standards, or goals, that reflect what a student
should know and be able to do; they do not dictate the manner or
methods by which the standards are taught. The PEs are written
in a way that expresses the concept and skills to be performed but
still leaves curricular and instructional decisions to states, districts,
schools, and teachers. The PEs do not dictate curriculum; rather,
they are coherently developed to allow flexibility in the instruction
of the standards. While the NGSS have a fuller architecture than
traditional standards—at the request of states so they do not need
to begin implementation by “unpacking” the standards—the NGSS
do not dictate nor limit curriculum and instructional choices.

INSTRUCTIONAL FLEXIBILITY
Students should be evaluated based on understanding a full DCI.
Multiple SEPs are represented across the PEs for a given DCI.
Curriculum and assessment must be developed in a way that
builds students’ knowledge and ability toward the PEs. As the
NGSS are performances meant to be accomplished at the concluxiv

sion of instruction, quality instruction will have students engage
in several practices throughout instruction.
Because of the coherence of the NGSS, teachers have the flexibility to arrange the PEs in any order within a grade level to suit the
needs of states or local districts. The use of various applications of
science, such as medicine, forensics, agriculture, or engineering,
would nicely facilitate student interest and demonstrate how scientific principles outlined in the Framework and NGSS are applied in
real world situations.
s s s s s

BACKGROUND
In 2010 the National Academy of Sciences, Achieve, the American
Association for the Advancement of Science, and the National
Science Teachers Association embarked on a two-step process to
develop the NGSS. The first step of the process was led by the
National Academy of Sciences, a non-governmental organization
founded in 1863 to advise the nation on scientific and engineering issues. In July 2011, the NRC, the functional advisory arm of
the National Academy of Sciences, released the Framework report.
The Framework was a critical first step because it is grounded in
the most current research on science and scientific learning, and it
identifies the science that all K–12 students should know.
The second step in the process was the development of standards
grounded in the NRC Framework. A group of 26 lead states and 41
writers, in a process managed by Achieve, Inc., worked to develop
the NGSS. The standards were subjected to numerous state reviews
as well as two public comment periods and benefitted from additional feedback from the National Science Teacher Association
(NSTA) and many critical stakeholders at the local and national
level. In April 2013, the NGSS were released for states to consider
adoption.

Why Next Generation Science Standards?
The world has changed dramatically in the 15 years since state
science education standards’ guiding documents were developed.
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Since then, many advances have occurred in the fields of science
and science education, as well as in the innovation-driven economy. The United States has a leaky K–12 science, technology, engineering, and mathematics (STEM) talent pipeline, with too few
students entering STEM majors and careers at every level—from
those with relevant postsecondary certificates to Ph.Ds. We need
new science standards that stimulate and build interest in STEM.
The current education system cannot successfully prepare students
for college, careers, and citizenship unless the right expectations
and goals are set. While standards alone are no silver bullet, they
do provide the necessary foundation for local decisions about curriculum, assessments, and instruction.
Implementing the NGSS will better prepare high school graduates
for the rigors of college and careers. In turn, employers will not
only be able to hire workers with strong science-based skills in
specific content areas, but also with skills such as critical thinking
and inquiry-based problem solving.

A Framework for K–12 Science Education Dimensions
The Framework outlines the three dimensions that are needed to
provide students with a high-quality science education. The integration of these three dimensions provides students with a context for the content of science, how science knowledge is acquired
and understood, and how the individual sciences are connected
through concepts that have universal meaning across disciplines.
The following excerpt is quoted from the Framework:
Dimension 1: Practices
Dimension 1 describes (a) the major practices that scientists
employ as they investigate and build models and theories
about the world and (b) a key set of engineering practices
that engineers use as they design and build systems. We
use the term “practices” instead of a term such as “skills”
to emphasize that engaging in scientific investigation
requires not only skill but also knowledge that is specific
to each practice.
Similarly, because the term “inquiry,” extensively referred
to in previous standards documents, has been interpreted

over time in many different ways throughout the science
education community, part of our intent in articulating the
practices in Dimension 1 is to better specify what is meant
by inquiry in science and the range of cognitive, social, and
physical practices that it requires. As in all inquiry-based
approaches to science teaching, our expectation is that
students will themselves engage in the practices and not
merely learn about them secondhand. Students cannot
comprehend scientific practices, nor fully appreciate the
nature of scientific knowledge itself, without directly experiencing those practices for themselves.
Dimension 2: Crosscutting Concepts
The crosscutting concepts have application across all
domains of science. As such, they provide one way of linking across the domains in Dimension 3. These crosscutting
concepts are not unique to this report. They echo many
of the unifying concepts and processes in the National
Science Education Standards, the common themes in the
Benchmarks for Science Literacy, and the unifying concepts
in the Science College Board Standards for College Success.
The framework’s structure also reflects discussions related
to the National Science Teachers Association’s Science
Anchors project, which emphasized the need to consider
not only disciplinary content but also the ideas and practices that cut across the science disciplines.
Dimension 3: Disciplinary Core Ideas
The continuing expansion of scientific knowledge makes
it impossible to teach all the ideas related to a given discipline in exhaustive detail during the K–12 years. But given
the cornucopia of information available today virtually at
a touch—people live, after all, in an information age—an
important role of science education is not to teach “all the
facts” but rather to prepare students with sufficient core
knowledge so that they can later acquire additional information on their own. An education focused on a limited
set of ideas and practices in science and engineering should
enable students to evaluate and select reliable sources of
scientific information, and allow them to continue their
development well beyond their K–12 school years as science
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learners, users of scientific knowledge, and perhaps also as
producers of such knowledge.
With these ends in mind, the committee developed its
small set of core ideas in science and engineering by applying the criteria listed below. Although not every core idea
will satisfy every one of the criteria, to be regarded as core,
each idea must meet at least two of them (though preferably three or all four).
Specifically, a core idea for K–12 science instruction should:
1. Have broad importance across multiple sciences or engineering disciplines or be a key organizing principle of a
single discipline.
2. Provide a key tool for understanding or investigating
more complex ideas and solving problems.
3. Relate to the interests and life experiences of students
or be connected to societal or personal concerns that
require scientific or technological knowledge.
4. Be teachable and learnable over multiple grades at
increasing levels of depth and sophistication. That is,
the idea can be made accessible to younger students but
is broad enough to sustain continued investigation over
years.
In organizing Dimension 3, we grouped disciplinary ideas
into four major domains: the physical sciences; the life
sciences; the earth and space sciences; and engineering,
technology, and applications of science. At the same time,
true to Dimension 2, we acknowledge the multiple connections among domains. Indeed, more and more frequently,
scientists work in interdisciplinary teams that blur traditional boundaries. As a consequence, in some instances
core ideas, or elements of core ideas, appear in several
disciplines (e.g., energy) (NRC, 2012, pp. 30–31).

Translating the Framework to Standards
States volunteered to be Lead State Partners for the development
of the NGSS by way of a state partnership agreement signed by
their chief state school officer and state board of education chair.
The agreement included a commitment by states to convene instate, broad-based committee(s) ranging from 50 to 150 members
xvi

to provide feedback and guidance to the state throughout the
process. Twenty-six states signed on to be Lead State Partners. The
states provided guidance and direction in the development of the
NGSS to the 41-member writing team, composed of K–20 educators and experts in both science and engineering. In addition to
six reviews by the lead states and their committees, the NGSS
were reviewed during development by hundreds of experts during confidential reviews and tens of thousands of members of the
general public during two public review periods.
The Framework formed the basis for the development of the NGSS.
For the lead states and writers, alignment with the Framework
was a priority. The NGSS provide the performances that students
must be able to do at the conclusion of instruction; the Framework
provides even more detail about the different attributes of the
dimensions illustrated by the standards. This section provides brief
descriptions of how different components of the Framework were
used to develop the NGSS and of the development process.

Development of the Performance Expectations
The real innovation in the NGSS is the requirement that students
operate at the intersection of practice, content, and connection.
PEs are the right way to integrate the three dimensions. They
provide specificity for educators and set the tone for how science
instruction should look in classrooms. If implemented properly,
the NGSS will lead to coherent, rigorous instruction that will result
in students being able to acquire and apply scientific knowledge
to unique situations and to think and reason scientifically. While
this is an innovation in state standards, the idea of PEs is used in
several other national and international initiatives.
The vision for science education in the 21st century is that all
practices are expected to be utilized by educators. Educators
and curriculum developers must bear this in mind as they design
instruction. For the NGSS development, a key issue in developing
the PEs was the actual choice of the practices with the DCIs and
the CCs, the transition words between the practice and the DCIs
language, and the ability of a student to perform the expectation. Due to the nature of some of the practices, they could not
usually be used as a stand-alone practice. Often, the “Asking
Questions” practice leads to an investigation that produces data
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that can be used as evidence to develop explanations or arguments. Similarly, mathematics is implicit in all science. Models,
arguments, and explanations are all based on evidence. That evidence can be mathematics. There are specific places where the
standards require mathematics, but the places where mathematics
is not explicitly required should not be interpreted as precluding
students from using mathematical relationships to support other
practices. Ultimately, the NGSS balance the practices within the
PEs. However, practices such as models, arguments, and explanations are often more prominent throughout the standards in
order to ensure that rigorous content receives its due focus.

Disciplinary Core Idea Use and Development
The NGSS were developed based on the grade-band endpoints
identified in the Framework. The grade-band endpoints provide the
learning progressions with regard to the DCI. Therefore, the DCI
grade-band endpoints were placed verbatim into the standards.
The greatest challenge with the core ideas was ensuring a coherent
and manageable set of standards. The Framework provides many
connections across disciplines that will be very helpful as instructional materials are developed. These connections also create challenges in developing standards. The NGSS present clear actionable
standards that are not redundant with other standards, yet preserve
these important connections. Standards, by their nature, are student
achievement goals and deliberately written not to make curricular
connections. The NGSS are written so as not to limit instruction by
trying to teach one performance at a time or as the sole instruction.
The other challenge was to ensure a manageable set of standards.
The top priority was to ensure coherence and learning progressions. This was accomplished in several ways. First, overlapping
or redundant content was eliminated and placed in the area that
made the most sense. Second, public feedback and feedback from
key stakeholders, such as scientific societies and the NSTA, were
used to further prune content that was not critical to understanding each larger DCI. Small groups of educators were asked to
review the NGSS for their grade-level/grade-band/disciplinary area
with an eye toward ensuring teachability. The NGSS now represent a teachable set of standards based on this review. As with all
standards, they represent what all students should know, but do

not prohibit teachers from going beyond the standards to ensure
that students’ needs are met.

Scientific and Engineering Practice and Crosscutting
Concept Use and Development
While the Framework identified the SEPs to use in the standards,
the document did not identify the learning progressions associated
with them. The NGSS include progressions matrices to identify how
the goals for each SEP and CC changes for students at each grade
band. The matrices were reviewed and revised during development
to provide clear guidance to readers of the document. A great deal
of time was taken to ensure that the NGSS writers all had a common understanding of the SEPs and CCs. The NGSS writers strongly
encourage states and school districts to do the same.

WHAT IS NOT COVERED IN THE
NEXT GENERATION SCIENCE STANDARDS
The NGSS have some intentional limitations that must be recognized. Some of the most important limitations are listed below:
s 4HE .'33 ARE NOT MEANT TO LIMIT SCIENCE INSTRUCTION TO SINGLE 3%0S
They represent what students should be able to do at the conclusion of instruction, not how teachers should teach the material.
s 4HE .'33 HAVE IDENTIFIED THE MOST ESSENTIAL MATERIAL FOR STUDENTS
to know and do. The standards were written in a way that leaves
a great deal of discretion to educators and curriculum developers. The NGSS are not intended to be an exhaustive list of all
that could be included in K–12 science education nor should
they prevent students from going beyond the standards where
appropriate.
s 4HE .'33 DO NOT DEFINE ADVANCED WORK IN THE SCIENCES "ASED
on reviews from college and career faculty and staff, the NGSS
form a foundation for advanced work, but students wishing to
move into STEM fields should be encouraged to follow their
interest with additional coursework.
s 7HILE GREAT CARE WAS TAKEN TO CONSIDER THE NEEDS OF DIVERSE
populations during the development of the NGSS, no one document can fully represent all of the interventions or supports necessary for students with varying degrees of abilities and needs.
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ORGANIZATION OF THE
NEXT GENERATION SCIENCE STANDARDS
The standards are organized by grade levels for kindergarten
through grade 5. The middle and high school standards are grade
banded. To initiate discussion of how the NGSS could impact middle and high school after implementation, a set of model course
pathways for middle school and high school was developed and
can be found in Appendix K.
A real innovation in the NGSS is the overall coherence. As such,
the PEs (the assessable component of the NGSS architecture) can
be arranged within a grade level in any way that best represents
the needs of states and districts without sacrificing coherence in
learning the DCIs.

Curriculum and instruction should be focused on “bundles” of PEs
to provide a contextual learning experience for students. Students
should not be presented with instruction leading to one PE in isolation; rather, bundles of performances provide a greater coherence and efficiency of instructional time. These bundles also allow
students to see the connected nature of science and the practices.
Finally, classroom assessment of the NGSS should reflect quality instruction. That is, students should be held responsible for
demonstrating knowledge of content in various contexts and
SEPs. As students progress toward the PE, classroom assessments
should focus on accumulated knowledge and various practices. It
is important here to remember that the assessment of the NGSS
should be on understanding the full DCIs—not just the pieces.

THE AFFECTIVE DOMAIN
USE OF THE NEXT GENERATION SCIENCE STANDARDS
IN CURRICULUM, INSTRUCTION, AND ASSESSMENT
The NGSS have been constructed to focus on the performance
required to show proficiency at the conclusion of instruction. This
focus on achievement rather than curriculum allows educators,
curriculum developers, and other education stakeholders the flexibility to determine the best way to help their students meet the
standards based on local needs. Teachers should rely on quality
instructional products and their own professional judgment as the
best way to implement the NGSS in classrooms. The NGSS provide
an opportunity to include medicine, engineering, forensics, and
other applicable sciences in courses that deliver the standards in
ways that interest students and may give them a desire to pursue
STEM careers.
Pairing practices with DCIs is necessary to define a discrete set of
blended standards, but should not be viewed as the only combinations that appear in instructional materials. In fact, quality instructional materials and instruction must allow students to learn and
apply the science practices, separately and in combination, in multiple disciplinary contexts. The practical aspect to science instruction
is that the practices are inextricably linked. While the NGSS couple
single practices with content, this is intended to be clear about the
practice used within that context, not to limit the instruction.
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The affective domain—the domain of learning that involves interests, experience, and enthusiasm—is a critical component of science
education. As pointed out in the Framework, there is a substantial
body of research that supports the close connection between the
development of concepts and skills in science and engineering and
such factors as interest, engagement, motivation, persistence, and
self-identity. Comments about the importance of affective education appear throughout the Framework. For example:
Research suggests that personal interest, experience, and
enthusiasm—critical to children’s learning of science at school
or in other settings—may also be linked to later educational
and career choices. (p. 28)
Discussions involving the history of scientific and engineering
ideas, of individual practitioners’ contributions, and of the
applications of these endeavors are important components of
a science and engineering curriculum. For many students, these
aspects are the pathways that capture their interest in these
fields and build their identities as engaged and capable learners of science and engineering. (p. 249)
Learning science depends not only on the accumulation of
facts and concepts but also on the development of an identity
as a competent learner of science with motivation and interest
to learn more. (p. 286)
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Science learning in school leads to citizens with the confidence,
ability, and inclination to continue learning about issues, scientific and otherwise, that affect their lives and communities.
(pp. 286–287)
The NGSS strongly agree with these goals. However, there is a
difference in the purpose of the Framework and the NGSS. The
Framework projects a vision for K–12 science education and
includes recommendations not only for what students are expected to learn, but also for curriculum, instruction, professional
development of teachers, and assessment.
The purpose of the NGSS is more limited. It is not intended to
replace the vision of the Framework, but rather to support that
vision by providing a clear statement of the competencies in science and engineering that all students should be able to demonstrate at subsequent stages in their K–12 learning experience.
Certainly students will be more likely to succeed in achieving
those competencies if they have the curricular and instructional
support that encourages their interests in science and engineering. Further, students who are motivated to continue their studies
and to persist in more advanced and challenging courses are more
likely to become STEM-engaged citizens and in some cases to pursue careers in STEM fields. However, the vision of the Framework
is not more likely to be achieved by specifying PEs that signify
such qualities as interest, motivation, persistence, and career
goals. This decision is consistent with the Framework, which does
not include affective goals in specifying endpoints of learning in
the three dimensions that it recommends be combined in crafting
the standards.

SUPPLEMENTAL MATERIALS TO THE
NEXT GENERATION SCIENCE STANDARDS
A short summary of the appendixes of the NGSS is provided below:
Appendix A—Conceptual Shifts
The NGSS provide an important opportunity to improve not only
science education but also student achievement. Based on the
Framework, the NGSS are intended to reflect a new vision for
American science education. The lead states and writing teams iden-

tified seven “conceptual shifts” that science educators and stakeholders need to make to effectively use the NGSS. The shifts are
1. K–12 science education should reflect real-world interconnections in science.
2. The NGSS are student outcomes and are explicitly NOT
curriculum.
3. Science concepts build coherently across K–12.
4. The NGSS focus on deeper understanding and application of
content.
5. Science and engineering are integrated in K–12 science
education.
6. The NGSS are designed to prepare students for college, careers,
and citizenship.
7. Science standards coordinate with the English Language Arts/
Literacy and Mathematics Common Core State Standards.
Appendix B—Response to the Public Drafts
The results of public feedback and the responses by the lead
states and writing team can be reviewed for all areas of the NGSS.
Appendix C—College and Career Readiness
A key component to successful standards development is to
ensure that the vision and content of the standards properly prepare students for college and career. During the development of
the NGSS, a process was initiated to ensure college and career
readiness based on available evidence. The process will continue
as states work together to confirm a common definition.
Appendix D—“All Standards, All Students”
The NGSS are being developed at a historic time when major
changes in education are occurring at the national level. Student
demographics are changing rapidly, while science achievement
gaps persist. Because the NGSS make high cognitive demands of
all students, teachers must shift instruction to enable all students
to meet the requirements for college and career readiness.
This appendix highlights implementation strategies that are
grounded in theoretical or conceptual frameworks. It consists of
three parts. First, it discusses both learning opportunities and challenges, which NGSS present to student groups that have traditionally been underserved in science classrooms. Second, it describes
research-based strategies for effective implementation of the
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NGSS in science classrooms, schools, homes, and communities.
Finally, it provides the context for student diversity by addressing
changing demographics, persistent achievement gaps, and education policies affecting non-dominant student groups.
Appendix E—Disciplinary Core Idea Progressions
The NGSS have been developed in learning progressions based
on the progressions identified by the grade-band endpoints in
the Framework. Short narrative descriptions of the progressions
are presented for each DCI in each of the traditional sciences.
These progressions were used in the college- and career-readiness
review to determine the depth of understanding expected for
each idea before leaving high school.
Appendix F—Science and Engineering Practices
The Framework identifies eight SEPs that mirror the practices of
professional scientists and engineers. Use of the practices in the PEs
is not only intended to strengthen students’ skills in these practices
but also to develop students’ understanding of the nature of science
and engineering. Listed below are the SEPs from the Framework:
1. Asking questions and defining problems
2. Developing and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations and designing solutions
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communicating information
The Framework does not specify grade-band endpoints for the
SEPs, but instead provides a summary of what students should
know by the end of grade 12 and a hypothetical progression for
each. The NGSS use constructed grade-band endpoints for the
SEPs that are based on these hypothetical progressions and grade
12 endpoints. These representations of the SEPs appear in the
NGSS and supporting foundation boxes. A complete listing of the
specific SEPs used in the NGSS is provided in the document.
Appendix G—Crosscutting Concepts
The Framework also identifies seven CCs intended to give students
an organizational structure to understand the world and help students make sense of and connect DCIs across disciplines and grade
xx

bands. They are not intended as additional content. Listed below
are the CCs from the Framework:
1. Patterns
2. Cause and Effect
3. Scale, Proportion, and Quantity
4. Systems and System Models
5. Energy and Matter in Systems
6. Structure and Function
7. Stability and Change of Systems
As with the SEPs, the Framework does not specify grade-band
endpoints for the CCs, but instead provides a summary of what
students should know by the end of grade 12 and a hypothetical
progression for each. To assist with writing the NGSS, grade-band
endpoints were constructed for the CCs that are based on these
hypothetical progressions and grade 12 endpoints. These representations of the CCs appear in the NGSS and supporting foundation boxes. A complete listing of the specific CCs used in the NGSS
is shown in the document.
Appendix H—Understanding the Scientific Enterprise:
The Nature of Science
Based on the public and state feedback, as well as feedback from
key partners such as NSTA, steps were taken to make the “Nature
of Science” more prominent in the PEs. It is important to note
that while the nature of science was reflected in the Framework
through the SEPs, understanding the nature of science is more
than just a practice. As such, the direction of the lead states was
to indicate the nature of science appropriately in both SEPs and
CCs. A matrix of nature of science across K–12 is included in this
appendix.
Appendix I—Engineering Design
The NGSS represent a commitment to integrate engineering
design into the structure of science education by raising engineering design to the same level as scientific inquiry when teaching
science disciplines at all levels, from kindergarten to grade 12.
Providing students a foundation in engineering design allows
them to better engage in and aspire to solve major societal and
environmental challenges they will face in the decades ahead.
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Appendix J—Science, Technology, Society, and the
Environment

Appendix M—Connections to the Common Core State
Standards for Literacy in Science and Technical Subjects

The goal that all students should learn about the relationships
among science, technology, and society came to prominence in
the United Kingdom and the United States starting in the early
1980s. The core ideas that relate science and technology to society
and the natural environment in Chapter 8 of Framework (NRC,
2012) are consistent with efforts in science education for the past
three decades.

Literacy skills are critical to building knowledge in science. To
ensure that the CCSS literacy standards work in tandem with the
specific content demands outlined in the NGSS, the NGSS development team worked with the CCSS writing team to identify key
literacy connections to the specific content demands outlined
in the NGSS. As the CCSS affirm, reading in science requires an
appreciation of the norms and conventions of the discipline of
science, including understanding the nature of evidence used; an
attention to precision and detail; and the capacity to make and
assess intricate arguments, synthesize complex information, and
follow detailed procedures and accounts of events and concepts.
Students also need to be able to gain knowledge from elaborate
diagrams and data that convey information and illustrate scientific concepts. Likewise, writing and presenting information orally
are key means for students to assert and defend claims in science,
demonstrate what they know about a concept, and convey what
they have experienced, imagined, thought, and learned. Every
effort has been made to ensure consistency between the CCSS and
the NGSS. As with the mathematics standards, the NGSS should
always be interpreted and implemented in such a way that they
do not outpace or misalign with the grade-by-grade standards
in the CCSS for literacy (this includes the development of NGSSaligned instructional materials and assessments).

Appendix K—Model Course Mapping in Middle and High
School
The NGSS are organized by grade level for kindergarten through
grade 5 and as grade-banded expectations at the middle school
(6–8) and high school (9–12) levels. As states and districts consider
implementation of the NGSS, it will be important to thoughtfully
consider how to organize these grade-banded standards into
courses that best prepare students for post-secondary success.
To help facilitate this decision-making process, several potential
directions for this process are outlined in this appendix.
Appendix L—Connections to the Common Core State
Standards for Mathematics
Science is a quantitative discipline, which means it is important for
educators to ensure that students’ learning in science coheres well
with their learning in mathematics. To achieve this alignment, the
NGSS development team has worked with Common Core State
Standards for Mathematics (CCSSM) writing team members to
help ensure that the NGSS do not outpace or otherwise misalign
to the grade-by-grade standards in the CCSSM. Every effort has
been made to ensure consistency. It is essential that the NGSS
always be interpreted and implemented in such a way that they
do not outpace or misalign with the grade-by-grade standards
in the CCSSM. This includes the development of NGSS-aligned
instructional materials and assessments. This appendix gives some
specific suggestions about the relationship between mathematics
and science in grades K–8.

REFERENCE
NRC (National Research Council). (2012). A framework for K–12
science education: Practices, crosscutting concepts, and core ideas.
Washington, DC: The National Academies Press. http://www.nap.
edu/catalog.php?record_id=131

INTRODUCTION

Copyright National Academy of Sciences. All rights reserved.

xxi

Next Generation Science Standards: For States, By States

HOW TO READ THE NEXT GENERATION SCIENCE STANDARDS

The Next Generation Science Standards
(NGSS) are distinct from prior science standards in three essential ways.
1. Performance. Prior standards documents listed what students should “know”
or “understand.” These ideas needed to be
translated into performances that could be
assessed to determine whether or not students met the standards. Different interpretations sometimes resulted in assessments
that were not aligned with curriculum and
instruction. The Next Generation Science
Standards have avoided this difficulty by
developing performance expectations that
state what students should be able to do
in order to demonstrate that they have
met the standards, thus providing the same
clear and specific targets for curriculum,
instruction, and assessment.
2. Foundations. Each performance expectation incorporates all three dimensions
from the National Research Council report
A Framework for K–12 Science Education:
Practices, Crosscutting Concepts, and Core
Ideas (Framework)—a science or engineering practice, a disciplinary core idea, and a
crosscutting concept.
3. Coherence. Each set of performance expectations lists connections to other ideas within the disciplines of science and
engineering and with Common Core State Standards in English
Language Arts/Literacy and Mathematics.
These three unique characteristics are embodied in the format of
the standards, beginning with the “system architecture.”

xxii

System Architecture
As shown in the illustration above, each set of performance
expectations has a title. Below the title is a box containing performance expectations. Below that are three foundation boxes,
which list (from left to right) the specific science and engineering
practices, disciplinary core ideas, and crosscutting concepts that
were combined to produce the performance expectations above.
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ciplines, and that they gain experience in the practices of science and engineering and in crosscutting concepts. In order for
this to be feasible, the writing team has limited the core ideas
included in the performance expectations to just those listed in
the Framework.

A note at the bottom of the page directs the user to a specific
page containing the connections to other related disciplinary core
ideas at the same grade level, to related disciplinary core ideas for
younger and older students, and to related Common Core State
Standards in English Language Arts/Literacy and Mathematics.
These sections are described in further detail below.

Performance Expectations
Performance expectations are the assessable statements of what
students should know and be able to do. Some states consider
these performance expectations alone to be “the standards,”
while other states also include the content of the three foundation boxes and connections to be included in “the standard.” The
writing team is neutral on that issue. The essential point is that
all students should be held accountable for demonstrating their
achievement of all performance expectations, which are written
to allow for multiple means of assessment.
The last sentence in the above paragraph—that all students
should be held accountable for demonstrating their achievement of all performance expectations—deserves special attention because it is a fundamental departure from prior standards
documents, especially at the high school level, where it has
become customary for students to take courses in some but not
all science disciplines. The Next Generation Science Standards
take the position that a scientifically literate person understands
and is able to apply core ideas in each of the major science dis-

The Next Generation Science Standards writers initially
attempted to include all of the disciplinary core ideas from the
Framework verbatim in the performance expectations, but found
that the resulting statements were bulky and reduced readers’ comprehension of the standards. Instead, the performance
expectations were written to communicate a “big idea” that
combined content from the three foundation boxes. In the final
phase of development, the writers, with input from the lead
state teams, further limited the number of performance expectations to ensure that this set of performance expectations is
achievable at some reasonable level of proficiency by the vast
majority of students.
Some states have standards that include concepts that are not
found in the Next Generation Science Standards. However, in most
cases not all students in those states are expected to take courses
in all three areas of science and engineering. The Next Generation
Science Standards are for all students, and all students are expected
to achieve proficiency with respect to all of the performance expectations in the Next Generation Science Standards.
A second essential point is that the Next Generation Science
Standards performance expectations should not limit the curriculum. Students interested in pursuing science further (through
Advanced Placement or other advanced courses) should have the
opportunity to do so. The Next Generation Science Standards
performance expectations provide a foundation for rigorous
advanced courses in science or engineering that some students
may choose to take.
A third point is that the performance expectations are not a set
of instructional or assessment tasks. They are statements of what
students should be able to do after instruction. Decisions on how
best to help students meet these performance expectations are
left to states, districts, and teachers.
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In the example above, notice how the performance expectation
combines the skills and ideas that students need to learn, while it
suggests ways of assessing whether or not third graders have the
capabilities and understanding specified in the three foundation
boxes.
As shown in the example, most of the performance expectations are
followed by one or two additional statements in smaller type. These
include clarification statements, which supply examples or additional
clarification to the performance expectations; and assessment boundary statements, which specify the limits to large-scale assessment.
Notice that one of the disciplinary core ideas was “moved from K–2.”
That means the writing team decided that a disciplinary core idea
that the Framework specified for the end of second grade could be
more easily assessed if combined with the other ideas specified for
third grade. This was done only in a limited number of cases.
Physical Sciences
PS1 Matter and Its Interactions
PS1A Structure and Properties of matter
PS1B Chemical Reactions
PS1C Nuclear Processes
PS2 Motion and Stability: Forces and Interactions
PS2A Forces and Motion
PS2B Types of Interactions
PS2C Stability and Instability in Physical Systems
PS3 Energy
PS3A Definitions of Energy
PS3B Conservation of Energy and Energy Transfer
PS3C Relationship Between Energy and Forces
PS3D Energy and Chemical Processes in Everyday Life
PS4 Waves and Their Applications in Technologies for
Information Transfer
PS4A Wave Properties
PS4B Electromagnetic Radiation
PS4C Information Technologies and Instrumentation

xxiv

Also, notice that the code for this performance expectation
(3-LS4-1) is indicated in each of the three foundation boxes to illustrate the specific science and engineering practices, disciplinary core
ideas, and crosscutting concepts on which it is built. Because most
of the standards have several performance expectations, the codes
make it easy to see how the information in the foundation boxes is
used to construct each performance expectation.
The codes for the performance expectations were derived from
the Framework. As with the titles, the first digit indicates a grade
within K–5, or specifies MS (middle school) or HS (high school).
The next alpha-numeric code specifies the discipline, core idea,
and sub-idea. All of these codes are shown in the table below,
derived from the Framework. Finally, the number at the end of
each code indicates the order in which that statement appeared
as a disciplinary core idea in the Framework.

Life Sciences

Earth and Space Sciences

LS1 From Molecules to Organisms: Structures and Processes
LS1A Structure and Function
LS1B Growth and Development of Organisms
LS1C Organization for Matter and Energy Flow in Organisms
LS1D Information Processing
LS2 Ecosystems: Interactions, Energy, and Dynamics
LS2A Interdependent Relationships in Ecosystems
LS2B Cycles of Matter and Energy Transfer in Ecosystems
LS2C Ecosystem Dynamics, Functioning, and Resilience
LS2D Social Interactions and Group Behavior
LS3 Heredity: Inheritance and Variation of Traits
LS3A Inheritance of Traits
LS3B Variation of Traits
LS4 Biological Evolution: Unity and Diversity
LS4A Evidence of Common Ancestry
LS4B Natural Selection
LS4C Adaptation
LS4D Biodiversity and Humans

ESS1 Earth’s Place in the Universe
ESS1A The Universe and Its Stars
ESS1B Earth and the Solar System
ESS1C The History of Planet Earth
ESS2 Earth’s Systems
ESS2A Earth Materials and Systems
ESS2B Plate Tectonics and Large-Scale System Interactions
ESS2C The Roles of Water in Earth’s Surface Processes
ESS2D Weather and Climate
ESS2E Biogeology
ESS3 Earth and Human Activity
ESS3A Natural Resources
ESS3B Natural Hazards
ESS3C Human Impacts on Earth Systems
ESS3D Global Climate Change
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Foundation Boxes
While the performance expectations can stand alone, a more
coherent and complete view of what students should be able to
do comes when the performance expectations are viewed in tandem with the contents of the foundation boxes that lie just below
the performance expectations. These three boxes include the science and engineering practices, disciplinary core ideas, and crosscutting concepts, derived from the Framework, that were used to
construct this set of performance expectations.
Disciplinary Core Ideas. The orange box in the middle includes
statements that are taken from the Framework about the most
essential ideas in the major science disciplines that all students
should understand during 13 years of school. Including these
detailed statements was very helpful to the Next Generation
Science Standards writing team as they analyzed and “unpacked”
the disciplinary core ideas and sub-ideas to reach a level that
describes what each student should understand about each subidea at the end of grades 2, 5, 8, and 12. Although they appear in
paragraph form in the Framework, here they are bulleted to be
certain that each statement is distinct.
Science and Engineering Practices. The blue box on the left
includes just the science and engineering practices used to construct
the performance expectations in the box above. These statements
are derived from and grouped by the eight categories detailed
in the Framework to further explain the science and engineering
practices important to emphasize in each grade band. Most sets of
performance expectations emphasize only a few of the practice categories; however, all practices are emphasized within a grade band.
Teachers should be encouraged to utilize several practices in any
instruction, and need not be limited by the performance expectation, which is intended only to guide assessment.
Crosscutting Concepts. The green box on the right includes
statements derived from the Framework’s list of crosscutting concepts, which apply to one or more of the performance expectations in the box above. Most sets of performance expectations
limit the number of crosscutting concepts so as to focus on those
that are readily apparent when considering the disciplinary core
ideas. However, all are emphasized within a grade band. Again,
the list is not exhaustive nor is it intended to limit instruction.

Aspects of the Nature of Science relevant to the standard are
also listed in this box, as are the interdependence of science and
engineering, and the influence of engineering, technology, and
science on society and the natural world. Although these are not
crosscutting concepts in the same sense as the others, they are
best taught and assessed in the context of specific science ideas,
so they are also listed in this box.

Connections Pages*
A directional footer on the bottom of each standards page points
the reader to a corresponding “connections page” designed to support a coherent vision of the standards by showing how the performance expectations in each standard connect to other performance
expectations in science, as well as to Common Core State Standards.
The connections are grouped into three sections that include:
Connections to other disciplinary core ideas in this grade level.
This section lists disciplinary core ideas that connect a given performance expectation to material covered at the same grade level
but outside the presented sets of performance expectations. For
example, both physical sciences and life sciences performance
expectations contain core ideas related to photosynthesis and
could be taught in relation to one another. Ideas within the same
main disciplinary core idea as the performance expectation (e.g.,
PS1.C for HS-PS1-1) are not included on the connection page, nor
are ideas within the same topic arrangement as a performance
expectation (e.g., HS.ESS2.B for HS-ESS1-6).
Articulation of disciplinary core ideas across grade levels. This section lists disciplinary core ideas that either (1) provide a foundation

*The printed version of the Next Generation Science Standards organizes
connections differently than the online version, a decision made by the
book publisher after consulting with numerous science teachers and other
education experts about which format would be preferable. The online
”connection boxes” list the items to which performance expectations connect—either disciplinary core ideas or Common Core State Standards—and
provide the performance expectation codes in parentheses following those
listed items. The printed ”connections pages” take the opposite approach:
They list the performance expectation codes in order and provide the items
to which they connect—either disciplinary core ideas or Common Core State
Standards—after each listed performance expectation.
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for student understanding of the core ideas in a given performance
expectation (usually at prior grade levels) or (2) build on the foundation provided by the core ideas in a performance expectation
(usually at subsequent grade levels).
Connections to the Common Core State Standards. This section lists
pre-requisite or connected Common Core State Standards in English
Language Arts/Literacy and Mathematics that align to given performance expectations. For example, performance expectations that
require student use of exponential notation will align to the corresponding Common Core State Standards for Mathematics standards.
An effort has been made to ensure that the mathematical skills that
students need for science were taught in a previous year where possible. Italicized performance expectation names indicate that the
listed Common Core State Standard is not pre-requisite knowledge,
but could be connected to that performance expectation.

ALTERNATIVE ORGANIZATIONS OF THE STANDARDS
The organization of the Next Generation Science Standards is
based on the core ideas in the major fields of natural science from
the Framework, plus one set of performance expectations for
engineering. The Framework lists 11 core ideas, 4 in life sciences,
4 in physical sciences, and 3 in earth and space sciences. The core
xxvi

ideas are divided into a total of 39 sub-ideas, and each sub-idea is
elaborated in a list of what students should understand about that
sub-idea at the end of grades 2, 5, 8, and 12. These grade-specific
statements are called disciplinary core ideas. The “Standards
Arranged by Disciplinary Core Ideas” section of this volume (pages
1 to 162) precisely follows the organization of the Framework.
At the beginning of the process of developing the Next
Generation Science Standards, the writers examined all of the
disciplinary core ideas in the Framework to eliminate redundant
statements, find natural connections among disciplinary core ideas,
and develop performance expectations that were appropriate for
different grade levels. The result was a topical arrangement of
disciplinary core ideas that usually, but not always, corresponded
to the arrangement of core ideas identified in the Framework. This
structure underlies the “Standards Arranged by Topics” section of
this volume (pages 163 to 324) and is offered to those who prefer
to work with the Next Generation Science Standards in this form.
The coding structure of individual performance expectations in the
topical arrangement of standards is based on the same one that
applies to disciplinary core ideas in the Framework. Due to the
fact that the Next Generation Science Standards progress toward
end-of-high-school core ideas, individual performance expectations
may be rearranged in any order within a grade band.
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GLOSSARY
A

Algebra (CCSS Connection)

AAAS

American Association for the Advancement of Science

AYP

annual yearly progress

BF

Building Functions (CCSS Connection)

CC

Counting and Cardinality (CCSS Connection)

CC

crosscutting concept

CCR

college and career ready

CCSS

Common Core State Standards

CCSSM Common Core State Standards for Mathematics
CED

Creating Equations (CCSS Connection)

CR

Chemical Reactions (Topic Name)

DCI

disciplinary core idea

E

Energy (Topic Name)

ED

Engineering Design (Topic Name)

EE

Expressions and Equations (CCSS Connection)

ELA

English Language Arts

ELL

English language learner

ES

Earth’s Systems (Topic Name)

ESEA

Elementary and Secondary Education Act

ESS

earth and space sciences

ETS

engineering, technology, and applications of science

F

Functions (CCSS Connection)

FB

foundation box

FI
G
GBE

Forces and Interactions (Topic Name)
Geometry (CCSS Connection)
grade-band endpoint

GDRO

Growth, Development, and Reproduction of Organisms
(Topic Name)

HI

Human Impacts (Topic Name)

HS

high school

IC

Making Inferences and Justifying Conclusions (CCSS Connection)

ID

Interpret Data (CCSS Connection)

IDEA

Individuals with Disabilities Education Act

IEP

individualized education program

IF

Interpreting Functions (CCSS Connection)

IRE

Interdependent Relationships in Ecosystems (Topic Name)

IVT

Inheritance and Variation of Traits (Topic Name)

K

kindergarten

LEP

limited English proficiency

LS

life sciences

MD

Measurement and Data (CCSS Connection)

MEOE

Matter and Energy in Organisms and Ecosystems (Topic Name)

MP

Mathematical Practice (Topic Name)

MS

middle school

N

Number and Quantity (CCSS Connection)

NAE

National Academy of Engineering

NAEP

National Assessment of Educational Progress

NAGC

National Association for Gifted Children

NBT

Number and Operations in Base Ten (CCSS Connection)

NCES

National Center for Educational Statistics

NCLB

No Child Left Behind Act

NF

Number and Operations—Fractions (CCSS Connection)
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NGSS

Next Generation Science Standards

TELA

Technology and Engineering Literacy Assessment

NOS

Nature of Science

TIMSS

Trends in International Mathematics and Science Study

NRC

National Research Council

NS

The Number System (CCSS Connection)

W

Waves (Topic Name)

NSA

Natural Selection and Adaptations (Topic Name)

W

Writing (CCSS Connection)

NSE

Natural Selection and Evolution (Topic Name)

WC

Weather and Climate (Topic Name)

NSF

National Science Foundation

WER

Waves and Electromagnetic Radiation (Topic Name)

NSTA

National Science Teachers Association

WHST

Writing in History/Social Studies, Science, and Technical Subjects
(CCSS Connection)

OA

Operations and Algebraic Thinking (CCSS Connection)

PE

performance expectation

PISA

Program for International Student Assessment

PS

physical sciences

Q

Quantities (CCSS Connection)

R&D

research and development

RI

Reading Informational Text (CCSS Connection)

RL

Reading Literature (CCSS Connection)

RP

Ratios and Proportional Relationships (CCSS Connection)

RST

Reading in Science and Technical Subjects (CCSS Connection)

SEP

science and engineering practice

SF

Structure and Function (Topic Name)

SFIP

Structure, Function, and Information Processing (Topic Name)

SL

Speaking and Listening (CCSS Connection)

SP

Statistics and Probability (CCSS Connection)

SPM

Structures and Properties of Matter (Topic Name)

SS

Space Systems (Topic Name)

SSE

Seeing Structure in Expressions (CCSS Connection)

STEM

science, technology, engineering, and mathematics

STS

science, technology, and society
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KINDERGARTEN THROUGH FIFTH GRADE
Students in kindergarten through fifth grade begin to develop an understanding of the four disciplinary core ideas: physical sciences; life sciences; earth and space sciences; and engineering, technology, and
applications of science. In the earlier grades, students begin by recognizing patterns and formulating
answers to questions about the world around them. By the end of fifth grade, students should be able
to demonstrate grade-appropriate proficiency in gathering, describing, and using information about the
natural and designed world(s).

Kindergarten Through Fifth Grade

The performance expectations in elementary school grade bands develop ideas and skills that will allow
students to explain more complex phenomena in the four disciplines as they progress to middle school
and high school. While the performance expectations shown in kindergarten through fifth grade couple
particular practices with specific disciplinary core ideas, instructional decisions should include use of
many practices that lead to the performance expectations.

2
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KINDERGARTEN
The performance expectations in kindergarten help students formulate answers to questions such
as: “What happens if you push or pull an object harder? Where do animals live and why do they live
there? What is the weather like today and how is it different from yesterday?” Kindergarten performance expectations include PS2, PS3, LS1, ESS2, ESS3, and ETS1 Disciplinary Core Ideas from the NRC
Framework.
Students are expected to develop understanding of patterns and variations in local weather and the
purpose of weather forecasting to prepare for, and respond to, severe weather. Students should be able
to apply an understanding of the effects of different strengths or different directions of pushes and
pulls on the motion of an object to analyze a design solution. Students are also expected to develop
understanding of what plants and animals (including humans) need to survive and the relationship
between their needs and where they live. The crosscutting concepts of patterns; cause and effect; systems and system models; interdependence of science, engineering, and technology; and influence of
engineering, technology, and science on society and the natural world are called out as organizing concepts for these disciplinary core ideas.

Kindergarten

In the kindergarten performance expectations, students are expected to demonstrate grade-appropriate
proficiency in asking questions, developing and using models, planning and carrying out investigations,
analyzing and interpreting data, designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information. Students are expected to use these practices to demonstrate understanding of the core ideas.
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K-PS2 Motion and Stability: Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-PS2-1. Plan and conduct an investigation to compare the
effects of different strengths or different directions of pushes
and pulls on the motion of an object. [Clarification Statement:

K-PS2-2. Analyze data to determine if a design solution works
as intended to change the speed or direction of an object with a
push or a pull.* [Clarification Statement: Examples of problems requiring

Examples of pushes or pulls could include a string attached to an object
being pulled, a person pushing an object, a person stopping a rolling ball,
and two objects colliding and pushing on each other.] [Assessment Boundary:
Assessment is limited to different relative strengths or different directions,
but not both at the same time. Assessment does not include non-contact
pushes or pulls such as those produced by magnets.]

a solution could include having a marble or other object move a certain
distance, follow a particular path, and knock down other objects. Examples
of solutions could include tools such as a ramp to increase the speed of an
object and a structure that would cause an object such as a marble or ball
to turn.] [Assessment Boundary: Assessment does not include friction as a
mechanism for change in speed.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

K-PS2 Motion and Stability: Forces and interactions

Science and Engineering Practices

Crosscutting Concepts

Planning and Carrying Out Investigations

PS2.A: Forces and Motion

Cause and Effect

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 7ITH GUIDANCE PLAN AND CONDUCT AN INVESTIGATION
IN COLLABORATION WITH PEERS + 03 

s 0USHES AND PULLS CAN HAVE DIFFERENT STRENGTHS AND
DIRECTIONS + 03  + 03 
s 0USHING OR PULLING ON AN OBJECT CAN CHANGE THE
SPEED OR DIRECTION OF ITS MOTION AND CAN START OR
STOP IT + 03  + 03 

s 3IMPLE TESTS CAN BE DESIGNED TO GATHER EVIDENCE
TO SUPPORT OR REFUTE STUDENT IDEAS ABOUT CAUSES
(K-PS2-1), (K-PS2-2)

Analyzing and Interpreting Data
!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s !NALYZE DATA FROM TESTS OF AN OBJECT OR TOOL TO
DETERMINE IF IT WORKS AS INTENDED + 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods
s 3CIENTISTS USE DIFFERENT WAYS TO STUDY THE WORLD
(K-PS2-1)

4

Disciplinary Core Ideas

PS2.B: Types of Interactions
s 7HEN OBJECTS TOUCH OR COLLIDE THEY PUSH ON ONE
ANOTHER AND CAN CHANGE MOTION + 03 

PS3.C: Relationship Between Energy and
Forces
s ! BIGGER PUSH OR PULL MAKES THINGS SPEED UP OR
SLOW DOWN MORE QUICKLY (secondary to K-PS2-1)

ETS1.A: Defining Engineering Problems
s ! SITUATION THAT PEOPLE WANT TO CHANGE OR CREATE
CAN BE APPROACHED AS A PROBLEM TO BE SOLVED
THROUGH ENGINEERING 3UCH PROBLEMS MAY HAVE
MANY ACCEPTABLE SOLUTIONS (secondary to K-PS2-2)

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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See connections to K-PS2 on page 131.

Next Generation Science Standards: For States, By States

K-PS3 Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-PS3-1. Make observations to determine the effect of sunlight
on Earth’s surface. [Clarification Statement: Examples of Earth’s surface

K-PS3-2. Use tools and materials to design and build a structure
that will reduce the warming effect of sunlight on an area.*

could include sand, soil, rocks, and water.] [Assessment Boundary: Assessment
of temperature is limited to relative measures such as warmer/cooler.]

[Clarification Statement: Examples of structures could include umbrellas,
canopies, and tents that minimize the warming effect of the sun.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Science and Engineering Practices
Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
COLLECT DATA THAT CAN BE USED TO MAKE COMPARISONS
(K-PS3-1)

Disciplinary Core Ideas
PS3.B: Conservation of Energy and Energy
Transfer
s 3UNLIGHT WARMS %ARTHS SURFACE + 03 
(K-PS3-2)

Crosscutting Concepts
Cause and Effect
s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS + 03  + 03 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s 5SE TOOLS AND MATERIALS PROVIDED TO DESIGN AND
BUILD A DEVICE THAT SOLVES A SPECIlC PROBLEM OR A
SOLUTION TO A SPECIlC PROBLEM + 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods

K-PS3 Energy

s 3CIENTISTS USE DIFFERENT WAYS TO STUDY THE WORLD
(K-PS3-1)

See connections to K-PS3 on page 131.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Next Generation Science Standards: For States, By States

K-LS1 From Molecules to Organisms: Structures and Processes
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-LS1-1. Use observations to describe patterns of what plants
and animals (including humans) need to survive. [Clarification

Statement: Examples of patterns could include that animals need to take in

Science and Engineering Practices
Analyzing and Interpreting Data
!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND
SHARING OBSERVATIONS
s 5SE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
DESCRIBE PATTERNS IN THE NATURAL WORLD IN ORDER TO
ANSWER SCIENTIlC QUESTIONS + ,3 

food but plants do not, the different kinds of food needed by different types
of animals, the requirement of plants to have light, and that all living things
need water.]

Disciplinary Core Ideas
LS1.C: Organization for Matter and Energy
Flow in Organisms
s !LL ANIMALS NEED FOOD IN ORDER TO LIVE AND GROW
4HEY OBTAIN THEIR FOOD FROM PLANTS OR FROM OTHER
ANIMALS 0LANTS NEED WATER AND LIGHT TO LIVE AND
GROW + ,3 

Crosscutting Concepts
Patterns
s 0ATTERNS IN THE NATURAL AND HUMAN DESIGNED WORLD
CAN BE OBSERVED AND USED AS EVIDENCE + ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE

K-LS1 From Molecules to Organisms: Structures and Processes

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD + ,3 

6
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Next Generation Science Standards: For States, By States

K-ESS2 Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-ESS2-1. Use and share observations of local weather

observations is limited to whole numbers and relative measures such as
warmer/cooler.]

Examples of qualitative observations could include descriptions of the
weather (such as sunny, cloudy, rainy, and warm); examples of quantitative
observations could include numbers of sunny, windy, and rainy days in a
month. Examples of patterns could include that it is usually cooler in the
morning than in the afternoon and the number of sunny days versus cloudy
days in different months.] [Assessment Boundary: Assessment of quantitative

K-ESS2-2. Construct an argument supported by evidence for

conditions to describe patterns over time. [Clarification Statement:

Science and Engineering Practices

how plants and animals (including humans) can change the
environment to meet their needs. [Clarification Statement: Examples

of plants and animals changing their environment could include a squirrel
digging in the ground to hide its food and that tree roots can break concrete.]

Disciplinary Core Ideas

Crosscutting Concepts

Analyzing and Interpreting Data

ESS2.D: Weather and Climate

Patterns

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s 5SE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
DESCRIBE PATTERNS IN THE NATURAL WORLD IN ORDER TO
ANSWER SCIENTIlC QUESTIONS + %33 

s 7EATHER IS THE COMBINATION OF SUNLIGHT WIND
SNOW OR RAIN AND TEMPERATURE IN A PARTICULAR
REGION AT A PARTICULAR TIME 0EOPLE MEASURE THESE
CONDITIONS TO DESCRIBE AND RECORD THE WEATHER AND
TO NOTICE PATTERNS OVER TIME + %33 

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED USED
TO DESCRIBE PHENOMENA AND USED AS EVIDENCE
(K-ESS2-1)

Engaging in Argument from Evidence

s 0LANTS AND ANIMALS CAN CHANGE THEIR ENVIRONMENT
(K-ESS2-2)

%NGAGING IN ARGUMENT FROM EVIDENCE IN +n BUILDS ON
PRIOR EXPERIENCES AND PROGRESSES TO COMPARING IDEAS
AND REPRESENTATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE TO SUPPORT A
CLAIM + %33 

#ONNECTIONS TO .ATURE OF 3CIENCE

ESS2.E: Biogeology

Systems and System Models
s 3YSTEMS IN THE NATURAL AND DESIGNED WORLD HAVE
PARTS THAT WORK TOGETHER + %33 

ESS3.C: Human Impacts on Earth Systems
s 4HINGS THAT PEOPLE DO TO LIVE COMFORTABLY CAN
AFFECT THE WORLD AROUND THEM "UT THEY CAN MAKE
CHOICES THAT REDUCE THEIR IMPACTS ON THE LAND
WATER AIR AND OTHER LIVING THINGS (secondary to
K-ESS2-2)

Scientific Knowledge Is Based on Empirical
Evidence

See connections to K-ESS2 on page 131.

K-ESS2 Earth’s Systems

s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD + %33 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Next Generation Science Standards: For States, By States

K-ESS3 Earth and Human Activity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-ESS3-1. Use a model to represent the relationship between

K-ESS3-3. Communicate solutions that will reduce the impact of

could include that deer eat buds and leaves and therefore usually live
in forested areas and that grasses need sunlight so they often grow in
meadows. Plants, animals, and their surroundings make up a system.]

on land could include cutting trees to produce paper and using resources
to produce bottles. Examples of solutions could include reusing paper and
recycling cans and bottles.]

K-ESS3-2. Ask questions to obtain information about the

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

the needs of different plants or animals (including humans) and
the places they live. [Clarification Statement: Examples of relationships

purpose of weather forecasting to prepare for, and respond to,
severe weather.* [Clarification Statement: Emphasis is on local forms of

humans on the land, water, air, and/or other living things in the
local environment.* [Clarification Statement: Examples of human impact

severe weather.]

Science and Engineering Practices

K-ESS3 Earth and Human Activity

Crosscutting Concepts

Asking Questions and Defining Problems

ESS3.A: Natural Resources

Cause and Effect

!SKING QUESTIONS AND DElNING PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
DESCRIPTIVE QUESTIONS THAT CAN BE TESTED
s !SK QUESTIONS BASED ON OBSERVATIONS TO lND MORE
INFORMATION ABOUT THE DESIGNED WORLD + %33 

s ,IVING THINGS NEED WATER AIR AND RESOURCES FROM
THE LAND AND THEY LIVE IN PLACES THAT HAVE THE
THINGS THEY NEED (UMANS USE NATURAL RESOURCES FOR
EVERYTHING THEY DO + %33 

s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS + %33  + %33 

Developing and Using Models

s 3OME KINDS OF SEVERE WEATHER ARE MORE LIKELY THAN
OTHERS IN A GIVEN REGION 7EATHER SCIENTISTS FORECAST
SEVERE WEATHER SO THAT COMMUNITIES CAN PREPARE
FOR AND RESPOND TO THESE EVENTS + %33 

-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s 5SE A MODEL TO REPRESENT RELATIONSHIPS IN THE
NATURAL WORLD + %33 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN +n BUILDS ON PRIOR EXPERIENCES AND
USES OBSERVATIONS AND TEXTS TO COMMUNICATE NEW
INFORMATION
s 2EAD GRADE APPROPRIATE TEXTS ANDOR USE MEDIA TO
OBTAIN SCIENTIlC INFORMATION TO DESCRIBE PATTERNS IN
THE NATURAL WORLD + %33 
s #OMMUNICATE SOLUTIONS WITH OTHERS IN ORAL ANDOR
WRITTEN FORMS USING MODELS ANDOR DRAWINGS THAT
PROVIDE DETAIL ABOUT SCIENTIlC IDEAS + %33 
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Disciplinary Core Ideas

ESS3.B: Natural Hazards

ESS3.C: Human Impacts on Earth Systems
s 4HINGS THAT PEOPLE DO TO LIVE COMFORTABLY CAN
AFFECT THE WORLD AROUND THEM "UT THEY CAN MAKE
CHOICES THAT REDUCE THEIR IMPACTS ON THE LAND
WATER AIR AND OTHER LIVING THINGS + %33 

ETS1.A: Defining and Delimiting an
Engineering Problem
s !SKING QUESTIONS MAKING OBSERVATIONS AND
GATHERING INFORMATION ARE HELPFUL IN THINKING ABOUT
PROBLEMS (secondary to K-ESS3-2)

Systems and System Models
s 3YSTEMS IN THE NATURAL AND DESIGNED WORLD HAVE
PARTS THAT WORK TOGETHER + %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 0EOPLE ENCOUNTER QUESTIONS ABOUT THE NATURAL
WORLD EVERY DAY + %33 

Influence of Engineering, Technology, and
Science on Society and the Natural World
s 0EOPLE DEPEND ON VARIOUS TECHNOLOGIES IN THEIR
LIVES HUMAN LIFE WOULD BE VERY DIFFERENT WITHOUT
TECHNOLOGY + %33 

ETS1.B: Developing Possible Solutions
s $ESIGNS CAN BE CONVEYED THROUGH SKETCHES
DRAWINGS OR PHYSICAL MODELS 4HESE
REPRESENTATIONS ARE USEFUL IN COMMUNICATING
IDEAS FOR A PROBLEMS SOLUTIONS TO OTHER PEOPLE
(secondary to K-ESS3-3)

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Next Generation Science Standards: For States, By States

FIRST GRADE
The performance expectations in first grade help students formulate answers to questions such as:
“What happens when materials vibrate? What happens when there is no light? What are some ways
plants and animals meet their needs so that they can survive and grow? How are parents and their
children similar and different? What objects are in the sky and how do they seem to move?” First
grade performance expectations include PS4, LS1, LS3, and ESS1 Disciplinary Core Ideas from the NRC
Framework.
Students are expected to develop understanding of the relationship between sound and vibrating materials as well as between the availability of light and the ability to see objects. The idea that light travels
from place to place can be understood by students at this level through determining the effect of placing objects made with different materials in the path of a beam of light. Students are also expected to
develop understanding of how plants and animals use their external parts to help them survive, grow,
and meet their needs as well as how the behaviors of parents and offspring help offspring survive. The
understanding is developed that young plants and animals are like, but not exactly the same as, their
parents. Students are able to observe, describe, and predict some patterns of the movement of objects
in the sky. The crosscutting concepts of patterns; cause and effect; structure and function; and influence
of engineering, technology, and science on society and the natural world are called out as organizing
concepts for these disciplinary core ideas.

First Grade

In the first grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in planning and carrying out investigations, analyzing and interpreting data, constructing explanations and designing solutions, and obtaining, evaluating, and communicating information.
Students are expected to use these practices to demonstrate understanding of the core ideas.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Next Generation Science Standards: For States, By States

1-PS4 Waves and Their Applications in Technologies for Information Transfer
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

1-PS4-1. Plan and conduct investigations to provide evidence

1-PS4-3. Plan and conduct an investigation to determine the
effect of placing objects made with different materials in the path
of a beam of light. [Clarification Statement: Examples of materials could

materials that make sound could include tuning forks and plucking a
stretched string. Examples of how sound can make matter vibrate could
include holding a piece of paper near a speaker making sound and holding
an object near a vibrating tuning fork.]

include those that are transparent (such as clear plastic), translucent (such as
wax paper), opaque (such as cardboard), and reflective (such as a mirror).]
[Assessment Boundary: Assessment does not include the speed of light.]

that vibrating materials can make sound and that sound can
make materials vibrate. [Clarification Statement: Examples of vibrating

1-PS4-2. Make observations to construct an evidence-based

1-PS4 Waves and Their Applications in Technologies for Information Transfer

account that objects can be seen only when illuminated.

[Clarification Statement: Examples of observations could include those made
in a completely dark room, a pinhole box, and a video of a cave explorer
with a flashlight. Illumination could be from an external light source or by
an object giving off its own light.]

Science and Engineering Practices

1-PS4-4. Use tools and materials to design and build a device

that uses light or sound to solve the problem of communicating
over a distance.* [Clarification Statement: Examples of devices could

include a light source to send signals, paper cup and string “telephones,”
and a pattern of drum beats.] [Assessment Boundary: Assessment does not
include technological details for how communication devices work.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

PS4.A: Wave Properties

Cause and Effect

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT INVESTIGATIONS COLLABORATIVELY TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE TO
ANSWER A QUESTION  03   03 

s 3OUND CAN MAKE MATTER VIBRATE AND VIBRATING
MATTER CAN MAKE SOUND  03 

s 3IMPLE TESTS CAN BE DESIGNED TO GATHER EVIDENCE
TO SUPPORT OR REFUTE STUDENT IDEAS ABOUT CAUSES
(1-PS4-1), (1-PS4-2), (1-PS4-3)

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  03 
s 5SE TOOLS AND MATERIALS PROVIDED TO DESIGN A
DEVICE THAT SOLVES A SPECIlC PROBLEM  03 

10

PS4.B: Electromagnetic Radiation
s /BJECTS CAN BE SEEN IF LIGHT IS AVAILABLE TO
ILLUMINATE THEM OR IF THEY GIVE OFF THEIR OWN LIGHT
(1-PS4-2)
s 3OME MATERIALS ALLOW LIGHT TO PASS THROUGH THEM
OTHERS ALLOW ONLY SOME LIGHT THROUGH AND OTHERS
BLOCK ALL THE LIGHT AND CREATE A DARK SHADOW ON
ANY SURFACE BEYOND THEM WHERE THE LIGHT CANNOT
REACH -IRRORS CAN BE USED TO REDIRECT A LIGHT BEAM
"OUNDARY 4HE IDEA THAT LIGHT TRAVELS FROM PLACE TO
PLACE IS DEVELOPED THROUGH EXPERIENCES WITH LIGHT
SOURCES MIRRORS AND SHADOWS BUT NO ATTEMPT IS
MADE TO DISCUSS THE SPEED OF LIGHT  03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s 0EOPLE DEPEND ON VARIOUS TECHNOLOGIES IN THEIR
LIVES HUMAN LIFE WOULD BE VERY DIFFERENT WITHOUT
TECHNOLOGY  03 

PS4.C: Information Technologies and
Instrumentation
s 0EOPLE ALSO USE A VARIETY OF DEVICES TO
COMMUNICATE SEND AND RECEIVE INFORMATION OVER
LONG DISTANCES  03 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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See connections to 1-PS4 on page 132.

Next Generation Science Standards: For States, By States

1-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods

See connections to 1-PS4 on page 132.

1-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )

s 3CIENCE INVESTIGATIONS BEGIN WITH A QUESTION
(1-PS4-1)
s 3CIENTISTS USE DIFFERENT WAYS TO STUDY THE WORLD
(1-PS4-1)

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Next Generation Science Standards: For States, By States

1-LS1 From Molecules to Organisms: Structures and Processes
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

1-LS1-1. Use materials to design a solution to a human problem

by mimicking how plants and/or animals use their external parts
to help them survive, grow, and meet their needs.* [Clarification

Statement: Examples of human problems that can be solved by mimicking
plant or animal solutions could include designing clothing or equipment to
protect bicyclists by mimicking turtle shells, acorn shells, and animal scales;
stabilizing structures by mimicking animal tails and roots on plants; keeping
out intruders by mimicking thorns on branches and animal quills; and
detecting intruders by mimicking eyes and ears.]

Science and Engineering Practices

1-LS1 From Molecules to Organisms: Structures and Processes

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s 5SE MATERIALS TO DESIGN A DEVICE THAT SOLVES
A SPECIlC PROBLEM OR A SOLUTION TO A SPECIlC
PROBLEM  ,3 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN +n BUILDS ON PRIOR EXPERIENCES AND
USES OBSERVATIONS AND TEXTS TO COMMUNICATE NEW
INFORMATION
s 2EAD GRADE APPROPRIATE TEXTS AND USE MEDIA TO
OBTAIN SCIENTIlC INFORMATION TO DETERMINE PATTERNS
IN THE NATURAL WORLD  ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE

1-LS1-2. Read texts and use media to determine patterns in

behavior of parents and offspring that help offspring survive.

[Clarification Statement: Examples of patterns of behaviors could include
the signals that offspring make (such as crying, cheeping, and other
vocalizations) and the responses of the parents (such as feeding, comforting,
and protecting the offspring).]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Crosscutting Concepts

Disciplinary Core Ideas
LS1.A: Structure and Function

Patterns

s !LL ORGANISMS HAVE EXTERNAL PARTS $IFFERENT
ANIMALS USE THEIR BODY PARTS IN DIFFERENT WAYS TO
SEE HEAR GRASP OBJECTS PROTECT THEMSELVES MOVE
FROM PLACE TO PLACE AND SEEK lND AND TAKE IN
FOOD WATER AND AIR 0LANTS ALSO HAVE DIFFERENT PARTS
ROOTS STEMS LEAVES mOWERS FRUITS THAT HELP THEM
SURVIVE AND GROW  ,3 

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED USED
TO DESCRIBE PHENOMENA AND USED AS EVIDENCE
 ,3 

LS1.B: Growth and Development of
Organisms
s !DULT PLANTS AND ANIMALS CAN HAVE YOUNG )N
MANY KINDS OF ANIMALS PARENTS AND THE OFFSPRING
THEMSELVES ENGAGE IN BEHAVIORS THAT HELP THE
OFFSPRING TO SURVIVE  ,3 

LS1.D: Information Processing
s !NIMALS HAVE BODY PARTS THAT CAPTURE AND CONVEY
DIFFERENT KINDS OF INFORMATION NEEDED FOR GROWTH
AND SURVIVAL !NIMALS RESPOND TO THESE INPUTS
WITH BEHAVIORS THAT HELP THEM SURVIVE 0LANTS ALSO
RESPOND TO SOME EXTERNAL INPUTS  ,3 

Structure and Function
s 4HE SHAPE AND STABILITY OF STRUCTURES OF NATURAL AND
DESIGNED OBJECTS ARE RELATED TO THEIR FUNCTIONS 
 ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s %VERY HUMAN MADE PRODUCT IS DESIGNED BY
APPLYING SOME KNOWLEDGE OF THE NATURAL WORLD AND
IS BUILT USING MATERIALS DERIVED FROM THE NATURAL
WORLD  ,3 

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD  ,3 
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Next Generation Science Standards: For States, By States

1-LS3 Heredity: Inheritance and Variation of Traits
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

1-LS3-1. Make observations to construct an evidence-based

account that young plants and animals are like, but not exactly
like, their parents. [Clarification Statement: Examples of patterns could
include features that plants or animals share. Examples of observations could

Science and Engineering Practices
Constructing Explanations and Designing
Solutions

Disciplinary Core Ideas

Crosscutting Concepts

LS3.A: Inheritance of Traits

Patterns

s 9OUNG ANIMALS ARE VERY MUCH BUT NOT EXACTLY LIKE
THEIR PARENTS 0LANTS ALSO ARE VERY MUCH BUT NOT
EXACTLY LIKE THEIR PARENTS  ,3 

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED USED
TO DESCRIBE PHENOMENA AND USED AS EVIDENCE
 ,3 

LS3.B: Variation of Traits
s )NDIVIDUALS OF THE SAME KIND OF PLANT OR ANIMAL ARE
RECOGNIZABLE AS SIMILAR BUT CAN ALSO VARY IN MANY
WAYS  ,3 

1-LS3 Heredity: Inheritance and Variation of Traits

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  ,3 

include that leaves from the same kind of plant are the same shape but can
differ in size and that a particular breed of dog looks like its parents but is
not exactly the same.] [Assessment Boundary: Assessment does not include
inheritance or animals that undergo metamorphosis or hybrids.]

See connections to 1-LS3 on page 133.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Next Generation Science Standards: For States, By States

1-ESS1 Earth’s Place in the Universe
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

1-ESS1-1. Use observations of the sun, moon, and stars to
describe patterns that can be predicted. [Clarification Statement:

1-ESS1-2. Make observations at different times of the year to
relate the amount of daylight to the time of year. [Clarification

Examples of patterns could include that the sun and moon appear to rise in
one part of the sky, move across the sky, and set and that stars other than
our sun are visible at night but not during the day.] [Assessment Boundary:
Assessment of star patterns is limited to stars being seen at night and not
during the day.]

Statement: Emphasis is on relative comparisons of the amount of daylight
in the winter to the amount in the spring or fall.] [Assessment Boundary:
Assessment is limited to relative amounts of daylight, not quantifying the
hours or time of daylight.]

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

ESS1.A: The Universe and Its Stars

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
COLLECT DATA THAT CAN BE USED TO MAKE COMPARISONS
(1-ESS1-2)

s 0ATTERNS OF THE MOTION OF THE SUN MOON AND
STARS IN THE SKY CAN BE OBSERVED DESCRIBED AND
PREDICTED  %33 

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED USED
TO DESCRIBE PHENOMENA AND USED AS EVIDENCE
(1-ESS1-1), (1-ESS1-2)

ESS1.B: Earth and the Solar System
s 3EASONAL PATTERNS OF SUNRISE AND SUNSET CAN BE
OBSERVED DESCRIBED AND PREDICTED  %33 

Analyzing and Interpreting Data

Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES NATURAL EVENTS HAPPEN TODAY AS
THEY HAPPENED IN THE PAST  %33 
s -ANY EVENTS ARE REPEATED  %33 

1-ESS1 Earth’s Place in the Universe

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s 5SE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
DESCRIBE PATTERNS IN THE NATURAL WORLD IN ORDER TO
ANSWER SCIENTIlC QUESTIONS  %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
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Next Generation Science Standards: For States, By States

SECOND GRADE
The performance expectations in second grade help students formulate answers to questions such as:
“How does land change and what are some things that cause it to change? What are the different kinds
of land and bodies of water? How are materials similar and different from one another, and how do the
properties of the materials relate to their use? What do plants need to grow? How many types of living
things live in a place?” Second grade performance expectations include PS1, LS2, LS4, ESS1, ESS2, and
ETS1 Disciplinary Core Ideas from the NRC Framework.
Students are expected to develop an understanding of what plants need to grow and how plants
depend on animals for seed dispersal and pollination. Students are also expected to compare the diversity of life in different habitats. An understanding of observable properties of materials is developed by
students at this level through analysis and classification of different materials. Students are able to apply
their understanding of the idea that wind and water can change the shape of land to compare design
solutions to slow or prevent such change. Students are able to use information and models to identify
and represent the shapes and kinds of land and bodies of water in an area and where water is found on
Earth. The crosscutting concepts of patterns; cause and effect; energy and matter; structure and function; stability and change; and influence of engineering, technology, and science on society and the
natural world are called out as organizing concepts for these disciplinary core ideas.

Second Grade

In the second grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in developing and using models, planning and carrying out investigations, analyzing and
interpreting data, constructing explanations and designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information. Students are expected to use these
practices to demonstrate understanding of the core ideas.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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2-PS1 Matter and Its Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-PS1-1. Plan and conduct an investigation to describe and

2-PS1-3. Make observations to construct an evidence-based

texture, hardness, and flexibility. Patterns could include the similar properties
that different materials share.]

Examples of pieces could include blocks, building bricks, or other assorted
small objects.]

2-PS1-2. Analyze data obtained from testing different materials

2-PS1-4. Construct an argument with evidence that some

Examples of properties could include strength, flexibility, hardness, texture,
and absorbency.] [Assessment Boundary: Assessment of quantitative
measurements is limited to length.]

include materials such as water and butter at different temperatures.
Examples of irreversible changes could include cooking an egg, freezing a
plant leaf, and heating paper.]

classify different kinds of materials by their observable
properties. [Clarification Statement: Observations could include color,

to determine which materials have the properties that are
best suited for an intended purpose.* [Clarification Statement:

account of how an object made of a small set of pieces can be
disassembled and made into a new object. [Clarification Statement:

changes caused by heating or cooling can be reversed and some
cannot. [Clarification Statement: Examples of reversible changes could

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

2-PS1 Matter and Its Interactions

Science and Engineering Practices

Crosscutting Concepts

Disciplinary Core Ideas

Planning and Carrying Out Investigations

PS1.A: Structure and Properties of Matter

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
TO ANSWER A QUESTION  03 

s $IFFERENT KINDS OF MATTER EXIST AND MANY OF
THEM CAN BE EITHER SOLID OR LIQUID DEPENDING
ON TEMPERATURE -ATTER CAN BE DESCRIBED AND
CLASSIlED BY ITS OBSERVABLE PROPERTIES  03 
s $IFFERENT PROPERTIES ARE SUITED TO DIFFERENT
PURPOSES  03   03 
s ! GREAT VARIETY OF OBJECTS CAN BE BUILT UP FROM A
SMALL SET OF PIECES  03 

s 0ATTERNS IN THE NATURAL AND HUMAN DESIGNED WORLD
CAN BE OBSERVED  03 

Analyzing and Interpreting Data

PS1.B: Chemical Reactions

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s !NALYZE DATA FROM TESTS OF AN OBJECT OR TOOL TO
DETERMINE IF IT WORKS AS INTENDED  03 

s (EATING OR COOLING A SUBSTANCE MAY CAUSE CHANGES
THAT CAN BE OBSERVED 3OMETIMES THESE CHANGES ARE
REVERSIBLE AND SOMETIMES THEY ARE NOT  03 

Energy and Matter

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS

16

Cause and Effect
s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS  03 
s 3IMPLE TESTS CAN BE DESIGNED TO GATHER EVIDENCE
TO SUPPORT OR REFUTE STUDENT IDEAS ABOUT CAUSES
(2-PS1-2)
s /BJECTS MAY BREAK INTO SMALLER PIECES AND BE PUT
TOGETHER INTO LARGER PIECES OR MAY CHANGE SHAPES
(2-PS1-3)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s %VERY HUMAN MADE PRODUCT IS DESIGNED BY
APPLYING SOME KNOWLEDGE OF THE NATURAL WORLD AND
IS BUILT USING MATERIALS DERIVED FROM THE NATURAL
WORLD  03 
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2-PS1 Matter and Its Interactions (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

s -AKE OBSERVATIONS FROM SEVERAL SOURCES TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  03 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN +n BUILDS ON
PRIOR EXPERIENCES AND PROGRESSES TO COMPARING IDEAS
AND REPRESENTATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE TO SUPPORT A
CLAIM  03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena

2-PS1 Matter and Its Interactions (continued )

s 3CIENTISTS SEARCH FOR CAUSE AND EFFECT RELATIONSHIPS
TO EXPLAIN NATURAL EVENTS  03 

See connections to 2-PS1 on page 134.
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2-LS2 Ecosystems: Interactions, Energy, and Dynamics
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-LS2-1. Plan and conduct an investigation to determine if

plants need sunlight and water to grow. [Assessment Boundary:
Assessment is limited to testing one variable at a time.]

Science and Engineering Practices
Developing and Using Models
-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION OR STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s $EVELOP A SIMPLE MODEL BASED ON EVIDENCE TO
REPRESENT A PROPOSED OBJECT OR TOOL  ,3 

2-LS2 Ecosystems: Interactions, Energy, and Dynamics

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
TO ANSWER A QUESTION  ,3 

18

2-LS2-2. Develop a simple model that mimics the function of an
animal in dispersing seeds or pollinating plants.*

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas
LS2.A: Interdependent Relationships in
Ecosystems
s 0LANTS DEPEND ON WATER AND LIGHT TO GROW  ,3 
s 0LANTS DEPEND ON ANIMALS FOR POLLINATION OR TO
MOVE THEIR SEEDS AROUND  ,3 

ETS1.B: Developing Possible Solutions
s $ESIGNS CAN BE CONVEYED THROUGH SKETCHES
DRAWINGS OR PHYSICAL MODELS 4HESE
REPRESENTATIONS ARE USEFUL IN COMMUNICATING
IDEAS FOR A PROBLEMS SOLUTIONS TO OTHER PEOPLE
(secondary to 2-LS2-2)

Crosscutting Concepts
Cause and Effect
s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS  ,3 

Structure and Function
s 4HE SHAPE AND STABILITY OF STRUCTURES OF NATURAL AND
DESIGNED OBJECTS ARE RELATED TO THEIR FUNCTIONS 
 ,3 
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2-LS4 Biological Evolution: Unity and Diversity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-LS4-1. Make observations of plants and animals to compare
the diversity of life in different habitats. [Clarification Statement:

habitats.] [Assessment Boundary: Assessment does not include specific animal
and plant names in specific habitats.]

Emphasis is on the diversity of living things in each of a variety of different

Science and Engineering Practices

Disciplinary Core Ideas

Planning and Carrying Out Investigations

LS4.D: Biodiversity and Humans

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
COLLECT DATA THAT CAN BE USED TO MAKE COMPARISONS
 ,3 

s 4HERE ARE MANY DIFFERENT KINDS OF LIVING THINGS IN
ANY AREA AND THEY EXIST IN DIFFERENT PLACES ON LAND
AND IN WATER  ,3 

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence

2-LS4 Biological Evolution: Unity and Diversity

s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD  ,3 

See connections to 2-LS4 on page 135.
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2-ESS1 Earth’s Place in the Universe
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-ESS1-1. Use information from several sources to provide
evidence that Earth events can occur quickly or slowly.
[Clarification Statement: Examples of events and timescales could include

Science and Engineering Practices
Constructing Explanations and Designing
Solutions

Disciplinary Core Ideas

Crosscutting Concepts

ESS1.C: The History of Planet Earth

Stability and Change

s 3OME EVENTS HAPPEN VERY QUICKLY OTHERS OCCUR
VERY SLOWLY OVER A TIME PERIOD MUCH LONGER THAN
ONE CAN OBSERVE  %33 

s 4HINGS MAY CHANGE SLOWLY OR RAPIDLY  %33 

2-ESS1 Earth’s Place in the Universe

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN +n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE AND IDEAS IN CONSTRUCTING
EVIDENCE BASED ACCOUNTS OF NATURAL PHENOMENA AND
DESIGNING SOLUTIONS
s -AKE OBSERVATIONS FROM SEVERAL SOURCES TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  %33 

volcanic explosions and earthquakes, which happen quickly, and erosion
of rocks, which occurs slowly.] [Assessment Boundary: Assessment does not
include quantitative measurements of timescales.]
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2-ESS2 Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-ESS2-1. Compare multiple solutions designed to slow or
prevent wind or water from changing the shape of the land.*

2-ESS2-2. Develop a model to represent the shapes and kinds
of land and bodies of water in an area. [Assessment Boundary:

[Clarification Statement: Examples of solutions could include different
designs of dikes and windbreaks to hold back wind and water and different
designs for using shrubs, grass, and trees to hold back land.]

Assessment does not include quantitative scaling in models.]

2-ESS2-3. Obtain information to identify where water is found
on Earth and that it can be solid or liquid.
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Science and Engineering Practices

Crosscutting Concepts

Disciplinary Core Ideas

Developing and Using Models

ESS2.A: Earth Materials and Systems

Patterns

-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION OR STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s $EVELOP A MODEL TO REPRESENT PATTERNS IN THE
NATURAL WORLD  %33 

s 7IND AND WATER CAN CHANGE THE SHAPE OF THE LAND
(2-ESS2-1)

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED
(2-ESS2-2), (2-ESS2-3)

ESS2.B: Plate Tectonics and Large-Scale
System Interactions

Stability and Change

Constructing Explanations and Designing
Solutions

ESS2.C: The Roles of Water in Earth’s
Surface Processes

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN +n BUILDS ON PRIOR EXPERIENCES AND
USES OBSERVATIONS AND TEXTS TO COMMUNICATE NEW
INFORMATION
s /BTAIN INFORMATION USING VARIOUS TEXTS TEXT
FEATURES EG HEADINGS TABLES OF CONTENTS
GLOSSARIES ELECTRONIC MENUS ICONS AND OTHER
MEDIA THAT WILL BE USEFUL IN ANSWERING A SCIENTIlC
QUESTION  %33 

See connections to 2-ESS2 on page 136.

s 7ATER IS FOUND IN THE OCEANS RIVERS LAKES AND
PONDS 7ATER EXISTS AS SOLID ICE AND IN LIQUID FORM
(2-ESS2-3)

s 4HINGS MAY CHANGE SLOWLY OR RAPIDLY  %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s $EVELOPING AND USING TECHNOLOGY HAS IMPACTS ON
THE NATURAL WORLD  %33 

ETS1.C: Optimizing the Design Solution
s "ECAUSE THERE IS ALWAYS MORE THAN ONE POSSIBLE
SOLUTION TO A PROBLEM IT IS USEFUL TO COMPARE AND
TEST DESIGNS (secondary to 2-ESS2-1)

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World
s 3CIENTISTS STUDY THE NATURAL AND MATERIAL WORLD
(2-ESS2-1)

2-ESS2 Earth’s Systems

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s #OMPARE MULTIPLE SOLUTIONS TO A PROBLEM  %33 

s -APS SHOW WHERE THINGS ARE LOCATED /NE CAN
MAP THE SHAPES AND KINDS OF LAND AND WATER IN ANY
AREA  %33 
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K–2 ENGINEERING DESIGN
Children seem to be born with a creative urge to design and build things. Often it takes little more
than the presence of raw materials to inspire children to imagine and create forts and dollhouses from
cardboard boxes and sandcastles from moist sand near the water’s edge. The task for the primary school
teacher is to channel this natural tendency by helping students recognize that creative energy can be
a means to solve problems and achieve goals through a systematic process, commonly referred to as
engineering design. Although engineering design is not a lock-step process, it is helpful to think of it in
three stages—defining the problem, developing possible solutions, and determining which best solves
the problem.
Defining the problem begins in kindergarten as students learn that a situation people want to change
can be thought of as a problem that can be solved. By the time they leave second grade students should
be able to ask questions and make observations to gather information about the problem so they can
envision an object or a tool that would solve it.
Developing possible solutions naturally flows from the problem definition phase. One of the most
challenging aspects of this phase is to keep students from immediately implementing the first solution they think of and to think it through before acting. Having students sketch their ideas or make a
physical model is a good way to engage them in shaping their ideas to meet the requirements of the
problem.
Comparing different solutions may involve testing each one to see how well it solves a problem or
achieves a goal. Consumer product testing is a good model for this capability. Although students in the
primary grades should not be held accountable for designing controlled experiments, they should be
able to think of ways of comparing two products to determine which is better for a given purpose.
Connections with the other science disciplines help students develop these capabilities in various contexts. In kindergarten students are expected to design and build simple devices. In first grade students
are expected to use tools and materials to solve a simple problem and test and compare different solutions. In second grade they are expected to define more complex problems then develop, test, and analyze data to compare different solutions.

K–2 Engineering Design

By the time they leave second grade students should be able to achieve all three performance expectations (K-2-ETS1-1, K-2-ETS1-2, and K-2-ETS1-3) related to a single problem in order to understand the
interrelated processes of engineering design—defining a problem, developing solutions, and comparing
different solutions by testing them to see which best solves the problem.
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K-2-ETS1 Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-2-ETS1-1. Ask questions, make observations, and gather

information about a situation people want to change to define a
simple problem that can be solved through the development of
a new or improved object or tool.

K-2-ETS1-2. Develop a simple sketch, drawing, or physical

model to illustrate how the shape of an object helps it function
as needed to solve a given problem.

K-2-ETS1-3. Analyze data from tests of two objects designed
to solve the same problem to compare the strengths and
weaknesses of how each performs.

Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
DESCRIPTIVE QUESTIONS
s !SK QUESTIONS BASED ON OBSERVATIONS TO lND MORE
INFORMATION ABOUT THE NATURAL ANDOR DESIGNED
WORLDS  +  %43 
s $ElNE A SIMPLE PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF A NEW OR IMPROVED
OBJECT OR TOOL +  %43 

Developing and Using Models

Disciplinary Core Ideas
ETS1.A: Defining and Delimiting
Engineering Problems
s ! SITUATION THAT PEOPLE WANT TO CHANGE OR CREATE
CAN BE APPROACHED AS A PROBLEM TO BE SOLVED
THROUGH ENGINEERING +  %43 
s !SKING QUESTIONS MAKING OBSERVATIONS AND
GATHERING INFORMATION ARE HELPFUL IN THINKING ABOUT
PROBLEMS +  %43 
s "EFORE BEGINNING TO DESIGN A SOLUTION IT IS
IMPORTANT TO CLEARLY UNDERSTAND THE PROBLEM
(K-2-ETS1-1)

-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION OR STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s $EVELOP A SIMPLE MODEL BASED ON EVIDENCE TO
REPRESENT A PROPOSED OBJECT OR TOOL +  %43 

ETS1.B: Developing Possible Solutions

Analyzing and Interpreting Data

s "ECAUSE THERE IS ALWAYS MORE THAN ONE POSSIBLE
SOLUTION TO A PROBLEM IT IS USEFUL TO COMPARE AND
TEST DESIGNS +  %43 

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s !NALYZE DATA FROM TESTS OF AN OBJECT OR TOOL TO
DETERMINE IF IT WORKS AS INTENDED +  %43 

See connections to K-2-ETS1 on page 136.

Crosscutting Concepts
Structure and Function
s 4HE SHAPE AND STABILITY OF STRUCTURES OF NATURAL AND
DESIGNED OBJECTS ARE RELATED TO THEIR FUNCTIONS 
(K-2-ETS1-2)

s $ESIGNS CAN BE CONVEYED THROUGH SKETCHES
DRAWINGS OR PHYSICAL MODELS 4HESE
REPRESENTATIONS ARE USEFUL IN COMMUNICATING IDEAS
FOR A PROBLEMS SOLUTIONS TO OTHER PEOPLE
(K-2-ETS1-2)

ETS1.C: Optimizing the Design Solution

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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THIRD GRADE
The performance expectations in third grade help students formulate answers to questions such as:
“What is typical weather in different parts of the world and during different times of the year? How
can the impact of weather-related hazards be reduced? How do organisms vary in their traits? How are
plants, animals, and environments of the past similar or different from current plants, animals, and environments? What happens to organisms when their environment changes? How do equal and unequal
forces on an object affect the object? How can magnets be used?” Third grade performance expectations include PS2, LS1, LS2, LS3, LS4, ESS2, and ESS3 Disciplinary Core Ideas from the NRC Framework.
Students are able to organize and use data to describe typical weather conditions expected during a
particular season. By applying their understanding of weather-related hazards, students are able to
make a claim about the merit of a design solution that reduces the impacts of such hazards. Students
are expected to develop an understanding of the similarities and differences of organisms’ life cycles. An
understanding that organisms have different inherited traits, and that the environment can also affect
the traits that an organism develops, is acquired by students at this level. In addition, students are able
to construct an explanation using evidence for how the variations in characteristics among individuals
of the same species may provide advantages in surviving, finding mates, and reproducing. Students are
expected to develop an understanding of the types of organisms that lived long ago and also about the
nature of their environments. Third graders are expected to develop an understanding of the idea that
when the environment changes some organisms survive and reproduce, some move to new locations,
some move into the transformed environment, and some die. Students are able to determine the effects
of balanced and unbalanced forces on the motion of an object and the cause and effect relationships of
electrical or magnetic interactions between two objects not in contact with each other. They are then
able to apply their understanding of magnetic interactions to define a simple design problem that can
be solved with magnets. The crosscutting concepts of patterns; cause and effect; scale, proportion, and
quantity; systems and system models; interdependence of science, engineering, and technology; and
influence of engineering, technology, and science on society and the natural world are called out as
organizing concepts for these disciplinary core ideas.

Third Grade

In the third grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in asking questions and defining problems; developing and using models, planning and carrying out investigations, analyzing and interpreting data, constructing explanations and designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information.
Students are expected to use these practices to demonstrate understanding of the core ideas.
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3-PS2 Motion and Stability: Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
of the effects of balanced and unbalanced forces on the motion
of an object. [Clarification Statement: Examples could include that an

unbalanced force on one side of a ball can make it start moving and that
balanced forces pushing on a box from both sides will not produce any
motion at all.] [Assessment Boundary: Assessment is limited to one variable
at a time: number, size, or direction of forces. Assessment does not include
quantitative force size, only qualitative and relative. Assessment is limited to
gravity being addressed as a force that pulls objects down.]

3-PS2-2. Make observations and/or measurements of an
object’s motion to provide evidence that a pattern can be used
to predict future motion. [Clarification Statement: Examples of motion
with a predictable pattern could include a child swinging in a swing,
a ball rolling back and forth in a bowl, and two children on a seesaw.]
[Assessment Boundary: Assessment does not include technical terms such as
period and frequency.]

3-PS2-3. Ask questions to determine cause and effect

relationships of electrical or magnetic interactions between

Science and Engineering Practices

two objects not in contact with each other. [Clarification Statement:
Examples of an electrical force could include the force on hair from an
electrically charged balloon and the electrical forces between a charged rod
and pieces of paper; examples of a magnetic force could include the force
between two permanent magnets, the force between an electromagnet
and steel paperclips, and the force exerted by one magnet versus the force
exerted by two magnets. Examples of cause and effect relationships could
include how the distance between objects affects the strength of the force
and how the orientation of magnets affects the direction of the magnetic
force.] [Assessment Boundary: Assessment is limited to forces produced by
objects that can be manipulated by students, and electrical interactions are
limited to static electricity.]

3-PS2-4. Define a simple design problem that can be solved by

applying scientific ideas about magnets.* [Clarification Statement:
Examples of problems could include constructing a latch to keep a door shut
and creating a device to keep two moving objects from touching each other.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

PS2.A: Forces and Motion

Patterns

!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
QUALITATIVE RELATIONSHIPS
s !SK QUESTIONS THAT CAN BE INVESTIGATED BASED ON
PATTERNS SUCH AS CAUSE AND EFFECT RELATIONSHIPS
(3-PS2-3)
s $ElNE A SIMPLE PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF A NEW OR IMPROVED
OBJECT OR TOOL  03 

s %ACH FORCE ACTS ON ONE PARTICULAR OBJECT AND HAS
BOTH A STRENGTH AND A DIRECTION !N OBJECT AT REST
TYPICALLY HAS MULTIPLE FORCES ACTING ON IT BUT THEY
ADD TO GIVE ZERO NET FORCE ON THE OBJECT &ORCES
THAT DO NOT SUM TO ZERO CAN CAUSE CHANGES IN THE
OBJECTS SPEED OR DIRECTION OF MOTION "OUNDARY
1UALITATIVE AND CONCEPTUAL BUT NOT QUANTITATIVE
ADDITION OF FORCES IS USED AT THIS LEVEL  03 
s 4HE PATTERNS OF AN OBJECTS MOTION IN VARIOUS
SITUATIONS CAN BE OBSERVED AND MEASURED WHEN
THAT PAST MOTION EXHIBITS A REGULAR PATTERN FUTURE
MOTION CAN BE PREDICTED FROM IT "OUNDARY
4ECHNICAL TERMS SUCH AS MAGNITUDE VELOCITY
MOMENTUM AND VECTOR QUANTITY ARE NOT INTRODUCED
AT THIS LEVEL BUT THE CONCEPT THAT SOME QUANTITIES
NEED BOTH SIZE AND DIRECTION TO BE DESCRIBED IS
DEVELOPED  03 

s 0ATTERNS OF CHANGE CAN BE USED TO MAKE
PREDICTIONS  03 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS

See connections to 3-PS2 on page 137.

3-PS2 Motion and Stability: Forces and Interactions

3-PS2-1. Plan and conduct an investigation to provide evidence

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED  03 
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(3-PS2-3)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENTIlC DISCOVERIES ABOUT THE NATURAL WORLD CAN
OFTEN LEAD TO NEW AND IMPROVED TECHNOLOGIES
WHICH ARE DEVELOPED THROUGH THE ENGINEERING
DESIGN PROCESS  03 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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3-PS2 Motion and Stability: Forces and Interactions (continued )
Science and Engineering Practices
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
USING FAIR TESTS IN WHICH VARIABLES ARE CONTROLLED
AND THE NUMBER OF TRIALS IS CONSIDERED  03 
s -AKE OBSERVATIONS ANDOR MEASUREMENTS TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE FOR
AN EXPLANATION OF A PHENOMENON OR TEST A DESIGN
SOLUTION  03 

#ONNECTIONS TO .ATURE OF 3CIENCE

Disciplinary Core Ideas

Crosscutting Concepts

PS2.B: Types of Interactions
s /BJECTS IN CONTACT EXERT FORCES ON EACH OTHER
(3-PS2-1)
s %LECTRICAL AND MAGNETIC FORCES BETWEEN A PAIR
OF OBJECTS DO NOT REQUIRE THAT THE OBJECTS BE IN
CONTACT 4HE SIZES OF THE FORCES IN EACH SITUATION
DEPEND ON THE PROPERTIES OF THE OBJECTS AND THEIR
DISTANCES APART AND FOR FORCES BETWEEN TWO
MAGNETS ON THEIR ORIENTATION RELATIVE TO EACH
OTHER  03   03 

Scientific Knowledge Is Based on Empirical
Evidence

3-PS2 Motion and Stability: Forces and Interactions (continued )

s 3CIENCE lNDINGS ARE BASED ON RECOGNIZING PATTERNS
(3-PS2-2)

Scientific Investigations Use a Variety of
Methods
s 3CIENTIlC INVESTIGATIONS USE A VARIETY OF METHODS
TOOLS AND TECHNIQUES  03 
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3-LS1 From Molecules to Organisms: Structures and Processes
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-LS1-1. Develop models to describe that organisms have

unique and diverse life cycles but all have in common birth,
growth, reproduction, and death. [Clarification Statement: Changes

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP MODELS TO DESCRIBE PHENOMENA  ,3 

that organisms go through during their life form a pattern.] [Assessment
Boundary: Assessment of plant life cycles is limited to those of flowering
plants. Assessment does not include details of human reproduction.]

Disciplinary Core Ideas
LS1.B: Growth and Development of
Organisms
s 2EPRODUCTION IS ESSENTIAL TO THE CONTINUED
EXISTENCE OF EVERY KIND OF ORGANISM 0LANTS AND
ANIMALS HAVE UNIQUE AND DIVERSE LIFE CYCLES
 ,3 

Crosscutting Concepts
Patterns
s 0ATTERNS OF CHANGE CAN BE USED TO MAKE
PREDICTIONS  ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE

3-LS1 From Molecules to Organisms: Structures and Processes

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENCE lNDINGS ARE BASED ON RECOGNIZING PATTERNS
 ,3 

See connections to 3-LS1 on page 137.
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3-LS2 Ecosystems: Interactions, Energy, and Dynamics
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-LS2-1. Construct an argument that some animals form groups
that help members survive.

Science and Engineering Practices
Engaging in Argument from Evidence

LS2.D: Social Interactions and Group
Behavior
s "EING PART OF A GROUP HELPS ANIMALS OBTAIN FOOD
DEFEND THEMSELVES AND COPE WITH CHANGES 'ROUPS
MAY SERVE DIFFERENT FUNCTIONS AND VARY DRAMATICALLY
IN SIZE (Note: Moved from K–2.)  ,3 

Crosscutting Concepts
Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  ,3 

3-LS2 Ecosystems: Interactions, Energy, and Dynamics

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE DATA ANDOR
A MODEL  ,3 

Disciplinary Core Ideas
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3-LS3 Heredity: Inheritance and Variation of Traits
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-LS3-1. Analyze and interpret data to provide evidence that

plants and animals have traits inherited from parents and that
variation of these traits exists in a group of similar organisms.

[Clarification Statement: Patterns are the similarities and differences in traits
shared between offspring and their parents, or among siblings. Emphasis
is on organisms other than humans.] [Assessment Boundary: Assessment
does not include genetic mechanisms of inheritance and prediction of traits.
Assessment is limited to non-human examples.]

be influenced by the environment. [Clarification Statement: Examples
of the environment affecting a trait could include that normally tall plants
grown with insufficient water are stunted and that a pet dog given too
much food and little exercise may become overweight.]

Crosscutting Concepts

Disciplinary Core Ideas

Analyzing and Interpreting Data

LS3.A: Inheritance of Traits

Patterns

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s !NALYZE AND INTERPRET DATA TO MAKE SENSE OF
PHENOMENA USING LOGICAL REASONING  ,3 

s -ANY CHARACTERISTICS OF ORGANISMS ARE INHERITED
FROM THEIR PARENTS  ,3 
s /THER CHARACTERISTICS RESULT FROM INDIVIDUALS
INTERACTIONS WITH THE ENVIRONMENT WHICH CAN RANGE
FROM DIET TO LEARNING -ANY CHARACTERISTICS INVOLVE
BOTH INHERITANCE AND ENVIRONMENT  ,3 

s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT AND CLASSIFY NATURAL PHENOMENA  ,3 

Constructing Explanations and Designing
Solutions

s $IFFERENT ORGANISMS VARY IN HOW THEY LOOK AND
FUNCTION BECAUSE THEY HAVE DIFFERENT INHERITED
INFORMATION  ,3 
s 4HE ENVIRONMENT ALSO AFFECTS THE TRAITS THAT AN
ORGANISM DEVELOPS  ,3 

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 5SE EVIDENCE EG OBSERVATIONS PATTERNS TO
SUPPORT AN EXPLANATION  ,3 

See connections to 3-LS3 on page 138.

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  ,3 

LS3.B: Variation of Traits

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas

Copyright National Academy of Sciences. All rights reserved.

3-LS3 Heredity: Inheritance and Variation of Traits

Science and Engineering Practices

3-LS3-2. Use evidence to support the explanation that traits can
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3-LS4 Biological Evolution: Unity and Diversity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-LS4-1. Analyze and interpret data from fossils to provide

3-LS4-3. Construct an argument with evidence that in a

type, size, and distributions of fossil organisms. Examples of fossils and
environments could include marine fossils found on dry land, tropical plant
fossils found in Arctic areas, and fossils of extinct organisms.] [Assessment
Boundary: Assessment does not include identification of specific fossils or
present plants and animals. Assessment is limited to major fossil types and
relative ages.]

Statement: Examples of evidence could include the needs and characteristics
of the organisms and habitats involved. The organisms and their habitats
make up a system in which the parts depend on each other.]

3-LS4-2. Use evidence to construct an explanation for how

Statement: Examples of environmental changes could include changes
in land characteristics, water distribution, temperature, food, and other
organisms.] [Assessment Boundary: Assessment is limited to a single
environmental change. Assessment does not include the greenhouse effect
or climate change.]

evidence of the organisms and environments in which they
lived long ago. [Clarification Statement: Examples of data could include

the variations in characteristics among individuals of the same
species may provide advantages in surviving, finding mates,
and reproducing. [Clarification Statement: Examples of cause and effect

relationships could be that plants that have larger thorns than other plants
may be less likely to be eaten by predators and animals that have better
camouflage coloration than other animals may be more likely to survive and
therefore more likely to leave offspring.]

Science and Engineering Practices

3-LS4 Biological Evolution: Unity and Diversity

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s !NALYZE AND INTERPRET DATA TO MAKE SENSE OF
PHENOMENA USING LOGICAL REASONING  ,3 

particular habitat some organisms can survive well, some
survive less well, and some cannot survive at all. [Clarification

3-LS4-4. Make a claim about the merit of a solution to a

problem caused when the environment changes and the types
of plants and animals that live there may change.* [Clarification

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas
LS2.C: Ecosystem Dynamics, Functioning,
and Resilience
s 7HEN THE ENVIRONMENT CHANGES IN WAYS THAT AFFECT
A PLACES PHYSICAL CHARACTERISTICS TEMPERATURE OR
AVAILABILITY OF RESOURCES SOME ORGANISMS SURVIVE
AND REPRODUCE OTHERS MOVE TO NEW LOCATIONS YET
OTHERS MOVE INTO THE TRANSFORMED ENVIRONMENT
AND SOME DIE (secondary to 3-LS4-4)

Constructing Explanations and Designing
Solutions

LS4.A: Evidence of Common Ancestry and
Diversity

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 5SE EVIDENCE EG OBSERVATIONS PATTERNS TO
CONSTRUCT AN EXPLANATION  ,3 

s 3OME KINDS OF PLANTS AND ANIMALS THAT ONCE LIVED
ON %ARTH ARE NO LONGER FOUND ANYWHERE (Note:
Moved from K-2.)  ,3 
s &OSSILS PROVIDE EVIDENCE ABOUT THE TYPES OF
ORGANISMS THAT LIVED LONG AGO AND ALSO ABOUT THE
NATURE OF THEIR ENVIRONMENTS  ,3 

30

Crosscutting Concepts
Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  ,3 
 ,3 

Scale, Proportion, and Quantity
s /BSERVABLE PHENOMENA EXIST FROM VERY SHORT TO
VERY LONG TIME PERIODS  ,3 

Systems and System Models
s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s +NOWLEDGE OF RELEVANT SCIENTIlC CONCEPTS AND
RESEARCH lNDINGS IS IMPORTANT IN ENGINEERING
 ,3 
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3-LS4 Biological Evolution: Unity and Diversity (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Engaging in Argument from Evidence

LS4.B: Natural Selection

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE  ,3 
s -AKE A CLAIM ABOUT THE MERIT OF A SOLUTION TO A
PROBLEM BY CITING RELEVANT EVIDENCE ABOUT HOW IT
MEETS THE CRITERIA AND CONSTRAINTS OF THE PROBLEM
 ,3 

s 3OMETIMES THE DIFFERENCES IN CHARACTERISTICS
BETWEEN INDIVIDUALS OF THE SAME SPECIES PROVIDE
ADVANTAGES IN SURVIVING lNDING MATES AND
REPRODUCING  ,3 

LS4.C: Adaptation
s &OR ANY PARTICULAR ENVIRONMENT SOME KINDS OF
ORGANISMS SURVIVE WELL SOME SURVIVE LESS WELL AND
SOME CANNOT SURVIVE AT ALL  ,3 

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES CONSISTENT PATTERNS IN NATURAL
SYSTEMS  ,3 

Science Is a Human Endeavor
s -OST SCIENTISTS AND ENGINEERS WORK IN TEAMS
 ,3 

LS4.D: Biodiversity and Humans

3-LS4 Biological Evolution: Unity and Diversity (continued )

s 0OPULATIONS LIVE IN A VARIETY OF HABITATS AND
CHANGE IN THOSE HABITATS AFFECTS THE ORGANISMS
LIVING THERE  ,3 

See connections to 3-LS4 on page 138.
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3-ESS2 Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-ESS2-1. Represent data in tables and graphical displays to
describe typical weather conditions expected during a particular
season. [Clarification Statement: Examples of data at this grade level could
include average temperature, precipitation, and wind direction.] [Assessment

Science and Engineering Practices

Boundary: Assessment of graphical displays is limited to pictographs and bar
graphs. Assessment does not include climate change.]

3-ESS2-2. Obtain and combine information to describe climates
in different regions of the world.

Disciplinary Core Ideas

Crosscutting Concepts

Analyzing and Interpreting Data

ESS2.D: Weather and Climate

Patterns

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s 2EPRESENT DATA IN TABLES AND VARIOUS GRAPHICAL
DISPLAYS BAR GRAPHS AND PICTOGRAPHS TO REVEAL
PATTERNS THAT INDICATE RELATIONSHIPS
(3-ESS2-1)

s 3CIENTISTS RECORD PATTERNS OF THE WEATHER ACROSS
DIFFERENT TIMES AND AREAS SO THAT THEY CAN MAKE
PREDICTIONS ABOUT WHAT KIND OF WEATHER MIGHT
HAPPEN NEXT  %33 
s #LIMATE DESCRIBES A RANGE OF AN AREAS TYPICAL
WEATHER CONDITIONS AND THE EXTENT TO WHICH THOSE
CONDITIONS VARY OVER YEARS  %33 

s 0ATTERNS OF CHANGE CAN BE USED TO MAKE
PREDICTIONS  %33   %33 

Obtaining, Evaluating, and Communicating
Information

3-ESS2 Earth’s Systems

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND ACCURACY OF
IDEAS AND METHODS
s /BTAIN AND COMBINE INFORMATION FROM BOOKS AND
OTHER RELIABLE MEDIA TO EXPLAIN PHENOMENA
(3-ESS2-2)
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3-ESS3 Earth and Human Activity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-ESS3-1. Make a claim about the merit of a design solution
that reduces the impacts of a weather-related hazard.*

hazards could include barriers to prevent flooding, wind-resistant roofs, and
lightning rods.]

[Clarification Statement: Examples of design solutions to weather-related

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Engaging in Argument from Evidence

ESS3.B: Natural Hazards

Cause and Effect

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s -AKE A CLAIM ABOUT THE MERIT OF A SOLUTION TO A
PROBLEM BY CITING RELEVANT EVIDENCE ABOUT HOW IT
MEETS THE CRITERIA AND CONSTRAINTS OF THE PROBLEM
(3-ESS3-1)

s ! VARIETY OF NATURAL HAZARDS RESULT FROM NATURAL
PROCESSES (UMANS CANNOT ELIMINATE NATURAL
HAZARDS BUT CAN TAKE STEPS TO REDUCE THEIR IMPACTS
(3-ESS3-1) (Note: This Disciplinary Core Idea is also
addressed by 4-ESS3-2.)

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(3-ESS3-1)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR
DEVELOP NEW ONES TO INCREASE THEIR BENElTS
EG BETTER ARTIlCIAL LIMBS DECREASE KNOWN RISKS
EG SEATBELTS IN CARS AND MEET SOCIETAL DEMANDS
EG CELL PHONES   %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor

3-ESS3 Earth and Human Activity

s 3CIENCE AFFECTS EVERYDAY LIFE  %33 

See connections to 3-ESS3 on page 139.
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FOURTH GRADE
The performance expectations in fourth grade help students formulate answers to questions such as:
“What are waves and what are some things they can do? How can water, ice, wind, and vegetation
change the land? What patterns of Earth’s features can be determined with the use of maps? How do
internal and external structures support the survival, growth, behavior, and reproduction of plants and
animals? What is energy and how is it related to motion? How is energy transferred? How can energy
be used to solve a problem?” Fourth grade performance expectations include PS3, PS4, LS1, ESS1, ESS2,
ESS3, and ETS1 Disciplinary Core Ideas from the NRC Framework.
Students are able to use a model of waves to describe patterns of waves in terms of amplitude and
wavelength and to show that waves can cause objects to move. Students are expected to develop
understanding of the effects of weathering or the rate of erosion by water, ice, wind, or vegetation.
They apply their knowledge of natural Earth processes to generate and compare multiple solutions to
reduce the impacts of such processes on humans. In order to describe patterns of Earth’s features, students analyze and interpret data from maps. Fourth graders are expected to develop an understanding
that plants and animals have internal and external structures that function to support survival, growth,
behavior, and reproduction. By developing a model, they describe that an object can be seen when light
reflected from its surface enters the eye. Students are able to use evidence to construct an explanation
of the relationship between the speed of an object and the energy of that object. Students are expected
to develop an understanding that energy can be transferred from place to place by sound, light, heat,
and electrical currents or from object to object through collisions. They apply their understanding of
energy to design, test, and refine a device that converts energy from one form to another. The crosscutting concepts of patterns; cause and effect; energy and matter; systems and system models; interdependence of science, engineering, and technology; and influence of engineering, technology, and science
on society and the natural world are called out as organizing concepts for these disciplinary core ideas.

Fourth Grade

In the fourth grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in asking questions, developing and using models, planning and carrying out investigations,
analyzing and interpreting data, constructing explanations and designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information. Students are expected
to use these practices to demonstrate understanding of the core ideas.
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4-PS3 Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

4-PS3-1. Use evidence to construct an explanation relating

forces, as objects interact.] [Assessment Boundary: Assessment does not
include quantitative measurements of energy.]

Boundary: Assessment does not include quantitative measures of changes in
the speed of an object or on any precise or quantitative definition of energy.]

4-PS3-4. Apply scientific ideas to design, test, and refine

4-PS3-2. Make observations to provide evidence that energy

[Clarification Statement: Examples of devices could include electrical circuits
that convert electrical energy into motion energy of a vehicle, light, or
sound and a passive solar heater that converts light into heat. Examples of
constraints could include the materials, cost, or time to design the device.]
[Assessment Boundary: Devices should be limited to those that convert
motion energy to electrical energy or use stored energy to cause motion or
produce light or sound.]

can be transferred from place to place by sound, light, heat, and
electrical currents. [Assessment Boundary: Assessment does not include

quantitative measurements of energy.]

4-PS3-3. Ask questions and predict outcomes about the changes

in energy that occur when objects collide. [Clarification Statement:
Emphasis is on the changes in energy due to changes in speed, not on the

Science and Engineering Practices

a device that converts energy from one form to another.*

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

PS3.A: Definitions of Energy

Energy and Matter

!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
QUALITATIVE RELATIONSHIPS
s !SK QUESTIONS THAT CAN BE INVESTIGATED AND PREDICT
REASONABLE OUTCOMES BASED ON PATTERNS SUCH AS
CAUSE AND EFFECT RELATIONSHIPS  03 

s 4HE FASTER A GIVEN OBJECT IS MOVING THE MORE
ENERGY IT POSSESSES  03 
s %NERGY CAN BE MOVED FROM PLACE TO PLACE BY
MOVING OBJECTS OR THROUGH SOUND LIGHT OR
ELECTRICAL CURRENTS  03   03 

s %NERGY CAN BE TRANSFERRED IN VARIOUS WAYS AND
BETWEEN OBJECTS  03   03   03 
(4-PS3-4)

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE FOR AN EXPLANATION OF A
PHENOMENON OR TO TEST A DESIGN SOLUTION  03 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS

See connections to 4-PS3 on page 139.

PS3.B: Conservation of Energy and Energy
Transfer
s %NERGY IS PRESENT WHENEVER THERE ARE MOVING
OBJECTS SOUND LIGHT OR HEAT 7HEN OBJECTS COLLIDE
ENERGY CAN BE TRANSFERRED FROM ONE OBJECT TO
ANOTHER THEREBY CHANGING THEIR MOTION )N SUCH
COLLISIONS SOME ENERGY IS TYPICALLY ALSO TRANSFERRED
TO THE SURROUNDING AIR AS A RESULT THE AIR GETS
HEATED AND SOUND IS PRODUCED  03   03 
s ,IGHT ALSO TRANSFERS ENERGY FROM PLACE TO PLACE
(4-PS3-2)
s %NERGY CAN ALSO BE TRANSFERRED FROM PLACE TO PLACE
BY ELECTRICAL CURRENTS WHICH CAN THEN BE USED
LOCALLY TO PRODUCE MOTION SOUND HEAT OR LIGHT 4HE
CURRENTS MAY HAVE BEEN PRODUCED TO BEGIN WITH BY
TRANSFORMING THE ENERGY OF MOTION INTO ELECTRICAL
ENERGY  03   03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR
DEVELOP NEW ONES  03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s -OST SCIENTISTS AND ENGINEERS WORK IN TEAMS
(4-PS3-4)
s 3CIENCE AFFECTS EVERYDAY LIFE  03 
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4-PS3 Energy (continued )
Science and Engineering Practices
s 5SE EVIDENCE EG MEASUREMENTS OBSERVATIONS
PATTERNS TO CONSTRUCT AN EXPLANATION  03 
s !PPLY SCIENTIlC IDEAS TO SOLVE DESIGN PROBLEMS
(4-PS3-4)

Disciplinary Core Ideas

Crosscutting Concepts

PS3.C: Relationship Between Energy and
Forces
s 7HEN OBJECTS COLLIDE THE CONTACT FORCES TRANSFER
ENERGY SO AS TO CHANGE THE OBJECTS MOTIONS
(4-PS3-3)

PS3.D: Energy in Chemical Processes and
Everyday Life
s 4HE EXPRESSION hPRODUCE ENERGYv TYPICALLY REFERS TO
THE CONVERSION OF STORED ENERGY INTO A DESIRED FORM
FOR PRACTICAL USE  03 

ETS1.A: Defining Engineering Problems

4-PS3 Energy (continued )

s 0OSSIBLE SOLUTIONS TO A PROBLEM ARE LIMITED BY
AVAILABLE MATERIALS AND RESOURCES CONSTRAINTS 
4HE SUCCESS OF A DESIGNED SOLUTION IS DETERMINED
BY CONSIDERING THE DESIRED FEATURES OF A SOLUTION
CRITERIA  $IFFERENT PROPOSALS FOR SOLUTIONS CAN
BE COMPARED ON THE BASIS OF HOW WELL EACH ONE
MEETS THE SPECIlED CRITERIA FOR SUCCESS OR HOW WELL
EACH TAKES THE CONSTRAINTS INTO ACCOUNT (secondary
to 4-PS3-4)

36

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas

Copyright National Academy of Sciences. All rights reserved.

See connections to 4-PS3 on page 139.

Next Generation Science Standards: For States, By States

4-PS4 Waves and Their Applications in Technologies for Information Transfer
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

4-PS4-1. Develop a model of waves to describe patterns in

[Assessment Boundary: Assessment does not include knowledge of specific
colors reflected and seen, the cellular mechanisms of vision, or how the
retina works.]

include diagrams, analogies, and physical models using wire to illustrate the
wavelength and amplitude of waves.] [Assessment Boundary: Assessment
does not include interference effects, electromagnetic waves, non-periodic
waves, or quantitative models of amplitude and wavelength.]

4-PS4-3. Generate and compare multiple solutions that use

4-PS4-2. Develop a model to describe that light reflecting from
objects and entering the eyes allows objects to be seen.

Science and Engineering Practices

patterns to transfer information.* [Clarification Statement: Examples
of solutions could include drums sending coded information through sound
waves, using a grid of 1s and 0s representing black and white to send
information about a picture, and using Morse code to send text.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS4.A: Wave Properties

Patterns

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL USING AN ANALOGY EXAMPLE OR
ABSTRACT REPRESENTATION TO DESCRIBE A SCIENTIlC
PRINCIPLE  03 
s $EVELOP A MODEL TO DESCRIBE PHENOMENA  03 

s 7AVES WHICH ARE REGULAR PATTERNS OF MOTION CAN
BE MADE IN WATER BY DISTURBING THE SURFACE 7HEN
WAVES MOVE ACROSS THE SURFACE OF DEEP WATER THE
WATER GOES UP AND DOWN IN PLACE THERE IS NO NET
MOTION IN THE DIRECTION OF THE WAVE EXCEPT WHEN
THE WATER MEETS THE BEACH (Note: This grade band
endpoint was moved from K–2.) (4-PS4-1)
s 7AVES OF THE SAME TYPE CAN DIFFER IN AMPLITUDE
HEIGHT OF THE WAVE AND WAVELENGTH SPACING
BETWEEN WAVE PEAKS   03 

s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT AND CLASSIFY NATURAL PHENOMENA  03 
s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT AND CLASSIFY DESIGNED PRODUCTS  03 
#AUSE AND %FFECT
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED  03 

PS4.B: Electromagnetic Radiation

Interdependence of Science, Engineering, and
Technology

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 'ENERATE AND COMPARE MULTIPLE SOLUTIONS TO A
PROBLEM BASED ON HOW WELL THEY MEET THE CRITERIA
AND CONSTRAINTS OF THE DESIGN SOLUTION  03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENCE lNDINGS ARE BASED ON RECOGNIZING PATTERNS
(4-PS4-1)

See connections to 4-PS4 on page 140.

s !N OBJECT CAN BE SEEN WHEN LIGHT REmECTED FROM ITS
SURFACE ENTERS THE EYES  03 

PS4.C: Information Technologies and
Instrumentation

4-PS4 Waves and Their Applications in Technologies for Information Transfer

terms of amplitude and wavelength and that waves can cause
objects to move. [Clarification Statement: Examples of models could

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE

s +NOWLEDGE OF RELEVANT SCIENTIlC CONCEPTS AND
RESEARCH lNDINGS IS IMPORTANT IN ENGINEERING
(4-PS4-3)

s $IGITIZED INFORMATION CAN BE TRANSMITTED OVER LONG
DISTANCES WITHOUT SIGNIlCANT DEGRADATION (IGH TECH
DEVICES SUCH AS COMPUTERS OR CELL PHONES CAN
RECEIVE AND DECODE INFORMATIONCONVERT IT FROM
DIGITIZED FORM TO VOICEAND VICE VERSA  03 

ETS1.C: Optimizing the Design Solution
s $IFFERENT SOLUTIONS NEED TO BE TESTED IN ORDER TO
DETERMINE WHICH OF THEM BEST SOLVES THE PROBLEM
GIVEN THE CRITERIA AND THE CONSTRAINTS (secondary to
4-PS4-3)
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4-LS1 From Molecules to Organisms: Structures and Processes
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

4-LS1-1. Construct an argument that plants and animals

4-LS1-2. Use a model to describe that animals receive

Statement: Examples of structures could include thorns, stems, roots,
colored petals, heart, stomach, lung, brain, and skin.] [Assessment
Boundary: Assessment is limited to macroscopic structures within plant and
animal systems.]

information transfer.] [Assessment Boundary: Assessment does not include
the mechanisms by which the brain stores and recalls information or the
mechanisms of how sensory receptors function.]

have internal and external structures that function to support
survival, growth, behavior, and reproduction. [Clarification

4-LS1 From Molecules to Organisms: Structures and Processes

Science and Engineering Practices

different types of information through their senses, process
the information in their brain, and respond to the information
in different ways. [Clarification Statement: Emphasis is on systems of

Disciplinary Core Ideas

Crosscutting Concepts

Engaging in Argument from Evidence

LS1.A: Structure and Function

Systems and System Models

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE DATA ANDOR
A MODEL  ,3 
s 5SE A MODEL TO TEST INTERACTIONS CONCERNING THE
FUNCTIONING OF A NATURAL SYSTEM  ,3 

s 0LANTS AND ANIMALS HAVE BOTH INTERNAL AND EXTERNAL
STRUCTURES THAT SERVE VARIOUS FUNCTIONS IN GROWTH
SURVIVAL BEHAVIOR AND REPRODUCTION  ,3 

s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  ,3 
 ,3 
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LS1.D: Information Processing
s $IFFERENT SENSE RECEPTORS ARE SPECIALIZED FOR
PARTICULAR KINDS OF INFORMATION WHICH MAY THEN BE
PROCESSED BY AN ANIMALS BRAIN !NIMALS ARE ABLE TO
USE THEIR PERCEPTIONS AND MEMORIES TO GUIDE THEIR
ACTIONS  ,3 
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See connections to 4-LS1 on page 140.

Next Generation Science Standards: For States, By States

4-ESS1 Earth’s Place in the Universe
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

4-ESS1-1. Identify evidence from patterns in rock formations
and fossils in rock layers to support an explanation for changes
in a landscape over time. [Clarification Statement: Examples of evidence
from patterns could include rock layers with marine shell fossils above rock
layers with plant fossils and no shells, indicating a change from land to

Science and Engineering Practices
Constructing Explanations and Designing
Solutions

Crosscutting Concepts

Disciplinary Core Ideas
ESS1.C: The History of Planet Earth

Patterns

s ,OCAL REGIONAL AND GLOBAL PATTERNS OF ROCK
FORMATIONS REVEAL CHANGES OVER TIME DUE TO %ARTHS
FORCES SUCH AS EARTHQUAKES 4HE PRESENCE AND
LOCATION OF CERTAIN FOSSIL TYPES INDICATE THE ORDER IN
WHICH ROCK LAYERS WERE FORMED  %33 

s 0ATTERNS CAN BE USED AS EVIDENCE TO SUPPORT AN
EXPLANATION  %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES CONSISTENT PATTERNS IN NATURAL
SYSTEMS  %33 

4-ESS1 Earth’s Place in the Universe

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s )DENTIFY THE EVIDENCE THAT SUPPORTS PARTICULAR
POINTS IN AN EXPLANATION  %33 

water over time and a canyon with different rock layers in the walls and a
river in the bottom, indicating that over time a river cut through the rock.]
[Assessment Boundary: Assessment does not include specific knowledge of
the mechanism of rock formation or memorization of specific rock formations
and layers. Assessment is limited to relative time.]

See connections to 4-ESS1 on page 141.
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4-ESS2 Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

4-ESS2-1. Make observations and/or measurements to provide
evidence of the effects of weathering or the rate of erosion by
water, ice, wind, or vegetation. [Clarification Statement: Examples of
variables to test could include angle of slope in the downhill movement of
water, amount of vegetation, speed of wind, relative rate of deposition,
cycles of freezing and thawing of water, cycles of heating and cooling, and

Science and Engineering Practices

volume of water flow.] [Assessment Boundary: Assessment is limited to a
single form of weathering or erosion.]

4-ESS2-2. Analyze and interpret data from maps to describe
patterns of Earth’s features. [Clarification Statement: Maps can include
topographic maps of Earth’s land and ocean floor, as well as maps of the
locations of mountains, continental boundaries, volcanoes, and earthquakes.]

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

ESS2.A: Earth Materials and Systems

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS ANDOR MEASUREMENTS TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE FOR
AN EXPLANATION OF A PHENOMENON  %33 

s 2AINFALL HELPS TO SHAPE THE LAND AND AFFECTS THE
TYPES OF LIVING THINGS FOUND IN A REGION 7ATER ICE
WIND LIVING ORGANISMS AND GRAVITY BREAK ROCKS
SOILS AND SEDIMENTS INTO SMALLER PARTICLES AND
MOVE THEM AROUND  %33 

s 0ATTERNS CAN BE USED AS EVIDENCE TO SUPPORT AN
EXPLANATION  %33 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s !NALYZE AND INTERPRET DATA TO MAKE SENSE OF
PHENOMENA USING LOGICAL REASONING  %33 

ESS2.B: Plate Tectonics and Large-Scale
System Interactions

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(4-ESS2-1)

s 4HE LOCATIONS OF MOUNTAIN RANGES DEEP OCEAN
TRENCHES OCEAN mOOR STRUCTURES EARTHQUAKES AND
VOLCANOES OCCUR IN PATTERNS -OST EARTHQUAKES AND
VOLCANOES OCCUR IN BANDS THAT ARE OFTEN ALONG THE
BOUNDARIES BETWEEN CONTINENTS AND OCEANS -AJOR
MOUNTAIN CHAINS FORM INSIDE CONTINENTS OR NEAR
THEIR EDGES -APS CAN HELP LOCATE THE DIFFERENT
LAND AND WATER FEATURES AREAS OF %ARTH  %33 

ESS2.E: Biogeology

4-ESS2 Earth’s Systems

s ,IVING THINGS AFFECT THE PHYSICAL CHARACTERISTICS OF
THEIR REGIONS  %33 
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See connections to 4-ESS2 on page 141.

Next Generation Science Standards: For States, By States

4-ESS3 Earth and Human Activity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

of renewable energy resources could include wind energy, water behind
dams, and sunlight; non-renewable energy resources are fossil fuels and
fissile materials. Examples of environmental effects could include loss of
habitat due to dams, loss of habitat due to surface mining, and air pollution
from burning of fossil fuels.]

Science and Engineering Practices
Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATE THE MERIT AND ACCURACY OF
IDEAS AND METHODS
s /BTAIN AND COMBINE INFORMATION FROM BOOKS
AND OTHER RELIABLE MEDIA TO EXPLAIN PHENOMENA
(4-ESS3-1)

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 'ENERATE AND COMPARE MULTIPLE SOLUTIONS TO A
PROBLEM BASED ON HOW WELL THEY MEET THE CRITERIA
AND CONSTRAINTS OF THE DESIGN SOLUTION  %33 

See connections to 4-ESS3 on page 141.

4-ESS3-2. Generate and compare multiple solutions to
reduce the impacts of natural Earth processes on humans.*
[Clarification Statement: Examples of solutions could include designing
an earthquake-resistant building and improving monitoring of volcanic
activity.] [Assessment Boundary: Assessment is limited to earthquakes, floods,
tsunamis, and volcanic eruptions.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

ESS3.A: Natural Resources

Cause and Effect

s %NERGY AND FUELS THAT HUMANS USE ARE DERIVED
FROM NATURAL SOURCES AND THEIR USE AFFECTS THE
ENVIRONMENT IN MULTIPLE WAYS 3OME RESOURCES ARE
RENEWABLE OVER TIME AND OTHERS ARE NOT  %33 

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  %33 
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(4-ESS3-2)

ESS3.B: Natural Hazards
s ! VARIETY OF HAZARDS RESULT FROM NATURAL PROCESSES
EG EARTHQUAKES TSUNAMIS VOLCANIC ERUPTIONS 
(UMANS CANNOT ELIMINATE THE HAZARDS BUT CAN TAKE
STEPS TO REDUCE THEIR IMPACTS  %33  (Note:
This Disciplinary Core Idea can also be found in
3.WC.)

ETS1.B: Designing Solutions to Engineering
Problems
s 4ESTING A SOLUTION INVOLVES INVESTIGATING HOW WELL
IT PERFORMS UNDER A RANGE OF LIKELY CONDITIONS
(secondary to 4-ESS3-2)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s +NOWLEDGE OF RELEVANT SCIENTIlC CONCEPTS AND
RESEARCH lNDINGS IS IMPORTANT IN ENGINEERING
(4-ESS3-1)

Influence of Science, Engineering, and
Technology on Society and the Natural World
s /VER TIME PEOPLES NEEDS AND WANTS CHANGE AS DO
THEIR DEMANDS FOR NEW AND IMPROVED TECHNOLOGIES
(4-ESS3-1)
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR DEVELOP
NEW ONES TO INCREASE THEIR BENElTS TO DECREASE
KNOWN RISKS AND TO MEET SOCIETAL DEMANDS
(4-ESS3-2)
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4-ESS3 Earth and Human Activity

4-ESS3-1. Obtain and combine information to describe that
energy and fuels are derived from natural resources and that
their uses affect the environment. [Clarification Statement: Examples

Next Generation Science Standards: For States, By States

FIFTH GRADE
The performance expectations in fifth grade help students formulate answers to questions such as:
“When matter changes, does its weight change? How much water can be found in different places on
Earth? Can new substances be created by combining other substances? How does matter cycle through
ecosystems? Where does the energy in food come from and what is it used for? How do lengths and
directions of shadows or relative lengths of day and night change from day to day, and how does the
appearance of some stars change in different seasons?” Fifth grade performance expectations include
PS1, PS2, PS3, LS1, LS2, ESS1, ESS2, and ESS3 Disciplinary Core Ideas from the NRC Framework.
Students are able to describe that matter is made of particles too small to be seen through the development of a model. Students develop an understanding of the idea that regardless of the type of change
that matter undergoes, the total weight of matter is conserved. Students determine whether the mixing of two or more substances results in new substances. Through the development of a model using
an example, students are able to describe ways in which the geosphere, biosphere, hydrosphere, and/or
atmosphere interact. They describe and graph data to provide evidence about the distribution of water
on Earth. Students develop an understanding of the idea that plants get the materials they need for
growth chiefly from air and water. Using models, students can describe the movement of matter among
plants, animals, decomposers, and the environment and that energy in animals’ food was once energy
from the sun. Students are expected to develop an understanding of patterns of daily changes in length
and direction of shadows, day and night, and the seasonal appearance of some stars in the night sky. The
crosscutting concepts of patterns; cause and effect; scale, proportion, and quantity; energy and matter;
and systems and systems models are called out as organizing concepts for these disciplinary core ideas.

Fifth Grade

In the fifth grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in developing and using models, planning and carrying out investigations, analyzing and
interpreting data, using mathematics and computational thinking, engaging in argument from evidence, and obtaining, evaluating, and communicating information and to use these practices to demonstrate understanding of the core ideas.
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5-PS1 Matter and Its Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-PS1-1. Develop a model to describe that matter is made of

particles too small to be seen. [Clarification Statement: Examples of

evidence could include adding air to expand a basketball, compressing air in
a syringe, dissolving sugar in water, and evaporating salt water.] [Assessment
Boundary: Assessment does not include the atomic-scale mechanism of
evaporation and condensation or defining unseen particles.]

5-PS1-2. Measure and graph quantities to provide evidence

that regardless of the type of change that occurs when
heating, cooling, or mixing substances, the total weight of
matter is conserved. [Clarification Statement: Examples of reactions

5-PS1-3. Make observations and measurements to identify

materials based on their properties. [Clarification Statement:
Examples of materials to be identified could include baking soda and other
powders, metals, minerals, and liquids. Examples of properties could include
color, hardness, reflectivity, electrical conductivity, thermal conductivity,
response to magnetic forces, and solubility; density is not intended as an
identifiable property.] [Assessment Boundary: Assessment does not include
density or distinguishing mass and weight.]

5-PS1-4. Conduct an investigation to determine whether the
mixing of two or more substances results in new substances.

or changes could include phase changes, dissolving, and mixing that form
new substances.] [Assessment Boundary: Assessment does not include
distinguishing mass and weight.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL TO DESCRIBE PHENOMENA  03 

s -ATTER OF ANY TYPE CAN BE SUBDIVIDED INTO PARTICLES
THAT ARE TOO SMALL TO SEE BUT EVEN THEN THE MATTER
STILL EXISTS AND CAN BE DETECTED BY OTHER MEANS
! MODEL THAT SHOWS GASES ARE MADE FROM MATTER
PARTICLES THAT ARE TOO SMALL TO SEE AND THAT ARE
MOVING FREELY AROUND IN SPACE CAN EXPLAIN MANY
OBSERVATIONS INCLUDING THE INmATION AND SHAPE OF A
BALLOON AND THE EFFECTS OF AIR ON LARGER PARTICLES OR
OBJECTS  03 
s 4HE AMOUNT WEIGHT OF MATTER IS CONSERVED WHEN
IT CHANGES FORM EVEN IN TRANSITIONS IN WHICH IT
SEEMS TO VANISH  03 
s -EASUREMENTS OF A VARIETY OF PROPERTIES CAN BE
USED TO IDENTIFY MATERIALS "OUNDARY !T THIS GRADE
LEVEL MASS AND WEIGHT ARE NOT DISTINGUISHED
AND NO ATTEMPT IS MADE TO DElNE THE UNSEEN
PARTICLES OR EXPLAIN THE ATOMIC SCALE MECHANISM OF
EVAPORATION AND CONDENSATION  03 

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(5-PS1-4)

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s #ONDUCT AN INVESTIGATION COLLABORATIVELY TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
USING FAIR TESTS IN WHICH VARIABLES ARE CONTROLLED
AND THE NUMBER OF TRIALS IS CONSIDERED  03 
s -AKE OBSERVATIONS AND MEASUREMENTS TO PRODUCE
DATA TO SERVE AS THE BASIS FOR EVIDENCE FOR AN
EXPLANATION OF A PHENOMENON  03 

See connections to 5-PS1 on page 142.

Scale, Proportion, and Quantity
s .ATURAL OBJECTS EXIST FROM THE VERY SMALL TO THE
IMMENSELY LARGE  03 
s 3TANDARD UNITS ARE USED TO MEASURE AND DESCRIBE
PHYSICAL QUANTITIES SUCH AS WEIGHT TIME
TEMPERATURE AND VOLUME  03   03 

5-PS1 Matter and Its Interactions

Science and Engineering Practices

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES CONSISTENT PATTERNS IN NATURAL
SYSTEMS  03 
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5-PS1 Matter and Its Interactions (continued )
Science and Engineering Practices
Using Mathematics and Computational
Thinking

Crosscutting Concepts

PS1.B: Chemical Reactions
s 7HEN TWO OR MORE DIFFERENT SUBSTANCES ARE MIXED
A NEW SUBSTANCE WITH DIFFERENT PROPERTIES MAY BE
FORMED  03 
s .O MATTER WHAT REACTION OR CHANGE IN PROPERTIES
OCCURS THE TOTAL WEIGHT OF THE SUBSTANCES DOES
NOT CHANGE "OUNDARY -ASS AND WEIGHT ARE NOT
DISTINGUISHED AT THIS GRADE LEVEL  03 

5-PS1 Matter and Its Interactions (continued )

-ATHEMATICAL AND COMPUTATIONAL THINKING IN
n BUILDS ON +n EXPERIENCES AND PROGRESSES TO
EXTENDING QUANTITATIVE MEASUREMENTS TO A VARIETY
OF PHYSICAL PROPERTIES AND USING COMPUTATION
AND MATHEMATICS TO ANALYZE DATA AND COMPARE
ALTERNATIVE DESIGN SOLUTIONS
s -EASURE AND GRAPH QUANTITIES SUCH AS WEIGHT TO
ADDRESS SCIENCE AND ENGINEERING QUESTIONS AND
PROBLEMS  03 

Disciplinary Core Ideas
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See connections to 5-PS1 on page 142.

Next Generation Science Standards: For States, By States

5-PS2 Motion and Stability: Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-PS2-1. Support an argument that the gravitational force
exerted by Earth on objects is directed down. [Clarification

the center of the spherical Earth.] [Assessment Boundary: Assessment does
not include mathematical representation of gravitational force.]

Statement: “Down” is a local description of the direction that points toward

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

PS2.B: Types of Interactions

Cause and Effect

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s 3UPPORT AN ARGUMENT WITH EVIDENCE DATA OR A
MODEL  03 

s 4HE GRAVITATIONAL FORCE OF %ARTH ACTING ON AN OBJECT
NEAR %ARTHS SURFACE PULLS THAT OBJECT TOWARD THE
PLANETS CENTER  03 

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  03 

5-PS2 Motion and Stability: Forces and Interactions

Engaging in Argument from Evidence

See connections to 5-PS2 on page 142.
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5-PS3 Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-PS3-1. Use models to describe that energy in animals’ food

(used for body repair, growth, and motion and to maintain body

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s 5SE MODELS TO DESCRIBE PHENOMENA  03 

warmth) was once energy from the sun. [Clarification Statement:
Examples of models could include diagrams and flow charts.]

Disciplinary Core Ideas
PS3.D: Energy in Chemical Processes and
Everyday Life
s 4HE ENERGY RELEASED FROM FOOD WAS ONCE ENERGY
FROM THE SUN THAT WAS CAPTURED BY PLANTS IN THE
CHEMICAL PROCESS THAT FORMS PLANT MATTER FROM AIR
AND WATER   03 

Crosscutting Concepts
Energy and Matter
s %NERGY CAN BE TRANSFERRED IN VARIOUS WAYS AND
BETWEEN OBJECTS  03 

LS1.C: Organization for Matter and Energy
Flow in Organisms

5-PS3 Energy

s &OOD PROVIDES ANIMALS WITH THE MATERIALS THEY
NEED FOR BODY REPAIR AND GROWTH AND THE ENERGY
THEY NEED TO MAINTAIN BODY WARMTH AND FOR
MOTION (secondary to 5-PS3-1)
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See connections to 5-PS3 on page 143.

Next Generation Science Standards: For States, By States

5-LS1 From Molecules to Organisms: Structures and Processes
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-LS1-1. Support an argument that plants get the materials
they need for growth chiefly from air and water. [Clarification

Science and Engineering Practices
Engaging in Argument from Evidence

Disciplinary Core Ideas
LS1.C: Organization for Matter and Energy
Flow in Organisms
s 0LANTS ACQUIRE THEIR MATERIAL FOR GROWTH CHIEmY
FROM AIR AND WATER  ,3 

Crosscutting Concepts
Energy and Matter
s -ATTER IS TRANSPORTED INTO OUT OF AND WITHIN
SYSTEMS  ,3 

5-LS1 From Molecules to Organisms: Structures and Processes

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s 3UPPORT AN ARGUMENT WITH EVIDENCE DATA OR A
MODEL  ,3 

Statement: Emphasis is on the idea that plant matter comes mostly from air
and water, not from soil.]

See connections to 5-LS1 on page 143.
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5-LS2 Ecosystems: Interactions, Energy, and Dynamics
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-LS2-1. Develop a model to describe the movement of matter
among plants, animals, decomposers, and the environment.

[Clarification Statement: Emphasis is on the idea that matter that is not food
(air, water, decomposed materials in soil) is changed by plants into matter

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n MODELS AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL TO DESCRIBE PHENOMENA  ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE

5-LS2 Ecosystems: Interactions, Energy, and Dynamics

Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s 3CIENCE EXPLANATIONS DESCRIBE THE MECHANISMS FOR
NATURAL EVENTS  ,3 

that is food. Examples of systems could include organisms, ecosystems,
and Earth.] [Assessment Boundary: Assessment does not include molecular
explanations.]

Disciplinary Core Ideas
LS2.A: Interdependent Relationships in
Ecosystems
s 4HE FOOD OF ALMOST ANY KIND OF ANIMAL CAN BE
TRACED BACK TO PLANTS /RGANISMS ARE RELATED IN
FOOD WEBS IN WHICH SOME ANIMALS EAT PLANTS
FOR FOOD AND OTHER ANIMALS EAT THE ANIMALS THAT
EAT PLANTS 3OME ORGANISMS SUCH AS FUNGI AND
BACTERIA BREAK DOWN DEAD ORGANISMS BOTH PLANTS
OR THEIR PARTS AND ANIMALS AND THEREFORE OPERATE
AS hDECOMPOSERSv $ECOMPOSITION EVENTUALLY
RESTORES RECYCLES SOME MATERIALS BACK TO THE
SOIL /RGANISMS CAN SURVIVE ONLY IN ENVIRONMENTS
IN WHICH THEIR PARTICULAR NEEDS ARE MET ! HEALTHY
ECOSYSTEM IS ONE IN WHICH MULTIPLE SPECIES OF
DIFFERENT TYPES ARE EACH ABLE TO MEET THEIR NEEDS
IN A RELATIVELY STABLE WEB OF LIFE .EWLY INTRODUCED
SPECIES CAN DAMAGE THE BALANCE OF AN ECOSYSTEM
 ,3 

Crosscutting Concepts
Systems and System Models
s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  ,3 

LS2.B: Cycles of Matter and Energy Transfer
in Ecosystems
s -ATTER CYCLES BETWEEN THE AIR AND SOIL AND AMONG
PLANTS ANIMALS AND MICROBES AS THESE ORGANISMS
LIVE AND DIE /RGANISMS OBTAIN GASES AND WATER
FROM THE ENVIRONMENT AND RELEASE WASTE MATTER
GAS LIQUID OR SOLID BACK INTO THE ENVIRONMENT
 ,3 
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5-ESS1 Earth’s Place in the Universe
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-ESS1-1. Support an argument that differences in the apparent
brightness of the sun compared to other stars is due to their
relative distances from Earth. [Assessment Boundary: Assessment is
limited to the relative distances, not sizes, of stars. Assessment does not
include other factors that affect apparent brightness (such as stellar masses,
age, stage).]

Science and Engineering Practices

5-ESS1-2. Represent data in graphical displays to reveal
patterns of daily changes in the length and direction of shadows,
day and night, and the seasonal appearance of some stars in the
night sky. [Clarification Statement: Examples of patterns could include the
position and motion of Earth with respect to the sun and select stars that are
visible only in particular months.] [Assessment Boundary: Assessment does
not include causes of seasons.]

Disciplinary Core Ideas

Crosscutting Concepts

ESS1.A: The Universe and Its Stars

Patterns

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s 2EPRESENT DATA IN GRAPHICAL DISPLAYS BAR GRAPHS
PICTOGRAPHS ANDOR PIE CHARTS TO REVEAL PATTERNS
THAT INDICATE RELATIONSHIPS  %33 

s 4HE SUN IS A STAR THAT APPEARS LARGER AND BRIGHTER
THAN OTHER STARS BECAUSE IT IS CLOSER 3TARS RANGE
GREATLY IN THEIR DISTANCE FROM %ARTH  %33 

s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT CLASSIFY COMMUNICATE AND ANALYZE SIMPLE
RATES OF CHANGE FOR NATURAL PHENOMENA  %33 

ESS1.B: Earth and the Solar System

Scale, Proportion, and Quantity

s 4HE ORBITS OF %ARTH AROUND THE SUN AND OF THE
MOON AROUND %ARTH TOGETHER WITH THE ROTATION OF
%ARTH ABOUT AN AXIS BETWEEN ITS NORTH AND SOUTH
POLES CAUSE OBSERVABLE PATTERNS 4HESE INCLUDE
DAY AND NIGHT DAILY CHANGES IN THE LENGTH AND
DIRECTION OF SHADOWS AND DIFFERENT POSITIONS OF THE
SUN MOON AND STARS AT DIFFERENT TIMES OF THE DAY
MONTH AND YEAR  %33 

s .ATURAL OBJECTS EXIST FROM THE VERY SMALL TO THE
IMMENSELY LARGE  %33 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s 3UPPORT AN ARGUMENT WITH EVIDENCE DATA OR A
MODEL  %33 

See connections to 5-ESS1 on page 144.

5-ESS1 Earth’s Place in the Universe

Analyzing and Interpreting Data
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5-ESS2 Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-ESS2-1. Develop a model using an example to describe
ways in which the geosphere, biosphere, hydrosphere, and/or
atmosphere interact. [Clarification Statement: Examples could include
the influence of the ocean on ecosystems, landform shape, and climate; the
influence of the atmosphere on landforms and ecosystems through weather
and climate; and the influence of mountain ranges on winds and clouds in
the atmosphere. The geosphere, hydrosphere, atmosphere, and biosphere

Science and Engineering Practices

are each a system.] [Assessment Boundary: Assessment is limited to the
interactions of two systems at a time.]

5-ESS2-2. Describe and graph the amounts of salt water and
fresh water in various reservoirs to provide evidence about the
distribution of water on Earth. [Assessment Boundary: Assessment is
limited to oceans, lakes, rivers, glaciers, groundwater, and polar ice caps and
does not include the atmosphere.]

Crosscutting Concepts

Disciplinary Core Ideas

Developing and Using Models

ESS2.A: Earth Materials and Systems

Scale, Proportion, and Quantity

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL USING AN EXAMPLE TO DESCRIBE A
SCIENTIlC PRINCIPLE  %33 

s %ARTHS MAJOR SYSTEMS ARE THE GEOSPHERE SOLID AND
MOLTEN ROCK SOIL AND SEDIMENTS THE HYDROSPHERE
WATER AND ICE THE ATMOSPHERE AIR AND THE
BIOSPHERE LIVING THINGS INCLUDING HUMANS 
4HESE SYSTEMS INTERACT IN MULTIPLE WAYS TO AFFECT
%ARTHS SURFACE MATERIALS AND PROCESSES 4HE OCEAN
SUPPORTS A VARIETY OF ECOSYSTEMS AND ORGANISMS
SHAPES LANDFORMS AND INmUENCES CLIMATE 7INDS
AND CLOUDS IN THE ATMOSPHERE INTERACT WITH THE
LANDFORMS TO DETERMINE PATTERNS OF WEATHER
(5-ESS2-1)

s 3TANDARD UNITS ARE USED TO MEASURE AND DESCRIBE
PHYSICAL QUANTITIES SUCH AS WEIGHT AND VOLUME
(5-ESS2-2)

Using Mathematics and Computational
Thinking

s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  %33 

ESS2.C: The Roles of Water in Earth’s
Surface Processes
s .EARLY ALL OF %ARTHS AVAILABLE WATER IS IN THE OCEAN
-OST FRESH WATER IS IN GLACIERS OR UNDERGROUND
ONLY A TINY FRACTION IS IN STREAMS LAKES WETLANDS
AND THE ATMOSPHERE  %33 

5-ESS2 Earth’s Systems

-ATHEMATICAL AND COMPUTATIONAL THINKING IN
n BUILDS ON +n EXPERIENCES AND PROGRESSES TO
EXTENDING QUANTITATIVE MEASUREMENTS TO A VARIETY
OF PHYSICAL PROPERTIES AND USING COMPUTATION
AND MATHEMATICS TO ANALYZE DATA AND COMPARE
ALTERNATIVE DESIGN SOLUTIONS
s $ESCRIBE AND GRAPH QUANTITIES SUCH AS AREA AND
VOLUME TO ADDRESS SCIENTIlC QUESTIONS  %33 

Systems and System Models
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5-ESS3 Earth and Human Activity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-ESS3-1. Obtain and combine information about ways
individual communities use science ideas to protect the Earth’s
resources and environment.

Science and Engineering Practices
Obtaining, Evaluating, and Communicating
Information

Crosscutting Concepts

ESS3.C: Human Impacts on Earth Systems

Systems and System Models

s (UMAN ACTIVITIES IN AGRICULTURE INDUSTRY AND
EVERYDAY LIFE HAVE HAD MAJOR EFFECTS ON LAND
VEGETATION STREAMS OCEANS AIR AND EVEN OUTER
SPACE "UT INDIVIDUALS AND COMMUNITIES ARE DOING
THINGS TO HELP PROTECT %ARTHS RESOURCES AND
ENVIRONMENTS  %33 

s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World.
s 3CIENCE lNDINGS ARE LIMITED TO QUESTIONS THAT CAN
BE ANSWERED WITH EMPIRICAL EVIDENCE  %33 

5-ESS3 Earth and Human Activity

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND ACCURACY OF
IDEAS AND METHODS
s /BTAIN AND COMBINE INFORMATION FROM BOOKS AND
OR OTHER RELIABLE MEDIA TO EXPLAIN PHENOMENA OR
SOLUTIONS TO A DESIGN PROBLEM  %33 

Disciplinary Core Ideas

See connections to 5-ESS3 on page 144.
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3–5 ENGINEERING DESIGN
Students’ capabilities as problem solvers builds on their experiences in K–2, where they learned that
situations people wish to change can be defined as problems that can be solved or goals that can be
achieved through engineering design. With increased maturity students in third through fifth grade are
able to engage in engineering in ways that is both more systematic and creative. As in earlier and later
grades, engineering design can be thought of as three phases. It is important to keep in mind, however,
that the lively process of design does not necessarily follow in that order, as students might think of a
new solution during the testing phase, or even re-define the problem to better meet the original need.
Nonetheless, they should develop their capabilities in all three phases of the engineering design process.
Defining the problem in this grade range involves the additional step of specifying criteria and constraints. Criteria are requirements for a successful solution and usually specify the function that a design
is expected to perform and qualities that would make it possible to choose one design over another.
Constraints are the limitations that must be taken into account when creating the designed solution.
In the classroom constraints are often the materials that are available and the amount of time students
have to work.
Developing possible solutions at this level involves the discipline of generating several alternative
solutions and comparing them systematically to see which best meet the criteria and constraints of the
problem. (This is a combination of phases two and three from the K–2 level).
Improving designs involves building and testing models or prototypes using controlled experiments
or “fair tests” in which only one variable is changed from trial to trial while all other variables are kept
the same. This is the same practice as in science inquiry, except the goal is to achieve the best possible
design rather than to answer a question about the natural world. Another means for improving designs
is to build a structure and subject it to tests until it fails; noting where the failure occurs and then redesigning the structure so that it is stronger. The broader message is that “failure” is an essential and even
desirable part of the design process, as it points the way to better solutions.

3–5 Engineering Design

Connections with other science disciplines help students develop these capabilities in various contexts.
For example in third grade students integrate their understanding of science into design challenges,
including magnetic forces (3-PS2-4), the needs of organisms (3-LS4-3), and the impacts of severe weather
(3-ESS3-1). In fourth grade students generate and compare multiple solutions to problems related to
conversion of energy from one form to another (4-PS3-4), communication (4-PS4-3), reducing the effects
of weathering and erosion (4-ESS2-1), and geologic hazards (4-ESS3-2). In fifth grade students design
solutions to environmental problems (5-ESS2-1).
By the end of fifth grade students should be able to achieve all three performance expectations (3-5-ETS1-1,
3-5-ETS1-2, and 3-5-ETS1-3) related to a single problem in order to understand the interrelated processes
of engineering design. These include defining a problem by specifying criteria and constraints, developing
and comparing multiple solutions, and conducting controlled experiments to test alternative solutions.
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3-5-ETS1 Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-5-ETS1-1. Define a simple design problem reflecting a need or
a want that includes specified criteria for success and constraints
on materials, time, or cost.

3-5-ETS1-3. Plan and carry out fair tests in which variables are
controlled and failure points are considered to identify aspects
of a model or prototype that can be improved.

3-5-ETS1-2. Generate and compare multiple possible solutions
to a problem based on how well each is likely to meet the
criteria and constraints of the problem.

Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
QUALITATIVE RELATIONSHIPS
s $ElNE A SIMPLE DESIGN PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF AN OBJECT TOOL
PROCESS OR SYSTEM AND INCLUDES SEVERAL CRITERIA FOR
SUCCESS AND CONSTRAINTS ON MATERIALS TIME OR COST
(3-5-ETS1-1)

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
USING FAIR TESTS IN WHICH VARIABLES ARE CONTROLLED
AND THE NUMBER OF TRIALS IS CONSIDERED   %43 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 'ENERATE AND COMPARE MULTIPLE SOLUTIONS TO A
PROBLEM BASED ON HOW WELL THEY MEET THE CRITERIA
AND CONSTRAINTS OF THE DESIGN PROBLEM   %43 

See connections to 3-5-ETS1 on page 145.

Disciplinary Core Ideas

Crosscutting Concepts

ETS1.A: Defining and Delimiting
Engineering Problems

Influence of Engineering, Technology, and
Science on Society and the Natural World

s 0OSSIBLE SOLUTIONS TO A PROBLEM ARE LIMITED BY
AVAILABLE MATERIALS AND RESOURCES CONSTRAINTS 
4HE SUCCESS OF A DESIGNED SOLUTION IS DETERMINED
BY CONSIDERING THE DESIRED FEATURES OF A SOLUTION
CRITERIA  $IFFERENT PROPOSALS FOR SOLUTIONS CAN BE
COMPARED ON THE BASIS OF HOW WELL EACH ONE MEETS
THE SPECIlED CRITERIA FOR SUCCESS OR HOW WELL EACH
TAKES THE CONSTRAINTS INTO ACCOUNT   %43 

s 0EOPLES NEEDS AND WANTS CHANGE OVER TIME AS DO
THEIR DEMANDS FOR NEW AND IMPROVED TECHNOLOGIES
(3-5-ETS1-1)
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR DEVELOP
NEW ONES TO INCREASE THEIR BENElTS DECREASE
KNOWN RISKS AND MEET SOCIETAL DEMANDS
(3-5-ETS-2)

ETS1.B: Developing Possible Solutions
s 2ESEARCH ON A PROBLEM SHOULD BE CARRIED OUT
BEFORE BEGINNING TO DESIGN A SOLUTION 4ESTING
A SOLUTION INVOLVES INVESTIGATING HOW WELL IT
PERFORMS UNDER A RANGE OF LIKELY CONDITIONS
(3-5-ETS1-2)
s !T WHATEVER STAGE COMMUNICATING WITH PEERS
ABOUT PROPOSED SOLUTIONS IS AN IMPORTANT PART OF
THE DESIGN PROCESS AND SHARED IDEAS CAN LEAD TO
IMPROVED DESIGNS   %43 
s 4ESTS ARE OFTEN DESIGNED TO IDENTIFY FAILURE POINTS
OR DIFlCULTIES WHICH SUGGEST THE ELEMENTS OF A
DESIGN THAT NEED TO BE IMPROVED   %43 

3-5-ETS1 Engineering Design

Science and Engineering Practices

ETS1.C: Optimizing the Design Solution
s $IFFERENT SOLUTIONS NEED TO BE TESTED IN ORDER TO
DETERMINE WHICH OF THEM BEST SOLVES THE PROBLEM
GIVEN THE CRITERIA AND THE CONSTRAINTS   %43 
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MIDDLE SCHOOL PHYSICAL SCIENCES
Students in middle school continue to develop understanding of four core ideas in the physical sciences.
The middle school performance expectations in the physical sciences build on the K–5 ideas and capabilities to allow learners to explain phenomena central to the physical sciences but also to the life sciences
and earth and space sciences. The performance expectations in the physical sciences blend the core
ideas with science and engineering practices and crosscutting concepts to support students in developing useable knowledge to explain real-world phenomena in the physical, biological, and earth and
space sciences. In the physical sciences, performance expectations at the middle school level focus on
students developing understanding of several scientific practices. These include developing and using
models, planning and conducting investigations, analyzing and interpreting data, using mathematical
and computational thinking, and constructing explanations and using these practices to demonstrate
understanding of the core ideas. Students are also expected to demonstrate understanding of several
engineering practices, including design and evaluation.

Middle School Physical Sciences

The performance expectations in PS1: Matter and Its Interactions help students formulate an answer
to the question, “How do atomic and molecular interactions explain the properties of matter that we see
and feel?” by building understanding of what occurs at the atomic and molecular scale. In middle school
the PS1 Disciplinary Core Idea from the NRC Framework is broken down into two sub-ideas: the Structure
and Properties of Matter and Chemical Reactions. By the end of middle school, students will be able to
apply an understanding that pure substances have characteristic physical and chemical properties and
are made from a single type of atom or molecule. They will be able to provide molecular-level accounts
to explain states of matters and changes between states, that chemical reactions involve regrouping of
atoms to form new substances, and that atoms rearrange during chemical reactions. Students are also
able to apply an understanding of the design and process of optimization in engineering to chemical
reaction systems. The crosscutting concepts of patterns; cause and effect; scale, proportion, and quantity;
energy and matter; structure and function; interdependence of science, engineering, and technology;
and influence of science, engineering, and technology on society and the natural world are called out as
organizing concepts for these disciplinary core ideas. In the PS1 performance expectations, students are
expected to demonstrate proficiency in developing and using models, analyzing and interpreting data,
designing solutions, and obtaining, evaluating, and communicating information. Students use these
science and engineering practices to demonstrate understanding of the disciplinary core ideas.
The performance expectations in PS2: Motion and Stability: Forces and Interactions focus on helping students understand ideas related to why some objects will keep moving, why objects fall to the
ground, and why some materials are attracted to each other while others are not. Students answer the
question, “How can one describe physical interactions between objects and within systems of objects?”
At the middle school level, the PS2 Disciplinary Core Idea from the NRC Framework is broken down into
two sub-ideas: Forces and Motion and Types of Interactions. By the end of middle school, students will be
able to apply Newton’s Third Law of Motion to relate forces to explain the motion of objects. Students
also apply ideas about gravitational, electrical, and magnetic forces to explain a variety of phenomena,
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including beginning ideas about why some materials attract each other while others repel. In particular,
students will develop understanding that gravitational interactions are always attractive but that electrical and magnetic forces can be both attractive and negative. Students also develop ideas that objects
can exert forces on each other even though the objects are not in contact, through fields. Students are
also able to apply an engineering practice and concept to solve a problem caused when objects collide.
The crosscutting concepts of cause and effect; systems and system models; stability and change; and the
influence of science, engineering, and technology on society and the natural world serve as organizing
concepts for these disciplinary core ideas. In the PS2 performance expectations, students are expected to
demonstrate proficiency in asking questions, planning and carrying out investigations, designing solutions,
and engaging in argument and to use these practices to demonstrate understanding of the core ideas.

The performance expectations in PS4: Waves and Their Applications in Technologies for
Information Transfer help students formulate an answer to the question, “What are the characteristic properties of waves and how can they be used?” At the middle school level, the PS4 Disciplinary
Core Idea from the NRC Framework is broken down into Wave Properties, Electromagnetic Radiation,
and Information Technologies and Instrumentation. Students are able to describe and predict characteristic properties and behaviors of waves when the waves interact with matter. Students can apply an
understanding of waves as a means to send digital information. The crosscutting concepts of patterns
and structure and function are used as organizing concepts for these disciplinary core ideas. The performance expectations in PS4 focus on students demonstrating proficiency in developing and using models,
using mathematical thinking, and obtaining, evaluating, and communicating information and to use
these practices to demonstrate understanding of the core ideas.
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Middle School Physical Sciences

The performance expectations in PS3: Energy help students formulate an answer to the question, “How
can energy be transferred from one object or system to another?” At the middle school level, the PS3
Disciplinary Core Idea from the NRC Framework is broken down into four sub-core ideas: Definitions of
Energy, Conservation of Energy and Energy Transfer, the Relationship Between Energy and Forces, and
Energy in Chemical Process and Everyday Life. Students develop their understanding of important qualitative ideas about energy, including that the interactions of objects can be explained and predicted using
the concept of transfer of energy from one object or system of objects to another and that the total
change of energy in any system is always equal to the total energy transferred into or out of the system.
Students understand that moving objects have kinetic energy and that objects may also contain stored
(potential) energy, depending on their relative positions. Students will also come to know the difference
between energy and temperature and begin to develop an understanding of the relationship between
force and energy. Students are also able to apply an understanding of design to the process of energy
transfer. The crosscutting concepts of scale, proportion, and quantity; systems and system models; and
energy are called out as organizing concepts for these disciplinary core ideas. The performance expectations in PS3 expect students to demonstrate proficiency in developing and using models, planning investigations, analyzing and interpreting data, designing solutions, and engaging in argument from evidence
and to use these practices to demonstrate understanding of the core ideas in PS3.

Next Generation Science Standards: For States, By States

MS-PS1 Matter and Its Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-PS1-1. Develop models to describe the atomic composition
of simple molecules and extended structures. [Clarification

Statement: Emphasis is on developing models of molecules that vary in
complexity. Examples of simple molecules could include ammonia and
methanol. Examples of extended structures could include sodium chloride
or diamonds. Examples of molecular-level models could include drawings,
three-dimensional ball and stick structures, or computer representations
showing different molecules with different types of atoms.] [Assessment
Boundary: Assessment does not include valence electrons and bonding
energy, discussing the ionic nature of sub-units of complex structures, or
a complete depiction of all individual atoms in a complex molecule or
extended structure.]

MS-PS1-2. Analyze and interpret data on the properties of

substances before and after the substances interact to determine
if a chemical reaction has occurred. [Clarification Statement: Examples

of reactions could include burning sugar or steel wool, fat reacting with
sodium hydroxide, and mixing zinc with hydrogen chloride.] [Assessment
Boundary: Assessment is limited to analysis of the following properties:
density, melting point, boiling point, solubility, flammability, and odor.]

MS-PS1-3. Gather and make sense of information to describe

that synthetic materials come from natural resources and
impact society. [Clarification Statement: Emphasis is on natural resources

MS-PS1 Matter and Its Interactions

that undergo a chemical process to form synthetic material. Examples of
new materials could include new medicines, foods, and alternative fuels.]
[Assessment Boundary: Assessment is limited to qualitative information.]

Science and Engineering Practices

MS-PS1-4. Develop a model that predicts and describes changes
in particle motion, temperature, and state of a pure substance
when thermal energy is added or removed. [Clarification Statement:

Emphasis is on qualitative molecular-level models of solids, liquids, and gases
to show that adding or removing thermal energy increases or decreases
kinetic energy of the particles until a change of state occurs. Examples of
models could include drawings and diagrams. Examples of particles could
include molecules or inert atoms. Examples of pure substances could include
water, carbon dioxide, and helium.]

MS-PS1-5. Develop and use a model to describe how the total

number of atoms does not change in a chemical reaction and
thus mass is conserved. [Clarification Statement: Emphasis is on the law

of conservation of matter and on physical models or drawings, including
digital forms, that represent atoms.] [Assessment Boundary: Assessment
does not include the use of atomic masses, balancing symbolic equations, or
intermolecular forces.]

MS-PS1-6. Undertake a design project to construct, test, and

modify a device that either releases or absorbs thermal energy
by chemical processes.* [Clarification Statement: Emphasis is on design,

controlling the transfer of energy to the environment, and modification of a
device using factors such as type and concentration of a substance. Examples of
designs could involve chemical reactions such as dissolving ammonium chloride
or calcium chloride.] [Assessment Boundary: Assessment is limited to the
criteria of amount, time, and temperature of a substance in testing a device.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Patterns

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
DEVELOPING USING AND REVISING MODELS TO DESCRIBE
TEST AND PREDICT MORE ABSTRACT PHENOMENA AND
DESIGN SYSTEMS
s $EVELOP A MODEL TO PREDICT ANDOR DESCRIBE
PHENOMENA -3 03  -3 03 
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 03 

s 3UBSTANCES ARE MADE FROM DIFFERENT TYPES OF
ATOMS WHICH COMBINE WITH ONE ANOTHER IN VARIOUS
WAYS !TOMS FORM MOLECULES THAT RANGE IN SIZE
FROM TWO TO THOUSANDS OF ATOMS -3 03 
s %ACH PURE SUBSTANCE HAS CHARACTERISTIC PHYSICAL
AND CHEMICAL PROPERTIES FOR ANY BULK QUANTITY
UNDER GIVEN CONDITIONS THAT CAN BE USED TO
IDENTIFY IT -3 03  -3 03 
s 'ASES AND LIQUIDS ARE MADE OF MOLECULES OR INERT
ATOMS THAT ARE MOVING ABOUT RELATIVE TO EACH
OTHER -3 03 

s -ACROSCOPIC PATTERNS ARE RELATED TO THE NATURE OF
MICROSCOPIC AND ATOMIC LEVEL STRUCTURE -3 03 
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Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
-3 03 

Scale, Proportion, and Quantity
s 4IME SPACE AND ENERGY PHENOMENA CAN BE
OBSERVED AT VARIOUS SCALES USING MODELS TO STUDY
SYSTEMS THAT ARE TOO LARGE OR TOO SMALL -3 03 
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MS-PS1 Matter and Its Interactions (continued )

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO EXTENDING QUANTITATIVE ANALYSIS TO INVESTIGATIONS
DISTINGUISHING BETWEEN CORRELATION AND CAUSATION AND
BASIC STATISTICAL TECHNIQUES OF DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 03 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC KNOWLEDGE PRINCIPLES AND
THEORIES
s 5NDERTAKE A DESIGN PROJECT ENGAGING IN THE DESIGN
CYCLE TO CONSTRUCT ANDOR IMPLEMENT A SOLUTION
THAT MEETS SPECIlC DESIGN CRITERIA AND CONSTRAINTS
-3 03 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING INFORMATION
IN n BUILDS ON +n AND PROGRESSES TO EVALUATING THE
MERIT AND VALIDITY OF IDEAS AND METHODS
s 'ATHER READ AND SYNTHESIZE INFORMATION FROM
MULTIPLE APPROPRIATE SOURCES AND ASSESS THE
CREDIBILITY ACCURACY AND POSSIBLE BIAS OF EACH
PUBLICATION AND METHODS USED AND DESCRIBE HOW
THEY ARE SUPPORTED OR NOT SUPPORTED BY EVIDENCE
-3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE

Disciplinary Core Ideas
s )N A LIQUID THE MOLECULES ARE CONSTANTLY IN CONTACT
WITH OTHERS IN A GAS THEY ARE WIDELY SPACED EXCEPT
WHEN THEY HAPPEN TO COLLIDE )N A SOLID ATOMS ARE
CLOSELY SPACED AND MAY VIBRATE IN POSITION BUT DO
NOT CHANGE RELATIVE LOCATIONS -3 03 
s 3OLIDS MAY BE FORMED FROM MOLECULES OR THEY MAY
BE EXTENDED STRUCTURES WITH REPEATING SUB UNITS
EG CRYSTALS  -3 03 
s 4HE CHANGES OF STATE THAT OCCUR WITH VARIATIONS
IN TEMPERATURE OR PRESSURE CAN BE DESCRIBED AND
PREDICTED USING THESE MODELS OF MATTER -3 03 

PS1.B: Chemical Reactions
s 3UBSTANCES REACT CHEMICALLY IN CHARACTERISTIC WAYS
)N A CHEMICAL PROCESS THE ATOMS THAT MAKE UP THE
ORIGINAL SUBSTANCES ARE REGROUPED INTO DIFFERENT
MOLECULES AND THESE NEW SUBSTANCES HAVE
DIFFERENT PROPERTIES FROM THOSE OF THE REACTANTS
-3 03  -3 03  -3 03 
s 4HE TOTAL NUMBER OF EACH TYPE OF ATOM IS
CONSERVED AND THUS THE MASS DOES NOT CHANGE
-3 03 
s 3OME CHEMICAL REACTIONS RELEASE ENERGY OTHERS
STORE ENERGY -3 03 

PS3.A: Definitions of Energy
s 4HE TERM hHEATv AS USED IN EVERYDAY LANGUAGE
REFERS BOTH TO THERMAL ENERGY THE MOTION OF ATOMS
OR MOLECULES WITHIN A SUBSTANCE AND THE TRANSFER
OF THAT THERMAL ENERGY FROM ONE OBJECT TO ANOTHER
)N SCIENCE HEAT IS USED ONLY FOR THIS SECOND
MEANING IT REFERS TO THE ENERGY TRANSFERRED DUE TO
THE TEMPERATURE DIFFERENCE BETWEEN TWO OBJECTS
(secondary to MS PS1 4)

Crosscutting Concepts
Energy and Matter
s -ATTER IS CONSERVED BECAUSE ATOMS ARE CONSERVED
IN PHYSICAL AND CHEMICAL PROCESSES -3 03 
s 4HE TRANSFER OF ENERGY CAN BE TRACKED AS ENERGY mOWS
THROUGH A DESIGNED OR NATURAL SYSTEM -3 03 

Structure and Function
s 3TRUCTURES CAN BE DESIGNED TO SERVE PARTICULAR
FUNCTIONS BY TAKING INTO ACCOUNT PROPERTIES OF
DIFFERENT MATERIALS AND HOW MATERIALS CAN BE
SHAPED AND USED -3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT OF
ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS -3 03 

Influence of Science, Engineering, and
Technology on Society and the Natural World

MS-PS1 Matter and Its Interactions (continued )

Science and Engineering Practices

s 4HE USES OF TECHNOLOGIES AND ANY LIMITATIONS
ON THEIR USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL
NEEDS DESIRES AND VALUES BY THE lNDINGS OF
SCIENTIlC RESEARCH AND BY DIFFERENCES IN SUCH
FACTORS AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS 4HUS TECHNOLOGY USE VARIES FROM REGION
TO REGION AND OVER TIME -3 03 

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03 

See connections to MS-PS1 on page 145.
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MS-PS1 Matter and Its Interactions (continued )
Science and Engineering Practices
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s ,AWS ARE REGULARITIES OR MATHEMATICAL DESCRIPTIONS
OF NATURAL PHENOMENA -3 03 

Disciplinary Core Ideas

Crosscutting Concepts

s 4HE TEMPERATURE OF A SYSTEM IS PROPORTIONAL TO
THE AVERAGE INTERNAL KINETIC ENERGY AND POTENTIAL
ENERGY PER ATOM OR MOLECULE WHICHEVER IS THE
APPROPRIATE BUILDING BLOCK FOR THE SYSTEMS
MATERIAL  4HE DETAILS OF THAT RELATIONSHIP
DEPEND ON THE TYPE OF ATOM OR MOLECULE AND THE
INTERACTIONS AMONG THE ATOMS IN THE MATERIAL
4EMPERATURE IS NOT A DIRECT MEASURE OF A SYSTEMS
TOTAL THERMAL ENERGY 4HE TOTAL THERMAL ENERGY
SOMETIMES CALLED THE TOTAL INTERNAL ENERGY OF A
SYSTEM DEPENDS JOINTLY ON THE TEMPERATURE THE
TOTAL NUMBER OF ATOMS IN THE SYSTEM AND THE STATE
OF THE MATERIAL

ETS1.B: Developing Possible Solutions
s ! SOLUTION NEEDS TO BE TESTED AND THEN MODIlED
ON THE BASIS OF THE TEST RESULTS IN ORDER TO IMPROVE
IT (secondary to MS PS1 6)

ETS1.C: Optimizing the Design Solution

MS-PS1 Matter and Its Interactions (continued )

s !LTHOUGH ONE DESIGN MAY NOT PERFORM THE BEST
ACROSS ALL TESTS IDENTIFYING THE CHARACTERISTICS OF
THE DESIGN THAT PERFORMED THE BEST IN EACH TEST
CAN PROVIDE USEFUL INFORMATION FOR THE REDESIGN
PROCESSTHAT IS SOME OF THE CHARACTERISTICS MAY
BE INCORPORATED INTO THE NEW DESIGN (secondary to
MS PS1 6)
s 4HE ITERATIVE PROCESS OF TESTING THE MOST PROMISING
SOLUTIONS AND MODIFYING WHAT IS PROPOSED ON THE
BASIS OF THE TEST RESULTS LEADS TO GREATER RElNEMENT
AND ULTIMATELY TO AN OPTIMAL SOLUTION (secondary
to MS PS1 6)
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MS-PS2 Motion and Stability: Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
to a problem involving the motion of two colliding objects.*

[Clarification Statement: Examples of practical problems could include
the impact of collisions between two cars, between a car and stationary
objects, and between a meteor and a space vehicle.] [Assessment Boundary:
Assessment is limited to vertical or horizontal interactions in one dimension.]

MS-PS2-2. Plan an investigation to provide evidence that the

change in an object’s motion depends on the sum of the forces
on the object and the mass of the object. [Clarification Statement:

Emphasis is on balanced (Newton’s First Law) and unbalanced forces in
a system, qualitative comparisons of forces, mass and changes in motion
(Newton’s Second Law), frame of reference, and specification of units.]
[Assessment Boundary: Assessment is limited to forces and changes in
motion in one dimension in an inertial reference frame and to change in one
variable at a time. Assessment does not include the use of trigonometry.]

MS-PS2-3. Ask questions about data to determine the factors
that affect the strength of electrical and magnetic forces.

[Clarification Statement: Examples of devices that use electrical and
magnetic forces could include electromagnets, electric motors, or generators.
Examples of data could include the effect of the number of turns of wire on
the strength of an electromagnet or the effect of increasing the number

Science and Engineering Practices
Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
FROM +n EXPERIENCES AND PROGRESSES TO SPECIFYING
RELATIONSHIPS BETWEEN VARIABLES AND CLARIFYING
ARGUMENTS AND MODELS
s !SK QUESTIONS THAT CAN BE INVESTIGATED WITHIN THE SCOPE
OF THE CLASSROOM OUTDOOR ENVIRONMENT AND MUSEUMS
AND OTHER PUBLIC FACILITIES WITH AVAILABLE RESOURCES
AND WHEN APPROPRIATE FRAME A HYPOTHESIS BASED ON
OBSERVATIONS AND SCIENTIlC PRINCIPLES -3 03 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS

See connections to MS-PS2 on page 146.

or strength of magnets on the speed of an electric motor.] [Assessment
Boundary: Assessment about questions that require quantitative answers is
limited to proportional reasoning and algebraic thinking.]

MS-PS2-4. Construct and present arguments using evidence to
support the claim that gravitational interactions are attractive
and depend on the masses of interacting objects. [Clarification

Statement: Examples of evidence for arguments could include data
generated from simulations or digital tools and charts displaying mass,
strength of interaction, distance from the Sun, and orbital periods of objects
within the solar system.] [Assessment Boundary: Assessment does not include
Newton’s Law of Gravitation or Kepler’s Laws.]

MS-PS2-5. Conduct an investigation and evaluate the

experimental design to provide evidence that fields exist
between objects exerting forces on each other even though the
objects are not in contact. [Clarification Statement: Examples of this

phenomenon could include the interactions of magnets, electrically charged
strips of tape, and electrically charged pith balls. Examples of investigations
could include firsthand experiences or simulations.] [Assessment Boundary:
Assessment is limited to electrical and magnetic fields and to qualitative
evidence for the existence of fields.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

PS2.A: Forces and Motion

Cause and Effect

s &OR ANY PAIR OF INTERACTING OBJECTS THE FORCE
EXERTED BY THE lRST OBJECT ON THE SECOND OBJECT
IS EQUAL IN STRENGTH TO THE FORCE THAT THE SECOND
OBJECT EXERTS ON THE lRST BUT IN THE OPPOSITE
DIRECTION .EWTONS 4HIRD ,AW  -3 03 
s 4HE MOTION OF AN OBJECT IS DETERMINED BY THE
SUM OF THE FORCES ACTING ON IT IF THE TOTAL FORCE
ON THE OBJECT IS NOT ZERO ITS MOTION WILL CHANGE
4HE GREATER THE MASS OF THE OBJECT THE GREATER
THE FORCE NEEDED TO ACHIEVE THE SAME CHANGE IN
MOTION &OR ANY GIVEN OBJECT A LARGER FORCE CAUSES
A LARGER CHANGE IN MOTION -3 03 

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
-3 03  -3 03 

Systems and System Models
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND
THEIR INTERACTIONSSUCH AS INPUTS PROCESSES AND
OUTPUTSAND ENERGY AND MATTER mOWS WITHIN
SYSTEMS -3 03  -3 03 

Stability and Change
s %XPLANATIONS OF STABILITY AND CHANGE IN NATURAL OR
DESIGNED SYSTEMS CAN BE CONSTRUCTED BY EXAMINING
THE CHANGES OVER TIME AND FORCES AT DIFFERENT
SCALES -3 03 
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MS-PS2 Motion and Stability: Forces and Interactions (continued )
Science and Engineering Practices

Disciplinary Core Ideas

s 0LAN AN INVESTIGATION INDIVIDUALLY AND
COLLABORATIVELY AND IN THE DESIGN IDENTIFY
INDEPENDENT AND DEPENDENT VARIABLES AND CONTROLS
WHAT TOOLS ARE NEEDED TO DO THE GATHERING HOW
MEASUREMENTS WILL BE RECORDED AND HOW MANY
DATA ARE NEEDED TO SUPPORT A CLAIM -3 03 
s #ONDUCT AN INVESTIGATION AND EVALUATE THE
EXPERIMENTAL DESIGN TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE THAT CAN MEET THE GOALS OF
THE INVESTIGATION -3 03 

s !LL POSITIONS OF OBJECTS AND THE DIRECTIONS OF FORCES
AND MOTIONS MUST BE DESCRIBED IN AN ARBITRARILY
CHOSEN REFERENCE FRAME AND ARBITRARILY CHOSEN UNITS
OF SIZE )N ORDER TO SHARE INFORMATION WITH OTHER
PEOPLE THESE CHOICES MUST ALSO BE SHARED
-3 03 

MS-PS2 Motion and Stability: Forces and Interactions (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
s !PPLY SCIENTIlC IDEAS OR PRINCIPLES TO DESIGN AN
OBJECT TOOL PROCESS OR SYSTEM -3 03 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
FROM +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING
A CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES
CLAIMS FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE
NATURAL AND DESIGNED WORLDS 
s #ONSTRUCT AND PRESENT ORAL AND WRITTEN ARGUMENTS
SUPPORTED BY EMPIRICAL EVIDENCE AND SCIENTIlC
REASONING TO SUPPORT OR REFUTE AN EXPLANATION
OR A MODEL FOR A PHENOMENON OR A SOLUTION TO A
PROBLEM -3 03 

PS2.B: Types of Interactions
s %LECTRICAL AND MAGNETIC ELECTROMAGNETIC FORCES
CAN BE ATTRACTIVE OR REPULSIVE AND THEIR SIZES
DEPEND ON THE MAGNITUDES OF THE CHARGES
CURRENTS OR MAGNETIC STRENGTHS INVOLVED AND ON
THE DISTANCES BETWEEN THE INTERACTING OBJECTS
-3 03 
s 'RAVITATIONAL FORCES ARE ALWAYS ATTRACTIVE 4HERE
IS A GRAVITATIONAL FORCE BETWEEN ANY TWO MASSES
BUT IT IS VERY SMALL EXCEPT WHEN ONE OR BOTH OF THE
OBJECTS HAVE LARGE MASS EG %ARTH AND THE SUN 
-3 03 
s &ORCES THAT ACT AT A DISTANCE ELECTRICAL MAGNETIC
AND GRAVITATIONAL CAN BE EXPLAINED BY lELDS THAT
EXTEND THROUGH SPACE AND CAN BE MAPPED BY THEIR
EFFECT ON A TEST OBJECT A CHARGED OBJECT A MAGNET
OR A BALL RESPECTIVELY  -3 03 

Crosscutting Concepts

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s 4HE USES OF TECHNOLOGIES AND ANY LIMITATIONS
ON THEIR USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL
NEEDS DESIRES AND VALUES BY THE lNDINGS OF
SCIENTIlC RESEARCH AND BY DIFFERENCES IN SUCH
FACTORS AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS -3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03  -3 03 
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MS-PS3 Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-PS3-1. Construct and interpret graphical displays of data

insulated box, a solar cooker, and a Styrofoam cup.] [Assessment Boundary:
Assessment does not include calculating the total amount of thermal
energy transferred.]

Emphasis is on descriptive relationships between kinetic energy and mass
separately from kinetic energy and speed. Examples could include riding
a bicycle at different speeds, rolling different sizes of rocks downhill, and
getting hit by a wiffle ball versus a tennis ball.]

MS-PS3-4. Plan an investigation to determine the relationships

MS-PS3-2. Develop a model to describe that when the

Statement: Examples of experiments could include comparing final water
temperatures after different masses of ice have melted in the same volume
of water with the same initial temperature, the temperature change of
samples of different materials with the same mass as they cool or heat in
the environment, or the same material with different masses when a specific
amount of energy is added.] [Assessment Boundary: Assessment does not
include calculating the total amount of thermal energy transferred.]

arrangement of objects interacting at a distance changes,
different amounts of potential energy are stored in the system.

[Clarification Statement: Emphasis is on relative amounts of potential
energy, not on calculations of potential energy. Examples of objects within
systems interacting at varying distances could include the Earth and either a
roller coaster cart at varying positions on a hill or objects at varying heights
on shelves, changing the direction/orientation of a magnet, and a balloon
with static electrical charge being brought closer to a classmate’s hair.
Examples of models could include representations, diagrams, pictures, and
written descriptions of systems.] [Assessment Boundary: Assessment is limited
to two objects and electrical, magnetic, and gravitational interactions.]

MS-PS3-3. Apply scientific principles to design, construct, and

test a device that either minimizes or maximizes thermal energy
transfer.* [Clarification Statement: Examples of devices could include an

Science and Engineering Practices

among the energy transferred, the type of matter, the mass,
and the change in the average kinetic energy of the particles
as measured by the temperature of the sample. [Clarification

MS-PS3-5. Construct, use, and present arguments to support the
claim that when the kinetic energy of an object changes, energy
is transferred to or from the object. [Clarification Statement: Examples
of empirical evidence used in arguments could include an inventory or other
representation of the energy before and after the transfer in the form
of temperature changes or motion of an object.] [Assessment Boundary:
Assessment does not include calculations of energy.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS3.A: Definitions of Energy

Scale, Proportion, and Quantity

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
DEVELOPING USING AND REVISING MODELS TO DESCRIBE
TEST AND PREDICT MORE ABSTRACT PHENOMENA AND
DESIGN SYSTEMS
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 03 

s -OTION ENERGY IS PROPERLY CALLED KINETIC ENERGY IT
IS PROPORTIONAL TO THE MASS OF THE MOVING OBJECT
AND GROWS WITH THE SQUARE OF ITS SPEED -3 03 
s ! SYSTEM OF OBJECTS MAY ALSO CONTAIN STORED
POTENTIAL ENERGY DEPENDING ON THEIR RELATIVE
POSITIONS -3 03 
s 4EMPERATURE IS A MEASURE OF THE AVERAGE KINETIC
ENERGY OF PARTICLES OF MATTER 4HE RELATIONSHIP
BETWEEN THE TEMPERATURE AND THE TOTAL ENERGY OF A
SYSTEM DEPENDS ON THE TYPES STATES AND AMOUNTS
OF MATTER PRESENT -3 03  -3 03 

s 0ROPORTIONAL RELATIONSHIPS EG SPEED AS THE
RATIO OF DISTANCE TRAVELED TO TIME TAKEN AMONG
DIFFERENT TYPES OF QUANTITIES PROVIDE INFORMATION
ABOUT THE MAGNITUDE OF PROPERTIES AND PROCESSES
-3 03  -3 03 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AN INVESTIGATION INDIVIDUALLY AND
COLLABORATIVELY AND IN THE DESIGN IDENTIFY

See connections to MS-PS3 on page 147.

Systems and System Models
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND
THEIR INTERACTIONSSUCH AS INPUTS PROCESSES AND
OUTPUTSAND ENERGY AND MATTER mOWS WITHIN
SYSTEMS -3 03 
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MS-PS3 Energy (continued )
Science and Engineering Practices
INDEPENDENT AND DEPENDENT VARIABLES AND CONTROLS
WHAT TOOLS ARE NEEDED TO DO THE GATHERING HOW
MEASUREMENTS WILL BE RECORDED AND HOW MANY
DATA ARE NEEDED TO SUPPORT A CLAIM -3 03 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO EXTENDING QUANTITATIVE ANALYSIS TO INVESTIGATIONS
DISTINGUISHING BETWEEN CORRELATION AND CAUSATION AND
BASIC STATISTICAL TECHNIQUES OF DATA AND ERROR ANALYSIS
s #ONSTRUCT AND INTERPRET GRAPHICAL DISPLAYS OF DATA
TO IDENTIFY LINEAR AND NON LINEAR RELATIONSHIPS
-3 03 

PS3.B: Conservation of Energy and Energy
Transfer
s 7HEN THE KINETIC ENERGY OF AN OBJECT CHANGES
THERE IS INEVITABLY SOME OTHER CHANGE IN ENERGY AT
THE SAME TIME -3 03 
s 4HE AMOUNT OF ENERGY TRANSFER NEEDED TO CHANGE
THE TEMPERATURE OF A MATTER SAMPLE BY A GIVEN
AMOUNT DEPENDS ON THE NATURE OF THE MATTER
THE SIZE OF THE SAMPLE AND THE ENVIRONMENT
-3 03 
s %NERGY IS SPONTANEOUSLY TRANSFERRED OUT OF HOTTER
REGIONS OR OBJECTS AND INTO COLDER ONES -3 03 

Constructing Explanations and Designing
Solutions

PS3.C: Relationship Between Energy and
Forces

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND THEORIES
s !PPLY SCIENTIlC IDEAS OR PRINCIPLES TO DESIGN
CONSTRUCT AND TEST A DESIGN OF AN OBJECT TOOL
PROCESS OR SYSTEM -3 03 

ETS1.A: Defining and Delimiting an
Engineering Problem

Engaging in Argument from Evidence

MS-PS3 Energy (continued )

Disciplinary Core Ideas

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s #ONSTRUCT USE AND PRESENT ORAL AND WRITTEN ARGUMENTS
SUPPORTED BY EMPIRICAL EVIDENCE AND SCIENTIlC
REASONING TO SUPPORT OR REFUTE AN EXPLANATION OR A
MODEL FOR A PHENOMENON -3 03 

Crosscutting Concepts
Energy and Matter
s %NERGY MAY TAKE DIFFERENT FORMS EG ENERGY
IN lELDS THERMAL ENERGY ENERGY OF MOTION 
-3 03 
s 4HE TRANSFER OF ENERGY CAN BE TRACKED AS ENERGY
mOWS THROUGH A DESIGNED OR NATURAL SYSTEM
-3 03 

s 7HEN TWO OBJECTS INTERACT EACH ONE EXERTS A
FORCE ON THE OTHER THAT CAN CAUSE ENERGY TO BE
TRANSFERRED TO OR FROM THE OBJECT -3 03 

s 4HE MORE PRECISELY A DESIGN TASKS CRITERIA AND
CONSTRAINTS CAN BE DElNED THE MORE LIKELY IT IS
THAT THE DESIGNED SOLUTION WILL BE SUCCESSFUL
3PECIlCATION OF CONSTRAINTS INCLUDES CONSIDERATION
OF SCIENTIlC PRINCIPLES AND OTHER RELEVANT
KNOWLEDGE THAT IS LIKELY TO LIMIT POSSIBLE SOLUTIONS
(secondary to MS-PS3-3)

ETS1.B: Developing Possible Solutions
s ! SOLUTION NEEDS TO BE TESTED AND THEN MODIlED
ON THE BASIS OF THE TEST RESULTS IN ORDER TO IMPROVE
IT 4HERE ARE SYSTEMATIC PROCESSES FOR EVALUATING
SOLUTIONS WITH RESPECT TO HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF A PROBLEM (secondary to
MS-PS3-3)

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03  -3 03 
62
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MS-PS4 Waves and Their Applications in Technologies for Information Transfer
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
a simple model for waves that includes how the amplitude
of a wave is related to the energy in a wave. [Clarification

Statement: Emphasis is on describing waves with both qualitative and
quantitative thinking.] [Assessment Boundary: Assessment does not include
electromagnetic waves and is limited to standard repeating waves.]

MS-PS4-2. Develop and use a model to describe that waves are
reflected, absorbed, or transmitted through various materials.

[Clarification Statement: Emphasis is on both light and mechanical waves.
Examples of models could include drawings, simulations, and written

Science and Engineering Practices

descriptions.] [Assessment Boundary: Assessment is limited to qualitative
applications pertaining to light and mechanical waves.]

MS-PS4-3. Integrate qualitative scientific and technical

information to support the claim that digitized signals are a more
reliable way to encode and transmit information than analog
signals. [Clarification Statement: Emphasis is on a basic understanding that

waves can be used for communication purposes. Examples could include using
fiber optic cable to transmit light pulses, radio wave pulses in Wi-Fi devices,
and conversion of stored binary patterns to make sound or text on a computer
screen.] [Assessment Boundary: Assessment does not include binary counting.
Assessment does not include the specific mechanism of any given device.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS4.A: Wave Properties

Patterns

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
DEVELOPING USING AND REVISING MODELS TO DESCRIBE
TEST AND PREDICT MORE ABSTRACT PHENOMENA AND
DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
-3 03 

s ! SIMPLE WAVE HAS A REPEATING PATTERN WITH A SPECIlC
WAVELENGTH FREQUENCY AND AMPLITUDE -3 03 
s ! SOUND WAVE NEEDS A MEDIUM THROUGH WHICH IT IS
TRANSMITTED -3 03 

s 'RAPHS AND CHARTS CAN BE USED TO IDENTIFY PATTERNS
IN DATA -3 03 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO IDENTIFYING
PATTERNS IN LARGE DATA SETS AND USING MATHEMATICAL
CONCEPTS TO SUPPORT EXPLANATIONS AND ARGUMENTS
s 5SE MATHEMATICAL REPRESENTATIONS TO DESCRIBE
ANDOR SUPPORT SCIENTIlC CONCLUSIONS AND DESIGN
SOLUTIONS -3 03 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN   BUILDS ON +  AND PROGRESSES
TO EVALUATING THE MERIT AND VALIDITY OF IDEAS AND
METHODS
s )NTEGRATE QUALITATIVE SCIENTIlC AND TECHNICAL
INFORMATION IN WRITTEN TEXT WITH THAT CONTAINED
IN MEDIA AND VISUAL DISPLAYS TO CLARIFY CLAIMS AND
lNDINGS -3 03 

See connections to MS-PS4 on page 147.

PS4.B: Electromagnetic Radiation
s 7HEN LIGHT SHINES ON AN OBJECT IT IS REmECTED
ABSORBED OR TRANSMITTED THROUGH THE OBJECT
DEPENDING ON THE OBJECTS MATERIAL AND THE
FREQUENCY COLOR OF THE LIGHT -3 03 
s 4HE PATH THAT LIGHT TRAVELS CAN BE TRACED AS
STRAIGHT LINES EXCEPT AT SURFACES BETWEEN DIFFERENT
TRANSPARENT MATERIALS EG AIR AND WATER AIR AND
GLASS WHERE THE LIGHT PATH BENDS -3 03 
s ! WAVE MODEL OF LIGHT IS USEFUL FOR EXPLAINING
BRIGHTNESS COLOR AND THE FREQUENCY DEPENDENT
BENDING OF LIGHT AT A SURFACE BETWEEN MEDIA
-3 03 
s (OWEVER BECAUSE LIGHT CAN TRAVEL THROUGH SPACE
IT CANNOT BE A MATTER WAVE LIKE SOUND OR WATER
WAVES -3 03 

PS4.C: Information Technologies and
Instrumentation
s $IGITIZED SIGNALS SENT AS WAVE PULSES ARE A MORE
RELIABLE WAY TO ENCODE AND TRANSMIT INFORMATION
-3 03 

Structure and Function
s 3TRUCTURES CAN BE DESIGNED TO SERVE PARTICULAR
FUNCTIONS BY TAKING INTO ACCOUNT PROPERTIES OF
DIFFERENT MATERIALS AND HOW MATERIALS CAN BE
SHAPED AND USED -3 03 
s 3TRUCTURES CAN BE DESIGNED TO SERVE PARTICULAR
FUNCTIONS -3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s 4ECHNOLOGIES EXTEND THE MEASUREMENT
EXPLORATION MODELING AND COMPUTATIONAL CAPACITY
OF SCIENTIlC INVESTIGATIONS -3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s !DVANCES IN TECHNOLOGY INmUENCE THE PROGRESS OF
SCIENCE AND SCIENCE HAS INmUENCED ADVANCES IN
TECHNOLOGY -3 03 
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MS-PS4 Waves and Their Applications in Technologies for Information Transfer

MS-PS4-1. Use mathematical representations to describe

Next Generation Science Standards: For States, By States

MS-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE

MS-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03 
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MIDDLE SCHOOL LIFE SCIENCES
Students in middle school develop understanding of key concepts to help them make sense of the life
sciences. The ideas build on students’ science understanding from earlier grades and from the disciplinary core ideas, science and engineering practices, and crosscutting concepts of other experiences with
the physical and earth sciences. There are four life sciences disciplinary core ideas in middle school:
(1) From Molecules to Organisms: Structures and Processes; (2) Ecosystems: Interactions, Energy, and
Dynamics; (3) Heredity: Inheritance and Variation of Traits; and (4) Biological Evolution: Unity and
Diversity. The performance expectations in middle school blend the core ideas with science and engineering practices and crosscutting concepts to support students in developing useable knowledge across
the science disciplines. While the performance expectations in middle school life sciences couple particular practices with specific disciplinary core ideas, instructional decisions should include the use of many
science and engineering practices integrated in the performance expectations.

The performance expectations in LS2: Interactions, Energy, and Dynamics Relationships in
Ecosystems help students formulate an answer to the question, “How does a system of living and nonliving things operate to meet the needs of the organisms in an ecosystem?” The LS2 Disciplinary Core
Idea is divided into three sub-ideas: Interdependent Relationships in Ecosystems, Cycles of Matter and
Energy Transfer in Ecosystems, and Ecosystem Dynamics, Functioning, and Resilience. Students can analyze and interpret data, develop models, construct arguments, and demonstrate a deeper understanding
of resources and the cycling of matter and the flow of energy in ecosystems. They can also study patterns of the interactions among organisms within an ecosystem. They consider biotic and abiotic factors
in an ecosystem and the effects these factors have on population. They evaluate competing design solutions for maintaining biodiversity and ecosystem services.
The performance expectations in LS3: Heredity: Inheritance and Variation of Traits help students
formulate an answer to the question, “How do living organisms pass traits from one generation to the
NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Middle School Life ScienceS

The performance expectations in LS1: From Molecules to Organisms: Structures and Processes
help students formulate an answer to the question, “How can one explain the ways in which cells contribute to the function of living organisms?” The LS1 Disciplinary Core Idea from the NRC Framework
is organized into four sub-ideas: Structure and Function, Growth and Development of Organisms,
Organization for Matter and Energy Flow in Organisms, and Information Processing. Students can
gather information and use it to support explanations of the structure and function relationship of cells.
They can communicate understanding of cell theory. They have a basic understanding of the role of cells
in body systems and how those systems work to support the life functions of the organism. The understanding of cells provides a context for the plant process of photosynthesis and the movement of matter and energy needed for the cell. Students can construct an explanation for how environmental and
genetic factors affect the growth of organisms. They can connect this to the role of animal behaviors in
reproduction of animals as well as the dependence of some plants on animal behaviors for their reproduction. Crosscutting concepts of cause and effect, structure and function, and matter and energy are
called out as organizing concepts for the core ideas about processes of living organisms.

Next Generation Science Standards: For States, By States

next?” The LS3 Disciplinary Core Idea from the NRC Framework includes two sub-ideas: Inheritance of
Traits and Variation of Traits. Students can use models to describe ways in which gene mutations and
sexual reproduction contribute to genetic variation. Crosscutting concepts of cause and effect and structure and function provide students with a deeper understanding of how gene structure determines differences in the functioning of organisms.

Middle School Life ScienceS

The performance expectations in LS4: Biological Evolution: Unity and Diversity help students formulate an answer to the question, “How do organisms change over time in response to changes in
the environment?” The LS4 Disciplinary Core Idea is divided into four sub-ideas: Evidence of Common
Ancestry and Diversity, Natural Selection, Adaptation, and Biodiversity and Humans. Students can construct explanations based on evidence to support fundamental understanding of natural selection and
evolution. They can use ideas of genetic variation in a population to make sense of organisms surviving
and reproducing and hence passing on the traits of the species. They are able to use fossil records and
anatomical similarities of the relationships among organisms and species to support their understanding.
Crosscutting concepts of patterns and structure and function contribute to the evidence students can
use to describe biological evolution.
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MS-LS1 From Molecules to Organisms: Structures and Processes
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
living things are made of cells; either one cell or many different
numbers and types of cells. [Clarification Statement: Emphasis is on

developing evidence that living things are made of cells, distinguishing
between living and non-living things, and understanding that living things
may be made of one cell or many and varied cells.]

MS-LS1-2. Develop and use a model to describe the function

of a cell as a whole and ways the parts of cells contribute to
the function. [Clarification Statement: Emphasis is on the cell functioning
as a whole system and the primary role of identified parts of the cell,
specifically the nucleus, chloroplasts, mitochondria, cell membrane, and cell
wall.] [Assessment Boundary: Assessment of organelle structure/function
relationships is limited to the cell wall and cell membrane. Assessment of
the function of the other organelles is limited to their relationship to the
whole cell. Assessment does not include the biochemical function of cells or
cell parts.]

MS-LS1-3. Use argument supported by evidence for how the

body is a system of interacting sub-systems composed of groups
of cells. [Clarification Statement: Emphasis is on conceptual understanding
that cells form tissues and tissues form organs specialized for particular
body functions. Examples could include the interaction of sub-systems
within a system and the normal functioning of those systems.] [Assessment
Boundary: Assessment does not include the mechanism of one body system
independent of others. Assessment is limited to the circulatory, excretory,
digestive, respiratory, muscular, and nervous systems.]

MS-LS1-4. Use argument based on empirical evidence and

scientific reasoning to support an explanation for how
characteristic animal behaviors and specialized plant structures
affect the probability of successful reproduction of animals and
plants, respectively. [Clarification Statement: Examples of behaviors that

affect the probability of animal reproduction could include nest building
to protect young from cold, herding of animals to protect young from
predators, and vocalization of animals and colorful plumage to attract mates
for breeding. Examples of animal behaviors that affect the probability of
plant reproduction could include transferring pollen or seeds and creating

See connections to MS-LS1 on page 148.

conditions for seed germination and growth. Examples of plant structures
could include bright flowers attracting butterflies that transfer pollen,
flower nectar and odors that attract insects that transfer pollen, and hard
shells on nuts that squirrels bury.]

MS-LS1-5. Construct a scientific explanation based on evidence

for how environmental and genetic factors influence the growth
of organisms. [Clarification Statement: Examples of local environmental

conditions could include availability of food, light, space, and water.
Examples of genetic factors could include large breed cattle and species
of grass affecting the growth of organisms. Examples of evidence could
include drought decreasing plant growth, fertilizer increasing plant growth,
different varieties of plant seeds growing at different rates in different
conditions, and fish growing larger in large ponds than in small ponds.]
[Assessment Boundary: Assessment does not include genetic mechanisms,
gene regulation, or biochemical processes.]

MS-LS1-6. Construct a scientific explanation based on evidence
for the role of photosynthesis in the cycling of matter and
flow of energy into and out of organisms. [Clarification Statement:
Emphasis is on tracing the movement of matter and the flow of energy.]
[Assessment Boundary: Assessment does not include the biochemical
mechanisms of photosynthesis.]

MS-LS1-7. Develop a model to describe how food is rearranged

through chemical reactions forming new molecules that support
growth and/or release energy as this matter moves through
an organism. [Clarification Statement: Emphasis is on describing that

molecules are broken apart and put back together and that in this process
energy is released.] [Assessment Boundary: Assessment does not include
details of the chemical reactions for photosynthesis or respiration.]

MS-LS1-8. Gather and synthesize information that sensory

receptors respond to stimuli by sending messages to the brain
for immediate behavior or storage as memories. [Assessment

Boundary: Assessment does not include mechanisms for the transmission of
this information.]
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MS-LS1 From Molecules to Organisms: Structures and Processes

MS-LS1-1. Conduct an investigation to provide evidence that
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MS-LS1 From Molecules to Organisms: Structures and Processes (continued )
Science and Engineering Practices

Crosscutting Concepts

Developing and Using Models

LS1.A: Structure and Function

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
-3 ,3 
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 ,3 

s !LL LIVING THINGS ARE MADE UP OF CELLS WHICH IS
THE SMALLEST UNIT THAT CAN BE SAID TO BE ALIVE
!N ORGANISM MAY CONSIST OF ONE SINGLE CELL
UNICELLULAR OR MANY DIFFERENT NUMBERS AND TYPES
OF CELLS MULTICELLULAR  -3 ,3 
s 7ITHIN CELLS SPECIAL STRUCTURES ARE RESPONSIBLE FOR
PARTICULAR FUNCTIONS AND THE CELL MEMBRANE FORMS
THE BOUNDARY THAT CONTROLS WHAT ENTERS AND LEAVES
THE CELL -3 ,3 
s )N MULTICELLULAR ORGANISMS THE BODY IS A SYSTEM
OF MULTIPLE INTERACTING SUB SYSTEMS 4HESE
SUB SYSTEMS ARE GROUPS OF CELLS THAT WORK TOGETHER
TO FORM TISSUES AND ORGANS THAT ARE SPECIALIZED FOR
PARTICULAR BODY FUNCTIONS -3 ,3 

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL SYSTEMS -3 ,3 
s 0HENOMENA MAY HAVE MORE THAN ONE CAUSE AND
SOME CAUSE AND EFFECT RELATIONSHIPS IN SYSTEMS CAN
ONLY BE DESCRIBED USING PROBABILITY -3 ,3 
-3 ,3 

LS1.B: Growth and Development of
Organisms

Energy and Matter

Planning and Carrying Out Investigations

MS-LS1 From Molecules to Organisms: Structures and Processes (continued )

Disciplinary Core Ideas

0LANNING AND CARRYING OUT INVESTIGATIONS IN  
BUILDS ON +  EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR SOLUTIONS
s #ONDUCT AN INVESTIGATION TO PRODUCE DATA TO SERVE
AS THE BASIS FOR EVIDENCE THAT MEETS THE GOALS OF
AN INVESTIGATION -3 ,3 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC KNOWLEDGE PRINCIPLES AND
THEORIES
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
-3 ,3  -3 ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
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s !NIMALS ENGAGE IN CHARACTERISTIC BEHAVIORS THAT
INCREASE THE ODDS OF REPRODUCTION -3 ,3 
s 0LANTS REPRODUCE IN A VARIETY OF WAYS SOMETIMES
DEPENDING ON ANIMAL BEHAVIOR AND SPECIALIZED
FEATURES FOR REPRODUCTION -3 ,3 
s 'ENETIC FACTORS AS WELL AS LOCAL CONDITIONS AFFECT
THE GROWTH OF THE ADULT PLANT -3 ,3 

LS1.C: Organization for Matter and Energy
Flow in Organisms
s 0LANTS ALGAE INCLUDING PHYTOPLANKTON AND
MANY MICROORGANISMS USE THE ENERGY FROM LIGHT
TO MAKE SUGARS FOOD FROM CARBON DIOXIDE FROM
THE ATMOSPHERE AND WATER THROUGH THE PROCESS
OF PHOTOSYNTHESIS WHICH ALSO RELEASES OXYGEN
4HESE SUGARS CAN BE USED IMMEDIATELY OR STORED FOR
GROWTH OR LATER USE -3 ,3 
s 7ITHIN INDIVIDUAL ORGANISMS FOOD MOVES THROUGH
A SERIES OF CHEMICAL REACTIONS IN WHICH IT IS BROKEN
DOWN AND REARRANGED TO FORM NEW MOLECULES
SUPPORT GROWTH OR RELEASE ENERGY -3 ,3 

Scale, Proportion, and Quantity
s 0HENOMENA THAT CAN BE OBSERVED AT ONE SCALE MAY
NOT BE OBSERVABLE AT ANOTHER SCALE -3 ,3 

Systems and System Models
s 3YSTEMS MAY INTERACT WITH OTHER SYSTEMS THEY MAY
HAVE SUB SYSTEMS AND BE A PART OF LARGER COMPLEX
SYSTEMS -3 ,3 
s -ATTER IS CONSERVED BECAUSE ATOMS ARE CONSERVED
IN PHYSICAL AND CHEMICAL PROCESSES -3 ,3 
s 7ITHIN A NATURAL SYSTEM THE TRANSFER OF ENERGY DRIVES
THE MOTION ANDOR CYCLING OF MATTER -3 ,3 

Structure and Function
s #OMPLEX AND MICROSCOPIC STRUCTURES AND SYSTEMS
CAN BE VISUALIZED MODELED AND USED TO DESCRIBE
HOW THEIR FUNCTION DEPENDS ON THE RELATIONSHIPS
AMONG ITS PARTS THEREFORE COMPLEX NATURAL AND
DESIGNED STRUCTURESSYSTEMS CAN BE ANALYZED TO
DETERMINE HOW THEY FUNCTION -3 ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT
OF ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS
-3 ,3 
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MS-LS1 From Molecules to Organisms: Structures and Processes (continued )
Disciplinary Core Ideas

s 5SE AN ORAL AND WRITTEN ARGUMENT SUPPORTED BY
EVIDENCE TO SUPPORT OR REFUTE AN EXPLANATION OR A
MODEL FOR A PHENOMENON -3 ,3 
s 5SE AN ORAL AND WRITTEN ARGUMENT SUPPORTED BY
EMPIRICAL EVIDENCE AND SCIENTIlC REASONING TO
SUPPORT OR REFUTE AN EXPLANATION OR A MODEL FOR A
PHENOMENON OR A SOLUTION TO A PROBLEM -3 ,3 

LS1.D: Information Processing

Obtaining, Evaluating, and Communicating
Information

PS3.D: Energy in Chemical Processes and
Everyday Life

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND VALIDITY OF
IDEAS AND METHODS
s 'ATHER READ AND SYNTHESIZE INFORMATION FROM
MULTIPLE APPROPRIATE SOURCES AND ASSESS THE
CREDIBILITY ACCURACY AND POSSIBLE BIAS OF EACH
PUBLICATION AND METHOD USED AND DESCRIBE HOW
THEY ARE SUPPORTED OR NOT SUPPORTED BY EVIDENCE
-3 ,3 

s 4HE CHEMICAL REACTION BY WHICH PLANTS PRODUCE
COMPLEX FOOD MOLECULES SUGARS REQUIRES AN
ENERGY INPUT IE FROM SUNLIGHT TO OCCUR )N THIS
REACTION CARBON DIOXIDE AND WATER COMBINE TO
FORM CARBON BASED ORGANIC MOLECULES AND RELEASE
OXYGEN (secondary to MS-LS1-6)
s #ELLULAR RESPIRATION IN PLANTS AND ANIMALS INVOLVES
CHEMICAL REACTIONS WITH OXYGEN THAT RELEASE STORED
ENERGY )N THESE PROCESSES COMPLEX MOLECULES
CONTAINING CARBON REACT WITH OXYGEN TO PRODUCE
CARBON DIOXIDE AND OTHER MATERIALS (secondary to
MS-LS1-7)

#ONNECTIONS TO .ATURE OF 3CIENCE

s %ACH SENSE RECEPTOR RESPONDS TO DIFFERENT
INPUTS ELECTROMAGNETIC MECHANICAL CHEMICAL
TRANSMITTING THEM AS SIGNALS THAT TRAVEL ALONG
NERVE CELLS TO THE BRAIN 4HE SIGNALS ARE THEN
PROCESSED IN THE BRAIN RESULTING IN IMMEDIATE
BEHAVIORS OR MEMORIES -3 ,3 

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s 3CIENTISTS AND ENGINEERS ARE GUIDED BY HABITS OF
MIND SUCH AS INTELLECTUAL HONESTY TOLERANCE OF
AMBIGUITY SKEPTICISM AND OPENNESS TO NEW IDEAS
-3 ,3 

MS-LS1 From Molecules to Organisms: Structures and Processes (continued )

Science and Engineering Practices

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL
CONNECTIONS BETWEEN EVIDENCE AND EXPLANATIONS
-3 ,3 

See connections to MS-LS1 on page 148.
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MS-LS2 Ecosystems: Interactions, Energy, and Dynamics
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-LS2-1. Analyze and interpret data to provide evidence for

and flow of energy into and out of various ecosystems and on defining the
boundaries of the system.] [Assessment Boundary: Assessment does not include
the use of chemical reactions to describe the processes.]

on cause and effect relationships between resources and the growth of
individual organisms and the numbers of organisms in ecosystems during
periods of abundant and scarce resources.]

MS-LS2-4. Construct an argument supported by empirical

MS-LS2-2. Construct an explanation that predicts patterns

is on recognizing patterns in data and making warranted inferences about
changes in populations and on evaluating empirical evidence supporting
arguments about changes to ecosystems.]

the effects of resource availability on organisms and populations
of organisms in an ecosystem. [Clarification Statement: Emphasis is

of interactions among organisms across multiple ecosystems.

[Clarification Statement: Emphasis is on predicting consistent patterns of
interactions in different ecosystems in terms of the relationships among and
between organisms and abiotic components of ecosystems. Examples of types
of interactions could include competitive, predatory, and mutually beneficial.]

MS-LS2-3. Develop a model to describe the cycling of matter and

flow of energy among living and non-living parts of an ecosystem.

[Clarification Statement: Emphasis is on describing the conservation of matter

MS-LS2 Ecosystems: Interactions, Energy, and Dynamics

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP A MODEL TO DESCRIBE PHENOMENA -3 ,3 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO PROVIDE EVIDENCE FOR
PHENOMENA -3 ,3 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND THEORIES
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evidence that changes to physical or biological components of
an ecosystem affect populations. [Clarification Statement: Emphasis

MS-LS2-5. Evaluate competing design solutions for maintaining

biodiversity and ecosystem services.* [Clarification Statement:
Examples of ecosystem services could include water purification, nutrient
recycling, and prevention of soil erosion. Examples of design solution
constraints could include scientific, economic, and social considerations.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas
LS2.A: Interdependent Relationships in
Ecosystems
s /RGANISMS AND POPULATIONS OF ORGANISMS ARE
DEPENDENT ON THEIR ENVIRONMENTAL INTERACTIONS
BOTH WITH OTHER LIVING THINGS AND WITH NON LIVING
FACTORS -3 ,3 
s )N ANY ECOSYSTEM ORGANISMS AND POPULATIONS WITH
SIMILAR REQUIREMENTS FOR FOOD WATER OXYGEN OR
OTHER RESOURCES MAY COMPETE WITH EACH OTHER FOR
LIMITED RESOURCES ACCESS TO WHICH CONSEQUENTLY
CONSTRAINS THEIR GROWTH AND REPRODUCTION -3 ,3 
s 'ROWTH OF ORGANISMS AND POPULATION INCREASES ARE
LIMITED BY ACCESS TO RESOURCES -3 ,3 
s 3IMILARLY PREDATORY INTERACTIONS MAY REDUCE
THE NUMBER OF ORGANISMS OR ELIMINATE WHOLE
POPULATIONS OF ORGANISMS -UTUALLY BENElCIAL
INTERACTIONS IN CONTRAST MAY BECOME SO
INTERDEPENDENT THAT EACH ORGANISM REQUIRES THE
OTHER FOR SURVIVAL !LTHOUGH THE SPECIES INVOLVED
IN THESE COMPETITIVE PREDATORY AND MUTUALLY
BENElCIAL INTERACTIONS VARY ACROSS ECOSYSTEMS THE
PATTERNS OF INTERACTIONS OF ORGANISMS WITH

Crosscutting Concepts
Patterns
s 0ATTERNS CAN BE USED TO IDENTIFY CAUSE AND EFFECT
RELATIONSHIPS -3 ,3 

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
-3 ,3 

Energy and Matter
s 4HE TRANSFER OF ENERGY CAN BE TRACKED AS ENERGY
mOWS THROUGH A NATURAL SYSTEM -3 ,3 

Stability and Change
s 3MALL CHANGES IN ONE PART OF A SYSTEM MIGHT CAUSE
LARGE CHANGES IN ANOTHER PART -3 ,3  -3 ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s 4HE USE OF TECHNOLOGIES AND ANY LIMITATIONS ON
THEIR USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL
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MS-LS2 Ecosystems: Interactions, Energy, and Dynamics (continued )
Disciplinary Core Ideas

s #ONSTRUCT AN EXPLANATION THAT INCLUDES QUALITATIVE
OR QUANTITATIVE RELATIONSHIPS BETWEEN VARIABLES
THAT PREDICT PHENOMENA -3 ,3 

THEIR ENVIRONMENTS BOTH LIVING AND NON LIVING ARE
SHARED -3 ,3 

Engaging in Argument from Evidence

LS2.B: Cycle of Matter and Energy Transfer
in Ecosystems

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s #ONSTRUCT AN ORAL AND WRITTEN ARGUMENT SUPPORTED
BY EMPIRICAL EVIDENCE AND SCIENTIlC REASONING TO
SUPPORT OR REFUTE AN EXPLANATION OR A MODEL FOR A
PHENOMENON OR A SOLUTION TO A PROBLEM
-3 ,3 
s %VALUATE COMPETING DESIGN SOLUTIONS BASED ON
JOINTLY DEVELOPED AND AGREED UPON DESIGN CRITERIA
-3 ,3 

s &OOD WEBS ARE MODELS THAT DEMONSTRATE HOW
MATTER AND ENERGY ARE TRANSFERRED BETWEEN
PRODUCERS CONSUMERS AND DECOMPOSERS AS
THE THREE GROUPS INTERACT WITHIN AN ECOSYSTEM
4RANSFERS OF MATTER INTO AND OUT OF THE PHYSICAL
ENVIRONMENT OCCUR AT EVERY LEVEL $ECOMPOSERS
RECYCLE NUTRIENTS FROM DEAD PLANT OR ANIMAL MATTER
BACK TO THE SOIL IN TERRESTRIAL ENVIRONMENTS OR TO
THE WATER IN AQUATIC ENVIRONMENTS 4HE ATOMS THAT
MAKE UP THE ORGANISMS IN AN ECOSYSTEM ARE CYCLED
REPEATEDLY BETWEEN THE LIVING AND NON LIVING PARTS
OF THE ECOSYSTEM -3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE

s %COSYSTEMS ARE DYNAMIC IN NATURE THEIR
CHARACTERISTICS CAN VARY OVER TIME $ISRUPTIONS TO ANY
PHYSICAL OR BIOLOGICAL COMPONENT OF AN ECOSYSTEM
CAN LEAD TO SHIFTS IN ALL ITS POPULATIONS -3 ,3 
s "IODIVERSITY DESCRIBES THE VARIETY OF SPECIES FOUND
IN %ARTHS TERRESTRIAL AND OCEANIC ECOSYSTEMS
4HE COMPLETENESS OR INTEGRITY OF AN ECOSYSTEMS
BIODIVERSITY IS OFTEN USED AS A MEASURE OF ITS
HEALTH -3 ,3 

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENCE DISCIPLINES SHARE COMMON RULES OF
OBTAINING AND EVALUATING EMPIRICAL EVIDENCE
-3 ,3 

LS2.C: Ecosystem Dynamics, Functioning,
and Resilience

Crosscutting Concepts
NEEDS DESIRES AND VALUES BY THE lNDINGS OF
SCIENTIlC RESEARCH AND BY DIFFERENCES IN SUCH
FACTORS AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS 4HUS TECHNOLOGY USE VARIES FROM REGION
TO REGION AND OVER TIME -3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THAT OBJECTS AND EVENTS IN
NATURAL SYSTEMS OCCUR IN CONSISTENT PATTERNS THAT
ARE UNDERSTANDABLE THROUGH MEASUREMENT AND
OBSERVATION -3 ,3 

Science Addresses Questions About the
Natural and Material World
s 3CIENTIlC KNOWLEDGE CAN DESCRIBE THE CONSEQUENCES
OF ACTIONS BUT DOES NOT NECESSARILY PRESCRIBE THE
DECISIONS THAT SOCIETY TAKES -3 ,3 

LS4.D: Biodiversity and Humans
s #HANGES IN BIODIVERSITY CAN INmUENCE HUMANS
RESOURCES SUCH AS FOOD ENERGY AND MEDICINES
AS WELL AS ECOSYSTEM SERVICES THAT HUMANS RELY
ONFOR EXAMPLE WATER PURIlCATION AND RECYCLING
(secondary to MS-LS2-5)

ETS1.B: Developing Possible Solutions
s 4HERE ARE SYSTEMATIC PROCESSES FOR EVALUATING
SOLUTIONS WITH RESPECT TO HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF A PROBLEM (secondary to
MS-LS2-5)

See connections to MS-LS2 on page 149.
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MS-LS2 Ecosystems: Interactions, Energy, and Dynamics (continued )

Science and Engineering Practices

Next Generation Science Standards: For States, By States

MS-LS3 Heredity: Inheritance and Variation of Traits
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-LS3-1. Develop and use a model to describe why structural

MS-LS3-2. Develop and use a model to describe why asexual

Statement: Emphasis is on conceptual understanding that changes in genetic
material may result in making different proteins.] [Assessment Boundary:
Assessment does not include specific changes at the molecular level,
mechanisms for protein synthesis, or specific types of mutations.]

such as Punnett squares, diagrams, and simulations to describe the cause and
effect relationship of gene transmission from parent(s) to offspring and the
resulting genetic variation.]

changes to genes (mutations) located on chromosomes may
affect proteins and may result in harmful, beneficial, or neutral
effects to the structure and function of an organism. [Clarification

Science and Engineering Practices
Developing and Using Models

MS-LS3 Heredity: Inheritance and Variation of Traits

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
-3 ,3  -3 ,3 

reproduction results in offspring with identical genetic
information and sexual reproduction results in offspring with
genetic variation. [Clarification Statement: Emphasis is on using models

Crosscutting Concepts

Disciplinary Core Ideas
LS1.B: Growth and Development of
Organisms
s /RGANISMS REPRODUCE EITHER SEXUALLY OR ASEXUALLY
AND TRANSFER THEIR GENETIC INFORMATION TO THEIR
OFFSPRING (secondary to MS-LS3-2)

LS3.A: Inheritance of Traits
s 'ENES ARE LOCATED IN THE CHROMOSOMES OF CELLS
WITH EACH CHROMOSOME PAIR CONTAINING TWO
VARIANTS OF EACH OF MANY DISTINCT GENES %ACH
DISTINCT GENE CHIEmY CONTROLS THE PRODUCTION OF
SPECIlC PROTEINS WHICH IN TURN AFFECTS THE TRAITS
OF THE INDIVIDUAL #HANGES MUTATIONS TO GENES
CAN RESULT IN CHANGES TO PROTEINS WHICH CAN AFFECT
THE STRUCTURES AND FUNCTIONS OF THE ORGANISM AND
THEREBY CHANGE TRAITS -3 ,3 
s 6ARIATIONS OF INHERITED TRAITS BETWEEN PARENT AND
OFFSPRING ARISE FROM GENETIC DIFFERENCES THAT RESULT
FROM THE SUB SET OF CHROMOSOMES AND THEREFORE
GENES INHERITED -3 ,3 

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL SYSTEMS -3 ,3 

Structure and Function
s #OMPLEX AND MICROSCOPIC STRUCTURES AND
SYSTEMS CAN BE VISUALIZED MODELED AND USED
TO DESCRIBE HOW THEIR FUNCTION DEPENDS ON THE
SHAPES COMPOSITION AND RELATIONSHIPS AMONG ITS
PARTS THEREFORE COMPLEX NATURAL AND DESIGNED
STRUCTURESSYSTEMS CAN BE ANALYZED TO DETERMINE
HOW THEY FUNCTION -3 ,3 

LS3.B: Variation of Traits
s )N SEXUALLY REPRODUCING ORGANISMS EACH PARENT
CONTRIBUTES HALF OF THE GENES ACQUIRED AT RANDOM
BY THE OFFSPRING )NDIVIDUALS HAVE TWO OF EACH
CHROMOSOME AND HENCE TWO ALLELES OF EACH GENE
ONE ACQUIRED FROM EACH PARENT 4HESE VERSIONS MAY
BE IDENTICAL OR MAY DIFFER FROM EACH OTHER
-3 ,3 
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MS-LS3 Heredity: Inheritance and Variation of Traits (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

MS-LS3 Heredity: Inheritance and Variation of Traits (continued )

s )N ADDITION TO VARIATIONS THAT ARISE FROM SEXUAL
REPRODUCTION GENETIC INFORMATION CAN BE ALTERED
BECAUSE OF MUTATIONS 4HOUGH RARE MUTATIONS MAY
RESULT IN CHANGES TO THE STRUCTURE AND FUNCTION OF
PROTEINS 3OME CHANGES ARE BENElCIAL OTHERS ARE
HARMFUL AND SOME ARE NEUTRAL TO THE ORGANISM
-3 ,3 

See connections to MS-LS3 on page 150.
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MS-LS4 Biological Evolution: Unity and Diversity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-LS4-1. Analyze and interpret data for patterns in the fossil
record that document the existence, diversity, extinction, and
change of life forms throughout the history of life on Earth
under the assumption that natural laws operate today as in
the past. [Clarification Statement: Emphasis is on finding patterns of

changes in the level of complexity of anatomical structures in organisms
and the chronological order of fossil appearance in rock layers.] [Assessment
Boundary: Assessment does not include the names of individual species or
geologic eras in the fossil record.]

MS-LS4-2. Apply scientific ideas to construct an explanation

for the anatomical similarities and differences among modern
organisms and between modern and fossil organisms to infer
evolutionary relationships. [Clarification Statement: Emphasis is on
explanations of the evolutionary relationships among organisms in terms of
similarities or differences of the gross appearance of anatomical structures.]

MS-LS4-3. Analyze displays of pictorial data to compare

MS-LS4 Biological Evolution: Unity and Diversity

patterns of similarities in embryological development across
multiple species to identify relationships not evident in the
fully formed anatomy. [Clarification Statement: Emphasis is on inferring
general patterns of relatedness among embryos of different organisms
by comparing the macroscopic appearance of diagrams or pictures.]
[Assessment Boundary: Assessment of comparisons is limited to gross
appearance of anatomical structures in embryological development.]

Science and Engineering Practices
Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE DISPLAYS OF DATA TO IDENTIFY LINEAR AND
NON LINEAR RELATIONSHIPS -3 ,3 
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 ,3 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
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MS-LS4-4. Construct an explanation based on evidence that
describes how genetic variations of traits in a population
increase some individuals’ probability of surviving and
reproducing in a specific environment. [Clarification Statement:
Emphasis is on using simple probability statements and proportional
reasoning to construct explanations.]

MS-LS4-5. Gather and synthesize information about

technologies that have changed the way humans influence the
inheritance of desired traits in organisms. [Clarification Statement:

Emphasis is on synthesizing information from reliable sources about the
influence of humans on genetic outcomes in artificial selection (such as
genetic modification, animal husbandry, and gene therapy) and on the
impacts these technologies have on society as well as the technologies
leading to these scientific discoveries.]

MS-LS4-6. Use mathematical representations to support

explanations of how natural selection may lead to increases and
decreases of specific traits in populations over time. [Clarification
Statement: Emphasis is on using mathematical models, probability
statements, and proportional reasoning to support explanations of trends in
changes to populations over time.] [Assessment Boundary: Assessment does
not include Hardy-Weinberg calculations.]

Disciplinary Core Ideas
LS4.A: Evidence of Common Ancestry and
Diversity
s 4HE COLLECTION OF FOSSILS AND THEIR PLACEMENT IN
CHRONOLOGICAL ORDER EG THROUGH THE LOCATION
OF THE SEDIMENTARY LAYERS IN WHICH THEY ARE
FOUND OR THROUGH RADIOACTIVE DATING IS KNOWN
AS THE FOSSIL RECORD )T DOCUMENTS THE EXISTENCE
DIVERSITY EXTINCTION AND CHANGE OF MANY LIFE FORMS
THROUGHOUT THE HISTORY OF LIFE ON %ARTH -3 ,3 
s !NATOMICAL SIMILARITIES AND DIFFERENCES BETWEEN
VARIOUS ORGANISMS LIVING TODAY AND BETWEEN
THEM AND ORGANISMS IN THE FOSSIL RECORD ENABLE
THE RECONSTRUCTION OF EVOLUTIONARY HISTORY AND
THE INFERENCE OF LINES OF EVOLUTIONARY DESCENT
-3 ,3 

Crosscutting Concepts
Patterns
s 0ATTERNS CAN BE USED TO IDENTIFY CAUSE AND EFFECT
RELATIONSHIPS -3 ,3 
s 'RAPHS CHARTS AND IMAGES CAN BE USED TO IDENTIFY
PATTERNS IN DATA -3 ,3  -3 ,3 

Cause and Effect
s 0HENOMENA MAY HAVE MORE THAN ONE CAUSE AND
SOME CAUSE AND EFFECT RELATIONSHIPS IN SYSTEMS CAN
ONLY BE DESCRIBED USING PROBABILITY -3 ,3 
-3 ,3  -3 ,3 
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MS-LS4 Biological Evolution: Unity and Diversity (continued )

IDENTIFYING PATTERNS IN LARGE DATA SETS AND USING
MATHEMATICAL CONCEPTS TO SUPPORT EXPLANATIONS AND
ARGUMENTS
s 5SE MATHEMATICAL REPRESENTATIONS TO SUPPORT
SCIENTIlC CONCLUSIONS AND DESIGN SOLUTIONS
-3 ,3 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND THEORIES
s !PPLY SCIENTIlC IDEAS TO CONSTRUCT AN EXPLANATION
FOR REAL WORLD PHENOMENA EXAMPLES OR EVENTS
-3 ,3 
s #ONSTRUCT AN EXPLANATION THAT INCLUDES QUALITATIVE
OR QUANTITATIVE RELATIONSHIPS BETWEEN VARIABLES
THAT DESCRIBE PHENOMENA -3 ,3 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND VALIDITY OF
IDEAS AND METHODS
s 'ATHER READ AND SYNTHESIZE INFORMATION FROM
MULTIPLE APPROPRIATE SOURCES AND ASSESS THE
CREDIBILITY ACCURACY AND POSSIBLE BIAS OF EACH
PUBLICATION AND METHODS USED AND DESCRIBE HOW
THEY ARE SUPPORTED OR NOT SUPPORTED BY EVIDENCE
-3 ,3 

Disciplinary Core Ideas

Crosscutting Concepts

s #OMPARISON OF THE EMBRYOLOGICAL DEVELOPMENT
OF DIFFERENT SPECIES ALSO REVEALS SIMILARITIES THAT
SHOW RELATIONSHIPS NOT EVIDENT IN THE FULLY FORMED
ANATOMY -3 ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE

LS4.B: Natural Selection
s .ATURAL SELECTION LEADS TO THE PREDOMINANCE OF
CERTAIN TRAITS IN A POPULATION AND THE SUPPRESSION
OF OTHERS -3 ,3 
s )N ARTIlCIAL SELECTION HUMANS HAVE THE CAPACITY
TO INmUENCE CERTAIN CHARACTERISTICS OF ORGANISMS
BY SELECTIVE BREEDING /NE CAN CHOOSE DESIRED
PARENTAL TRAITS DETERMINED BY GENES WHICH ARE
THEN PASSED ON TO OFFSPRING -3 ,3 

LS4.C: Adaptation
s !DAPTATION BY NATURAL SELECTION ACTING OVER
GENERATIONS IS ONE IMPORTANT PROCESS BY WHICH
SPECIES CHANGE OVER TIME IN RESPONSE TO CHANGES
IN ENVIRONMENTAL CONDITIONS 4RAITS THAT SUPPORT
SUCCESSFUL SURVIVAL AND REPRODUCTION IN THE NEW
ENVIRONMENT BECOME MORE COMMON AND THOSE THAT
DO NOT BECOME LESS COMMON 4HUS THE DISTRIBUTION
OF TRAITS IN A POPULATION CHANGES -3 ,3 

Interdependence of Science, Engineering, and
Technology
s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT
OF ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS
-3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THAT OBJECTS AND EVENTS IN
NATURAL SYSTEMS OCCUR IN CONSISTENT PATTERNS THAT
ARE UNDERSTANDABLE THROUGH MEASUREMENT AND
OBSERVATION -3 ,3  -3 ,3 

MS-LS4 Biological Evolution: Unity and Diversity (continued )

Science and Engineering Practices

Science Addresses Questions About the
Natural and Material World
s 3CIENTIlC KNOWLEDGE CAN DESCRIBE CONSEQUENCES
OF ACTIONS BUT DOES NOT MAKE THE DECISIONS THAT
SOCIETY TAKES -3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 ,3 

See connections to MS-LS4 on page 150.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas

Copyright National Academy of Sciences. All rights reserved.

75

Next Generation Science Standards: For States, By States

MIDDLE SCHOOL EARTH AND SPACE SCIENCES
Students in middle school continue to develop their understanding of the three disciplinary core ideas in
the earth and space sciences. The middle school performance expectations in the earth and space sciences
build on the elementary school ideas and skills and allow middle school students to explain more indepth phenomena central not only to the earth and space sciences but to the life and physical sciences
as well. These performance expectations blend the core ideas with science and engineering practices and
crosscutting concepts to support students in developing useable knowledge to explain ideas across the
science disciplines. While the performance expectations shown in middle school earth and space sciences
couple particular practices with specific disciplinary core ideas, instructional decisions should include use
of many practices that lead to the performance expectations.

Middle School Earth and Space Sciences

The performance expectations in ESS1: Earth’s Place in the Universe help students formulate an
answer to questions such as: “What is Earth’s place in the Universe? What makes up our solar system and
how can the motion of Earth explain seasons and eclipses? How did people figure out that Earth and
life on Earth have changed through time?” The ESS1 Disciplinary Core Idea from the NRC Framework is
broken down into three sub-ideas: the Universe and Its Stars, Earth and the Solar System and the History
of Planet Earth. Students examine Earth’s place in relation to the solar system, Milky Way galaxy, and
universe. There is a strong emphasis on a systems approach, using models of the solar system to explain
astronomical and other observations of the cyclic patterns of eclipses and seasons. There is also a strong
connection to engineering through the instruments and technologies that have allowed us to explore
the objects in our solar system and obtain data that support theories that explain the formation and
evolution of the universe. Students examine geoscience data in order to understand the processes and
events in Earth’s history. The crosscutting concepts of patterns, scale, proportion, quantity, and systems
and system modeling are called out as organizing concepts for these disciplinary core ideas. In the ESS1
performance expectations, students are expected to demonstrate proficiency in developing and using
models, analyzing data, constructing explanations, and designing solutions and to use these practices to
demonstrate understanding of the core ideas.
The performance expectations in ESS2: Earth’s Systems help students formulate an answer to questions such as: “How do the materials in and on Earth’s crust change over time? How does the movement of tectonic plates impact the surface of Earth? How does water influence weather, circulate in the
oceans, and shape Earth’s surface? What factors interact and influence weather? How have living organisms changed the Earth and how have Earth’s changing conditions impacted living organisms?” The
ESS2 Disciplinary Core Idea from the NRC Framework is broken down into five sub-ideas: Earth Materials
and Systems, Plate Tectonics and Large-Scale System Interactions, the Roles of Water in Earth’s Surface
Processes, Weather and Climate, and Biogeology. Students understand how Earth’s geosystems operate
by modeling the flow of energy and cycling of matter within and among different systems. Students
investigate the controlling properties of important materials and construct explanations based on
analysis of real geoscience data. Of special importance in both topics are the ways that geoscience processes provide resources needed by society but also cause natural hazards that present risks to society;
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both involve technological challenges for the identification and development of resources. Students
develop understanding of the factors that control weather. A systems approach is also important here,
examining the feedbacks between systems as energy from the sun is transferred between systems and
circulates though the ocean and atmosphere. The crosscutting concepts of patterns; cause and effect;
scale, proportion, and quantity; systems and system models; energy and matter; and stability and change
are called out as organizing concepts for these disciplinary core ideas. In the ESS2 performance expectations, students are expected to demonstrate proficiency in developing and using models, planning and
carrying out investigations, analyzing and interpreting data, and constructing explanations and to use
these practices to demonstrate understanding of the core ideas.

Middle School Earth and Space Sciences

The performance expectations in ESS3: Earth and Human Activity help students formulate an answer
to questions such as: “How is the availability of needed natural resources related to naturally occurring
processes? How can natural hazards be predicted? How do human activities affect Earth systems? How
do we know our global climate is changing?” The ESS3 Disciplinary Core Idea from the NRC Framework
is broken down into four sub-ideas: Natural Resources, Natural Hazards, Human Impact on Earth
Systems, and Global Climate Change. Students understand the ways that human activities impact Earth’s
other systems. Students use many different practices to understand the significant and complex issues
surrounding human uses of land, energy, mineral, and water resources and the resulting impacts of
their development. The crosscutting concepts of patterns, cause and effect, and stability and change are
called out as organizing concepts for these disciplinary core ideas. In the ESS3 performance expectations,
students are expected to demonstrate proficiency in asking questions, developing and using models,
analyzing and interpreting data, constructing explanations, designing solutions, and engaging in argument and to use these practices to demonstrate understanding of the core ideas.
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MS-ESS1 Earth’s Place in the Universe
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ESS1-1. Develop and use a model of the Earth-sun-moon
system to describe the cyclic patterns of lunar phases, eclipses of
the sun and moon, and seasons. [Clarification Statement: Examples of
models can be physical, graphical, or conceptual.]

MS-ESS1-2. Develop and use a model to describe the role of
gravity in the motions within galaxies and the solar system.
[Clarification Statement: Emphasis for the model is on gravity as the force
that holds together the solar system and Milky Way galaxy and controls
orbital motions within them. Examples of models can be physical (such as
the analogy of distance along a football field or computer visualizations of
elliptical orbits) or conceptual (such as mathematical proportions relative to
the size of familiar objects such as students’ school or state).] [Assessment
Boundary: Assessment does not include Kepler’s Laws of orbital motion or
the apparent retrograde motion of the planets as viewed from Earth.]

MS-ESS1-3. Analyze and interpret data to determine scale
properties of objects in the solar system. [Clarification Statement:
Emphasis is on the analysis of data from Earth-based instruments, spacebased telescopes, and spacecraft to determine similarities and differences

MS-ESS1 Earth’s Place in the Universe

Science and Engineering Practices

among solar system objects. Examples of scale properties include the
sizes of an object’s layers (such as crust and atmosphere), surface features
(such as volcanoes), and orbital radius. Examples of data include statistical
information, drawings and photographs, and models.] [Assessment
Boundary: Assessment does not include recalling facts about properties of
the planets and other solar system bodies.]

MS-ESS1-4. Construct a scientific explanation based on
evidence from rock strata for how the geologic timescale is
used to organize Earth’s 4.6-billion-year-old history. [Clarification
Statement: Emphasis is on how analyses of rock formations and the fossils
they contain are used to establish relative ages of major events in Earth’s
history. Examples of Earth’s major events could range from being very recent
(such as the last Ice Age or the earliest fossils of homo sapiens) to very old
(such as the formation of Earth or the earliest evidence of life). Examples can
include the formation of mountain chains and ocean basins, the evolution
or extinction of particular living organisms, or significant volcanic eruptions.]
[Assessment Boundary: Assessment does not include recalling the names of
specific periods and epochs or events within them.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.A: The Universe and Its Stars

Patterns

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
-3 %33  -3 %33 

s 0ATTERNS OF THE APPARENT MOTION OF THE SUN THE
MOON AND STARS IN THE SKY CAN BE OBSERVED
DESCRIBED PREDICTED AND EXPLAINED WITH MODELS
-3 %33 
s %ARTH AND ITS SOLAR SYSTEM ARE PART OF THE -ILKY
7AY GALAXY WHICH IS ONE OF MANY GALAXIES IN THE
UNIVERSE -3 %33 

s 0ATTERNS CAN BE USED TO IDENTIFY CAUSE AND EFFECT
RELATIONSHIPS -3 %33 

ESS1.B: Earth and the Solar System

Systems and System Models

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 %33 
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s 4HE SOLAR SYSTEM CONSISTS OF THE SUN AND A
COLLECTION OF OBJECTS INCLUDING PLANETS THEIR
MOONS AND ASTEROIDS THAT ARE HELD IN ORBIT
AROUND THE SUN BY ITS GRAVITATIONAL PULL ON THEM
-3 %33  -3 %33 

Scale, Proportion, and Quantity
s 4IME SPACE AND ENERGY PHENOMENA CAN BE
OBSERVED AT VARIOUS SCALES USING MODELS TO
STUDY SYSTEMS THAT ARE TOO LARGE OR TOO SMALL
-3 %33  -3 %33 
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND THEIR
INTERACTIONS -3 %33 
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MS-ESS1 Earth’s Place in the Universe (continued )
Science and Engineering Practices
Constructing Explanations and Designing
Solutions

s 4HIS MODEL OF THE SOLAR SYSTEM CAN EXPLAIN ECLIPSES
OF THE SUN AND THE MOON %ARTHS SPIN AXIS IS lXED
IN DIRECTION OVER THE SHORT TERM BUT TILTED RELATIVE
TO ITS ORBIT AROUND THE SUN 4HE SEASONS ARE A
RESULT OF THAT TILT AND ARE CAUSED BY THE DIFFERENTIAL
INTENSITY OF SUNLIGHT ON DIFFERENT AREAS OF %ARTH
ACROSS THE YEAR -3 %33 
s 4HE SOLAR SYSTEM APPEARS TO HAVE FORMED FROM A
DISK OF DUST AND GAS DRAWN TOGETHER BY GRAVITY
-3 %33 

Crosscutting Concepts

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT
OF ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS
-3 %33 

ESS1.C: The History of Planet Earth
s 4HE GEOLOGIC TIMESCALE INTERPRETED FROM ROCK
STRATA PROVIDES A WAY TO ORGANIZE %ARTHS HISTORY
!NALYSES OF ROCK STRATA AND THE FOSSIL RECORD
PROVIDE ONLY RELATIVE DATES NOT AN ABSOLUTE SCALE
-3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THAT OBJECTS AND EVENTS IN
NATURAL SYSTEMS OCCUR IN CONSISTENT PATTERNS THAT
ARE UNDERSTANDABLE THROUGH MEASUREMENT AND
OBSERVATION -3 %33  -3 %33 

MS-ESS1 Earth’s Place in the Universe (continued )

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN THE
PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
-3 %33 

Disciplinary Core Ideas

See connections to MS-ESS1 on page 151.
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MS-ESS2 Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ESS2-1. Develop a model to describe the cycling of
Earth’s materials and the flow of energy that drives this
process. [Clarification Statement: Emphasis is on the processes of
melting, crystallization, weathering, deformation, and sedimentation,
which act together to form minerals and rocks through the cycling of
Earth’s materials.] [Assessment Boundary: Assessment does not include the
identification and naming of minerals.]

MS-ESS2-2. Construct an explanation based on evidence for
how geoscience processes have changed Earth’s surface at
varying time and spatial scales. [Clarification Statement: Emphasis is
on how processes change Earth’s surface at time and spatial scales that can
be large (such as slow plate motions or the uplift of large mountain ranges)
or small (such as rapid landslides or microscopic geochemical reactions), and
how many geoscience processes (such as earthquakes, volcanoes, and meteor
impacts) usually behave gradually but are punctuated by catastrophic events.
Examples of geoscience processes include surface weathering and deposition
by the movements of water, ice, and wind. Emphasis is on geoscience
processes that shape local geographic features, where appropriate.]

which water changes its state as it moves through the multiple pathways
of the hydrologic cycle. Examples of models can be conceptual or physical.]
[Assessment Boundary: A quantitative understanding of the latent heats of
vaporization and fusion is not assessed.]

MS-ESS2-5. Collect data to provide evidence for how the
motions and complex interactions of air masses result in changes
in weather conditions. [Clarification Statement: Emphasis is on how air
masses flow from regions of high pressure to low pressure, causing weather
(defined by temperature, pressure, humidity, precipitation, and wind) at a
fixed location to change over time and how sudden changes in weather can
result when different air masses collide. Emphasis is on how weather can be
predicted within probabilistic ranges. Examples of data can be provided to
students (such as weather maps, diagrams, and visualizations) or obtained
through laboratory experiments (such as with condensation).] [Assessment
Boundary: Assessment does not include recalling the names of cloud types
or weather symbols used on weather maps or the reported diagrams from
weather stations.]

MS-ESS2-3. Analyze and interpret data on the distribution of

MS-ESS2-6. Develop and use a model to describe how unequal
heating and rotation of the Earth cause patterns of atmospheric
and oceanic circulation that determine regional climates.

Examples of data include similarities of rock and fossil types on different
continents, the shapes of the continents (including continental shelves),
and the locations of ocean structures (such as ridges, fracture zones, and
trenches).] [Assessment Boundary: Paleomagnetic anomalies in oceanic and
continental crust are not assessed.]

[Clarification Statement: Emphasis is on how patterns vary by latitude,
altitude, and geographic land distribution. Emphasis of atmospheric
circulation is on the sunlight-driven latitudinal banding, the Coriolis effect,
and resulting prevailing winds; emphasis of ocean circulation is on the
transfer of heat by the global ocean convection cycle, which is constrained
by the Coriolis effect and the outlines of continents. Examples of models
can be diagrams, maps and globes, or digital representations.] [Assessment
Boundary: Assessment does not include the dynamics of the Coriolis effect.]

fossils and rocks, continental shapes, and seafloor structures to
provide evidence of past plate motions. [Clarification Statement:

MS-ESS2 Earth’s Systems

MS-ESS2-4. Develop a model to describe the cycling of water
through Earth’s systems driven by energy from the sun and the
force of gravity. [Clarification Statement: Emphasis is on the ways in
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MS-ESS2 Earth’s Systems (continued )
Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.C: The History of Planet Earth

Patterns

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
-3 %33  -3 %33 
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 %33 

s 4ECTONIC PROCESSES CONTINUALLY GENERATE NEW OCEAN
SEAmOOR AT RIDGES AND DESTROY OLD SEAmOOR AT
TRENCHES (3%33# '"% (secondary to MS-ESS2-3)

s 0ATTERNS IN RATES OF CHANGE AND OTHER NUMERICAL
RELATIONSHIPS CAN PROVIDE INFORMATION ABOUT
NATURAL SYSTEMS -3 %33 

ESS2.A: Earth’s Materials and Systems

Cause and Effect

s !LL %ARTH PROCESSES ARE THE RESULT OF ENERGY mOWING
AND MATTER CYCLING WITHIN AND AMONG THE PLANETS
SYSTEMS 4HIS ENERGY IS DERIVED FROM THE SUN AND
%ARTHS HOT INTERIOR 4HE ENERGY THAT mOWS AND THE
MATTER THAT CYCLES PRODUCE CHEMICAL AND PHYSICAL
CHANGES IN %ARTHS MATERIALS AND LIVING ORGANISMS
-3 %33 
s 4HE PLANETS SYSTEMS INTERACT OVER SCALES THAT
RANGE FROM MICROSCOPIC TO GLOBAL IN SIZE AND THEY
OPERATE OVER FRACTIONS OF A SECOND TO BILLIONS OF
YEARS 4HESE INTERACTIONS HAVE SHAPED %ARTHS
HISTORY AND WILL DETERMINE ITS FUTURE -3 %33 

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED
TO PREDICT PHENOMENA IN NATURAL SYSTEMS
-3 %33 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR SOLUTIONS
s #OLLECT DATA TO PRODUCE DATA TO SERVE AS THE BASIS
FOR EVIDENCE TO ANSWER SCIENTIlC QUESTIONS OR
TEST DESIGN SOLUTIONS UNDER A RANGE OF CONDITIONS
-3 %33 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO PROVIDE EVIDENCE FOR
PHENOMENA -3 %33 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND THEORIES
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING THE STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
NATURE OPERATE TODAY AS THEY DID IN THE PAST AND
WILL CONTINUE TO DO SO IN THE FUTURE -3 %33 

See connections to MS-ESS2 on page 151.

ESS2.B: Plate Tectonics and Large-Scale
System Interactions

Scale Proportion and Quantity
s 4IME SPACE AND ENERGY PHENOMENA CAN BE
OBSERVED AT VARIOUS SCALES USING MODELS TO
STUDY SYSTEMS THAT ARE TOO LARGE OR TOO SMALL
-3 %33 

Systems and System Models
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND
THEIR INTERACTIONSSUCH AS INPUTS PROCESSES AND
OUTPUTSAND ENERGY MATTER AND INFORMATION
mOWS WITHIN SYSTEMS -3 %33 

s -APS OF ANCIENT LAND AND WATER PATTERNS BASED
ON INVESTIGATIONS OF ROCKS AND FOSSILS MAKE CLEAR
HOW %ARTHS PLATES HAVE MOVED GREAT DISTANCES
COLLIDED AND SPREAD APART -3 %33 

Energy and Matter

ESS2.C: The Roles of Water in Earth’s
Surface Processes

Stability and Change

s 7ATER CONTINUALLY CYCLES AMONG LAND OCEAN
AND ATMOSPHERE VIA TRANSPIRATION EVAPORATION
CONDENSATION AND CRYSTALLIZATION AND PRECIPITATION
AS WELL AS DOWNHILL mOWS ON LAND -3 %33 
s 4HE COMPLEX PATTERNS OF THE CHANGES AND THE
MOVEMENT OF WATER IN THE ATMOSPHERE DETERMINED
BY WINDS LANDFORMS AND OCEAN TEMPERATURES AND
CURRENTS ARE MAJOR DETERMINANTS OF LOCAL WEATHER
PATTERNS -3 %33 
s 'LOBAL MOVEMENTS OF WATER AND ITS CHANGES IN FORM
ARE PROPELLED BY SUNLIGHT AND GRAVITY -3 %33 
s 6ARIATIONS IN DENSITY DUE TO VARIATIONS IN
TEMPERATURE AND SALINITY DRIVE A GLOBAL PATTERN OF
INTERCONNECTED OCEAN CURRENTS -3 %33 

s 7ITHIN A NATURAL OR DESIGNED SYSTEM THE TRANSFER
OF ENERGY DRIVES THE MOTION ANDOR CYCLING OF
MATTER -3 %33 
s %XPLANATIONS OF STABILITY AND CHANGE IN NATURAL OR
DESIGNED SYSTEMS CAN BE CONSTRUCTED BY EXAMINING
THE CHANGES OVER TIME AND PROCESSES AT DIFFERENT
SCALES INCLUDING THE ATOMIC SCALE -3 %33 
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MS-ESS2 Earth’s Systems (continued )
Science and Engineering Practices

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Open to Revision in
Light of New Evidence

Crosscutting Concepts

s 7ATERS MOVEMENTSBOTH ON LAND AND
UNDERGROUNDCAUSE WEATHERING AND EROSION
WHICH CHANGE THE LANDS SURFACE FEATURES AND
CREATE UNDERGROUND FORMATIONS -3 %33 

ESS2.D: Weather and Climate
s 7EATHER AND CLIMATE ARE INmUENCED BY INTERACTIONS
INVOLVING SUNLIGHT THE OCEAN THE ATMOSPHERE ICE
LANDFORMS AND LIVING THINGS 4HESE INTERACTIONS
VARY WITH LATITUDE ALTITUDE AND LOCAL AND REGIONAL
GEOGRAPHY ALL OF WHICH CAN AFFECT OCEANIC AND
ATMOSPHERIC mOW PATTERNS -3 %33 
s "ECAUSE THESE PATTERNS ARE SO COMPLEX WEATHER
CAN ONLY BE PREDICTED PROBABILISTICALLY -3 %33 
s 4HE OCEAN EXERTS A MAJOR INmUENCE ON WEATHER
AND CLIMATE BY ABSORBING ENERGY FROM THE SUN
RELEASING IT OVER TIME AND GLOBALLY REDISTRIBUTING IT
THROUGH OCEAN CURRENTS -3 %33 

MS-ESS2 Earth’s Systems (continued )

s 3CIENCE lNDINGS ARE FREQUENTLY REVISED ANDOR
REINTERPRETED BASED ON NEW EVIDENCE
-3 %33 

Disciplinary Core Ideas
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MS-ESS3 Earth and Human Activity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
for how the uneven distributions of Earth’s mineral, energy,
and groundwater resources are the result of past and current
geoscience processes. [Clarification Statement: Emphasis is on how

these resources are limited and typically non-renewable and on how their
distributions are significantly changing as a result of removal by humans.
Examples of uneven distributions of resources as a result of past processes
include but are not limited to petroleum (locations of the burial of organic
marine sediments and subsequent geologic traps), metal ores (locations of
past volcanic and hydrothermal activity associated with subduction zones),
and soil (locations of active weathering and/or deposition of rock).]

MS-ESS3-2. Analyze and interpret data on natural hazards to
forecast future catastrophic events and inform the development
of technologies to mitigate their effects. [Clarification Statement:
Emphasis is on how some natural hazards, such as volcanic eruptions
and severe weather, are preceded by phenomena that allow for reliable
predictions, but others, such as earthquakes, occur suddenly and with no
notice and thus are not yet predictable. Examples of natural hazards can be
taken from interior processes (such as earthquakes and volcanic eruptions),
surface processes (such as mass wasting and tsunamis), or severe weather
events (such as hurricanes, tornadoes, and floods). Examples of data can
include the locations, magnitudes, and frequencies of the natural hazards.
Examples of technologies can be global (such as satellite systems to monitor
hurricanes or forest fires) or local (such as building basements in tornadoprone regions or reservoirs to mitigate droughts).]

MS-ESS3-3. Apply scientific principles to design a method
for monitoring and minimizing a human impact on the
environment.* [Clarification Statement: Examples of the design process

See connections to MS-ESS3 on page 152.

include examining human environmental impacts, assessing the kinds of
solutions that are feasible, and designing and evaluating solutions that could
reduce that impact. Examples of human impacts can include water usage (such
as the withdrawal of water from streams and aquifers or the construction of
dams and levees), land usage (such as urban development, agriculture, or the
removal of wetlands), and pollution (such as of the air, water, or land).]

MS-ESS3-4. Construct an argument supported by evidence for

how increases in human population and per-capita consumption
of natural resources impact Earth’s systems. [Clarification Statement:

Examples of evidence include grade-appropriate databases on human
populations and the rates of consumption of food and natural resources (such
as fresh water, mineral, and energy). Examples of impacts can include changes
to the appearance, composition, and structure of Earth’s systems as well as
the rates at which they change. The consequences of increases in human
populations and consumption of natural resources are described by science,
but science does not make the decisions for the actions society takes.]

MS-ESS3-5. Ask questions to clarify evidence of the factors that
have caused the rise in global temperatures over the past century.
[Clarification Statement: Examples of factors include human activities (such
as fossil fuel combustion, cement production, and agricultural activity) and
natural processes (such as changes in incoming solar radiation or volcanic
activity). Examples of evidence can include tables, graphs, and maps of global
and regional temperatures, atmospheric levels of gases such as carbon dioxide
and methane, and the rates of human activities. Emphasis is on the major role
that human activities play in causing the rise in global temperatures.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.
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MS-ESS3 Earth and Human Activity (continued )
Science and Engineering Practices

Crosscutting Concepts

Asking Questions and Defining Problems

ESS3.A: Natural Resources

Patterns

!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
RELATIONSHIPS BETWEEN VARIABLES AND CLARIFYING
ARGUMENTS AND MODELS
s !SK QUESTIONS TO IDENTIFY AND CLARIFY EVIDENCE OF AN
ARGUMENT -3 %33 

s (UMANS DEPEND ON %ARTHS LAND OCEAN
ATMOSPHERE AND BIOSPHERE FOR MANY DIFFERENT
RESOURCES -INERALS FRESH WATER AND BIOSPHERE
RESOURCES ARE LIMITED AND MANY ARE NOT RENEWABLE
OR REPLACEABLE OVER HUMAN LIFETIMES 4HESE
RESOURCES ARE DISTRIBUTED UNEVENLY AROUND THE
PLANET AS A RESULT OF PAST GEOLOGIC PROCESSES
-3 %33 

s 'RAPHS CHARTS AND IMAGES CAN BE USED TO IDENTIFY
PATTERNS IN DATA -3 %33 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO EXTENDING QUANTITATIVE ANALYSIS TO INVESTIGATIONS
DISTINGUISHING BETWEEN CORRELATION AND CAUSATION AND
BASIC STATISTICAL TECHNIQUES OF DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 %33 

Constructing Explanations and Designing
Solutions

MS-ESS3 Earth and Human Activity (continued )

Disciplinary Core Ideas

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND THEORIES
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING THE STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE THE
NATURAL WORLD OPERATE TODAY AS THEY DID IN THE PAST
AND WILL CONTINUE TO DO SO IN THE FUTURE -3 %33 
s !PPLY SCIENTIlC PRINCIPLES TO DESIGN AN OBJECT TOOL
PROCESS OR SYSTEM -3 %33 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s #ONSTRUCT AN ORAL AND WRITTEN ARGUMENT SUPPORTED
BY EMPIRICAL EVIDENCE AND SCIENTIlC REASONING TO
SUPPORT OR REFUTE AN EXPLANATION OR A MODEL FOR A
PHENOMENON OR A SOLUTION TO A PROBLEM
-3 %33 
84

ESS3.B: Natural Hazards
s -APPING THE HISTORY OF NATURAL HAZARDS IN A
REGION COMBINED WITH AN UNDERSTANDING OF RELATED
GEOLOGIC FORCES CAN HELP FORECAST THE LOCATIONS AND
LIKELIHOODS OF FUTURE EVENTS -3 %33 

ESS3.C: Human Impacts on Earth Systems
s (UMAN ACTIVITIES HAVE SIGNIlCANTLY ALTERED THE
BIOSPHERE SOMETIMES DAMAGING OR DESTROYING
NATURAL HABITATS AND CAUSING THE EXTINCTION OF
OTHER SPECIES "UT CHANGES TO %ARTHS ENVIRONMENTS
CAN HAVE DIFFERENT IMPACTS NEGATIVE AND POSITIVE
FOR DIFFERENT LIVING THINGS -3 %33 
s 4YPICALLY AS HUMAN POPULATIONS AND PER CAPITA
CONSUMPTION OF NATURAL RESOURCES INCREASE SO
DO THE NEGATIVE IMPACTS ON %ARTH UNLESS THE
ACTIVITIES AND TECHNOLOGIES INVOLVED ARE ENGINEERED
OTHERWISE -3 %33  -3 %33 

ESS3.D: Global Climate Change
s (UMAN ACTIVITIES SUCH AS THE RELEASE OF
GREENHOUSE GASES FROM BURNING FOSSIL FUELS ARE
MAJOR FACTORS IN THE CURRENT RISE IN %ARTHS MEAN
SURFACE TEMPERATURE GLOBAL WARMING  2EDUCING
THE LEVEL OF CLIMATE CHANGE AND REDUCING HUMAN
VULNERABILITY TO WHATEVER CLIMATE CHANGES DO
OCCUR DEPEND ON THE UNDERSTANDING OF CLIMATE
SCIENCE ENGINEERING CAPABILITIES AND OTHER KINDS
OF KNOWLEDGE SUCH AS UNDERSTANDING HUMAN
BEHAVIOR AND APPLYING THAT KNOWLEDGE WISELY IN
DECISIONS AND ACTIVITIES -3 %33 

Cause and Effect
s 2ELATIONSHIPS CAN BE CLASSIlED AS CAUSAL OR
CORRELATIONAL AND CORRELATION DOES NOT NECESSARILY
IMPLY CAUSATION -3 %33 
s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
-3 %33  -3 %33 

Stability and Change
s 3TABILITY MIGHT BE DISTURBED EITHER BY SUDDEN
EVENTS OR GRADUAL CHANGES THAT ACCUMULATE OVER
TIME -3 %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s !LL HUMAN ACTIVITY DRAWS ON NATURAL RESOURCES
AND HAS BOTH SHORT AND LONG TERM CONSEQUENCES
POSITIVE AS WELL AS NEGATIVE FOR THE HEALTH OF
PEOPLE AND THE NATURAL ENVIRONMENT -3 %33 
-3 %33 
s 4HE USES OF TECHNOLOGIES AND ANY LIMITATIONS
ON THEIR USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL
NEEDS DESIRES AND VALUES BY THE lNDINGS OF
SCIENTIlC RESEARCH AND BY DIFFERENCES IN SUCH
FACTORS AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS 4HUS TECHNOLOGY USE VARIES FROM REGION
TO REGION AND OVER TIME -3 %33  -3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World
s 3CIENTIlC KNOWLEDGE CAN DESCRIBE THE CONSEQUENCES
OF ACTIONS BUT DOES NOT NECESSARILY PRESCRIBE THE
DECISIONS THAT SOCIETY TAKES -3 %33 
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MIDDLE SCHOOL ENGINEERING DESIGN
By the time students reach middle school they should have had numerous experiences in engineering
design. The goal for middle school students is to define problems more precisely, to conduct a more
thorough process of choosing the best solution, and to optimize the final design.
Defining the problem with “precision” involves thinking more deeply than is expected in elementary
school about the needs that a problem is intended to address or the goals a design is intended to reach.
How will the end user decide whether or not the design is successful? Also at this level students are
expected to consider not only the end user, but also the broader society and the environment. Every technological change is likely to have both intended and unintended effects. It is up to the designer to try to
anticipate the effects it may have and to behave responsibly in developing a new or improved technology. These considerations may take the form of either criteria or constraints on possible solutions.
Developing possible solutions does not explicitly address generating design ideas because students
were expected to develop the capability in elementary school. The focus in middle school is on a twostage process of evaluating the different ideas that have been proposed by using a systematic method,
such as a tradeoff matrix, to determine which solutions are most promising, and by testing different
solutions and then combining the best ideas into a new solution that may be better than any of the preliminary ideas.

Connections with other science disciplines help students develop these capabilities in various contexts.
For example, in the life sciences students apply their engineering design capabilities to evaluate plans
for maintaining biodiversity and ecosystem services (MS-LS2-5). In the physical sciences students define
and solve problems involving a number of core ideas, including chemical processes that release or
absorb energy (MS-PS1-6), Newton’s Third Law of Motion (MS-PS2-1), and energy transfer (MS-PS3-3). In
the earth and space sciences students apply their engineering design capabilities to problems related to
the impacts of humans on Earth systems (MS-ESS3-3).
By the end of eighth grade students are expected to achieve all four performance expectations
(MS-ETS1-1, MS-ETS1-2, MS-ETS1-3, and MS-ETS1-4) related to a single problem in order to understand
the interrelated processes of engineering design. These include defining a problem by precisely
specifying criteria and constraints for solutions as well as potential impacts on society and the natural
environment, systematically evaluating alternative solutions, analyzing data from tests of different solutions and combining the best ideas into an improved solution, and developing a model and iteratively
testing and improving it to reach an optimal solution. While the performance expectations shown in
MS-ETS1 couple particular practices with specific disciplinary core ideas, instructional decisions should
include use of many practices that lead to the performance expectations.
NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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Middle School Engineering Design

Improving designs at the middle school level involves an iterative process in which students test the
best design, analyze the results, modify the design accordingly, and then re-test and modify the design
again. Students may go through this cycle two, three, or more times in order to reach the optimal (best
possible) result.

Next Generation Science Standards: For States, By States

MS-ETS1 Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ETS1-1. Define the criteria and constraints of a design
problem with sufficient precision to ensure a successful solution,
taking into account relevant scientific principles and potential
impacts on people and the natural environment that may limit
possible solutions.
MS-ETS1-2. Evaluate competing design solutions using a

systematic process to determine how well they meet the criteria
and constraints of the problem.

Science and Engineering Practices
Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
RELATIONSHIPS BETWEEN VARIABLES AND CLARIFYING
ARGUMENTS AND MODELS
s $ElNE A DESIGN PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF AN OBJECT TOOL
PROCESS OR SYSTEM AND INCLUDES MULTIPLE CRITERIA
AND CONSTRAINTS INCLUDING SCIENTIlC KNOWLEDGE THAT
MAY LIMIT POSSIBLE SOLUTIONS -3 %43 

MS-ETS1 Engineering Design

Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP A MODEL TO GENERATE DATA TO TEST
IDEAS ABOUT DESIGNED SYSTEMS INCLUDING THOSE
REPRESENTING INPUTS AND OUTPUTS -3 %43 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 %43 
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MS-ETS1-3. Analyze data from tests to determine similarities
and differences among several design solutions to identify the
best characteristics of each that can be combined into a new
solution to better meet the criteria for success.
MS-ETS1-4. Develop a model to generate data for iterative
testing and modification of a proposed object, tool, or process
such that an optimal design can be achieved.

Disciplinary Core Ideas
ETS1.A: Defining and Delimiting
Engineering Problems
s 4HE MORE PRECISELY A DESIGN TASKS CRITERIA AND
CONSTRAINTS CAN BE DElNED THE MORE LIKELY IT IS
THAT THE DESIGNED SOLUTION WILL BE SUCCESSFUL
3PECIlCATION OF CONSTRAINTS INCLUDES CONSIDERATION
OF SCIENTIlC PRINCIPLES AND OTHER RELEVANT
KNOWLEDGE LIKELY TO LIMIT POSSIBLE SOLUTIONS
-3 %43 

ETS1.B: Developing Possible Solutions
s ! SOLUTION NEEDS TO BE TESTED AND THEN MODIlED
ON THE BASIS OF THE TEST RESULTS IN ORDER TO IMPROVE
IT -3 %43 
s 4HERE ARE SYSTEMATIC PROCESSES FOR EVALUATING
SOLUTIONS WITH RESPECT TO HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF A PROBLEM -3 %43 
-3 %43 
s 3OMETIMES PARTS OF DIFFERENT SOLUTIONS CAN BE
COMBINED TO CREATE A SOLUTION THAT IS BETTER THAN
ANY OF ITS PREDECESSORS -3 %43 
s -ODELS OF ALL KINDS ARE IMPORTANT FOR TESTING
SOLUTIONS -3 %43 

Crosscutting Concepts
Influence of Science, Engineering, and
Technology on Society and the Natural
World
s !LL HUMAN ACTIVITY DRAWS ON NATURAL RESOURCES
AND HAS BOTH SHORT AND LONG TERM CONSEQUENCES
POSITIVE AS WELL AS NEGATIVE FOR THE HEALTH OF
PEOPLE AND THE NATURAL ENVIRONMENT -3 %43 
s 4HE USES OF TECHNOLOGIES AND LIMITATIONS ON THEIR
USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL NEEDS
DESIRES AND VALUES BY THE lNDINGS OF SCIENTIlC
RESEARCH AND BY DIFFERENCES IN SUCH FACTORS
AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS -3 %43 
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MS-ETS1 Engineering Design (continued )
Science and Engineering Practices

Disciplinary Core Ideas
ETS1.C: Optimizing the Design Solution

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s %VALUATE COMPETING DESIGN SOLUTIONS BASED ON
JOINTLY DEVELOPED AND AGREED UPON DESIGN CRITERIA
-3 %43 

s !LTHOUGH ONE DESIGN MAY NOT PERFORM THE BEST
ACROSS ALL TESTS IDENTIFYING THE CHARACTERISTICS OF
THE DESIGN THAT PERFORMED THE BEST IN EACH TEST
CAN PROVIDE USEFUL INFORMATION FOR THE REDESIGN
PROCESSTHAT IS SOME OF THOSE CHARACTERISTICS MAY
BE INCORPORATED INTO THE NEW DESIGN -3 %43 
s 4HE ITERATIVE PROCESS OF TESTING THE MOST PROMISING
SOLUTIONS AND MODIFYING WHAT IS PROPOSED ON THE
BASIS OF THE TEST RESULTS LEADS TO GREATER RElNEMENT
AND ULTIMATELY TO AN OPTIMAL SOLUTION
-3 %43 

MS-ETS1 Engineering Design (continued )

Engaging in Argument from Evidence

Crosscutting Concepts

See connections to MS-ETS1 on page 153.
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HIGH SCHOOL PHYSICAL SCIENCES
Students in high school continue to develop their understanding of the four core ideas in the physical
sciences. These ideas include the most fundamental concepts from chemistry and physics but are intended
to leave room for expanded study in upper-level high school courses. The high school performance expectations in the physical sciences build on middle school ideas and skills and allow high school students to
explain more in-depth phenomena central not only to the physical sciences but to the life and earth and
space sciences as well. These performance expectations blend the core ideas with science and engineering
practices and crosscutting concepts to support students in developing useable knowledge to explain ideas
across the science disciplines. In the physical sciences performance expectations at the high school level,
there is a focus on several scientific practices. These include developing and using models, planning and
conducting investigations, analyzing and interpreting data, using mathematical and computational thinking, and constructing explanations and using these practices to demonstrate understanding of the core
ideas. Students are also expected to demonstrate understanding of several engineering practices, including design and evaluation.

High School Physical Sciences

The performance expectations in PS1: Matter and Its Interactions help students formulate an answer
to the question, “How can one explain the structure, properties, and interactions of matter?” The PS1
Disciplinary Core Idea from the NRC Framework is broken down into three sub-ideas: the Structure
and Properties of Matter, Chemical Reactions, and Nuclear Processes. Students are expected to develop
understanding of the substructure of atoms and to provide more mechanistic explanations of the properties of substances. Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the collisions of molecules and the rearrangements of atoms.
Students are able to use the periodic table as a tool to explain and predict the properties of elements.
Using this expanded knowledge of chemical reactions, students are able to explain important biological and geophysical phenomena. Phenomena involving nuclei are also important to understand, as they
explain the formation and abundance of the elements, radioactivity, the release of energy from the sun
and other stars, and the generation of nuclear power. Students are also able to apply an understanding
of the process of optimization in engineering design to chemical reaction systems. The crosscutting concepts of patterns, energy and matter, and stability and change are called out as organizing concepts for
these disciplinary core ideas. In the PS1 performance expectations, students are expected to demonstrate
proficiency in developing and using models, planning and conducting investigations, using mathematical
thinking, and constructing explanations and designing solutions and to use these practices to demonstrate understanding of the core ideas.
The performance expectations associated with PS2: Motion and Stability: Forces and Interactions
support students’ understanding of ideas related to why some objects will keep moving, why objects fall
to the ground and why some materials are attracted to each other while others are not. Students should
be able to answer the question, “How can one explain and predict interactions between objects and
within systems of objects?” The Disciplinary Core Idea expressed in the NRC Framework for PS2 is broken
down into the sub-ideas of Forces and Motion and Types of Interactions. The performance expectations
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in PS2 focus on students building understanding of forces and interactions and Newton’s Second Law.
Students also develop understanding that the total momentum of a system of objects is conserved when
there is no net force on the system. Students are able to use Newton’s Law of Gravitation and Coulomb’s
Law to describe and predict the gravitational and electrostatic forces between objects. Students are
able to apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes
the force on a macroscopic object during a collision. The crosscutting concepts of patterns, cause and
effect, systems and system models, and structure and function are called out as organizing concepts for
these disciplinary core ideas. In the PS2 performance expectations, students are expected to demonstrate
proficiency in planning and conducting investigations, analyzing data and using math to support claims,
applying scientific ideas to solve design problems, and communicating scientific and technical information and to use these practices to demonstrate understanding of the core ideas.

The performance expectations associated with PS4: Waves and Their Applications in Technologies
for Information Transfer are critical to understand how many new technologies work. As such,
this core idea helps students answer the question, “How are waves used to transfer energy and send
and store information?” The Disciplinary Core Idea in PS4 is broken down into Wave Properties,
Electromagnetic Radiation, and Information Technologies and Instrumentation. Students are able to
apply understanding of how wave properties and the interactions of electromagnetic radiation with
matter can transfer information across long distances, store information, and investigate nature on
many scales. Models of electromagnetic radiation as either a wave of changing electrical and magnetic
fields or as particles are developed and used. Students understand that combining waves of different
frequencies can make a wide variety of patterns and thereby encode and transmit information. Students
also demonstrate their understanding of engineering ideas by presenting information about how
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The performance expectations associated with PS3: Energy help students formulate an answer to
the question, “How is energy transferred and conserved?” The Disciplinary Core Idea expressed in the
NRC Framework for PS3 is broken down into four sub-core ideas: Definitions of Energy, Conservation
of Energy and Energy Transfer, the Relationship Between Energy and Forces, and Energy in Chemical
Processes and Everyday Life. Energy is understood as a quantitative property of a system that depends on
the motion and interactions of matter and radiation within that system, and the total change of energy
in any system is always equal to the total energy transferred into or out of the system. Students develop
an understanding that energy at both the macroscopic and the atomic scales can be accounted for as
either motions of particles or energy associated with the configuration (relative positions) of particles.
In some cases, the energy associated with the configuration of particles can be thought of as stored in
fields. Students also demonstrate their understanding of engineering principles when they design, build,
and refine devices associated with the conversion of energy. The crosscutting concepts of cause and
effect; systems and system models; energy and matter; and the influence of science, engineering, and
technology on society and the natural world are further developed in the performance expectations associated with PS3. In these performance expectations, students are expected to demonstrate proficiency in
developing and using models, planning and carry out investigations, using computational thinking, and
designing solutions and to use these practices to demonstrate understanding of the core ideas.

Next Generation Science Standards: For States, By States

High School Physical Sciences

technological devices use the principles of wave behavior and wave interactions with matter to transmit
and capture information and energy. The crosscutting concepts of cause and effect; systems and system
models; stability and change; interdependence of science, engineering, and technology; and influence
of engineering, technology, and science on society and the natural world are highlighted as organizing
concepts for these disciplinary core ideas. In the PS3 performance expectations, students are expected to
demonstrate proficiency in asking questions, using mathematical thinking, engaging in argument from
evidence and obtaining, evaluating, and communicating information and to use these practices to demonstrate understanding of the core ideas.
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HS-PS1 Matter and Its Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-PS1-1. Use the periodic table as a model to predict the

HS-PS1-5. Apply scientific principles and evidence to provide

Statement: Examples of properties that could be predicted from patterns
could include reactivity of metals, types of bonds formed, numbers of bonds
formed, and reactions with oxygen.] [Assessment Boundary: Assessment is
limited to main group elements. Assessment does not include quantitative
understanding of ionization energy beyond relative trends.]

that focuses on the number and energy of collisions between molecules.]
[Assessment Boundary: Assessment is limited to simple reactions in which
there are only two reactants; evidence from temperature, concentration, and
rate data; and qualitative relationships between rate and temperature.]

HS-PS1-2. Construct and revise an explanation for the outcome

HS-PS1-6. Refine the design of a chemical system by specifying

of a simple chemical reaction based on the outermost electron
states of atoms, trends in the periodic table, and knowledge
of the patterns of chemical properties. [Clarification Statement:

Examples of chemical reactions could include the reaction of sodium
and chlorine, carbon and oxygen, or carbon and hydrogen.] [Assessment
Boundary: Assessment is limited to chemical reactions involving main group
elements and combustion reactions.]

HS-PS1-3. Plan and conduct an investigation to gather evidence
to compare the structure of substances at the bulk scale to infer
the strength of electrical forces between particles. [Clarification

Statement: Emphasis is on understanding the strengths of forces between
particles, not on naming specific intermolecular forces (such as dipoledipole). Examples of particles could include ions, atoms, molecules, and
networked materials (such as graphite). Examples of bulk properties of
substances could include the melting point and boiling point, vapor pressure,
and surface tension.] [Assessment Boundary: Assessment does not include
Raoult’s Law calculations of vapor pressure.]

HS-PS1-4. Develop a model to illustrate that the release or

absorption of energy from a chemical reaction system depends
on the changes in total bond energy. [Clarification Statement:

Emphasis is on the idea that a chemical reaction is a system that affects
the energy change. Examples of models could include molecular-level
drawings and diagrams of reactions, graphs showing the relative energies of
reactants and products, and representations showing energy is conserved.]
[Assessment Boundary: Assessment does not include calculating the total
bond energy changes during a chemical reaction from the bond energies of
reactants and products.]

an explanation about the effects of changing the temperature
or concentration of the reacting particles on the rate at which a
reaction occurs. [Clarification Statement: Emphasis is on student reasoning

a change in conditions that would produce increased amounts
of products at equilibrium.* [Clarification Statement: Emphasis is

on the application of Le Chatelier’s Principle and on refining designs of
chemical reaction systems, including descriptions of the connection between
changes made at the macroscopic level and what happens at the molecular
level. Examples of designs could include different ways to increase product
formation, including adding reactants or removing products.] [Assessment
Boundary: Assessment is limited to specifying the change in only one
variable at a time. Assessment does not include calculating equilibrium
constants and concentrations.]

HS-PS1-7. Use mathematical representations to support the
claim that atoms, and therefore mass, are conserved during
a chemical reaction. [Clarification Statement: Emphasis is on using

mathematical ideas to communicate the proportional relationships between
masses of atoms in the reactants and the products and the translation of
these relationships to the macroscopic scale using the mole as the conversion
from the atomic to the macroscopic scale. Emphasis is on assessing students’
use of mathematical thinking and not on memorization and rote application
of problem-solving techniques.] [Assessment Boundary: Assessment does not
include complex chemical reactions.]

HS-PS1-8. Develop models to illustrate the changes in the

composition of the nucleus of the atom and the energy released
during the processes of fission, fusion, and radioactive decay.

[Clarification Statement: Emphasis is on simple qualitative models, such
as pictures or diagrams and on the scale of energy released in nuclear
processes relative to other kinds of transformations.] [Assessment Boundary:
Assessment does not include quantitative calculation of energy released.
Assessment is limited to alpha, beta, and gamma radioactive decays.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

See connections to HS-PS1 on page 154.
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relative properties of elements based on the patterns of
electrons in the outermost energy level of atoms. [Clarification

Next Generation Science Standards: For States, By States

HS-PS1 Matter and Its Interactions (continued )
Science and Engineering Practices

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Patterns

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
USING SYNTHESIZING AND DEVELOPING MODELS TO PREDICT
AND SHOW RELATIONSHIPS AMONG VARIABLES BETWEEN
SYSTEMS AND THEIR COMPONENTS IN THE NATURAL AND
DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 03  (3 03 
s 5SE A MODEL TO PREDICT THE RELATIONSHIPS BETWEEN
SYSTEMS OR BETWEEN COMPONENTS OF A SYSTEM
(3 03 

s %ACH ATOM HAS A CHARGED SUB STRUCTURE CONSISTING
OF A NUCLEUS WHICH IS MADE OF PROTONS AND
NEUTRONS SURROUNDED BY ELECTRONS (3 03 
s 4HE PERIODIC TABLE ORDERS ELEMENTS HORIZONTALLY BY
THE NUMBER OF PROTONS IN THE ATOMS NUCLEUS AND
PLACES THOSE WITH SIMILAR CHEMICAL PROPERTIES IN
COLUMNS 4HE REPEATING PATTERNS OF THIS TABLE REmECT
PATTERNS OF OUTER ELECTRON STATES (3 03 
(3 03 
s 4HE STRUCTURE AND INTERACTIONS OF MATTER AT THE
BULK SCALE ARE DETERMINED BY ELECTRICAL FORCES
WITHIN AND BETWEEN ATOMS (3 03  (secondary
to HS-PS2-6)
s ! STABLE MOLECULE HAS LESS ENERGY THAN THE SAME
SET OF ATOMS SEPARATED ONE MUST PROVIDE AT LEAST
THIS ENERGY IN ORDER TO TAKE THE MOLECULE APART
(3 03 

s $IFFERENT PATTERNS MAY BE OBSERVED AT EACH OF
THE SCALES AT WHICH A SYSTEM IS STUDIED AND CAN
PROVIDE EVIDENCE FOR CAUSALITY IN EXPLANATIONS OF
PHENOMENA (3 03  (3 03  (3 03 
(3 03 

Planning and Carrying Out Investigations

HS-PS1 Matter and Its Interactions (continued )

Disciplinary Core Ideas

0LANNING AND CARRYING OUT INVESTIGATIONS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT PROVIDE EVIDENCE FOR AND TEST
CONCEPTUAL MATHEMATICAL PHYSICAL AND EMPIRICAL
MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY AND
COLLABORATIVELY TO PRODUCE DATA TO SERVE AS THE BASIS
FOR EVIDENCE AND IN THE DESIGN DECIDE ON TYPES
HOW MUCH AND ACCURACY OF DATA NEEDED TO PRODUCE
RELIABLE MEASUREMENTS AND CONSIDER LIMITATIONS
ON THE PRECISION OF THE DATA EG NUMBER OF TRIALS
COST RISK TIME AND RElNE THE DESIGN ACCORDINGLY
(3 03 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
TO SUPPORT CLAIMS (3 03 
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PS1.B: Chemical Reactions
s #HEMICAL PROCESSES THEIR RATES AND WHETHER OR
NOT ENERGY IS STORED OR RELEASED CAN BE UNDERSTOOD
IN TERMS OF THE COLLISIONS OF MOLECULES AND THE
REARRANGEMENTS OF ATOMS INTO NEW MOLECULES
WITH CONSEQUENT CHANGES IN THE SUM OF ALL BOND
ENERGIES IN THE SET OF MOLECULES THAT ARE MATCHED
BY CHANGES IN KINETIC ENERGY (3 03  (3 03 
s )N MANY SITUATIONS A DYNAMIC AND CONDITION
DEPENDENT BALANCE BETWEEN A REACTION AND THE
REVERSE REACTION DETERMINES THE NUMBERS OF ALL
TYPES OF MOLECULES PRESENT (3 03 
s 4HE FACT THAT ATOMS ARE CONSERVED TOGETHER WITH
KNOWLEDGE OF THE CHEMICAL PROPERTIES OF THE
ELEMENTS INVOLVED CAN BE USED TO DESCRIBE AND
PREDICT CHEMICAL REACTIONS (3 03  (3 03 

Energy and Matter
s )N NUCLEAR PROCESSES ATOMS ARE NOT CONSERVED
BUT THE TOTAL NUMBER OF PROTONS PLUS NEUTRONS IS
CONSERVED (3 03 
s 4HE TOTAL AMOUNT OF ENERGY AND MATTER IN CLOSED
SYSTEMS IS CONSERVED (3 03 
s #HANGES OF ENERGY AND MATTER IN A SYSTEM CAN BE
DESCRIBED IN TERMS OF ENERGY AND MATTER mOWS INTO
OUT OF AND WITHIN THAT SYSTEM (3 03 

Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THE UNIVERSE IS A VAST SINGLE
SYSTEM IN WHICH BASIC LAWS ARE CONSISTENT
(3 03 
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HS-PS1 Matter and Its Interactions (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s !PPLY SCIENTIlC PRINCIPLES AND EVIDENCE TO
PROVIDE AN EXPLANATION OF PHENOMENA AND SOLVE
DESIGN PROBLEMS TAKING INTO ACCOUNT POSSIBLE
UNANTICIPATED EFFECTS (3 03 
s #ONSTRUCT AND REVISE AN EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE THE
NATURAL WORLD OPERATE TODAY AS THEY DID IN THE PAST
AND WILL CONTINUE TO DO SO IN THE FUTURE (3 03 
s 2ElNE A SOLUTION TO A COMPLEX REAL WORLD PROBLEM
BASED ON SCIENTIlC KNOWLEDGE STUDENT GENERATED
SOURCES OF EVIDENCE PRIORITIZED CRITERIA AND
TRADEOFF CONSIDERATIONS (3 03 

See connections to HS-PS1 on page 154.

Disciplinary Core Ideas

Crosscutting Concepts

PS1.C: Nuclear Processes
s .UCLEAR PROCESSES INCLUDING FUSION lSSION AND
RADIOACTIVE DECAYS OF UNSTABLE NUCLEI INVOLVE
RELEASE OR ABSORPTION OF ENERGY 4HE TOTAL NUMBER
OF NEUTRONS PLUS PROTONS DOES NOT CHANGE IN ANY
NUCLEAR PROCESS (3 03 

PS2.B: Types of Interactions
s !TTRACTION AND REPULSION BETWEEN ELECTRICAL
CHARGES AT THE ATOMIC SCALE EXPLAIN THE STRUCTURE
PROPERTIES AND TRANSFORMATIONS OF MATTER AS WELL
AS THE CONTACT FORCES BETWEEN MATERIAL OBJECTS
(3 03  (secondary to HS-PS1-1), (secondary to
HS-PS1-3)

ETS1.C: Optimizing the Design Solution
s #RITERIA MAY NEED TO BE BROKEN DOWN INTO SIMPLER
ONES THAT CAN BE APPROACHED SYSTEMATICALLY AND
DECISIONS ABOUT THE PRIORITY OF CERTAIN CRITERIA OVER
OTHERS TRADEOFFS MAY BE NEEDED (secondary to
HS-PS1-6)

HS-PS1 Matter and Its Interactions (continued )

Science and Engineering Practices
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HS-PS2 Motion and Stability: Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-PS2-1. Analyze data to support the claim that Newton’s

Second Law of Motion describes the mathematical relationship
among the net force on a macroscopic object, its mass, and its
acceleration. [Clarification Statement: Examples of data could include

tables or graphs of position or velocity as a function of time for objects
subject to a net unbalanced force, such as a falling object, an object
rolling down a ramp, or a moving object being pulled by a constant force.]
[Assessment Boundary: Assessment is limited to one-dimensional motion and
to macroscopic objects moving at non-relativistic speeds.]

HS-PS2-2. Use mathematical representations to support

the claim that the total momentum of a system of objects is
conserved when there is no net force on the system. [Clarification

Statement: Emphasis is on the quantitative conservation of momentum
in interactions and the qualitative meaning of this principle.] [Assessment
Boundary: Assessment is limited to systems of two macroscopic bodies
moving in one dimension.]

HS-PS2-3. Apply science and engineering ideas to design,

HS-PS2 Motion and Stability: Forces and Interactions

evaluate, and refine a device that minimizes the force on a
macroscopic object during a collision.* [Clarification Statement:

Examples of evaluation and refinement could include determining the
success of a device at protecting an object from damage and modifying the
design to improve it. Examples of a device could include a football helmet
or a parachute.] [Assessment Boundary: Assessment is limited to qualitative
evaluations and/or algebraic manipulations.]

Science and Engineering Practices

HS-PS2-4. Use mathematical representations of Newton’s

Law of Gravitation and Coulomb’s Law to describe and predict
the gravitational and electrostatic forces between objects.

[Clarification Statement: Emphasis is on both quantitative and conceptual
descriptions of gravitational and electrical fields.] [Assessment Boundary:
Assessment is limited to systems with two objects.]

HS-PS2-5. Plan and conduct an investigation to provide

evidence that an electrical current can produce a magnetic field
and that a changing magnetic field can produce an electrical
current. [Assessment Boundary: Assessment is limited to designing and

conducting investigations with provided materials and tools.]

HS-PS2-6. Communicate scientific and technical information

about why the molecular-level structure is important in the
functioning of designed materials.* [Clarification Statement: Emphasis

is on the attractive and repulsive forces that determine the functioning of
the material. Examples could include why electrically conductive materials
are often made of metal, flexible but durable materials are made up of
long chained molecules, and pharmaceuticals are designed to interact with
specific receptors.] [Assessment Boundary: Assessment is limited to provided
molecular structures of specific designed materials.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

PS1.A: Structure and Properties of Matter

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n BUILDS ON
+n EXPERIENCES AND PROGRESSES TO INCLUDE INVESTIGATIONS
THAT PROVIDE EVIDENCE FOR AND TEST CONCEPTUAL
MATHEMATICAL PHYSICAL AND EMPIRICAL MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY AND
COLLABORATIVELY TO PRODUCE DATA TO SERVE AS THE BASIS
FOR EVIDENCE AND IN THE DESIGN DECIDE ON TYPES
HOW MUCH AND ACCURACY OF DATA NEEDED TO PRODUCE
RELIABLE MEASUREMENTS AND CONSIDER LIMITATIONS
ON THE PRECISION OF THE DATA EG NUMBER OF TRIALS
COST RISK TIME AND RElNE THE DESIGN ACCORDINGLY
(3 03 

s 4HE STRUCTURE AND INTERACTIONS OF MATTER AT THE
BULK SCALE ARE DETERMINED BY ELECTRICAL FORCES
WITHIN AND BETWEEN ATOMS (3 03  (secondary
to HS-PS2-6)

s $IFFERENT PATTERNS MAY BE OBSERVED AT EACH OF
THE SCALES AT WHICH A SYSTEM IS STUDIED AND CAN
PROVIDE EVIDENCE FOR CAUSALITY IN EXPLANATIONS OF
PHENOMENA (3 03 

PS2.A: Forces and Motion

Cause and Effect

94

s .EWTONS 3ECOND ,AW ACCURATELY PREDICTS CHANGES
IN THE MOTION OF MACROSCOPIC OBJECTS (3 03 
s -OMENTUM IS DElNED FOR A PARTICULAR FRAME OF
REFERENCE IT IS THE MASS TIMES THE VELOCITY OF THE
OBJECT (3 03 

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 03 
(3 03 
s 3YSTEMS CAN BE DESIGNED TO CAUSE A DESIRED EFFECT
(3 03 
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HS-PS2 Motion and Stability: Forces and Interactions (continued )

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO INTRODUCING MORE DETAILED STATISTICAL ANALYSIS THE
COMPARISON OF DATA SETS FOR CONSISTENCY AND THE USE
OF MODELS TO GENERATE AND ANALYZE DATA
s !NALYZE DATA USING TOOLS TECHNOLOGIES ANDOR
MODELS EG COMPUTATIONAL MATHEMATICAL IN
ORDER TO MAKE VALID AND RELIABLE SCIENTIlC CLAIMS OR
DETERMINE AN OPTIMAL DESIGN SOLUTION (3 03 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
TO DESCRIBE EXPLANATIONS (3 03  (3 03 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s !PPLY SCIENTIlC IDEAS TO SOLVE A DESIGN PROBLEM
TAKING INTO ACCOUNT POSSIBLE UNANTICIPATED EFFECTS
(3 03 

Disciplinary Core Ideas

Crosscutting Concepts

s )F A SYSTEM INTERACTS WITH OBJECTS OUTSIDE ITSELF
THE TOTAL MOMENTUM OF THE SYSTEM CAN CHANGE
HOWEVER ANY SUCH CHANGE IS BALANCED BY CHANGES
IN THE MOMENTUM OF OBJECTS OUTSIDE THE SYSTEM
(3 03  (3 03 

Systems and System Models

PS2.B: Types of Interactions

s )NVESTIGATING OR DESIGNING NEW SYSTEMS OR
STRUCTURES REQUIRES A DETAILED EXAMINATION OF THE
PROPERTIES OF DIFFERENT MATERIALS THE STRUCTURES
OF DIFFERENT COMPONENTS AND CONNECTIONS OF
COMPONENTS TO REVEAL THE STRUCTURES FUNCTION
ANDOR TO SOLVE A PROBLEM (3 03 

s .EWTONS ,AW OF 5NIVERSAL 'RAVITATION AND
#OULOMBS ,AW PROVIDE THE MATHEMATICAL MODELS
TO DESCRIBE AND PREDICT THE EFFECTS OF GRAVITATIONAL
AND ELECTROSTATIC FORCES BETWEEN DISTANT OBJECTS
(3 03 
s &ORCES AT A DISTANCE ARE EXPLAINED BY lELDS
GRAVITATIONAL ELECTRICAL AND MAGNETIC PERMEATING
SPACE THAT CAN TRANSFER ENERGY THROUGH SPACE
-AGNETS OR ELECTRICAL CURRENTS CAUSE MAGNETIC
lELDS ELECTRICAL CHARGES OR CHANGING MAGNETIC
lELDS CAUSE ELECTRICAL lELDS (3 03  (3 03 
s !TTRACTION AND REPULSION BETWEEN ELECTRICAL CHARGES
AT THE ATOMIC SCALE EXPLAIN THE STRUCTURE PROPERTIES
AND TRANSFORMATIONS OF MATTER AS WELL AS THE
CONTACT FORCES BETWEEN MATERIAL OBJECTS (3 03 
(secondary to HS-PS1-1), (secondary to HS-PS1-3)

s 7HEN INVESTIGATING OR DESCRIBING A SYSTEM THE
BOUNDARIES AND INITIAL CONDITIONS OF THE SYSTEM
NEED TO BE DElNED (3 03 

Structure and Function

HS-PS2 Motion and Stability: Forces and Interactions (continued )

Science and Engineering Practices

PS3.A: Definitions of Energy
s h%LECTRICAL ENERGYv MAY MEAN ENERGY STORED IN A
BATTERY OR ENERGY TRANSMITTED BY ELECTRICAL CURRENTS
(secondary to HS-PS2-5)

ETS1.A: Defining and Delimiting
Engineering Problems
s #RITERIA AND CONSTRAINTS ALSO INCLUDE SATISFYING ANY
REQUIREMENTS SET BY SOCIETY SUCH AS TAKING ISSUES
OF RISK MITIGATION INTO ACCOUNT AND THEY SHOULD BE
QUANTIlED TO THE EXTENT POSSIBLE AND STATED IN SUCH
A WAY THAT ONE CAN TELL IF A GIVEN DESIGN MEETS
THEM (secondary to HS-PS2-3)

ETS1.C: Optimizing the Design Solution
s #RITERIA MAY NEED TO BE BROKEN DOWN INTO SIMPLER
ONES THAT CAN BE APPROACHED SYSTEMATICALLY AND
DECISIONS ABOUT THE PRIORITY OF CERTAIN CRITERIA OVER
OTHERS TRADEOFFS MAY BE NEEDED (secondary to
HS-PS2-3)
See connections to HS-PS2 on page 155.
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HS-PS2 Motion and Stability: Forces and Interactions (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n AND PROGRESSES TO
EVALUATING THE VALIDITY AND RELIABILITY OF THE CLAIMS
METHODS AND DESIGNS
s #OMMUNICATE SCIENTIlC AND TECHNICAL INFORMATION
EG ABOUT THE PROCESS OF DEVELOPMENT AND THE
DESIGN AND PERFORMANCE OF A PROPOSED PROCESS
OR SYSTEM IN MULTIPLE FORMATS INCLUDING ORALLY
GRAPHICALLY TEXTUALLY AND MATHEMATICALLY 
(3 03 

HS-PS2 Motion and Stability: Forces and Interactions (continued )

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s 4HEORIES AND LAWS PROVIDE EXPLANATIONS IN SCIENCE
(3 03  (3 03 
s ,AWS ARE STATEMENTS OR DESCRIPTIONS OF THE
RELATIONSHIPS AMONG OBSERVABLE PHENOMENA
(3 03  (3 03 
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HS-PS3 Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
in the energy of one component in a system when the change
in energy of the other component(s) and energy flows in and
out of the system are known. [Clarification Statement: Emphasis is on

explaining the meaning of mathematical expressions used in the model.]
[Assessment Boundary: Assessment is limited to basic algebraic expressions
or computations; to systems of two or three components; and to thermal
energy, kinetic energy, and/or the energies in gravitational, magnetic, or
electrical fields.]

HS-PS3-2. Develop and use models to illustrate that energy at
the macroscopic scale can be accounted for as a combination
of energy associated with the motion of particles (objects)
and energy associated with the relative positions of particles
(objects). [Clarification Statement: Examples of phenomena at the

forms and efficiency.] [Assessment Boundary: Assessment for quantitative
evaluations is limited to total output for a given input. Assessment is limited
to devices constructed with materials provided to students.]

HS-PS3-4. Plan and conduct an investigation to provide evidence
that the transfer of thermal energy when two components of
different temperature are combined within a closed system
results in a more uniform energy distribution among the
components in the system (second law of thermodynamics).

[Clarification Statement: Emphasis is on analyzing data from student
investigations and using mathematical thinking to describe energy changes
both quantitatively and conceptually. Examples of investigations could
include mixing liquids at different initial temperatures or adding objects
at different temperatures to water.] [Assessment Boundary: Assessment is
limited to investigations based on materials and tools provided to students.]

macroscopic scale could include the conversion of kinetic energy to thermal
energy, the energy stored due to position of an object above Earth, and the
energy stored between two electrically charged plates. Examples of models
could include diagrams, drawings, descriptions, and computer simulations.]

HS-PS3-5. Develop and use a model of two objects interacting

HS-PS3-3. Design, build, and refine a device that works within

include drawings, diagrams, and texts, such as drawings of what happens
when two charges of opposite polarity are near each other.] [Assessment
Boundary: Assessment is limited to systems containing two objects.]

and quantitative evaluations of devices. Examples of devices could
include Rube Goldberg devices, wind turbines, solar cells, solar ovens, and
generators. Examples of constraints could include use of renewable energy

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

given constraints to convert one form of energy into another
form of energy.* [Clarification Statement: Emphasis is on both qualitative

Science and Engineering Practices

through electrical or magnetic fields to illustrate the forces
between objects and the changes in energy of the objects due
to the interaction. [Clarification Statement: Examples of models could

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS3.A: Definitions of Energy

Cause and Effect

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
USING SYNTHESIZING AND DEVELOPING MODELS TO PREDICT
AND SHOW RELATIONSHIPS AMONG VARIABLES BETWEEN
SYSTEMS AND THEIR COMPONENTS IN THE NATURAL AND
DESIGNED WORLDS 
s $EVELOP AND USE A MODEL BASED ON EVIDENCE TO
ILLUSTRATE THE RELATIONSHIPS BETWEEN SYSTEMS OR
BETWEEN COMPONENTS OF A SYSTEM (3 03 
(3 03 

s %NERGY IS A QUANTITATIVE PROPERTY OF A SYSTEM THAT
DEPENDS ON THE MOTION AND INTERACTIONS OF MATTER
AND RADIATION WITHIN THAT SYSTEM 4HAT THERE IS A
SINGLE QUANTITY CALLED ENERGY IS DUE TO THE FACT
THAT A SYSTEMS TOTAL ENERGY IS CONSERVED EVEN AS
WITHIN THE SYSTEM ENERGY IS CONTINUALLY TRANSFERRED
FROM ONE OBJECT TO ANOTHER AND BETWEEN ITS
VARIOUS POSSIBLE FORMS (3 03  (3 03 
s !T THE MACROSCOPIC SCALE ENERGY MANIFESTS ITSELF IN
MULTIPLE WAYS SUCH AS IN MOTION SOUND LIGHT AND
THERMAL ENERGY (3 03  (3 03 

s #AUSE AND EFFECT RELATIONSHIPS CAN BE SUGGESTED
AND PREDICTED FOR COMPLEX NATURAL AND HUMAN
DESIGNED SYSTEMS BY EXAMINING WHAT IS KNOWN
ABOUT SMALLER SCALE MECHANISMS WITHIN THE SYSTEM
(3 03 

See connections to HS-PS3 on page 156.

Systems and System Models
s 7HEN INVESTIGATING OR DESCRIBING A SYSTEM THE
BOUNDARIES AND INITIAL CONDITIONS OF THE SYSTEM
NEED TO BE DElNED AND THEIR INPUTS AND OUTPUTS
ANALYZED AND DESCRIBED USING MODELS (3 03 
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HS-PS3-1. Create a computational model to calculate the change
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HS-PS3 Energy (continued )
Science and Engineering Practices
Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT PROVIDE EVIDENCE FOR AND TEST
CONCEPTUAL MATHEMATICAL PHYSICAL AND EMPIRICAL
MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 03 

Using Mathematics and Computational
Thinking

HS-PS3 Energy (continued )

-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s #REATE A COMPUTATIONAL MODEL OR SIMULATION OF A
PHENOMENON DESIGNED DEVICE PROCESS OR SYSTEM
(3 03 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
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Disciplinary Core Ideas

Crosscutting Concepts

s 4HESE RELATIONSHIPS ARE BETTER UNDERSTOOD AT THE
MICROSCOPIC SCALE AT WHICH ALL OF THE DIFFERENT
MANIFESTATIONS OF ENERGY CAN BE MODELED AS
A COMBINATION OF ENERGY ASSOCIATED WITH THE
MOTION OF PARTICLES AND ENERGY ASSOCIATED WITH THE
CONlGURATION RELATIVE POSITION OF THE PARTICLES 
)N SOME CASES THE RELATIVE POSITION ENERGY CAN
BE THOUGHT OF AS STORED IN lELDS WHICH MEDIATE
INTERACTIONS BETWEEN PARTICLES  4HIS LAST CONCEPT
INCLUDES RADIATION A PHENOMENON IN WHICH ENERGY
STORED IN lELDS MOVES ACROSS SPACE (3 03 

s -ODELS CAN BE USED TO PREDICT THE BEHAVIOR OF
A SYSTEM BUT THESE PREDICTIONS HAVE LIMITED
PRECISION AND RELIABILITY DUE TO THE ASSUMPTIONS
AND APPROXIMATIONS INHERENT IN MODELS (3 03 

PS3.B: Conservation of Energy and Energy
Transfer
s #ONSERVATION OF ENERGY MEANS THAT THE TOTAL
CHANGE OF ENERGY IN ANY SYSTEM IS ALWAYS EQUAL
TO THE TOTAL ENERGY TRANSFERRED INTO OR OUT OF THE
SYSTEM (3 03 
s %NERGY CANNOT BE CREATED OR DESTROYED BUT IT CAN
BE TRANSPORTED FROM ONE PLACE TO ANOTHER AND
TRANSFERRED BETWEEN SYSTEMS (3 03 
(3 03 
s -ATHEMATICAL EXPRESSIONS WHICH QUANTIFY HOW
THE STORED ENERGY IN A SYSTEM DEPENDS ON ITS
CONlGURATION EG RELATIVE POSITIONS OF CHARGED
PARTICLES COMPRESSION OF A SPRING AND HOW KINETIC
ENERGY DEPENDS ON MASS AND SPEED ALLOW THE
CONCEPT OF CONSERVATION OF ENERGY TO BE USED TO
PREDICT AND DESCRIBE SYSTEM BEHAVIOR (3 03 
s 4HE AVAILABILITY OF ENERGY LIMITS WHAT CAN OCCUR IN
ANY SYSTEM (3 03 
s 5NCONTROLLED SYSTEMS ALWAYS EVOLVE TOWARD MORE
STABLE STATESTHAT IS TOWARD MORE UNIFORM ENERGY
DISTRIBUTION EG WATER mOWS DOWNHILL OBJECTS
HOTTER THAN THEIR SURROUNDING ENVIRONMENT COOL
DOWN  (3 03 

Energy and Matter
s #HANGES OF ENERGY AND MATTER IN A SYSTEM CAN BE
DESCRIBED IN TERMS OF ENERGY AND MATTER mOWS INTO
OUT OF AND WITHIN THAT SYSTEM (3 03 
s %NERGY CANNOT BE CREATED OR DESTROYEDIT ONLY
MOVES BETWEEN ONE PLACE AND ANOTHER PLACE
BETWEEN OBJECTS ANDOR lELDS OR BETWEEN SYSTEMS
(3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s -ODERN CIVILIZATION DEPENDS ON MAJOR
TECHNOLOGICAL SYSTEMS %NGINEERS CONTINUOUSLY
MODIFY THESE TECHNOLOGICAL SYSTEMS BY APPLYING
SCIENTIlC KNOWLEDGE AND ENGINEERING DESIGN
PRACTICES TO INCREASE BENElTS WHILE DECREASING
COSTS AND RISKS (3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THE UNIVERSE IS A VAST SINGLE SYSTEM
IN WHICH BASIC LAWS ARE CONSISTENT (3 03 
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HS-PS3 Energy (continued )
Science and Engineering Practices
s $ESIGN EVALUATE ANDOR RElNE A SOLUTION TO A
COMPLEX REAL WORLD PROBLEM BASED ON SCIENTIlC
KNOWLEDGE STUDENT GENERATED SOURCES OF EVIDENCE
PRIORITIZED CRITERIA AND TRADEOFF CONSIDERATIONS
(3 03 

Disciplinary Core Ideas

Crosscutting Concepts

PS3.C: Relationship Between Energy and
Forces
s 7HEN TWO OBJECTS INTERACTING THROUGH A lELD
CHANGE RELATIVE POSITION THE ENERGY STORED IN THE
lELD IS CHANGED (3 03 

PS3.D: Energy in Chemical Processes
s !LTHOUGH ENERGY CANNOT BE DESTROYED IT CAN BE
CONVERTED TO LESS USEFUL FORMSFOR EXAMPLE TO
THERMAL ENERGY IN THE SURROUNDING ENVIRONMENT
(3 03  (3 03 

ETS1.A: Defining and Delimiting
Engineering Problems

HS-PS3 Energy (continued )

s #RITERIA AND CONSTRAINTS ALSO INCLUDE SATISFYING ANY
REQUIREMENTS SET BY SOCIETY SUCH AS TAKING ISSUES
OF RISK MITIGATION INTO ACCOUNT AND THEY SHOULD BE
QUANTIlED TO THE EXTENT POSSIBLE AND STATED IN SUCH
A WAY THAT ONE CAN TELL IF A GIVEN DESIGN MEETS
THEM (secondary to HS-PS3-3)

See connections to HS-PS3 on page 156.
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HS-PS4 Waves and Their Applications in Technologies for Information Transfer
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-PS4-1. Use mathematical representations to support a claim
regarding relationships among the frequency, wavelength, and
speed of waves traveling in various media. [Clarification Statement:

Examples of data could include electromagnetic radiation traveling in a
vacuum and glass, sound waves traveling through air and water, and seismic
waves traveling through Earth.] [Assessment Boundary: Assessment is limited
to algebraic relationships and describing those relationships qualitatively.]

HS-PS4 Waves and Their Applications in Technologies for Information Transfer

HS-PS4-2. Evaluate questions about the advantages of using

digital transmission and storage of information. [Clarification
Statement: Examples of advantages could include that digital information
is stable because it can be stored reliably in computer memory, transferred
easily, and copied and shared rapidly. Disadvantages could include issues of
easy deletion, security, and theft.]

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind
the idea that electromagnetic radiation can be described
either by a wave model or a particle model, and that for some
situations one model is more useful than the other. [Clarification

Statement: Emphasis is on how experimental evidence supports the claim
and how a theory is generally modified in light of new evidence. Examples
of a phenomenon could include resonance, interference, diffraction, and

Science and Engineering Practices

photoelectric effect.] [Assessment Boundary: Assessment does not include
using quantum theory.]

HS-PS4-4. Evaluate the validity and reliability of claims in

published materials of the effects that different frequencies
of electromagnetic radiation have when absorbed by matter.

[Clarification Statement: Emphasis is on the idea that photons associated
with different frequencies of light have different energies and the damage
to living tissue from electromagnetic radiation depends on the energy of
the radiation. Examples of published materials could include trade books,
magazines, Web resources, videos, and other passages that may reflect bias.]
[Assessment Boundary: Assessment is limited to qualitative descriptions.]

HS-PS4-5. Communicate technical information about how

some technological devices use the principles of wave behavior
and wave interactions with matter to transmit and capture
information and energy.* [Clarification Statement: Examples could

include solar cells capturing light and converting it to electricity, medical
imaging, and communications technology.] [Assessment Boundary:
Assessments are limited to qualitative information. Assessments do not
include band theory.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

PS3.D: Energy in Chemical Processes

Cause and Effect

!SKING QUESTIONS AND DElNING PROBLEMS IN n
BUILDS FROM +n EXPERIENCES AND PROGRESSES TO
FORMULATING RElNING AND EVALUATING EMPIRICALLY
TESTABLE QUESTIONS AND DESIGN PROBLEMS USING MODELS
AND SIMULATIONS
s %VALUATE QUESTIONS THAT CHALLENGE THE PREMISES
OF AN ARGUMENT THE INTERPRETATION OF A DATA SET OR
THE SUITABILITY OF A DESIGN (3 03 

s 3OLAR CELLS ARE HUMAN MADE DEVICES THAT LIKEWISE
CAPTURE THE SUNS ENERGY AND PRODUCE ELECTRICAL
ENERGY (secondary to HS-PS4-5)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 03 
s #AUSE AND EFFECT RELATIONSHIPS CAN BE SUGGESTED
AND PREDICTED FOR COMPLEX NATURAL AND HUMAN
DESIGNED SYSTEMS BY EXAMINING WHAT IS KNOWN
ABOUT SMALLER SCALE MECHANISMS WITHIN THE SYSTEM
(3 03 
s 3YSTEMS CAN BE DESIGNED TO CAUSE A DESIRED EFFECT
(3 03 
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PS4.A: Wave Properties
s 4HE WAVELENGTH AND FREQUENCY OF A WAVE ARE
RELATED TO ONE ANOTHER BY THE SPEED OF TRAVEL OF THE
WAVE WHICH DEPENDS ON THE TYPE OF WAVE AND THE
MEDIUM THROUGH WHICH IT IS PASSING (3 03 
s )NFORMATION CAN BE DIGITIZED EG A PICTURE STORED
AS THE VALUES OF AN ARRAY OF PIXELS  IN THIS FORM IT
CAN BE STORED RELIABLY IN COMPUTER MEMORY AND
SENT OVER LONG DISTANCES AS A SERIES OF WAVE PULSES
(3 03  (3 03 
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HS-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
OR DESIGN SOLUTIONS TO DESCRIBE ANDOR SUPPORT
CLAIMS ANDOR EXPLANATIONS (3 03 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE THE CLAIMS EVIDENCE AND REASONING
BEHIND CURRENTLY ACCEPTED EXPLANATIONS OR
SOLUTIONS TO DETERMINE THE MERITS OF ARGUMENTS
(3 03 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n AND PROGRESSES TO
EVALUATING THE VALIDITY AND RELIABILITY OF THE CLAIMS
METHODS AND DESIGNS
s %VALUATE THE VALIDITY AND RELIABILITY OF MULTIPLE
CLAIMS THAT APPEAR IN SCIENTIlC AND TECHNICAL TEXTS
OR MEDIA REPORTS VERIFYING THE DATA WHEN POSSIBLE
(3 03 

See connections to HS-PS4 on page 156.

Disciplinary Core Ideas
s ;&ROM THE n GRADE BAND ENDPOINTS= 7AVES CAN
ADD OR CANCEL ONE ANOTHER AS THEY CROSS DEPENDING
ON THEIR RELATIVE PHASE IE RELATIVE POSITION
OF PEAKS AND TROUGHS OF THE WAVES BUT THEY
EMERGE UNAFFECTED BY EACH OTHER "OUNDARY 4HE
DISCUSSION AT THIS GRADE LEVEL IS QUALITATIVE ONLY IT
CAN BE BASED ON THE FACT THAT TWO DIFFERENT SOUNDS
CAN PASS A LOCATION IN DIFFERENT DIRECTIONS WITHOUT
GETTING MIXED UP (3 03 

PS4.B: Electromagnetic Radiation
s %LECTROMAGNETIC RADIATION EG RADIO MICROWAVES
LIGHT CAN BE MODELED AS A WAVE OF CHANGING
ELECTRICAL AND MAGNETIC lELDS OR AS PARTICLES CALLED
PHOTONS 4HE WAVE MODEL IS USEFUL FOR EXPLAINING
MANY FEATURES OF ELECTROMAGNETIC RADIATION AND THE
PARTICLE MODEL EXPLAINS OTHER FEATURES (3 03 
s 7HEN LIGHT OR LONGER WAVELENGTH ELECTROMAGNETIC
RADIATION IS ABSORBED IN MATTER IT IS GENERALLY
CONVERTED INTO THERMAL ENERGY HEAT  3HORTER
WAVELENGTH ELECTROMAGNETIC RADIATION ULTRAVIOLET
8 RAYS GAMMA RAYS CAN IONIZE ATOMS AND CAUSE
DAMAGE TO LIVING CELLS (3 03 
s 0HOTOELECTRIC MATERIALS EMIT ELECTRONS WHEN THEY
ABSORB LIGHT OF A HIGH ENOUGH FREQUENCY (3 03 

PS4.C: Information Technologies and
Instrumentation

Crosscutting Concepts
Systems and System Models
s -ODELS EG PHYSICAL MATHEMATICAL COMPUTER
CAN BE USED TO SIMULATE SYSTEMS AND INTERACTIONS
INCLUDING ENERGY MATTER AND INFORMATION mOWS
WITHIN AND BETWEEN SYSTEMS AT DIFFERENT SCALES
(3 03 

Stability and Change
s 3YSTEMS CAN BE DESIGNED FOR GREATER OR LESSER
STABILITY (3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENCE AND ENGINEERING COMPLEMENT EACH OTHER
IN THE CYCLE KNOWN AS RESEARCH AND DEVELOPMENT
2$  (3 03 

Influence of Engineering, Technology, and
Science on Society and the Natural World
s -ODERN CIVILIZATION DEPENDS ON MAJOR
TECHNOLOGICAL SYSTEMS (3 03  (3 03 
s %NGINEERS CONTINUOUSLY MODIFY THESE TECHNOLOGICAL
SYSTEMS BY APPLYING SCIENTIlC KNOWLEDGE AND
ENGINEERING DESIGN PRACTICES TO INCREASE BENElTS
WHILE DECREASING COSTS AND RISKS (3 03 

s -ULTIPLE TECHNOLOGIES BASED ON THE UNDERSTANDING
OF WAVES AND THEIR INTERACTIONS WITH MATTER ARE
PART OF EVERYDAY EXPERIENCES IN THE MODERN WORLD
EG MEDICAL IMAGING COMMUNICATIONS SCANNERS
AND IN SCIENTIlC RESEARCH 4HEY ARE ESSENTIAL TOOLS
FOR PRODUCING TRANSMITTING AND CAPTURING SIGNALS
AND FOR STORING AND INTERPRETING THE INFORMATION
CONTAINED IN THEM (3 03 
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HS-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )

Science and Engineering Practices

Next Generation Science Standards: For States, By States

HS-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )

HS-PS4 Waves and Their Applications in Technologies for Information Transfer (continued )

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

s #OMMUNICATE TECHNICAL INFORMATION OR IDEAS
EG ABOUT PHENOMENA ANDOR THE PROCESS OF
DEVELOPMENT AND THE DESIGN AND PERFORMANCE
OF A PROPOSED PROCESS OR SYSTEM IN MULTIPLE
FORMATS INCLUDING ORALLY GRAPHICALLY TEXTUALLY AND
MATHEMATICALLY  (3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s ! SCIENTIlC THEORY IS A SUBSTANTIATED EXPLANATION
OF SOME ASPECT OF THE NATURAL WORLD BASED ON A
BODY OF FACTS THAT HAVE BEEN REPEATEDLY CONlRMED
THROUGH OBSERVATION AND EXPERIMENT AND THE
SCIENCE COMMUNITY VALIDATES EACH THEORY BEFORE
IT IS ACCEPTED )F NEW EVIDENCE IS DISCOVERED THAT
A THEORY DOES NOT ACCOMMODATE THE THEORY IS
GENERALLY MODIlED IN LIGHT OF THIS NEW EVIDENCE
(3 03 

102

NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas

Copyright National Academy of Sciences. All rights reserved.

See connections to HS-PS4 on page 156.

Next Generation Science Standards: For States, By States

HIGH SCHOOL LIFE SCIENCES
Students in high school develop understanding of key concepts that will help them make sense of the
life sciences. The ideas build on students’ science understanding of disciplinary core ideas, science and
engineering practices, and crosscutting concepts from earlier grades. There are four life sciences disciplinary core ideas in high school: (1) From Molecules to Organisms: Structures and Processes; (2) Ecosystems:
Interactions, Energy, and Dynamics; (3) Heredity: Inheritance and Variation of Traits; and (4) Biological
Evolution: Unity and Diversity. The performance expectations for high school life sciences blend core ideas
with science and engineering practices and crosscutting concepts to support students in developing useable knowledge that can be applied across the science disciplines. While the performance expectations in
high school life sciences couple particular practices with specific disciplinary core ideas, instructional decisions should include the use of many practices underlying the performance expectations.

The performance expectations in LS2: Ecosystems: Interactions, Energy, and Dynamics help
students formulate an answer to the question, “How and why do organisms interact with their environment, and what are the effects of these interactions?” The LS2 Disciplinary Core Idea includes
four sub-ideas: Interdependent Relationships in Ecosystems; Cycles of Matter and Energy Transfer
in Ecosystems; Ecosystem Dynamics, Functioning, and Resilience; and Social Interactions and Group
Behavior. High school students can use mathematical reasoning to demonstrate understanding of fundamental concepts of carrying capacity, factors affecting biodiversity and populations, and the cycling of
matter and flow of energy among organisms in an ecosystem. These mathematical models provide support of students’ conceptual understanding of systems and their ability to develop design solutions for
reducing the impact of human activities on the environment and maintaining biodiversity. Crosscutting
concepts of systems and system models play a central role in students’ understanding of science and
engineering practices and core ideas of ecosystems.
The performance expectations in LS3: Heredity: Inheritance and Variation of Traits help students
formulate answers to the questions: “How are characteristics of one generation passed to the next? How
can individuals of the same species and even siblings have different characteristics?” The LS3 Disciplinary
Core Idea from the NRC Framework includes two sub-ideas: Inheritance of Traits and Variation of Traits.
NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas

Copyright National Academy of Sciences. All rights reserved.

103

High School Life Sciences

The performance expectations in LS1: From Molecules to Organisms: Structures and Processes
help students formulate an answer to the question, “How do organisms live and grow?” The LS1
Disciplinary Core Idea from the NRC Framework is presented as three sub-ideas: Structure and Function,
Growth and Development of Organisms, and Organization for Matter and Energy Flow in Organisms. In
these performance expectations, students demonstrate that they can use investigations and gather evidence to support explanations of cell function and reproduction. They understand the role of proteins
as essential to the work of the cell and living systems. Students can use models to explain photosynthesis, respiration, and the cycling of matter and flow of energy in living organisms. The cellular processes
can be used as a model for understanding the hierarchical organization of organisms. Crosscutting concepts of matter and energy, structure and function, and systems and system models provide students
with insights to the structures and processes of organisms.

Next Generation Science Standards: For States, By States

Students are able to ask questions, make and defend a claim, and use concepts of probability to explain
the genetic variation in a population. Students demonstrate understanding of why individuals of the
same species vary in how they look, function, and behave. Students can explain the mechanisms of
genetic inheritance and describe the environmental and genetic causes of gene mutation and the alteration of gene expression. Crosscutting concepts of patterns and cause and effect are called out as organizing concepts for these core ideas.

High School Life Sciences

The performance expectations in LS4: Biological Evolution: Unity and Diversity help students formulate an answer to the question, “What evidence shows that different species are related?” The LS4
Disciplinary Core Idea involves four sub-ideas: Evidence of Common Ancestry and Diversity, Natural
Selection, Adaptation, and Biodiversity and Humans. Students can construct explanations for the processes of natural selection and evolution and communicate how multiple lines of evidence support
these explanations. Students can evaluate evidence of the conditions that may result in new species and
understand the role of genetic variation in natural selection. Additionally, students can apply concepts
of probability to explain trends in populations as those trends relate to advantageous heritable traits
in a specific environment. The crosscutting concepts of cause and effect and systems and system models
play an important role in students’ understanding of the evolution of life on Earth.
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HS-LS1 From Molecules to Organisms: Structures and Processes
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
how the structure of DNA determines the structure of proteins,
which carry out the essential functions of life through systems
of specialized cells. [Assessment Boundary: Assessment does not include

identification of specific cell or tissue types, whole-body systems, specific
protein structures and functions, or the biochemistry of protein synthesis.]

HS-LS1-2. Develop and use a model to illustrate the hierarchical
organization of interacting systems that provide specific
functions within multicellular organisms. [Clarification Statement:

Emphasis is on functions at the organism system level such as nutrient
uptake, water delivery, and organism movement in response to neural
stimuli. An example of an interacting system could be an artery depending
on the proper function of elastic tissue and smooth muscle to regulate
and deliver the proper amount of blood within the circulatory system.]
[Assessment Boundary: Assessment does not include interactions and
functions at the molecular or chemical reaction level.]

HS-LS1-3. Plan and conduct an investigation to provide evidence
that feedback mechanisms maintain homeostasis. [Clarification

Statement: Examples of investigations could include heart rate response
to exercise, stomate response to moisture and temperature, and root
development in response to water levels.] [Assessment Boundary: Assessment
does not include the cellular processes involved in the feedback mechanism.]

HS-LS1-4. Use a model to illustrate the role of cellular division
(mitosis) and differentiation in producing and maintaining

Science and Engineering Practices

complex organisms. [Assessment Boundary: Assessment does not include
specific gene control mechanisms or rote memorization of the steps of mitosis.]

HS-LS1-5. Use a model to illustrate how photosynthesis

transforms light energy into stored chemical energy. [Clarification
Statement: Emphasis is on illustrating inputs and outputs of matter and the
transfer and transformation of energy in photosynthesis by plants and other
photosynthesizing organisms. Examples of models could include diagrams,
chemical equations, and conceptual models.] [Assessment Boundary:
Assessment does not include specific biochemical steps.]

HS-LS1-6. Construct and revise an explanation based on

evidence for how carbon, hydrogen, and oxygen from sugar
molecules may combine with other elements to form amino acids
and/or other large carbon-based molecules. [Clarification Statement:
Emphasis is on using evidence from models and simulations to support
explanations.] [Assessment Boundary: Assessment does not include the details
of the specific chemical reactions or identification of macromolecules.]

HS-LS1-7. Use a model to illustrate that cellular respiration is

a chemical process whereby the bonds of food molecules and
oxygen molecules are broken and the bonds in new compounds
are formed, resulting in a net transfer of energy. [Clarification

Statement: Emphasis is on conceptual understanding of the inputs and
outputs of the process of cellular respiration.] [Assessment Boundary:
Assessment should not include identification of the steps or specific
processes involved in cellular respiration.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

LS1.A: Structure and Function

Systems and System Models

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP AND USE A MODEL BASED ON EVIDENCE TO
ILLUSTRATE THE RELATIONSHIPS BETWEEN SYSTEMS OR
BETWEEN COMPONENTS OF A SYSTEM (3 ,3 
s 5SE A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 ,3  (3 ,3 
(3 ,3 

s 3YSTEMS OF SPECIALIZED CELLS WITHIN ORGANISMS HELP
THEM PERFORM THE ESSENTIAL FUNCTIONS OF LIFE
(3 ,3 
s !LL CELLS CONTAIN GENETIC INFORMATION IN THE FORM OF
$.! MOLECULES 'ENES ARE REGIONS IN THE $.! THAT
CONTAIN THE INSTRUCTIONS THAT CODE FOR THE FORMATION
OF PROTEINS WHICH CARRY OUT MOST OF THE WORK OF
CELLS (3 ,3  (Note: This Disciplinary Core Idea
is also addressed by HS-LS3-1.)

s -ODELS EG PHYSICAL MATHEMATICAL COMPUTER
CAN BE USED TO SIMULATE SYSTEMS AND INTERACTIONS
INCLUDING ENERGY MATTER AND INFORMATION mOWS
WITHIN AND BETWEEN SYSTEMS AT DIFFERENT SCALES
(3 ,3  (3 ,3 

See connections to HS-LS1 on page 157.

Energy and Matter
s #HANGES OF ENERGY AND MATTER IN A SYSTEM CAN BE
DESCRIBED IN TERMS OF ENERGY AND MATTER mOWS INTO
OUT OF AND WITHIN THAT SYSTEM (3 ,3 
(3 ,3 
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HS-LS1 From Molecules to Organisms: Structures and Processes

HS-LS1-1. Construct an explanation based on evidence for

Next Generation Science Standards: For States, By States

HS-LS1 From Molecules to Organisms: Structures and Processes (continued )
Science and Engineering Practices

HS-LS1 From Molecules to Organisms: Structures and Processes (continued )

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT IN n BUILDS ON +n
EXPERIENCES AND PROGRESSES TO INCLUDE INVESTIGATIONS
THAT PROVIDE EVIDENCE FOR AND TEST CONCEPTUAL
MATHEMATICAL PHYSICAL AND EMPIRICAL MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 ,3 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN THE
PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3 
s #ONSTRUCT AND REVISE AN EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN THE
PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3 
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Disciplinary Core Ideas

Crosscutting Concepts

s -ULTICELLULAR ORGANISMS HAVE A HIERARCHICAL
STRUCTURAL ORGANIZATION IN WHICH ANY ONE SYSTEM
IS MADE UP OF NUMEROUS PARTS AND IS ITSELF A
COMPONENT OF THE NEXT LEVEL (3 ,3 
s &EEDBACK MECHANISMS MAINTAIN A LIVING SYSTEMS
INTERNAL CONDITIONS WITHIN CERTAIN LIMITS AND
MEDIATE BEHAVIORS ALLOWING IT TO REMAIN ALIVE
AND FUNCTIONAL EVEN AS EXTERNAL CONDITIONS
CHANGE WITHIN SOME RANGE &EEDBACK MECHANISMS
CAN ENCOURAGE THROUGH POSITIVE FEEDBACK OR
DISCOURAGE NEGATIVE FEEDBACK WHAT IS GOING ON
INSIDE THE LIVING SYSTEM (3 ,3 

s %NERGY CANNOT BE CREATED OR DESTROYEDIT ONLY
MOVES BETWEEN ONE PLACE AND ANOTHER PLACE
BETWEEN OBJECTS ANDOR lELDS OR BETWEEN SYSTEMS
(3 ,3 

LS1.B: Growth and Development of
Organisms
s )N MULTICELLULAR ORGANISMS INDIVIDUAL CELLS GROW
AND THEN DIVIDE VIA A PROCESS CALLED MITOSIS
THEREBY ALLOWING THE ORGANISM TO GROW 4HE
ORGANISM BEGINS AS A SINGLE CELL FERTILIZED EGG
THAT DIVIDES SUCCESSIVELY TO PRODUCE MANY CELLS
WITH EACH PARENT CELL PASSING IDENTICAL GENETIC
MATERIAL TWO VARIANTS OF EACH CHROMOSOME
PAIR TO BOTH DAUGHTER CELLS #ELLULAR DIVISION AND
DIFFERENTIATION PRODUCE AND MAINTAIN A COMPLEX
ORGANISM COMPOSED OF SYSTEMS OF TISSUES AND
ORGANS THAT WORK TOGETHER TO MEET THE NEEDS OF
THE WHOLE ORGANISM (3 ,3 

Structure and Function
s )NVESTIGATING OR DESIGNING NEW SYSTEMS OR
STRUCTURES REQUIRES A DETAILED EXAMINATION OF THE
PROPERTIES OF DIFFERENT MATERIALS THE STRUCTURES
OF DIFFERENT COMPONENTS AND THE CONNECTIONS OF
COMPONENTS TO REVEAL THE STRUCTURES FUNCTION
ANDOR TO SOLVE A PROBLEM (3 ,3 

Stability and Change
s &EEDBACK NEGATIVE OR POSITIVE CAN STABILIZE OR
DESTABILIZE A SYSTEM (3 ,3 

LS1.C: Organization for Matter and Energy
Flow in Organisms
s 4HE PROCESS OF PHOTOSYNTHESIS CONVERTS LIGHT
ENERGY TO STORED CHEMICAL ENERGY BY CONVERTING
CARBON DIOXIDE PLUS WATER INTO SUGARS PLUS RELEASED
OXYGEN (3 ,3 
s 4HE SUGAR MOLECULES THUS FORMED CONTAIN
CARBON HYDROGEN AND OXYGEN THEIR HYDROCARBON
BACKBONES ARE USED TO MAKE AMINO ACIDS AND
OTHER CARBON BASED MOLECULES THAT CAN BE
ASSEMBLED INTO LARGER MOLECULES SUCH AS PROTEINS
OR $.! USED FOR EXAMPLE TO FORM NEW CELLS
(3 ,3 
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Next Generation Science Standards: For States, By States

HS-LS1 From Molecules to Organisms: Structures and Processes (continued )

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods
s 3CIENTIlC INQUIRY IS CHARACTERIZED BY A COMMON
SET OF VALUES THAT INCLUDE LOGICAL THINKING
PRECISION OPEN MINDEDNESS OBJECTIVITY SKEPTICISM
REPLICABILITY OF RESULTS AND HONEST AND ETHICAL
REPORTING OF lNDINGS (3 ,3 

See connections to HS-LS1 on page 157.

Disciplinary Core Ideas

Crosscutting Concepts

s !S MATTER AND ENERGY mOW THROUGH DIFFERENT
ORGANIZATIONAL LEVELS OF LIVING SYSTEMS CHEMICAL
ELEMENTS ARE RECOMBINED IN DIFFERENT WAYS TO FORM
DIFFERENT PRODUCTS (3 ,3  (3 ,3 
s !S A RESULT OF THESE CHEMICAL REACTIONS ENERGY
IS TRANSFERRED FROM ONE SYSTEM OF INTERACTING
MOLECULES TO ANOTHER #ELLULAR RESPIRATION IS A
CHEMICAL PROCESS IN WHICH THE BONDS OF FOOD
MOLECULES AND OXYGEN MOLECULES ARE BROKEN AND
NEW COMPOUNDS ARE FORMED THAT CAN TRANSPORT
ENERGY TO MUSCLES #ELLULAR RESPIRATION ALSO
RELEASES THE ENERGY NEEDED TO MAINTAIN BODY
TEMPERATURE DESPITE ONGOING ENERGY TRANSFER TO THE
SURROUNDING ENVIRONMENT (3 ,3 
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Next Generation Science Standards: For States, By States

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-LS2-1. Use mathematical and/or computational

nitrogen being conserved as they move through an ecosystem.] [Assessment
Boundary: Assessment is limited to proportional reasoning to describe the
cycling of matter and flow of energy.]

Statement: Emphasis is on quantitative analysis and comparison of the
relationships among interdependent factors, including boundaries,
resources, climate, and competition. Examples of mathematical comparisons
could include graphs, charts, histograms, and population changes gathered
from simulations or historical data sets.] [Assessment Boundary: Assessment
does not include deriving mathematical equations to make comparisons.]

HS-LS2-5. Develop a model to illustrate the role of

HS-LS2-2. Use mathematical representations to support and

HS-LS2-6. Evaluate claims, evidence, and reasoning that the

representations to support explanations of factors that affect
carrying capacity of ecosystems at different scales. [Clarification

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics

revise explanations based on evidence about factors affecting
biodiversity and populations in ecosystems of different scales.

photosynthesis and cellular respiration in the cycling of carbon
among the biosphere, atmosphere, hydrosphere, and geosphere.

[Clarification Statement: Examples of models could include simulations and
mathematical models.] [Assessment Boundary: Assessment does not include
the specific chemical steps of photosynthesis and respiration.]

complex interactions in ecosystems maintain relatively consistent
numbers and types of organisms in stable conditions, but
changing conditions may result in a new ecosystem. [Clarification

[Clarification Statement: Examples of mathematical representations include
finding the average, determining trends, and using graphical comparisons
of multiple sets of data.] [Assessment Boundary: Assessment is limited to
provided data.]

Statement: Examples of changes in ecosystem conditions could include modest
biological or physical changes, such as moderate hunting or a seasonal flood,
and extreme changes, such as volcanic eruption or sea-level rise.]

HS-LS2-3. Construct and revise an explanation based on

HS-LS2-7. Design, evaluate, and refine a solution for reducing

evidence for the cycling of matter and flow of energy in aerobic
and anaerobic conditions. [Clarification Statement: Emphasis is on

conceptual understanding of the role of aerobic and anaerobic respiration in
different environments.] [Assessment Boundary: Assessment does not include
the specific chemical processes of either aerobic or anaerobic respiration.]

HS-LS2-4. Use mathematical representations to support claims
for the cycling of matter and flow of energy among organisms
in an ecosystem. [Clarification Statement: Emphasis is on using a

mathematical model of stored energy in biomass to describe the transfer
of energy from one trophic level to another and that matter and energy
are conserved as matter cycles and energy flows through ecosystems.
Emphasis is on atoms and molecules such as carbon, oxygen, hydrogen, and

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW HOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR COMPONENTS
OF A SYSTEM (3 ,3 
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the impacts of human activities on the environment and
biodiversity.* [Clarification Statement: Examples of human activities can

include urbanization, building dams, and dissemination of invasive species.]

HS-LS2-8. Evaluate evidence for the role of group behavior

on individual and species’ chances to survive and reproduce.

[Clarification Statement: Emphasis is on (1) distinguishing between group
and individual behavior, (2) identifying evidence supporting the outcomes of
group behavior, and (3) developing logical and reasonable arguments based
on evidence. Examples of group behaviors could include flocking, schooling,
herding, and cooperative behaviors such as hunting, migrating, and swarming.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas
LS2.A: Interdependent Relationships in
Ecosystems
s %COSYSTEMS HAVE CARRYING CAPACITIES WHICH
ARE LIMITS TO THE NUMBERS OF ORGANISMS AND
POPULATIONS THEY CAN SUPPORT 4HESE LIMITS RESULT
FROM SUCH FACTORS AS THE AVAILABILITY OF LIVING AND
NON LIVING RESOURCES AND FROM SUCH CHALLENGES AS
PREDATION COMPETITION AND DISEASE

Crosscutting Concepts
Cause and Effect
s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 ,3 

Scale, Proportion, and Quantity
s 4HE SIGNIlCANCE OF A PHENOMENON IS DEPENDENT
ON THE SCALE PROPORTION AND QUANTITY AT WHICH IT
OCCURS (3 ,3 
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Next Generation Science Standards: For States, By States

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics (continued )

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL ANDOR COMPUTATIONAL
REPRESENTATIONS OF PHENOMENA OR DESIGN SOLUTIONS
TO SUPPORT EXPLANATIONS (3 ,3 
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
OR DESIGN SOLUTIONS TO SUPPORT AND REVISE
EXPLANATIONS (3 ,3 
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
OR DESIGN SOLUTIONS TO SUPPORT CLAIMS (3 ,3 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s #ONSTRUCT AND REVISE AN EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE THE
NATURAL WORLD OPERATE TODAY AS THEY DID IN THE PAST
AND WILL CONTINUE TO DO SO IN THE FUTURE (3 ,3 
s $ESIGN EVALUATE AND RElNE A SOLUTION TO A
COMPLEX REAL WORLD PROBLEM BASED ON SCIENTIlC
KNOWLEDGE STUDENT GENERATED SOURCES OF EVIDENCE
PRIORITIZED CRITERIA AND TRADEOFF CONSIDERATIONS
(3 ,3 

See connections to HS-LS2 on page 158.

Disciplinary Core Ideas
/RGANISMS WOULD HAVE THE CAPACITY TO PRODUCE
POPULATIONS OF GREAT SIZE WERE IT NOT FOR THE
FACT THAT ENVIRONMENTS AND RESOURCES ARE lNITE
4HIS FUNDAMENTAL TENSION AFFECTS THE ABUNDANCE
NUMBER OF INDIVIDUALS OF SPECIES IN ANY GIVEN
ECOSYSTEM (3 ,3  (3 ,3 

LS2.B: Cycles of Matter and Energy Transfer
in Ecosystems
s 0HOTOSYNTHESIS AND CELLULAR RESPIRATION INCLUDING
ANAEROBIC PROCESSES PROVIDE MOST OF THE ENERGY
FOR LIFE PROCESSES (3 ,3 
s 0LANTS OR ALGAE FORM THE LOWEST LEVEL OF THE FOOD
WEB !T EACH LINK UPWARD IN A FOOD WEB ONLY A
SMALL FRACTION OF THE MATTER CONSUMED AT THE LOWER
LEVEL IS TRANSFERRED UPWARD TO PRODUCE GROWTH AND
RELEASE ENERGY IN CELLULAR RESPIRATION AT THE HIGHER
LEVEL 'IVEN THIS INEFlCIENCY THERE ARE GENERALLY
FEWER ORGANISMS AT HIGHER LEVELS OF A FOOD WEB
3OME MATTER REACTS TO RELEASE ENERGY FOR LIFE
FUNCTIONS SOME MATTER IS STORED IN NEWLY MADE
STRUCTURES AND MUCH IS DISCARDED 4HE CHEMICAL
ELEMENTS THAT MAKE UP THE MOLECULES OF ORGANISMS
PASS THROUGH FOOD WEBS AND INTO AND OUT OF THE
ATMOSPHERE AND SOIL AND THEY ARE COMBINED AND
RECOMBINED IN DIFFERENT WAYS !T EACH LINK IN AN
ECOSYSTEM MATTER AND ENERGY ARE CONSERVED
(3 ,3 
s 0HOTOSYNTHESIS AND CELLULAR RESPIRATION ARE
IMPORTANT COMPONENTS OF THE CARBON CYCLE IN
WHICH CARBON IS EXCHANGED AMONG THE BIOSPHERE
ATMOSPHERE OCEANS AND GEOSPHERE THROUGH
CHEMICAL PHYSICAL GEOLOGICAL AND BIOLOGICAL
PROCESSES (3 ,3 

Crosscutting Concepts
s 5SING THE CONCEPT OF ORDERS OF MAGNITUDE ALLOWS
ONE TO UNDERSTAND HOW A MODEL AT ONE SCALE
RELATES TO A MODEL AT ANOTHER SCALE (3 ,3 

Systems and System Models
s -ODELS EG PHYSICAL MATHEMATICAL COMPUTER
MODELS CAN BE USED TO SIMULATE SYSTEMS AND
INTERACTIONSINCLUDING ENERGY MATTER AND
INFORMATION mOWSWITHIN AND BETWEEN SYSTEMS
AT DIFFERENT SCALES (3 ,3 

Energy and Matter
s %NERGY CANNOT BE CREATED OR DESTROYEDIT ONLY
MOVES BETWEEN ONE PLACE AND ANOTHER PLACE
BETWEEN OBJECTS ANDOR lELDS OR BETWEEN SYSTEMS
(3 ,3 
s %NERGY DRIVES THE CYCLING OF MATTER WITHIN AND
BETWEEN SYSTEMS (3 ,3 

Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 ,3  (3 ,3 
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HS-LS2 Ecosystems: Interactions, Energy, and Dynamics (continued )
Science and Engineering Practices

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics (continued )

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE THE CLAIMS EVIDENCE AND REASONING
BEHIND CURRENTLY ACCEPTED EXPLANATIONS OR
SOLUTIONS TO DETERMINE THE MERITS OF ARGUMENTS
(3 ,3 
s %VALUATE THE EVIDENCE BEHIND CURRENTLY ACCEPTED
EXPLANATIONS TO DETERMINE THE MERITS OF ARGUMENTS
(3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Open to Revision in
Light of New Evidence
s -OST SCIENTIlC KNOWLEDGE IS QUITE DURABLE BUT
IS IN PRINCIPLE SUBJECT TO CHANGE BASED ON NEW
EVIDENCE ANDOR REINTERPRETATION OF EXISTING
EVIDENCE (3 ,3  (3 ,3 
s 3CIENTIlC ARGUMENTATION IS A MODE OF LOGICAL
DISCOURSE USED TO CLARIFY THE STRENGTH OF
RELATIONSHIPS BETWEEN IDEAS AND EVIDENCE THAT MAY
RESULT IN REVISION OF AN EXPLANATION (3 ,3 
(3 ,3 
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Disciplinary Core Ideas

Crosscutting Concepts

LS2.C: Ecosystem Dynamics, Functioning,
and Resilience
s ! COMPLEX SET OF INTERACTIONS WITHIN AN ECOSYSTEM
CAN KEEP ITS NUMBERS AND TYPES OF ORGANISMS
RELATIVELY CONSTANT OVER LONG PERIODS OF TIME
UNDER STABLE CONDITIONS )F A MODEST BIOLOGICAL OR
PHYSICAL DISTURBANCE TO AN ECOSYSTEM OCCURS IT
MAY RETURN TO ITS MORE OR LESS ORIGINAL STATUS IE
THE ECOSYSTEM IS RESILIENT AS OPPOSED TO BECOMING
A VERY DIFFERENT ECOSYSTEM %XTREME mUCTUATIONS IN
CONDITIONS OR THE SIZE OF ANY POPULATION HOWEVER
CAN CHALLENGE THE FUNCTIONING OF ECOSYSTEMS
IN TERMS OF RESOURCES AND HABITAT AVAILABILITY
(3 ,3  (3 ,3 
s -OREOVER ANTHROPOGENIC CHANGES INDUCED BY
HUMAN ACTIVITY IN THE ENVIRONMENTINCLUDING
HABITAT DESTRUCTION POLLUTION INTRODUCTION OF
INVASIVE SPECIES OVEREXPLOITATION AND CLIMATE
CHANGECAN DISRUPT AN ECOSYSTEM AND THREATEN
THE SURVIVAL OF SOME SPECIES (3 ,3 

LS2.D: Social Interactions and Group
Behavior
s 'ROUP BEHAVIOR HAS EVOLVED BECAUSE MEMBERSHIP
CAN INCREASE THE CHANCES OF SURVIVAL FOR INDIVIDUALS
AND THEIR GENETIC RELATIVES (3 ,3 

LS4.D: Biodiversity and Humans
s "IODIVERSITY IS INCREASED BY THE FORMATION OF NEW
SPECIES SPECIATION AND DECREASED BY THE LOSS OF
SPECIES EXTINCTION  (secondary to HS-LS2-7)
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Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

s (UMANS DEPEND ON THE LIVING WORLD FOR THE
RESOURCES AND OTHER BENElTS PROVIDED BY
BIODIVERSITY "UT HUMAN ACTIVITY IS ALSO HAVING
ADVERSE IMPACTS ON BIODIVERSITY THROUGH
OVERPOPULATION OVEREXPLOITATION HABITAT
DESTRUCTION POLLUTION INTRODUCTION OF INVASIVE
SPECIES AND CLIMATE CHANGE 4HUS SUSTAINING
BIODIVERSITY SO THAT ECOSYSTEM FUNCTIONING
AND PRODUCTIVITY ARE MAINTAINED IS ESSENTIAL TO
SUPPORTING AND ENHANCING LIFE ON %ARTH 3USTAINING
BIODIVERSITY ALSO AIDS HUMANITY BY PRESERVING
LANDSCAPES OF RECREATIONAL OR INSPIRATIONAL VALUE
(secondary to HS-LS2-7) (Note: This Disciplinary
Core Idea is also addressed by HS-LS4-6.)

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics (continued )

PS3.D: Energy in Chemical Processes
s 4HE MAIN WAY THAT SOLAR ENERGY IS CAPTURED AND
STORED ON %ARTH IS THROUGH THE COMPLEX CHEMICAL
PROCESS KNOWN AS PHOTOSYNTHESIS (secondary to
HS-LS2-5)

ETS1.B: Developing Possible Solutions
s 7HEN EVALUATING SOLUTIONS IT IS IMPORTANT TO TAKE
INTO ACCOUNT A RANGE OF CONSTRAINTS INCLUDING COST
SAFETY RELIABILITY AND AESTHETICS AND TO CONSIDER
SOCIAL CULTURAL AND ENVIRONMENTAL IMPACTS
(secondary to HS-LS2-7)

See connections to HS-LS2 on page 158.
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HS-LS3 Heredity: Inheritance and Variation of Traits
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-LS3-1. Ask questions to clarify relationships about the

role of DNA and chromosomes in coding the instructions for
characteristic traits passed from parents to offspring. [Assessment

Boundary: Assessment does not include the phases of meiosis or the
biochemical mechanism of specific steps in the process.]

HS-LS3-2. Make and defend a claim based on evidence that

inheritable genetic variations may result from (1) new genetic
combinations through meiosis, (2) viable errors occurring during
replication, and/or (3) mutations caused by environmental

HS-LS3 Heredity: Inheritance and Variation of Traits

Science and Engineering Practices

factors. [Clarification Statement: Emphasis is on using data to support
arguments for the way variation occurs.] [Assessment Boundary: Assessment
does not include the phases of meiosis or the biochemical mechanism of
specific steps in the process.]

HS-LS3-3. Apply concepts of statistics and probability to explain

the variation and distribution of expressed traits in a population.

[Clarification Statement: Emphasis is on the use of mathematics to describe
the probability of traits as it relates to genetic and environmental factors in
the expression of traits.] [Assessment Boundary: Assessment does not include
Hardy-Weinberg calculations.]

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

LS1.A: Structure and Function

Cause and Effect

!SKING QUESTIONS AND DElNING PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
FORMULATING RElNING AND EVALUATING EMPIRICALLY
TESTABLE QUESTIONS AND DESIGN PROBLEMS USING MODELS
AND SIMULATIONS
s !SK QUESTIONS THAT ARISE FROM EXAMINING MODELS OR
A THEORY TO CLARIFY RELATIONSHIPS (3 ,3 

s !LL CELLS CONTAIN GENETIC INFORMATION IN THE FORM
OF $.! MOLECULES 'ENES ARE REGIONS IN THE $.!
THAT CONTAIN THE INSTRUCTIONS THAT CODE FOR THE
FORMATION OF PROTEINS (secondary to HS-LS3-1)
(Note: This Disciplinary Core Idea is also addressed
by HS-LS1-1.)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 ,3 
(3 ,3 

Analyzing and Interpreting Data

s %ACH CHROMOSOME CONSISTS OF A SINGLE VERY LONG
$.! MOLECULE AND EACH GENE ON A CHROMOSOME IS
A PARTICULAR SEGMENT OF THAT $.! 4HE INSTRUCTIONS
FOR FORMING SPECIES CHARACTERISTICS ARE CARRIED
IN $.! !LL CELLS IN AN ORGANISM HAVE THE SAME
GENETIC CONTENT BUT THE GENES USED EXPRESSED BY
THE CELL MAY BE REGULATED IN DIFFERENT WAYS .OT ALL
$.! CODES FOR A PROTEIN SOME SEGMENTS OF $.!
ARE INVOLVED IN REGULATORY OR STRUCTURAL FUNCTIONS
AND SOME HAVE NO KNOWN FUNCTION (3 ,3 

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO INTRODUCING MORE DETAILED
STATISTICAL ANALYSIS THE COMPARISON OF DATA SETS FOR
CONSISTENCY AND THE USE OF MODELS TO GENERATE AND
ANALYZE DATA
s !PPLY CONCEPTS OF STATISTICS AND PROBABILITY
INCLUDING DETERMINING FUNCTION lTS TO DATA SLOPE
INTERCEPT AND CORRELATION COEFlCIENT FOR LINEAR
lTS TO SCIENCE AND ENGINEERING QUESTIONS AND
PROBLEMS USING DIGITAL TOOLS WHEN FEASIBLE
(3 ,3 
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LS3.A: Inheritance of Traits

Scale, Proportion, and Quantity
s !LGEBRAIC THINKING IS USED TO EXAMINE SCIENTIlC
DATA AND PREDICT THE EFFECT OF A CHANGE IN ONE
VARIABLE ON ANOTHER EG LINEAR GROWTH VS
EXPONENTIAL GROWTH  (3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s 4ECHNOLOGICAL ADVANCES HAVE INmUENCED THE
PROGRESS OF SCIENCE AND SCIENCE HAS INmUENCED
ADVANCES IN TECHNOLOGY (3 ,3 
s 3CIENCE AND ENGINEERING ARE INmUENCED BY
SOCIETY AND SOCIETY IS INmUENCED BY SCIENCE AND
ENGINEERING (3 ,3 
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HS-LS3 Heredity: Inheritance and Variation of Traits (continued )
Disciplinary Core Ideas

Engaging in Argument from Evidence

LS3.B: Variation of Traits

%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s -AKE AND DEFEND A CLAIM BASED ON EVIDENCE ABOUT
THE NATURAL WORLD THAT REmECTS SCIENTIlC KNOWLEDGE
AND STUDENT GENERATED EVIDENCE (3 ,3 

s )N SEXUAL REPRODUCTION CHROMOSOMES CAN
SOMETIMES SWAP SECTIONS DURING THE PROCESS
OF MEIOSIS CELL DIVISION THEREBY CREATING NEW
GENETIC COMBINATIONS AND THUS MORE GENETIC
VARIATION !LTHOUGH $.! REPLICATION IS TIGHTLY
REGULATED AND REMARKABLY ACCURATE ERRORS DO OCCUR
AND RESULT IN MUTATIONS WHICH ARE ALSO A SOURCE OF
GENETIC VARIATION %NVIRONMENTAL FACTORS CAN ALSO
CAUSE MUTATIONS IN GENES AND VIABLE MUTATIONS
ARE INHERITED (3 ,3 
s %NVIRONMENTAL FACTORS ALSO AFFECT EXPRESSION
OF TRAITS AND HENCE AFFECT THE PROBABILITY OF
OCCURRENCES OF TRAITS IN A POPULATION 4HUS THE
VARIATION AND DISTRIBUTION OF TRAITS OBSERVED
DEPEND ON BOTH GENETIC AND ENVIRONMENTAL FACTORS
(3 ,3  (3 ,3 

See connections to HS-LS3 on page 159.
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HS-LS4 Biological Evolution: Unity and Diversity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-LS4-1. Communicate scientific information that common

ancestry and biological evolution are supported by multiple
lines of empirical evidence. [Clarification Statement: Emphasis is on a

conceptual understanding of the role each line of evidence has in relation
to common ancestry and biological evolution. Examples of evidence could
include similarities in DNA sequences, anatomical structures, and order of
appearance of structures in embryological development.]

HS-LS4-2. Construct an explanation based on evidence that the

process of evolution primarily results from four factors: (1) the
potential for a species to increase in number, (2) the heritable
genetic variation of individuals in a species due to mutation and
sexual reproduction, (3) competition for limited resources, and
(4) the proliferation of those organisms that are better able to
survive and reproduce in the environment. [Clarification Statement:

HS-LS4 Biological Evolution: Unity and Diversity

Emphasis is on using evidence to explain the influence that each of the four
factors has on number of organisms, behaviors, morphology, or physiology
in terms of ability to compete for limited resources and subsequent
survival of individuals and adaptation of species. Examples of evidence
could include mathematical models such as simple distribution graphs and
proportional reasoning.] [Assessment Boundary: Assessment does not include
other mechanisms of evolution, such as genetic drift, gene flow through
migration, and co-evolution.]

HS-LS4-3. Apply concepts of statistics and probability to

support explanations that organisms with an advantageous
heritable trait tend to increase in proportion to organisms
lacking this trait. [Clarification Statement: Emphasis is on analyzing shifts

Science and Engineering Practices
Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO INTRODUCING MORE DETAILED
STATISTICAL ANALYSIS THE COMPARISON OF DATA SETS FOR
CONSISTENCY AND THE USE OF MODELS TO GENERATE AND
ANALYZE DATA
s !PPLY CONCEPTS OF STATISTICS AND PROBABILITY
INCLUDING DETERMINING FUNCTION lTS TO DATA SLOPE
INTERCEPT AND CORRELATION COEFlCIENT FOR LINEAR lTS
TO SCIENCE AND ENGINEERING QUESTIONS AND PROBLEMS
USING DIGITAL TOOLS WHEN FEASIBLE (3 ,3 
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in the numerical distribution of traits and using these shifts as evidence
to support explanations.] [Assessment Boundary: Assessment is limited to
basic statistical and graphical analysis. Assessment does not include allele
frequency calculations.]

HS-LS4-4. Construct an explanation based on evidence for how

natural selection leads to adaptation of populations. [Clarification
Statement: Emphasis is on using data to provide evidence for how specific
biotic and abiotic differences in ecosystems (such as ranges of seasonal
temperature, long-term climate change, acidity, light, geographic barriers, or
evolution of other organisms) contribute to a change in gene frequency over
time, leading to adaptation of populations.]

HS-LS4-5. Evaluate the evidence supporting claims that changes
in environmental conditions may result in (1) increases in the
number of individuals of some species, (2) the emergence of
new species over time, and (3) the extinction of other species.

[Clarification Statement: Emphasis is on determining cause and effect
relationships for how changes to the environment such as deforestation,
fishing, application of fertilizers, drought, flood, and the rate of change of
the environment affect the distribution or disappearance of traits in species.]

HS-LS4-6. Create or revise a simulation to test a solution to

mitigate adverse impacts of human activity on biodiversity.*

[Clarification Statement: Emphasis is on testing solutions for a proposed
problem related to threatened or endangered species or to genetic variation
of organisms for multiple species.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas
LS4.A: Evidence of Common Ancestry and
Diversity
s 'ENETIC INFORMATION PROVIDES EVIDENCE OF
EVOLUTION $.! SEQUENCES VARY AMONG SPECIES
BUT THERE ARE MANY OVERLAPS IN FACT THE ONGOING
BRANCHING THAT PRODUCES MULTIPLE LINES OF DESCENT
CAN BE INFERRED BY COMPARING THE $.! SEQUENCES
OF DIFFERENT ORGANISMS 3UCH INFORMATION IS ALSO
DERIVABLE FROM THE SIMILARITIES AND DIFFERENCES IN
AMINO ACID SEQUENCES AND FROM ANATOMICAL AND
EMBRYOLOGICAL EVIDENCE (3 ,3 

Crosscutting Concepts
Patterns
s $IFFERENT PATTERNS MAY BE OBSERVED AT EACH OF
THE SCALES AT WHICH A SYSTEM IS STUDIED AND CAN
PROVIDE EVIDENCE FOR CAUSALITY IN EXPLANATIONS OF
PHENOMENA (3 ,3  (3 ,3 

Cause and Effect
s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 ,3 
(3 ,3  (3 ,3  (3 ,3 
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HS-LS4 Biological Evolution: Unity and Diversity (continued )

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s #REATE OR REVISE A SIMULATION OF A PHENOMENON
DESIGNED DEVICE PROCESS OR SYSTEM (3 ,3 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN THE
PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3  (3 ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT OR
HISTORICAL EPISODES IN SCIENCE

See connections to HS-LS4 on page 159.

Disciplinary Core Ideas

Crosscutting Concepts

LS4.B: Natural Selection
s .ATURAL SELECTION OCCURS ONLY IF THERE IS BOTH
 VARIATION IN THE GENETIC INFORMATION BETWEEN
ORGANISMS IN A POPULATION AND  VARIATION IN
THE EXPRESSION OF THAT GENETIC INFORMATIONTHAT
IS TRAIT VARIATIONTHAT LEADS TO DIFFERENCES IN
PERFORMANCE AMONG INDIVIDUALS (3 ,3 
(3 ,3 
s 4HE TRAITS THAT POSITIVELY AFFECT SURVIVAL ARE MORE
LIKELY TO BE REPRODUCED AND THUS ARE MORE COMMON
IN THE POPULATION (3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENTIlC KNOWLEDGE IS BASED ON THE ASSUMPTION
THAT NATURAL LAWS OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3  (3 ,3 

LS4.C: Adaptation
s %VOLUTION IS A CONSEQUENCE OF THE INTERACTION
OF FOUR FACTORS  THE POTENTIAL FOR A SPECIES TO
INCREASE IN NUMBER  THE GENETIC VARIATION OF
INDIVIDUALS IN A SPECIES DUE TO MUTATION AND SEXUAL
REPRODUCTION  COMPETITION FOR AN ENVIRONMENTS
LIMITED SUPPLY OF THE RESOURCES THAT INDIVIDUALS
NEED IN ORDER TO SURVIVE AND REPRODUCE AND 
THE ENSUING PROLIFERATION OF THOSE ORGANISMS THAT
ARE BETTER ABLE TO SURVIVE AND REPRODUCE IN THAT
ENVIRONMENT (3 ,3 
s .ATURAL SELECTION LEADS TO ADAPTATION THAT IS TO
A POPULATION DOMINATED BY ORGANISMS THAT ARE
ANATOMICALLY BEHAVIORALLY AND PHYSIOLOGICALLY
WELL SUITED TO SURVIVE AND REPRODUCE IN A SPECIlC
ENVIRONMENT 4HAT IS THE DIFFERENTIAL SURVIVAL AND
REPRODUCTION OF ORGANISMS IN A POPULATION THAT
HAVE AN ADVANTAGEOUS HERITABLE TRAIT LEADS TO AN
INCREASE IN THE PROPORTION OF INDIVIDUALS IN FUTURE
GENERATIONS THAT HAVE THE TRAIT AND TO A DECREASE
IN THE PROPORTION OF INDIVIDUALS THAT DO NOT
(3 ,3  (3 ,3 
s !DAPTATION ALSO MEANS THAT THE DISTRIBUTION OF
TRAITS IN A POPULATION CAN CHANGE WHEN CONDITIONS
CHANGE (3 ,3 
s #HANGES IN THE PHYSICAL ENVIRONMENT WHETHER
NATURALLY OCCURRING OR HUMAN INDUCED HAVE THUS
CONTRIBUTED TO THE EXPANSION OF SOME SPECIES THE
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HS-LS4 Biological Evolution: Unity and Diversity (continued )
Science and Engineering Practices
s %VALUATE THE EVIDENCE BEHIND CURRENTLY ACCEPTED
EXPLANATIONS OR SOLUTIONS TO DETERMINE THE MERITS
OF ARGUMENTS (3 ,3 

Obtaining, Evaluating, and Communicating
Information

HS-LS4 Biological Evolution: Unity and Diversity (continued )

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE VALIDITY AND RELIABILITY OF
THE CLAIMS METHODS AND DESIGNS
s #OMMUNICATE SCIENTIlC INFORMATION EG ABOUT
PHENOMENA ANDOR THE PROCESS OF DEVELOPMENT
AND THE DESIGN AND PERFORMANCE OF A PROPOSED
PROCESS OR SYSTEM IN MULTIPLE FORMATS INCLUDING
ORALLY GRAPHICALLY TEXTUALLY AND MATHEMATICALLY 
(3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s ! SCIENTIlC THEORY IS A SUBSTANTIATED EXPLANATION
OF SOME ASPECT OF THE NATURAL WORLD BASED ON A
BODY OF FACTS THAT HAVE BEEN REPEATEDLY CONlRMED
THROUGH OBSERVATION AND EXPERIMENT AND THE
SCIENCE COMMUNITY VALIDATES EACH THEORY BEFORE
IT IS ACCEPTED )F NEW EVIDENCE IS DISCOVERED THAT
A THEORY DOES NOT ACCOMMODATE THE THEORY IS
GENERALLY MODIlED IN LIGHT OF THIS NEW EVIDENCE
(3 ,3 
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Disciplinary Core Ideas

Crosscutting Concepts

EMERGENCE OF NEW AND DISTINCT SPECIES AS
POPULATIONS DIVERGE UNDER DIFFERENT CONDITIONS AND
THE DECLINEAND SOMETIMES THE EXTINCTIONOF
SOME SPECIES (3 ,3  (3 ,3 
s 3PECIES BECOME EXTINCT BECAUSE THEY CAN NO LONGER
SURVIVE AND REPRODUCE IN THEIR ALTERED ENVIRONMENT
)F MEMBERS CANNOT ADJUST TO CHANGE THAT IS TOO
FAST OR DRASTIC THE OPPORTUNITY FOR THE SPECIES
EVOLUTION IS LOST (3 ,3 

LS4.D: Biodiversity and Humans
s (UMANS DEPEND ON THE LIVING WORLD FOR THE
RESOURCES AND OTHER BENElTS PROVIDED BY
BIODIVERSITY "UT HUMAN ACTIVITY IS ALSO HAVING
ADVERSE IMPACTS ON BIODIVERSITY THROUGH
OVERPOPULATION OVEREXPLOITATION HABITAT
DESTRUCTION POLLUTION INTRODUCTION OF INVASIVE
SPECIES AND CLIMATE CHANGE 4HUS SUSTAINING
BIODIVERSITY SO THAT ECOSYSTEM FUNCTIONING
AND PRODUCTIVITY ARE MAINTAINED IS ESSENTIAL TO
SUPPORTING AND ENHANCING LIFE ON %ARTH 3USTAINING
BIODIVERSITY ALSO AIDS HUMANITY BY PRESERVING
LANDSCAPES OF RECREATIONAL OR INSPIRATIONAL VALUE
(3 ,3  (Note: This Disciplinary Core Idea is also
addressed by HS-LS2-7.)

ETS1.B: Developing Possible Solutions
s 7HEN EVALUATING SOLUTIONS IT IS IMPORTANT TO TAKE
INTO ACCOUNT A RANGE OF CONSTRAINTS INCLUDING COST
SAFETY RELIABILITY AND AESTHETICS AND TO CONSIDER
SOCIAL CULTURAL AND ENVIRONMENTAL IMPACTS
(secondary to HS-LS4-6)
s "OTH PHYSICAL MODELS AND COMPUTERS CAN BE USED
IN VARIOUS WAYS TO AID IN THE ENGINEERING DESIGN
PROCESS #OMPUTERS ARE USEFUL FOR A VARIETY OF
PURPOSES SUCH AS RUNNING SIMULATIONS TO TEST
DIFFERENT WAYS OF SOLVING A PROBLEM OR TO SEE WHICH
ONE IS MOST EFlCIENT OR ECONOMICAL AND IN MAKING
A PERSUASIVE PRESENTATION TO A CLIENT ABOUT HOW A
GIVEN DESIGN WILL MEET HIS OR HER NEEDS (secondary
to HS-LS4-6)
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HIGH SCHOOL EARTH AND SPACE SCIENCES
Students in high school continue to develop their understanding of the three disciplinary core ideas in
the earth and space sciences. The high school performance expectations in the earth and space sciences
build on the middle school ideas and skills and allow high school students to explain more in-depth
phenomena central not only to the earth and space sciences but to the life and physical sciences as
well. These performance expectations blend the core ideas with science and engineering practices and
crosscutting concepts to support students in developing useable knowledge to explain ideas across the
science disciplines. While the performance expectations shown in high school earth and space sciences
couple particular practices with specific disciplinary core ideas, instructional decisions should include the
use of many practices that lead to the performance expectations.

The performance expectations in ESS2: Earth’s Systems help students formulate an answer to the
question: “How and why is Earth constantly changing?” The ESS2 Disciplinary Core Idea from the NRC
Framework is broken down into five sub-ideas: Earth Materials and Systems, Plate Tectonics and LargeScale System Interactions, the Roles of Water in Earth’s Surface Processes, Weather and Climate, and
Biogeology. For the purpose of the Next Generation Science Standards, biogeology has been addressed
within the life sciences standards. Students develop models and explanations for the ways that feedbacks
between different Earth systems control the appearance of Earth’s surface. Central to this is the tension between internal systems, which are largely responsible for creating land at Earth’s surface, and the
sun-driven surface systems that tear down the land through weathering and erosion. Students begin to
examine the ways that human activities cause feedbacks that create changes to other systems. Students
understand the system interactions that control weather and climate, with a major emphasis on the
mechanisms and implications of climate change. Students model the flow of energy between different
components of the weather system and how this affects chemical cycles such as the carbon cycle. The
crosscutting concepts of cause and effect, energy and matter, structure and function, and stability and
NEXT GENERATION SCIENCE STANDARDS — Arranged by Disciplinary Core Ideas
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High School Earth and Space Sciences

The performance expectations in ESS1: Earth’s Place in the Universe help students formulate an
answer to the question: “What is the universe, and what is Earth’s place in it?” The ESS1 Disciplinary
Core Idea from the NRC Framework is broken down into three sub-ideas: the Universe and Its Stars,
Earth and the Solar System, and the History of Planet Earth. Students examine the processes governing the formation, evolution, and workings of the solar system and universe. Some concepts studied
are fundamental to science, such as understanding how the matter of our world formed during the Big
Bang and within the cores of stars. Others concepts are practical, such as understanding how short-term
changes in the behavior of our sun directly affect humans. Engineering and technology play a large role
here in obtaining and analyzing data that support theories of the formation of the solar system and universe. The crosscutting concepts of patterns, scale, proportion, quantity, energy and matter, and stability
and change are called out as organizing concepts for these disciplinary core ideas. In the ESS1 performance expectations, students are expected to demonstrate proficiency in developing and using models,
using mathematical and computational thinking, constructing explanations and designing solutions,
engaging in argument, and obtaining, evaluating, and communicating information and using these
practices to demonstrate understanding of the core ideas.

Next Generation Science Standards: For States, By States

change are called out as organizing concepts for these disciplinary core ideas. In the ESS2 performance
expectations, students are expected to demonstrate proficiency in developing and using models, planning
and carrying out investigations, analyzing and interpreting data, and engaging in argument and to use
these practices to demonstrate understanding of the core ideas.

High School Earth and Space Sciences

The performance expectations in ESS3: Earth and Human Activity help students formulate an answer
to the question, “How do Earth’s surface processes and human activities affect each other?” The ESS3
Disciplinary Core Idea from the NRC Framework is broken down into four sub-ideas: Natural Resources,
Natural Hazards, Human Impact on Earth Systems, and Global Climate Change. Students understand the
complex and significant interdependencies between humans and the rest of Earth’s systems through
the impacts of natural hazards, our dependencies on natural resources, and the significant environmental impacts of human activities. Engineering and technology figure prominently here, as students use
mathematical thinking and the analysis of geoscience data to examine and construct solutions to the
many challenges facing long-term human sustainability on Earth. The crosscutting concepts of cause
and effect, systems and system models, and stability and change are called out as organizing concepts
for these disciplinary core ideas. In the ESS3 performance expectations, students are expected to demonstrate proficiency in analyzing and interpreting data, mathematical and computational thinking, constructing explanations and designing solutions and engaging in argument and to use these practices to
demonstrate understanding of the core ideas.
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HS-ESS1 Earth’s Place in the Universe
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

transfer mechanisms that allow energy from nuclear fusion in the sun’s core
to reach Earth. Examples of evidence for the model include observations
of the masses and lifetimes of other stars, as well as the ways that the
sun’s radiation varies due to sudden solar flares (“space weather”), the
11-year sunspot cycle, and non-cyclic variations over centuries.] [Assessment
Boundary: Assessment does not include details of the atomic and sub-atomic
processes involved with the sun’s nuclear fusion.]

HS-ESS1-2. Construct an explanation of the Big Bang theory

based on astronomical evidence of light spectra, motion of
distant galaxies, and composition of matter in the universe.

[Clarification Statement: Emphasis is on astronomical evidence of the red
shift of light from galaxies as an indication that the universe is currently
expanding, the cosmic microwave background as remnant radiation from
the Big Bang, and the observed composition of ordinary matter of the
universe, primarily found in stars and interstellar gases (from the spectra of
electromagnetic radiation from stars), which matches that predicted by the
Big Bang theory (3/4 hydrogen and 1/4 helium).]

HS-ESS1-3. Communicate scientific ideas about the way stars,
over their life cycle, produce elements. [Clarification Statement:
Emphasis is on the way nucleosynthesis, and therefore the different
elements created, varies as a function of the mass of a star and the stage
of its lifetime.] [Assessment Boundary: Details of the many different
nucleosynthesis pathways for stars of differing masses are not assessed.]

Science and Engineering Practices

HS-ESS1-4. Use mathematical or computational representations
to predict the motion of orbiting objects in the solar system.
[Clarification Statement: Emphasis is on Newtonian gravitational laws
governing orbital motions, which apply to human-made satellites as well as
planets and moons.] [Assessment Boundary: Mathematical representations
for the gravitational attraction of bodies and Kepler’s Laws of orbital
motions should not deal with more than two bodies or involve calculus.]

HS-ESS1-5. Evaluate evidence of the past and current
movements of continental and oceanic crust and the theory of
plate tectonics to explain the ages of crustal rocks. [Clarification
Statement: Emphasis is on the ability of plate tectonics to explain the ages
of crustal rocks. Examples include evidence of the ages of oceanic crust
increasing with distance from mid-ocean ridges (a result of plate spreading)
and the ages of North American continental crust increasing with distance
away from a central ancient core (a result of past plate interactions).]

HS-ESS1-6. Apply scientific reasoning and evidence from
ancient Earth materials, meteorites, and other planetary surfaces
to construct an account of Earth’s formation and early history.
[Clarification Statement: Emphasis is on using available evidence within the
solar system to reconstruct the early history of Earth, which formed along
with the rest of the solar system 4.6 billion years ago. Examples of evidence
include the absolute ages of ancient materials (obtained by radiometric
dating of meteorites, moon rocks, and Earth’s oldest minerals), the sizes and
compositions of solar system objects, and the impact cratering record of
planetary surfaces.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.A: The Universe and Its Stars

Patterns

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 %33 

s 4HE STAR CALLED THE SUN IS CHANGING AND WILL BURN
OUT OVER A LIFE SPAN OF APPROXIMATELY  BILLION
YEARS (3 %33 
s 4HE STUDY OF STARS LIGHT SPECTRA AND BRIGHTNESS IS
USED TO IDENTIFY COMPOSITIONAL ELEMENTS OF STARS
THEIR MOVEMENTS AND THEIR DISTANCES FROM %ARTH
(3 %33  (3 %33 

s %MPIRICAL EVIDENCE IS NEEDED TO IDENTIFY PATTERNS
(3 %33 

See connections to HS-ESS1 on page 160.

HS-ESS1 Earth’s Place in the Universe

HS-ESS1-1. Develop a model based on evidence to illustrate
the life span of the sun and the role of nuclear fusion in the
sun’s core to release energy that eventually reaches Earth in the
form of radiation. [Clarification Statement: Emphasis is on the energy

Scale, Proportion, and Quantity
s 4HE SIGNIlCANCE OF A PHENOMENON IS DEPENDENT
ON THE SCALE PROPORTION AND QUANTITY AT WHICH IT
OCCURS (3 %33 
s !LGEBRAIC THINKING IS USED TO EXAMINE SCIENTIlC
DATA AND PREDICT THE EFFECT OF A CHANGE IN ONE
VARIABLE ON ANOTHER EG LINEAR GROWTH VS
EXPONENTIAL GROWTH  (3 %33 
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HS-ESS1 Earth’s Place in the Universe (continued )
Science and Engineering Practices
Using Mathematical and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL OR COMPUTATIONAL
REPRESENTATIONS OF PHENOMENA TO DESCRIBE
EXPLANATIONS (3 %33 

HS-ESS1 Earth’s Place in the Universe (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF SOURCES
INCLUDING STUDENTS OWN INVESTIGATIONS THEORIES
SIMULATIONS PEER REVIEW AND THE ASSUMPTION THAT
THEORIES AND LAWS THAT DESCRIBE THE NATURAL WORLD
OPERATE TODAY AS THEY DID IN THE PAST AND WILL
CONTINUE TO DO SO IN THE FUTURE (3 %33 
s !PPLY SCIENTIlC REASONING TO LINK EVIDENCE TO
CLAIMS TO ASSESS THE EXTENT TO WHICH THE REASONING
AND DATA SUPPORT THE EXPLANATION OR CONCLUSION
(3 %33 
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Disciplinary Core Ideas
s 4HE "IG "ANG THEORY IS SUPPORTED BY OBSERVATIONS
OF DISTANT GALAXIES RECEDING FROM OUR OWN OF THE
MEASURED COMPOSITION OF STARS AND NON STELLAR
GASES AND OF THE MAPS OF SPECTRA OF THE PRIMORDIAL
RADIATION COSMIC MICROWAVE BACKGROUND THAT STILL
lLLS THE UNIVERSE (3 %33 
s /THER THAN THE HYDROGEN AND HELIUM FORMED AT THE
TIME OF THE "IG "ANG NUCLEAR FUSION WITHIN STARS
PRODUCES ALL ATOMIC NUCLEI LIGHTER THAN AND INCLUDING
IRON AND THE PROCESS RELEASES ELECTROMAGNETIC
ENERGY (EAVIER ELEMENTS ARE PRODUCED WHEN
CERTAIN MASSIVE STARS ACHIEVE A SUPERNOVA STAGE AND
EXPLODE (3 %33  (3 %33 

ESS1.B: Earth and the Solar System
s +EPLERS ,AWS DESCRIBE COMMON FEATURES OF
THE MOTIONS OF ORBITING OBJECTS INCLUDING THEIR
ELLIPTICAL PATHS AROUND THE SUN /RBITS MAY CHANGE
DUE TO THE GRAVITATIONAL EFFECTS FROM OR COLLISIONS
WITH OTHER OBJECTS IN THE SOLAR SYSTEM (3 %33 

ESS1.C: The History of Planet Earth
s #ONTINENTAL ROCKS WHICH CAN BE OLDER THAN 
BILLION YEARS ARE GENERALLY MUCH OLDER THAN THE
ROCKS OF THE OCEAN mOOR WHICH ARE LESS THAN 
MILLION YEARS OLD (3 %33 
s !LTHOUGH ACTIVE GEOLOGIC PROCESSES SUCH AS PLATE
TECTONICS AND EROSION HAVE DESTROYED OR ALTERED
MOST OF THE VERY EARLY ROCK RECORD ON %ARTH OTHER
OBJECTS IN THE SOLAR SYSTEM SUCH AS LUNAR ROCKS
ASTEROIDS AND METEORITES HAVE CHANGED LITTLE
OVER BILLIONS OF YEARS 3TUDYING THESE OBJECTS CAN
PROVIDE INFORMATION ABOUT %ARTHS FORMATION AND
EARLY HISTORY (3 %33 

Crosscutting Concepts
Energy and Matter
s %NERGY CANNOT BE CREATED OR DESTROYEDIT ONLY
MOVED BETWEEN ONE PLACE AND ANOTHER PLACE
BETWEEN OBJECTS ANDOR lELDS OR BETWEEN SYSTEMS
(3 %33 
s )N NUCLEAR PROCESSES ATOMS ARE NOT CONSERVED
BUT THE TOTAL NUMBER OF PROTONS PLUS NEUTRONS IS
CONSERVED (3 %33 

Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENCE AND ENGINEERING COMPLEMENT EACH OTHER
IN THE CYCLE KNOWN AS RESEARCH AND DEVELOPMENT
2$  -ANY 2$ PROJECTS MAY INVOLVE SCIENTISTS
ENGINEERS AND OTHERS WITH WIDE RANGES OF
EXPERTISE (3 %33  (3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENTIlC KNOWLEDGE IS BASED ON THE ASSUMPTION
THAT NATURAL LAWS OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 %33 
s 3CIENCE ASSUMES THE UNIVERSE IS A VAST SINGLE
SYSTEM IN WHICH BASIC LAWS ARE CONSISTENT
(3 %33 
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HS-ESS1 Earth’s Place in the Universe (continued )

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE EVIDENCE BEHIND CURRENTLY ACCEPTED
EXPLANATIONS OR SOLUTIONS TO DETERMINE THE MERITS
OF ARGUMENTS (3 %33 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE VALIDITY AND RELIABILITY OF
THE CLAIMS METHODS AND DESIGNS
s #OMMUNICATE SCIENTIlC IDEAS EG ABOUT
PHENOMENA ANDOR THE PROCESS OF DEVELOPMENT
AND THE DESIGN AND PERFORMANCE OF A PROPOSED
PROCESS OR SYSTEM IN MULTIPLE FORMATS INCLUDING
ORALLY GRAPHICALLY TEXTUALLY AND MATHEMATICALLY 
(3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE

Disciplinary Core Ideas

Crosscutting Concepts

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
s 0LATE TECTONICS IS THE UNIFYING THEORY THAT EXPLAINS
THE PAST AND CURRENT MOVEMENTS OF THE ROCKS AT
%ARTHS SURFACE AND PROVIDES A FRAMEWORK FOR
UNDERSTANDING ITS GEOLOGIC HISTORY (ESS2.B Grade 8
GBE) (secondary to HS-ESS1-5)

PS1.C: Nuclear Processes
s 3PONTANEOUS RADIOACTIVE DECAYS FOLLOW A
CHARACTERISTIC EXPONENTIAL DECAY LAW .UCLEAR
LIFETIMES ALLOW RADIOMETRIC DATING TO BE USED TO
DETERMINE THE AGES OF ROCKS AND OTHER MATERIALS
(secondary to HS-ESS1-5), (secondary to HS-ESS1-6)

PS3.D: Energy in Chemical Processes and
Everyday Life
s .UCLEAR FUSION PROCESSES IN THE CENTER OF THE SUN
RELEASE THE ENERGY THAT ULTIMATELY REACHES %ARTH AS
RADIATION (secondary to HS-ESS1-1)

PS4.B Electromagnetic Radiation
s !TOMS OF EACH ELEMENT EMIT AND ABSORB
CHARACTERISTIC FREQUENCIES OF LIGHT 4HESE
CHARACTERISTICS ALLOW IDENTIlCATION OF THE PRESENCE
OF AN ELEMENT EVEN IN MICROSCOPIC QUANTITIES
(secondary to HS-ESS1-2)

HS-ESS1 Earth’s Place in the Universe (continued )

Science and Engineering Practices

Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s ! SCIENTIlC THEORY IS A SUBSTANTIATED EXPLANATION
OF SOME ASPECT OF THE NATURAL WORLD BASED ON A
BODY OF FACTS THAT HAVE BEEN REPEATEDLY CONlRMED
THROUGH OBSERVATION AND EXPERIMENT AND THE
SCIENCE COMMUNITY VALIDATES EACH THEORY BEFORE
IT IS ACCEPTED )F NEW EVIDENCE IS DISCOVERED THAT
THE THEORY DOES NOT ACCOMMODATE THE THEORY IS
GENERALLY MODIlED IN LIGHT OF THIS NEW EVIDENCE
(3 %33  (3 %33 
s -ODELS MECHANISMS AND EXPLANATIONS COLLECTIVELY
SERVE AS TOOLS IN THE DEVELOPMENT OF A SCIENTIlC
THEORY (3 %33 
See connections to HS-ESS1 on page 160.
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HS-ESS2 Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-ESS2-1. Develop a model to illustrate how Earth’s internal
and surface processes operate at different spatial and temporal
scales to form continental and ocean-floor features. [Clarification
Statement: Emphasis is on how the appearance of land features (such as
mountains, valleys, and plateaus) and sea floor features (such as trenches,
ridges, and seamounts) are a result of both constructive forces (such as
volcanism, tectonic uplift, and orogeny) and destructive mechanisms (such
as weathering, mass wasting, and coastal erosion).] [Assessment Boundary:
Assessment does not include memorization of details of the formation of
specific geographic features of Earth’s surface.]

HS-ESS2-2. Analyze geoscience data to make the claim that
one change to Earth’s surface can create feedbacks that cause
changes to other Earth systems. [Clarification Statement: Examples
should include climate feedbacks, such as how an increase in greenhouse
gases causes a rise in global temperatures that melts glacial ice, which
reduces the amount of sunlight reflected from Earth’s surface, increasing
surface temperatures and further reducing the amount of ice. Examples
could also be taken from other system interactions, such as how the loss of
ground vegetation causes an increase in water runoff and soil erosion; how
dammed rivers increase groundwater recharge, decrease sediment transport,
and increase coastal erosion; and how the loss of wetlands causes a decrease
in local humidity that further reduces the wetlands’ extent.]

HS-ESS2 Earth’s Systems

HS-ESS2-3. Develop a model based on evidence of Earth’s
interior to describe the cycling of matter by thermal convection.
[Clarification Statement: Emphasis is on both a one-dimensional model of
Earth, with radial layers determined by density, and a three-dimensional
model, which is controlled by mantle convection and the resulting plate
tectonics. Examples of evidence include maps of Earth’s three-dimensional
structure obtained from seismic waves, records of the rate of change of
Earth’s magnetic field (as constraints on convection in the outer core),
and identification of the composition of Earth’s layers from high-pressure
laboratory experiments.]

HS-ESS2-4. Use a model to describe how variations in the flow
of energy into and out of Earth’s systems result in changes
in climate. [Clarification Statement: Examples of the causes of climate
change differ by timescale, over 1–10 years: large volcanic eruptions, ocean
circulation; 10s–100s of years: changes in human activity, ocean circulation,
solar output; 10s–100s of thousands of years: changes to Earth’s orbit and
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the orientation of its axis; and 10s–100s of millions of years: long-term
changes in atmospheric composition.] [Assessment Boundary: Assessment
of the results of changes in climate is limited to changes in surface
temperatures, precipitation patterns, glacial ice volumes, sea levels, and
biosphere distribution.]

HS-ESS2-5. Plan and conduct an investigation of the properties
of water and its effects on Earth materials and surface processes.
[Clarification Statement: Emphasis is on mechanical and chemical
investigations with water and a variety of solid materials to provide evidence
for the connections between the hydrologic cycle and system interactions
commonly known as the rock cycle. Examples of mechanical investigations
include stream transportation and deposition using a stream table, erosion
using variations in soil moisture content, and frost wedging by the expansion
of water as it freezes. Examples of chemical investigations include chemical
weathering and recrystallization (by testing the solubility of different
materials) or melt generation (by examining how water lowers the melting
temperature of most solids).]

HS-ESS2-6. Develop a quantitative model to describe the
cycling of carbon among the hydrosphere, atmosphere,
geosphere, and biosphere. [Clarification Statement: Emphasis is on
modeling biogeochemical cycles that include the cycling of carbon through
the ocean, atmosphere, soil, and biosphere (including humans), providing
the foundation for living organisms.]

HS-ESS2-7. Construct an argument based on evidence about
the simultaneous co-evolution of Earth’s systems and life on
Earth. [Clarification Statement: Emphasis is on the dynamic causes, effects,
and feedbacks between the biosphere and Earth’s other systems, whereby
geoscience factors control the evolution of life, which in turn continuously
alters Earth’s surface. Examples include how photosynthetic life altered the
atmosphere through the production of oxygen, which in turn increased
weathering rates and allowed for the evolution of animal life; how microbial
life on land increased the formation of soil, which in turn allowed for the
evolution of land plants; and how the evolution of corals created reefs that
altered patterns of erosion and deposition along coastlines and provided
habitats for the evolution of new life forms.] [Assessment Boundary:
Assessment does not include a comprehensive understanding of the
mechanisms of how the biosphere interacts with all of Earth’s other systems.]
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Next Generation Science Standards: For States, By States

HS-ESS2 Earth’s Systems (continued )
Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.B: Earth and the Solar System

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 %33  (3 %33 
(3 %33 
s 5SE A MODEL TO PROVIDE MECHANISTIC ACCOUNTS OF
PHENOMENA (3 %33 

s #YCLICAL CHANGES IN THE SHAPE OF %ARTHS ORBIT
AROUND THE SUN TOGETHER WITH CHANGES IN THE TILT
OF THE PLANETS AXIS OF ROTATION BOTH OCCURRING OVER
HUNDREDS OF THOUSANDS OF YEARS HAVE ALTERED THE
INTENSITY AND DISTRIBUTION OF SUNLIGHT FALLING ON %ARTH
4HESE PHENOMENA CAUSE A CYCLE OF ICE AGES AND OTHER
GRADUAL CLIMATE CHANGES (secondary to HS-ESS2-4)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 %33 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT PROVIDE EVIDENCE FOR AND TEST
CONCEPTUAL MATHEMATICAL PHYSICAL AND EMPIRICAL
MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 %33 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO INTRODUCING MORE DETAILED
STATISTICAL ANALYSIS THE COMPARISON OF DATA SETS FOR
CONSISTENCY AND THE USE OF MODELS TO GENERATE AND
ANALYZE DATA
s !NALYZE DATA USING TOOLS TECHNOLOGIES ANDOR
MODELS EG COMPUTATIONAL MATHEMATICAL IN
ORDER TO MAKE VALID AND RELIABLE SCIENTIlC CLAIMS OR
DETERMINE AN OPTIMAL DESIGN SOLUTION (3 %33 

See connections to HS-ESS2 on page 160.

ESS2.A: Earth Materials and Systems
s %ARTHS SYSTEMS BEING DYNAMIC AND INTERACTING
CAUSE FEEDBACK EFFECTS THAT CAN INCREASE OR DECREASE
THE ORIGINAL CHANGES (3 %33  (3 %33 
s %VIDENCE FROM DEEP PROBES AND SEISMIC WAVES
RECONSTRUCTIONS OF HISTORICAL CHANGES IN %ARTHS
SURFACE AND ITS MAGNETIC lELD AND AN UNDERSTANDING
OF PHYSICAL AND CHEMICAL PROCESSES LEAD TO A MODEL
OF %ARTH WITH A HOT BUT SOLID INNER CORE A LIQUID
OUTER CORE AND A SOLID MANTLE AND CRUST -OTIONS
OF THE MANTLE AND ITS PLATES OCCUR PRIMARILY THROUGH
THERMAL CONVECTION WHICH INVOLVES THE CYCLING OF
MATTER DUE TO THE OUTWARD mOW OF ENERGY FROM
%ARTHS INTERIOR AND GRAVITATIONAL MOVEMENT OF
DENSER MATERIALS TOWARD THE INTERIOR (3 %33 
s 4HE GEOLOGIC RECORD SHOWS THAT CHANGES TO GLOBAL
AND REGIONAL CLIMATE CAN BE CAUSED BY INTERACTIONS
AMONG CHANGES IN THE SUNS ENERGY OUTPUT OR
%ARTHS ORBIT TECTONIC EVENTS OCEAN CIRCULATION
VOLCANIC ACTIVITY GLACIERS VEGETATION AND HUMAN
ACTIVITIES 4HESE CHANGES CAN OCCUR ON A VARIETY OF
TIMESCALES FROM SUDDEN EG VOLCANIC ASH CLOUDS
TO INTERMEDIATE ICE AGES TO VERY LONG TERM TECTONIC
CYCLES (3 %33 

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
s 4HE RADIOACTIVE DECAY OF UNSTABLE ISOTOPES
CONTINUALLY GENERATES NEW ENERGY WITHIN %ARTHS
CRUST AND MANTLE PROVIDING THE PRIMARY SOURCE
OF THE HEAT THAT DRIVES MANTLE CONVECTION 0LATE
TECTONICS CAN BE VIEWED AS THE SURFACE EXPRESSION
OF MANTLE CONVECTION (3 %33 

Energy and Matter
s 4HE TOTAL AMOUNT OF ENERGY AND MATTER IN CLOSED
SYSTEMS IS CONSERVED (3 %33 
s %NERGY DRIVES THE CYCLING OF MATTER WITHIN AND
BETWEEN SYSTEMS (3 %33 

Structure and Function
s 4HE FUNCTIONS AND PROPERTIES OF NATURAL AND
DESIGNED OBJECTS AND SYSTEMS CAN BE INFERRED
FROM THEIR OVERALL STRUCTURE THE WAY THEIR
COMPONENTS ARE SHAPED AND USED AND THE
MOLECULAR SUB STRUCTURES OF THEIR VARIOUS MATERIALS
(3 %33 

Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 %33 
s #HANGE AND RATES OF CHANGE CAN BE QUANTIlED AND
MODELED OVER VERY SHORT OR VERY LONG PERIODS OF TIME
3OME SYSTEM CHANGES ARE IRREVERSIBLE (3 %33 
s &EEDBACK NEGATIVE OR POSITIVE CAN STABILIZE OR
DESTABILIZE A SYSTEM (3 %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENCE AND ENGINEERING COMPLEMENT EACH OTHER
IN THE CYCLE KNOWN AS RESEARCH AND DEVELOPMENT
2$  -ANY 2$ PROJECTS MAY INVOLVE SCIENTISTS
ENGINEERS AND OTHERS WITH WIDE RANGES OF
EXPERTISE (3 %33 
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HS-ESS2 Earth’s Systems (continued )

Science and Engineering Practices

Next Generation Science Standards: For States, By States

HS-ESS2 Earth’s Systems (continued )
Science and Engineering Practices
Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s #ONSTRUCT AN ORAL AND WRITTEN ARGUMENT OR
COUNTER ARGUMENTS BASED ON DATA AND EVIDENCE
(3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence

HS-ESS2 Earth’s Systems (continued )

s 3CIENTIlC KNOWLEDGE IS BASED ON EMPIRICAL
EVIDENCE (3 %33 
s 3CIENCE DISCIPLINES SHARE COMMON RULES OF EVIDENCE
USED TO EVALUATE EXPLANATIONS ABOUT NATURAL
SYSTEMS (3 %33 
s 3CIENCE INCLUDES THE PROCESS OF COORDINATING
PATTERNS OF EVIDENCE WITH CURRENT THEORY
(3 %33 
s 3CIENCE ARGUMENTS ARE STRENGTHENED BY MULTIPLE
LINES OF EVIDENCE SUPPORTING A SINGLE EXPLANATION
(3 %33 

Disciplinary Core Ideas
s 0LATE TECTONICS IS THE UNIFYING THEORY THAT EXPLAINS
THE PAST AND CURRENT MOVEMENTS OF THE ROCKS AT
%ARTHS SURFACE AND PROVIDES A FRAMEWORK FOR
UNDERSTANDING ITS GEOLOGIC HISTORY %33" 'RADE 
'"% (3 %33 
s 0LATE MOVEMENTS ARE RESPONSIBLE FOR MOST
CONTINENTAL AND OCEAN mOOR FEATURES AND FOR THE
DISTRIBUTION OF MOST ROCKS AND MINERALS WITHIN
%ARTHS CRUST %33" 'RADE  '"% (3 %33 

Crosscutting Concepts
Influence of Engineering, Technology, and
Science on Society and the Natural World
s .EW TECHNOLOGIES CAN HAVE DEEP IMPACTS ON
SOCIETY AND THE ENVIRONMENT INCLUDING SOME THAT
WERE NOT ANTICIPATED !NALYSIS OF COSTS AND BENElTS
IS A CRITICAL ASPECT OF DECISIONS ABOUT TECHNOLOGY
(3 %33 

ESS2.C: The Roles of Water in Earth’s
Surface Processes
s 4HE ABUNDANCE OF LIQUID WATER ON %ARTHS SURFACE
AND ITS UNIQUE COMBINATION OF PHYSICAL AND CHEMICAL
PROPERTIES ARE CENTRAL TO THE PLANETS DYNAMICS 4HESE
PROPERTIES INCLUDE WATERS EXCEPTIONAL CAPACITY TO
ABSORB STORE AND RELEASE LARGE AMOUNTS OF ENERGY
TRANSMIT SUNLIGHT EXPAND UPON FREEZING DISSOLVE
AND TRANSPORT MATERIALS AND LOWER THE VISCOSITIES
AND MELTING POINTS OF ROCKS (3 %33 

ESS2.D: Weather and Climate
s 4HE FOUNDATION FOR %ARTHS GLOBAL CLIMATE SYSTEMS IS
THE ELECTROMAGNETIC RADIATION FROM THE SUN AS WELL AS
ITS REmECTION ABSORPTION STORAGE AND REDISTRIBUTION
AMONG THE ATMOSPHERE OCEAN AND LAND SYSTEMS AND
THIS ENERGYS RE RADIATION INTO SPACE (3 %33 
s 'RADUAL ATMOSPHERIC CHANGES WERE DUE TO PLANTS
AND OTHER ORGANISMS THAT CAPTURED CARBON DIOXIDE
AND RELEASED OXYGEN (3 %33  (3 %33 
s #HANGES IN THE ATMOSPHERE DUE TO HUMAN ACTIVITY
HAVE INCREASED CARBON DIOXIDE CONCENTRATIONS AND
THUS AFFECT CLIMATE (3 %33  (3 %33 

ESS2.E: Biogeology
s 4HE MANY DYNAMIC AND DELICATE FEEDBACKS BETWEEN
THE BIOSPHERE AND OTHER %ARTH SYSTEMS CAUSE A
CONTINUAL CO EVOLUTION OF %ARTHS SURFACE AND THE
LIFE THAT EXISTS ON IT (3 %33 

PS4.A: Wave Properties
s 'EOLOGISTS USE SEISMIC WAVES AND THEIR REmECTION AT
INTERFACES BETWEEN LAYERS TO PROBE STRUCTURES DEEP
IN THE PLANET (secondary to HS-ESS2-3)
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HS-ESS3 Earth and Human Activity
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

[Clarification Statement: Examples of key natural resources include access to
fresh water (such as rivers, lakes, and groundwater), regions of fertile soils
such as river deltas, and high concentrations of minerals and fossil fuels.
Examples of natural hazards can be from interior processes (such as volcanic
eruptions and earthquakes), surface processes (such as tsunamis, mass
wasting, and soil erosion), and severe weather (such as hurricanes, floods,
and droughts). Examples of the results of changes in climate that can affect
populations or drive mass migrations include changes to sea level, regional
patterns of temperature and precipitation, and the types of crops and
livestock that can be raised.]

HS-ESS3-2. Evaluate competing design solutions for developing,
managing, and utilizing energy and mineral resources based
on cost-benefit ratios.* [Clarification Statement: Emphasis is on the

conservation, recycling, and reuse of resources (such as minerals and metals)
where possible and on minimizing impacts where it is not. Examples include
developing best practices for agricultural soil use, mining (for coal, tar sands,
and oil shales), and pumping (for petroleum and natural gas). Scientific
knowledge indicates what can happen in natural systems—not what
should happen.]

HS-ESS3-3. Create a computational simulation to illustrate the

relationships among the management of natural resources, the
sustainability of human populations, and biodiversity. [Clarification

Statement: Examples of factors that affect the management of natural
resources include the costs of resource extraction and waste management,
per-capita consumption, and development of new technologies. Examples of
factors that affect human sustainability include agricultural efficiency, levels
of conservation, and urban planning.] [Assessment Boundary: Assessment
for computational simulations is limited to using provided multi-parameter
programs or constructing simplified spreadsheet calculations.]

See connections to HS-ESS3 on page 161.

HS-ESS3-4. Evaluate or refine a technological solution that
reduces impacts of human activities on natural systems.*
[Clarification Statement: Examples of data on the impacts of human activities
could include the quantities and types of pollutants released, changes to
biomass and species diversity, or areal changes in land surface use (such
as for urban development, agriculture and livestock, or surface mining).
Examples for limiting future impacts could range from local efforts (such as
reducing, reusing, and recycling resources) to large-scale geoengineering
design solutions (such as altering global temperatures by making large
changes to the atmosphere or ocean).]

HS-ESS3-5. Analyze geoscience data and the results from global
climate models to make an evidence-based forecast of the
current rate of global or regional climate change and associated
future impacts to Earth’s systems. [Clarification Statement: Examples
of evidence, for both data and climate model outputs, are for climate
changes (such as precipitation and temperature) and their associated
impacts (such as on sea level, glacial ice volumes, and atmosphere and ocean
composition).] [Assessment Boundary: Assessment is limited to one example
of a climate change and its associated impacts.]

HS-ESS3-6. Use a computational representation to illustrate the
relationships among Earth systems and how those relationships
are being modified due to human activity. [Clarification Statement:
Examples of Earth systems to be considered are the hydrosphere,
atmosphere, cryosphere, geosphere, and/or biosphere. An example of the
far-reaching impacts from a human activity is how an increase in atmospheric
carbon dioxide results in an increase in photosynthetic biomass on land and
an increase in ocean acidification, with resulting impacts on sea organism
health and marine populations.] [Assessment Boundary: Assessment does not
include running computational representations but is limited to using the
published results of scientific computational models.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.
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HS-ESS3 Earth and Human Activity

HS-ESS3-1. Construct an explanation based on evidence for
how the availability of natural resources, occurrence of natural
hazards, and changes in climate have influenced human activity.

Next Generation Science Standards: For States, By States

HS-ESS3 Earth and Human Activity (continued )
Science and Engineering Practices

Crosscutting Concepts

Analyzing and Interpreting Data

ESS2.D: Weather and Climate

Cause and Effect

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO INTRODUCING MORE DETAILED
STATISTICAL ANALYSIS THE COMPARISON OF DATA SETS FOR
CONSISTENCY AND THE USE OF MODELS TO GENERATE AND
ANALYZE DATA
s !NALYZE DATA USING COMPUTATIONAL MODELS IN ORDER
TO MAKE VALID AND RELIABLE SCIENTIlC CLAIMS
(3 %33 

s #URRENT MODELS PREDICT THAT ALTHOUGH FUTURE
REGIONAL CLIMATE CHANGES WILL BE COMPLEX AND
VARIED AVERAGE GLOBAL TEMPERATURES WILL CONTINUE
TO RISE 4HE OUTCOMES PREDICTED BY GLOBAL CLIMATE
MODELS STRONGLY DEPEND ON THE AMOUNTS OF
HUMAN GENERATED GREENHOUSE GASES ADDED TO
THE ATMOSPHERE EACH YEAR AND BY THE WAYS IN
WHICH THESE GASES ARE ABSORBED BY THE OCEAN AND
BIOSPHERE (secondary to HS-ESS3-6)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 %33 

Using Mathematics and Computational
Thinking

HS-ESS3 Earth and Human Activity (continued )

Disciplinary Core Ideas

-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s #REATE A COMPUTATIONAL MODEL OR SIMULATION OF A
PHENOMENON DESIGNED DEVICE PROCESS OR SYSTEM
(3 %33 
s 5SE A COMPUTATIONAL REPRESENTATION OF PHENOMENA
OR DESIGN SOLUTIONS TO DESCRIBE ANDOR SUPPORT
CLAIMS ANDOR EXPLANATIONS (3 %33 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC KNOWLEDGE
PRINCIPLES AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
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ESS3.A: Natural Resources
s 2ESOURCE AVAILABILITY HAS GUIDED THE DEVELOPMENT
OF HUMAN SOCIETY (3 %33 
s !LL FORMS OF ENERGY PRODUCTION AND OTHER RESOURCE
EXTRACTION HAVE ASSOCIATED ECONOMIC SOCIAL
ENVIRONMENTAL AND GEOPOLITICAL COSTS AND RISKS
AS WELL AS BENElTS .EW TECHNOLOGIES AND SOCIAL
REGULATIONS CAN CHANGE THE BALANCE OF THESE
FACTORS (3 %33 

ESS3.B: Natural Hazards
s .ATURAL HAZARDS AND OTHER GEOLOGIC EVENTS
HAVE SHAPED THE COURSE OF HUMAN HISTORY THEY
HAVE SIGNIlCANTLY ALTERED THE SIZES OF HUMAN
POPULATIONS AND HAVE DRIVEN HUMAN MIGRATIONS
(3 %33 

ESS3.C: Human Impacts on Earth Systems
s 4HE SUSTAINABILITY OF HUMAN SOCIETIES AND THE
BIODIVERSITY THAT SUPPORTS THEM REQUIRE RESPONSIBLE
MANAGEMENT OF NATURAL RESOURCES
(3 %33 
s 3CIENTISTS AND ENGINEERS CAN MAKE MAJOR
CONTRIBUTIONS BY DEVELOPING TECHNOLOGIES THAT
PRODUCE LESS POLLUTION AND WASTE AND THAT PRECLUDE
ECOSYSTEM DEGRADATION (3 %33 

Systems and System Models
s 7HEN INVESTIGATING OR DESCRIBING A SYSTEM THE
BOUNDARIES AND INITIAL CONDITIONS OF THE SYSTEM
NEED TO BE DElNED AND THEIR INPUTS AND OUTPUTS
ANALYZED AND DESCRIBED USING MODELS (3 %33 

Stability and Change
s #HANGE AND RATES OF CHANGE CAN BE QUANTIlED AND
MODELED OVER VERY SHORT OR VERY LONG PERIODS OF
TIME 3OME SYSTEM CHANGES ARE IRREVERSIBLE
(3 %33  (3 %33 
s &EEDBACK NEGATIVE OR POSITIVE CAN STABILIZE OR
DESTABILIZE A SYSTEM (3 %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s -ODERN CIVILIZATION DEPENDS ON MAJOR
TECHNOLOGICAL SYSTEMS (3 %33  (3 %33 
s %NGINEERS CONTINUOUSLY MODIFY THESE TECHNOLOGICAL
SYSTEMS BY APPLYING SCIENTIlC KNOWLEDGE AND
ENGINEERING DESIGN PRACTICES TO INCREASE BENElTS
WHILE DECREASING COSTS AND RISKS (3 %33 
(3 %33 
s .EW TECHNOLOGIES CAN HAVE DEEP IMPACTS ON
SOCIETY AND THE ENVIRONMENT INCLUDING SOME THAT
WERE NOT ANTICIPATED (3 %33 
s !NALYSIS OF COSTS AND BENElTS IS A CRITICAL ASPECT OF
DECISIONS ABOUT TECHNOLOGY (3 %33 

ESS3.D: Global Climate Change
s 4HOUGH THE MAGNITUDES OF HUMAN IMPACTS ARE
GREATER THAN THEY HAVE EVER BEEN SO TOO ARE
HUMAN ABILITIES TO MODEL PREDICT AND MANAGE
CURRENT AND FUTURE IMPACTS (3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s 3CIENCE IS A RESULT OF HUMAN ENDEAVORS
IMAGINATION AND CREATIVITY (3 %33 
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HS-ESS3 Earth and Human Activity (continued )
Science and Engineering Practices

Disciplinary Core Ideas

THE NATURAL WORLD OPERATE TODAY AS THEY DID IN THE
PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 %33 
s $ESIGN OR RElNE A SOLUTION TO A COMPLEX REAL WORLD
PROBLEM BASED ON SCIENTIlC KNOWLEDGE
STUDENT GENERATED SOURCES OF EVIDENCE PRIORITIZED
CRITERIA AND TRADEOFF CONSIDERATIONS (3 %33 

s 4HROUGH COMPUTER SIMULATIONS AND OTHER STUDIES
IMPORTANT DISCOVERIES ARE STILL BEING MADE ABOUT
HOW THE OCEAN ATMOSPHERE AND BIOSPHERE INTERACT
AND ARE MODIlED IN RESPONSE TO HUMAN ACTIVITIES
(3 %33 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE COMPETING DESIGN SOLUTIONS TO A
REAL WORLD PROBLEM BASED ON SCIENTIlC IDEAS
AND PRINCIPLES EMPIRICAL EVIDENCE AND LOGICAL
ARGUMENTS REGARDING RELEVANT FACTORS EG
ECONOMIC SOCIETAL ENVIRONMENTAL ETHICAL
CONSIDERATIONS  (3 %33 

ETS1.B: Developing Possible Solutions
s 7HEN EVALUATING SOLUTIONS IT IS IMPORTANT TO TAKE
INTO ACCOUNT A RANGE OF CONSTRAINTS INCLUDING
COST SAFETY RELIABILITY AND AESTHETICS AND TO
CONSIDER SOCIAL CULTURAL AND ENVIRONMENTAL
IMPACTS (secondary to HS-ESS3-2), (secondary to
HS-ESS3-4)

Crosscutting Concepts
Science Addresses Questions About the
Natural and Material World
s 3CIENCE AND TECHNOLOGY MAY RAISE ETHICAL ISSUES FOR
WHICH SCIENCE BY ITSELF DOES NOT PROVIDE ANSWERS
AND SOLUTIONS (3 %33 
s 3CIENTIlC KNOWLEDGE INDICATES WHAT CAN HAPPEN
IN NATURAL SYSTEMSNOT WHAT SHOULD HAPPEN 4HE
LATTER INVOLVES ETHICS VALUES AND HUMAN DECISIONS
ABOUT THE USE OF KNOWLEDGE (3 %33 
s -ANY DECISIONS ARE NOT MADE USING SCIENCE ALONE
BUT RELY ON SOCIAL AND CULTURAL CONTEXTS TO RESOLVE
ISSUES (3 %33 

HS-ESS3 Earth and Human Activity (continued )

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods
s 3CIENTIlC INVESTIGATIONS USE DIVERSE METHODS AND
DO NOT ALWAYS USE THE SAME SET OF PROCEDURES TO
OBTAIN DATA (3 %33 
s .EW TECHNOLOGIES ADVANCE SCIENTIlC KNOWLEDGE
(3 %33 

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON EMPIRICAL
EVIDENCE (3 %33 
s 3CIENCE ARGUMENTS ARE STRENGTHENED BY MULTIPLE
LINES OF EVIDENCE SUPPORTING A SINGLE EXPLANATION
(3 %33 

See connections to HS-ESS3 on page 161.
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HIGH SCHOOL ENGINEERING DESIGN
At the high school level students are expected to engage with major global issues at the interface of
science, technology, society, and the environment and to bring to bear the kinds of analytical and strategic thinking that prior training and increased maturity make possible. As in prior levels, these capabilities can be thought of in three stages—defining the problem, developing possible solutions, and
improving designs.
Defining the problem at the high school level requires both qualitative and quantitative analyses. For
example, the need to provide food and fresh water for future generations comes into sharp focus when
considering the speed at which the world’s population is growing and the conditions in countries that have
experienced famine. While high school students are not expected to solve these challenges, they are expected to begin thinking about them as problems that can be addressed, at least in part, through engineering.
Developing possible solutions for major global problems begins by breaking them down into smaller
problems that can be tackled with engineering methods. To evaluate potential solutions, students are
expected to not only consider a wide range of criteria, but to also recognize that criteria need to be
prioritized. For example, public safety or environmental protection may be more important than cost or
even functionality. Decisions on priorities can then guide tradeoff choices.
Improving designs at the high school level may involve sophisticated methods, such as using computer
simulations to model proposed solutions. Students are expected to use such methods to take into
account a range of criteria and constraints, to try to anticipate possible societal and environmental
impacts, and to test the validity of their simulations by comparison to the real world.

High School Engineering Design

Connections with other science disciplines help high school students develop these capabilities in various
contexts. For example, in the life sciences students are expected to design, evaluate, and refine a solution for reducing human impact on the environment (HS-LS2-7) and to create or revise a simulation to
test solutions for mitigating adverse impacts of human activity on biodiversity (HS-LS4-6). In the physical
sciences students solve problems by applying their engineering capabilities along with their knowledge
of conditions for chemical reactions (HS-PS1-6), forces during collisions (HS-PS2-3), and conversion of
energy from one form to another (HS-PS3-3). In the earth and space sciences students apply their engineering capabilities to reduce human impacts on Earth systems and improve social and environmental
cost–benefit ratios (HS-ESS3-2, HS-ESS3-4).
By the end of twelfth grade students are expected to achieve all four HS-ETS1 performance expectations (HS-ETS1-1, HS-ETS1-2, HS-ETS1-3, and HS-ETS1-4) related to a single problem in order to
understand the interrelated processes of engineering design. These include analyzing major global
challenges; quantifying criteria and constraints for solutions; breaking down a complex problem into
smaller, more manageable problems; evaluating alternative solutions based on prioritized criteria and
tradeoffs; and using computer simulation to model the impact of proposed solutions. While the performance expectations shown in HS-ETS1 couple particular practices with specific disciplinary core ideas,
instructional decisions should include use of many practices that lead to the performance expectations.
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HS-ETS1 Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-ETS1-1. Analyze a major global challenge to specify
qualitative and quantitative criteria and constraints for solutions
that account for societal needs and wants.

for a range of constraints, including cost, safety, reliability,
and aesthetics, as well as possible social, cultural, and
environmental impacts.

HS-ETS1-2. Design a solution to a complex real-world problem
by breaking it down into smaller, more manageable problems
that can be solved through engineering.

HS-ETS1-4. Use a computer simulation to model the impact
of proposed solutions to a complex real-world problem with
numerous criteria and constraints on interactions within and
between systems relevant to the problem.

HS-ETS1-3. Evaluate a solution to a complex real-world

problem based on prioritized criteria and tradeoffs that account

Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
FORMULATING RElNING AND EVALUATING EMPIRICALLY
TESTABLE QUESTIONS AND DESIGN PROBLEMS USING MODELS
AND SIMULATIONS
s !NALYZE COMPLEX REAL WORLD PROBLEMS BY SPECIFYING
CRITERIA AND CONSTRAINTS FOR SUCCESSFUL SOLUTIONS
(3 %43 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL MODELS ANDOR COMPUTER
SIMULATIONS TO PREDICT THE EFFECTS OF A DESIGN
SOLUTION ON SYSTEMS ANDOR THE INTERACTIONS
BETWEEN SYSTEMS (3 %43 

See connections to HS-ETS1 on page 162.

Disciplinary Core Ideas
ETS1.A: Defining and Delimiting
Engineering Problems
s #RITERIA AND CONSTRAINTS ALSO INCLUDE SATISFYING ANY
REQUIREMENTS SET BY SOCIETY SUCH AS TAKING ISSUES
OF RISK MITIGATION INTO ACCOUNT AND THEY SHOULD BE
QUANTIlED TO THE EXTENT POSSIBLE AND STATED IN SUCH
A WAY THAT ONE CAN TELL IF A GIVEN DESIGN MEETS
THEM (3 %43 
s (UMANITY FACES MAJOR GLOBAL CHALLENGES TODAY
SUCH AS THE NEED FOR SUPPLIES OF CLEAN WATER AND
FOOD OR FOR ENERGY SOURCES THAT MINIMIZE POLLUTION
WHICH CAN BE ADDRESSED THROUGH ENGINEERING
4HESE GLOBAL CHALLENGES ALSO MAY HAVE
MANIFESTATIONS IN LOCAL COMMUNITIES (3 %43 

ETS1.B: Developing Possible Solutions
s 7HEN EVALUATING SOLUTIONS IT IS IMPORTANT TO TAKE
INTO ACCOUNT A RANGE OF CONSTRAINTS INCLUDING COST
SAFETY RELIABILITY AND AESTHETICS AND TO CONSIDER
SOCIAL CULTURAL AND ENVIRONMENTAL IMPACTS
(3 %43 
s "OTH PHYSICAL MODELS AND COMPUTERS CAN BE USED
IN VARIOUS WAYS TO AID IN THE ENGINEERING DESIGN
PROCESS #OMPUTERS ARE USEFUL FOR A VARIETY OF
PURPOSES SUCH AS RUNNING SIMULATIONS TO TEST
DIFFERENT WAYS OF SOLVING A PROBLEM OR TO SEE WHICH
ONE IS MOST EFlCIENT OR ECONOMICAL AND IN MAKING
A PERSUASIVE PRESENTATION TO A CLIENT ABOUT HOW A
GIVEN DESIGN WILL MEET HIS OR HER NEEDS (3 %43 

Crosscutting Concepts
Systems and System Models
s -ODELS EG PHYSICAL MATHEMATICAL COMPUTER
CAN BE USED TO SIMULATE SYSTEMS AND INTERACTIONS
INCLUDING ENERGY MATTER AND INFORMATION mOWS
WITHIN AND BETWEEN SYSTEMS AT DIFFERENT SCALES
(3 %43 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s .EW TECHNOLOGIES CAN HAVE DEEP IMPACTS ON
SOCIETY AND THE ENVIRONMENT INCLUDING SOME THAT
WERE NOT ANTICIPATED !NALYSIS OF COSTS AND BENElTS
IS A CRITICAL ASPECT OF DECISIONS ABOUT TECHNOLOGY
(3 %43  (3 %43 
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Science and Engineering Practices
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HS-ETS1 Engineering Design (continued )
Science and Engineering Practices
Constructing Explanations and Designing
Solutions

Crosscutting Concepts

ETS1.C: Optimizing the Design Solution
s #RITERIA MAY NEED TO BE BROKEN DOWN INTO SIMPLER
ONES THAT CAN BE APPROACHED SYSTEMATICALLY AND
DECISIONS ABOUT THE PRIORITY OF CERTAIN CRITERIA OVER
OTHERS TRADEOFFS MAY BE NEEDED (3 %43 

HS-ETS1 Engineering Design (continued )

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s $ESIGN A SOLUTION TO A COMPLEX REAL WORLD PROBLEM
BASED ON SCIENTIlC KNOWLEDGE STUDENT GENERATED
SOURCES OF EVIDENCE PRIORITIZED CRITERIA AND
TRADEOFF CONSIDERATIONS (3 %43 
s %VALUATE A SOLUTION TO A COMPLEX REAL WORLD
PROBLEM BASED ON SCIENTIlC KNOWLEDGE
STUDENT GENERATED SOURCES OF EVIDENCE PRIORITIZED
CRITERIA AND TRADEOFF CONSIDERATIONS (3 %43 

Disciplinary Core Ideas
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
K-PS2 Motion and Stability: Forces and Interactions

Key
W.K.7: Participate in shared research and writing projects (e.g.,
explore a number of books by a favorite author and express
opinions about them).

Articulation of DCIs across grade levels
K-PS2-1: 3.PS2.A, 3.PS2.B, 4.PS3.A
K-PS2-2: 2.ETS1.B, 3.PS2.A, 4.ETS1.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-PS2-1: W.K.7
K-PS2-2: RI.K.1, SL.K.3
Key
RI.K.1: With prompting and support, ask and answer questions
about Key details in a text.
W.K.7: Participate in shared research and writing projects (e.g.,
explore a number of books by a favorite author and express
opinions about them).
SL.K.3: Ask and answer questions in order to seek help, get
information, or clarify something that is not understood.
Mathematics
K-PS2-1: MP.2, K.MD.A.1, K.MD.A.2
Key
MP.2: Reason abstractly and quantitatively.
K.MD.A.1: Describe measurable attributes of objects, such as
length or weight. Describe several measurable attributes of a
single object.
K.MD.A.2: Directly compare two objects with a measurable
attribute in common, to see which object has “more of”/”less of”
the attribute and describe the difference.

K-PS3 Energy
Connections to other DCIs in kindergarten
K-PS3-2: K.ETS1.A, K.ETS1.B

K-LS1 From Molecules to Organisms: Structures and
Processes
Connections to other DCIs in kindergarten
N/A
Articulation of DCIs across grade levels
K-LS1-1: 1.LS1.A, 2.LS2.A, 3.LS2.C, 3.LS4.B, 5.LS1.C, 5.LS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-LS1-1: W.K.7
Key
W.K.7: Participate in shared research and writing projects (e.g.,
explore a number of books by a favorite author and express
opinions about them).
Mathematics
K-LS1-1: K.MD.A.2
Key
K.MD.A.2: Directly compare two objects with a measurable
attribute in common, to see which object has “more of”/”less of”
the attribute and describe the difference.

K-ESS2 Earth’s Systems

Articulation of DCIs across grade levels
K-PS3-1: 1.PS4.B, 3.ESS2.D
K-PS3-2: 1.PS4.B, 2.ETS1.B, 4.ETS1.A

Connections to other DCIs in kindergarten
N/A

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-PS3-1: W.K.7
K-PS3-2: W.K.7

Mathematics
K-PS3-1: K.MD.A.2
K-PS3-2: K.MD.A.2
Key
K.MD.A.2: Directly compare two objects with a measurable
attribute in common, to see which object has “more of”/”less of”
the attribute and describe the difference.

Articulation of DCIs across grade levels
K-ESS2-1: 2.ESS2.A, 3.ESS2.D, 4.ESS2.A
K-ESS2-2: 4.ESS2.E, 5.ESS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)
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Connections to other DCIs in kindergarten
K-PS2-2: K.ETS1.A, K.ETS1.B
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Connections to Standards Arranged by DCIs

ELA/Literacy
K-ESS2-1: W.K.7
K-ESS2-2: RI.K.1, W.K.1, W.K.2
Key
RI.K.1: With prompting and support, ask and answer questions
about key details in a text.
W.K.1: Use a combination of drawing, dictating, and writing to
compose opinion pieces in which they tell a reader the topic or
the name of the book they are writing about and state an opinion
or preference about the topic or book.
W.K.2: Use a combination of drawing, dictating, and writing to
compose informative/explanatory texts in which they name what
they are writing about and supply some information about the
topic.
W.K.7: Participate in shared research and writing projects (e.g.,
explore a number of books by a favorite author and express
opinions about them).
Mathematics
K-ESS2-1: MP.2, MP.4, K.CC.A, K.MD.A.1, K.MD.B.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
K.CC.A: Know number names and the count sequence.
K.MD.A.1: Describe measurable attributes of objects, such as length
or weight. Describe several measurable attributes of a single object.
K.MD.B.3: Classify objects into given categories; count the number
of objects in each category and sort the categories by count.

K-ESS3 Earth and Human Activity
Connections to other DCIs in kindergarten
K-ESS3-2: K.ETS1.A
K-ESS3-3: K.ETS1.A
Articulation of DCIs across grade levels
K-ESS3-1: 1.LS1.A, 5.LS2.A, 5.ESS2.A
K-ESS3-2: 2.ESS1.C, 3.ESS3.B, 4.ESS3.B
K-ESS3-3: 2.ETS1.B, 4.ESS3.A, 5.ESS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-ESS3-1: SL.K.5
K-ESS3-2: RI.K.1, SL.K.3
K-ESS3-3: W.K.2
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Key
RI.K.1: With prompting and support, ask and answer questions
about Key details in a text.
W.K.2: Use a combination of drawing, dictating, and writing to
compose informative/explanatory texts in which they name what
they are writing about and supply some information about the
topic.
SL.K.3: Ask and answer questions in order to seek help, get
information, or clarify something that is not understood.
SL.K.5: Add drawings or other visual displays to descriptions as
desired to provide additional detail.
Mathematics
K-ESS3-1: MP.2, MP.4, K.CC
K-ESS3-2: MP.4, K.CC
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
K.CC: Counting and Cardinality.

1-PS4 Waves and Their Applications in Technologies for
Information Transfer
Connections to other DCIs in first grade
N/A
Articulation of DCIs across grade levels
1-PS4-2: 4.PS4.B
1-PS4-3: 2.PS1.A
1-PS4-4: K.ETS1.A, 2.ETS1.B, 4.PS4.C, 4.ETS1.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
1-PS4-1: W.1.7, W.1.8, SL.1.1
1-PS4-2: W.1.2, W.1.7, W.1.8, SL.1.1
1-PS4-3: W.1.7, W.1.8, SL.1.1
1-PS4-4: W.1.7
Key
W.1.2: Write informative/explanatory texts in which they name a
topic, supply some facts about the topic, and provide some sense
of closure.
W.1.7: Participate in shared research and writing projects (e.g.,
explore a number of “how-to” books on a given topic and use
them to write a sequence of instructions).
W.1.8: With guidance and support from adults, recall information
from experiences or gather information from provided sources to
answer a question.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
SL.1.1: Participate in collaborative conversations with diverse
partners about g rade 1 topics and texts with peers and adults in
small and larger groups.
Mathematics
1-PS4-4: MP.5, 1.MD.A.1, 1.MD.A.2
Key
MP.5: Use appropriate tools strategically.
1.MD.A.1: Order three objects by length; compare the lengths of
two objects indirectly by using a third object.
1.MD.A.2: Express the length of an object as a whole number of
length units, by layering multiple copies of a shorter object (the
length unit) end to end; understand that the length measurement
of an object is the number of same-size length units that span it
with no gaps or overlaps.

1-LS1 From Molecules to Organisms: Structures and
Processes

1.NBT.C.4: Add within 100, including adding a 2-digit number and
a 1-digit number, and adding a 2-digit number and a multiple
of 10, using concrete models or drawings and strategies based
on place value, properties of operations, and/or the relationship
between addition and subtraction; relate the strategy to a written
method and explain the reasoning uses. Understand that in
adding 2-digit numbers, one adds tens and tens, ones and ones,
and that sometimes it is necessary to compose a ten.
1.NBT.C.5: Given a 2-digit number, mentally find 10 more or 10 less
than the number, without having to count; explain the reasoning
used.
1.NBT.C.6: Subtract multiples of 10 in the range 10–90 from
multiples of 10 in the range 10–90 (positive or zero differences),
using concrete models or drawings and strategies based on place
value, properties of operations, and/or the relationship between
addition and subtraction; relate the strategy to a written method
and explain the reasoning used.

1-LS3 Heredity: Inheritance and Variation of Traits

Connections to other DCIs in first grade
N/A

Connections to other DCIs in first grade
N/A

Articulation of DCIs across grade levels
1-LS1-1: K.ETS1.A, K4.LS1.A, 4.LS1.D, 4.ETS1.A
1-LS1-2: 3.LS2.D

Articulation of DCIs across grade levels
1-LS3-1: 3.LS3.A, 3.LS3.B

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
1-LS1-1: W.1.7
1-LS1-2: RI.1.1, RI.1.2, RI.1.10
Key
RI.1.1: Ask and answer questions about Key details in a text.
RI.1.2: Identify the main topic and retell Key details of a text.
RI.1.10: With prompting and support, read informational texts
appropriately complex for grade.
W.1.7: Participate in shared research and writing projects (e.g.,
explore a number of “how-to” books on a given topic and use
them to write a sequence of instructions).
Mathematics
1-LS1-2: 1.NBT.B.3, 1.NBT.C.4, 1.NBT.C.5, 1.NBT.C.6
Key
1.NBT.B.3: Compare two 2-digit numbers based on the meanings
of the tens and ones digits, recording the results of comparisons
with the symbols >, =, and <.

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
1-LS3-1: RI.1.1, W.1.7, W.1.8
Key
RI.1.1: Ask and answer questions about Key details in a text.
W.1.7: Participate in shared research and writing projects (e.g.,
explore a number of “how-to” books on a given topic and use
them to write a sequence of instructions).
W.1.8: With guidance and support from adults, recall information
from experiences or gather information from provided sources to
answer a question.
Mathematics
1-LS3-1: MP.2, MP.5, 1.MD.A.1
Key
MP.2: Reason abstractly and quantitatively.
MP.5: Use appropriate tools strategically.
1.MD.A.1: Order three objects by length; compare the lengths of
two objects indirectly by using a third object.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
1-ESS1 Earth’s Place in the Universe
Connections to other DCIs in first grade
N/A
Articulation of DCIs across grade levels
1-ESS1-1: 3.PS2.A, 5.PS2.B, 5-ESS1.B
1-ESS1-2: 5.PS2.B, 5-ESS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
1-ESS1-1: W.1.7, W.1.8
1-ESS1-2: W.1.7, W.1.8
Key
W.1.7: Participate in shared research and writing projects (e.g.,
explore a number of “how-to” books on a given topic and use
them to write a sequence of instructions).
W.1.8: With guidance and support from adults, recall information
from experiences or gather information from provided sources to
answer a question.
Mathematics
1-ESS1-2: MP.2, MP.4, MP.5, 1.OA.A.1, 1.MD.C.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
1.OA.A.1: Use addition and subtraction within 20 to solve word
problems involving situations of adding to, taking from, putting
together, taking apart, and comparing, with unknowns in all
positions (e.g., by using objects, drawings, and equations to
represent the problem).
1.MD.C.4: Organize, represent, and interpret data with up to
three categories; ask and answer questions about the total
number of data points, how many in each category, and how
many more or less are in one category than in another.

2-PS1 Matter and Its Interactions
Connections to other DCIs in second grade
N/A
Articulation of DCIs across grade levels
2-PS1-1: 5.PS1.A
2-PS1-2: 5.PS1.A
2-PS1-3: 4.ESS2.A, 5.PS1.A, 5.LS2.A
2-PS1-4: 5.PS1.B
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Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
2-PS1-1: W.2.7, W.2.8
2-PS1-2: RI.2.8, W.2.7, W.2.8
2-PS1-3: W.2.7, W.2.8
2-PS1-4: RI.2.1, RI.2.3, RI.2.8, W.2.1
Key
RI.2.1: Ask and answer such questions as who, what, where, when,
why, and how to demonstrate understanding of Key details in a
text.
RI.2.3: Describe the connection between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text.
RI.2.8: Describe how reasons support specific points the author
makes in a text.
W.2.1: Write opinion pieces in which they introduce the topic or
book they are writing about, state an opinion, supply reasons that
support the opinion, use linking words (e.g., because, and, also) to
connect opinion and reasons, and provide a concluding statement
or section.
W.2.7: Participate in shared research and writing projects (e.g.,
read a number of books on a single topic to produce a report,
record science observations).
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
Mathematics
2-PS1-1: MP.4, 2.MD.D.10
2-PS1-2: MP.2, MP.4, MP.5, 2.MD.D.10,
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.MD.D.10: Draw a picture graph and a bar graph (with single-unit
scale) to represent a data set with up to four categories. Solve
simple put-together, take-apart, and compare problems using
information presented in a bar graph.

2-LS2 Ecosystems: Interactions, Energy, and Dynamics
Connections to other DCIs in second grade
N/A
Articulation of DCIs across grade levels
2-LS2-1: K.LS1.C, K-ESS3.A, 5.LS1.C
2-LS2-2: K.ETS1.A, 5.LS2.A
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
2-LS2-1: W.2.7, W.2.8
2-LS2-2: SL.2.5
Key
W.2.7: Participate in shared research and writing projects (e.g.,
read a number of books on a single topic to produce a report,
record science observations).
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
SL.2.5: Create audio recordings of stories or poems; add drawings
or other visual displays to stories or recounts of experiences when
appropriate to clarify ideas, thoughts, and feelings.
Mathematics
2-LS2-1: MP.2, MP.4, MP.5
2-LS2-2: MP.4, 2.MD.D.10
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.MD.D.10: Draw a picture graph and a bar graph (with single-unit
scale) to represent a data set with up to four categories. Solve
simple put-together, take-apart, and compare problems using
information presented in a bar graph.

2-LS4 Biological Evolution: Unity and Diversity
Connections to other DCIs in second grade
N/A
Articulation of DCIs across grade levels
2-LS4-1: 3.LS4.C, 3.LS4.D, 5.LS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
2-LS4-1: W.2.7, W.2.8
Key
W.2.7: Participate in shared research and writing projects (e.g.,
read a number of books on a single topic to produce a report,
record science observations).
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.

Mathematics
2-LS4-1: MP.2, MP.4, 2.MD.D.10
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
2.MD.D.10: Draw a picture graph and a bar graph (with single-unit
scale) to represent a data set with up to four categories. Solve
simple put-together, take-apart, and compare problems using
information presented in a bar graph.

2-ESS1 Earth’s Place in the Universe
Connections to other DCIs in second grade
N/A
Articulation of DCIs across grade levels
2-ESS1-1: 3.LS2.C, 4.ESS1.C, 4.ESS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
2-ESS1-1: RI.2.1, RI.2.3, W.2.6, W.2.7, W.2.8, SL.2.2
Key
RI.2.1: Ask and answer such questions as who, what, where, when,
why, and how to demonstrate understanding of Key details in a
text.
RI.2.3: Describe the connection between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text.
W.2.6: With guidance and support from adults, use a variety
of digital tools to produce and publish writing, including in
collaboration with peers.
W.2.7: Participate in shared research and writing projects (e.g.,
read a number of books on a single topic to produce a report,
record science observations).
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
SL.2.2: Recount or describe Key ideas or details from a text read
aloud or information presented orally or through other media.
Mathematics
2-ESS1-1: MP.2, MP.4, 2.NBT.A
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
2.NBT.A: Understand place value.
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Connections to Standards Arranged by DCIs

Connections to Common Core State Standards

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
2-ESS2 Earth’s Systems

K-2-ETS1 Engineering Design

Connections to other DCIs in second grade
2-ESS2-3: 2.PS1.A
Articulation of DCIs across grade levels
2-ESS2-1: K.ETS1.A, 4.ESS2.A, 4.ETS1.A, 4.ETS1.B, 4.ETS1.C, 5.ESS2.A
2-ESS2-2: 4.ESS2.B, 5.ESS2.C
2-ESS2-3: 5.ESS2.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
2-ESS2-1: RI.2.3, RI.2.9
2-ESS2-2: SL.2.5
2-ESS2-3: W.2.6, W.2.8
Key
RI.2.3: Describe the connection between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text.
RI.2.9: Compare and contrast the most important points presented
by two texts on the same topic.
W.2.6: With guidance and support from adults, use a variety
of digital tools to produce and publish writing, including in
collaboration with peers.
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
SL.2.5: Create audio recordings of stories or poems; add drawings
or other visual displays to stories or recounts of experiences when
appropriate to clarify ideas, thoughts, and feelings.
Mathematics
2-ESS2-1: MP.2, MP.4, MP.5, 2.MD.B.5
2-ESS2-2: MP.2, MP.4, 2.NBT.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.NBT.A.3: Read and write numbers to 1,000 using base-10
numerals, number names, and expanded form.
2.MD.B.5: Use addition and subtraction within 100 to solve word
problems involving lengths that are given in the same units (e.g.,
by using drawings [such as drawings of rulers] and equations with
a symbol for the unknown number to represent the problem).
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Connections to K-2-ETS1.A: Defining and Delimiting Engineering
Problems
Kindergarten: K-PS2-2, K-ESS3-2
Connections to K-2-ETS1.B: Developing Possible Solutions to Problems
Kindergarten: K-ESS3-3
First Grade: 1-PS4-4
Second Grade: 2-LS2-2
Connections to K-2-ETS1.C: Optimizing the Design Solution
Second Grade: 2-ESS2-1
Articulation of DCIs across grade bands
K-2-ETS1-1: 3-5.ETS1.A, 3-5.ETS1.C
K-2-ETS1-2: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C
K-2-ETS1-3: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-2-ETS1-1: RI.2.1, W.2.6, W.2.8
K-2-ETS1-2: SL.2.5
K-2-ETS1-3: W.2.6, W.2.8
Key
RI.2.1: Ask and answer such questions as who, what, where, when,
why, and how to demonstrate understanding of Key details in a
text.
W.2.6: With guidance and support from adults, use a variety
of digital tools to produce and publish writing, including in
collaboration with peers.
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
SL.2.5: Create audio recordings of stories or poems; add drawings
or other visual displays to stories or recounts of experiences when
appropriate to clarify ideas, thoughts, and feelings.
Mathematics
K-2-ETS1-1: MP.2, MP.4, MP.5, 2.MD.D.10
K-2-ETS1-3: MP.2, MP.4, MP.5, 2.MD.D.10
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.MD.D.10: Draw a picture graph and a bar graph (with single-unit
scale) to represent a data set with up to four categories. Solve
simple put-together, take-apart, and compare problems using
information presented in a bar graph.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
3-LS1 From Molecules to Organisms: Structures and
Processes

Connections to other DCIs in third grade
N/A
Articulation of DCIs across grade levels
3-PS2-1: K.PS2.A, K.PS2.B, K.PS3.C, 5.PS2.B, MS.PS2.A, MS.ESS1.B,
MS.ESS2.C
3-PS2-2: 1.ESS1.A, 4.PS4.A, MS.PS2.A, MS.ESS1.B
3-PS2-3: MS.PS2.B
3-PS2-4: K.ETS1.A, 4.ETS1.A, MS.PS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-PS2-1: RI.3.1, W.3.7, W.3.8
3-PS2-2: W.3.7, W.3.8
3-PS2-3: RI.3.1, RI.3.3, RI.3.8, SL.3.3
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.3: Describe the relationship between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text, using language that pertains to time, sequence, and
cause/effect.
RI.3.8: Describe the logical connection between particular
sentences and paragraphs in a text (e.g., comparison, cause/effect,
first/second/third in a sequence).
W.3.7: Conduct short research projects that build knowledge
about a topic.
W.3.8: Recall information from experiences or gather information
from print and digital sources; take brief notes on sources and sort
evidence into provided categories.
SL.3.3: Ask and answer questions about information from a
speaker, offering appropriate elaboration and detail.
Mathematics
3-PS2-1: MP.2, MP.5, 3.MD.A.2
Key
MP.2: Reason abstractly and quantitatively.
MP.5: Use appropriate tools strategically.
3.MD.A.2: Measure and estimate liquid volumes and masses
of objects using standard units of grams (g), kilograms (kg),
and liters (l). Add, subtract, multiply, or divide to solve 1-step
word problems involving masses or volumes that are given in
the same units (e.g., by using drawings [such as a beaker with a
measurement scale] to represent the problem).

Connections to other DCIs in third grade
N/A
Articulation of DCIs across grade levels
3-LS1-1: MS.LS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-LS1-1: RI.3.7, SL.3.5
Key
RI.3.7: Use information gained from illustrations (e.g.,
maps, photographs) and the words in a text to demonstrate
understanding of the text (e.g., where, when, why, and how Key
events occur).
SL.3.5: Create engaging audio recordings of stories or poems that
demonstrate fluid reading at an understandable pace; add visual
displays when appropriate to emphasize or enhance certain facts
or details.
Mathematics
3-LS1-1: MP.4, 3.NBT, 3.NF
Key
MP.4: Model with Mathematics.
3.NBT: Number and Operations in Base Ten.
3.NF: Number and Operations—Fractions.

3-LS2 Ecosystems: Interactions, Energy, and Dynamics
Connections to other DCIs in third grade
N/A
Articulation of DCIs across grade levels
3-LS2-1: 1.LS1.B, MS.LS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-LS2-1: RI.3.1, RI.3.3, W.3.1
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.3: Describe the relationship between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text, using language that pertains to time, sequence, and
cause/effect.
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Connections to Standards Arranged by DCIs

3-PS2 Motion and Stability: Forces and Interactions

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
W.3.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons.
Mathematics
3-LS2-1: MP.4, 3.NBT
Key
MP.4: Model with Mathematics.
3.NBT: Number and Operations in Base Ten.

3-LS3 Heredity: Inheritance and Variation of Traits
Connections to other DCIs in third grade
N/A
Articulation of DCIs across grade levels
3-LS3-1: 1.LS3.A, 1.LS3.B, MS.LS3.A, MS.LS3.B
3-LS3-2: MS.LS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
3-LS3-1: RI.3.1, RI.3.2, RI.3.3, W.3.2, SL.3.4
3-LS3-2: RI.3.1, RI.3.2, RI.3.3, W.3.2, SL.3.4
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.2: Determine the main idea of a text; recount the Key details
and explain how they support the main idea.
RI.3.3: Describe the relationship between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text, using language that pertains to time, sequence, and
cause/effect.
W.3.2: Write informative/explanatory texts to examine a topic and
convey ideas and information clearly.
SL.3.4: Report on a topic or text, tell a story, or recount an
experience with appropriate facts and relevant, descriptive details,
speaking clearly at an understandable pace.
Mathematics
3-LS3-1: MP.2, MP.4, 3.MD.B.4
3-LS3-2: MP.2, MP.4, 3.MD.B.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
3.MD.B.4: Generate measurement data by measuring lengths
using rulers marked with halves and fourths of an inch. Show the
data by making a line plot, where the horizontal scale is marked
off in appropriate units—whole numbers, halves, or quarters.
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3-LS4 Biological Evolution: Unity and Diversity
Connections to other DCIs in third grade
3-LS4-2: 3.LS4.C
3-LS4-3: 3.ESS2.D
3-LS4-4: 3.ESS3.B
Articulation of DCIs across grade levels
3-LS4-1: 4.ESS1.C, MS.LS2.A, MS.LS4.A, MS.ESS1.C, MS.ESS2.B
3-LS4-2: 1.LS3.A, MS.LS2.A, MS.LS3.B, MS.LS4.B
3-LS4-3: K.ESS3.A, 2.LS2.A, 2.LS4.D, MS.LS2.A, MS.LS4.B, MS.LS4.C,
MS.ESS1.C
3-LS4-4: K.ESS3.A, K.ETS1.A, 2.LS2.A, 2.LS4.D, 4.ESS3.B, 4.ETS1.A,
MS.LS2.A, MS.LS2.C, MS.LS4.C, MS.ESS1.C, MS.ESS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-LS4-1: RI.3.1, RI.3.2, RI.3.3, W.3.1, W.3.2, W.3.8
3-LS4-2: RI.3.1, RI.3.2, RI.3.3, W.3.2, SL.3.4
3-LS4-3: RI.3.1, RI.3.2, RI.3.3, W.3.1, W.3.2, SL.3.4
3-LS4-4: RI.3.1, RI.3.2, RI.3.3, W.3.1, W.3.2, SL.3.4
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.2: Determine the main idea of a text; recount the Key details
and explain how they support the main idea.
RI.3.3: Describe the relationship between a series of historical events,
scientific ideas or concepts, or steps in technical procedures in a text,
using language that pertains to time, sequence, and cause/effect.
W.3.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons.
W.3.2: Write informative/explanatory texts to examine a topic and
convey ideas and information clearly.
W.3.8: Recall information from experiences or gather information
from print and digital sources; take brief notes on sources and sort
evidence into provided categories.
SL.3.4: Report on a topic or text, tell a story, or recount an
experience with appropriate facts and relevant, descriptive details,
speaking clearly at an understandable pace.
Mathematics
3-LS4-1: MP.2, MP.4, MP.5, 3.MD.B.4
3-LS4-2: MP.2, MP.4, 3.MD.B.3
3-LS4-3: MP.2, MP.4, 3.MD.B.3
3-LS4-4: MP.2, MP.4
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
3.MD.B.3: Draw a scaled picture graph and a scaled bar graph
to represent a data set with several categories. Solve 1- and
2-step “how many more” and “how many less” problems using
information presented in scaled bar graphs.
3.MD.B.4: Generate measurement data by measuring lengths
using rulers marked with halves and fourths of an inch. Show the
data by making a line plot, where the horizontal scale is marked
off in appropriate units—whole numbers, halves, or quarters.

3.MD.B.3: Draw a scaled picture graph and a scaled bar graph
to represent a data set with several categories. Solve 1- and
2-step “how many more” and “how many less” problems using
information presented in bar graphs.

3-ESS3 Earth and Human Activity
Connections to other DCIs in third grade
N/A
Articulation of DCIs across grade levels
3-ESS3-1: K.ESS3.B, K.ETS1.A, 4.ESS3.B, 4.ETS1.A, MS.ESS3.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

3-ESS2 Earth’s Systems

Articulation of DCIs across grade levels
3-ESS2-1: K.ESS2.D, 4.ESS2.A, 5.ESS2.A, MS.ESS2.C, MS.ESS2.D
3-ESS2-2: MS.ESS2.C, MS.ESS2.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-ESS2-2: RI.3.1, RI.3.9, W.3.8
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.9: Compare and contrast the most important points and Key
details presented in two texts on the same topic.
W.3.8: Recall information from experiences or gather information
from print and digital sources; take brief notes on sources and sort
evidence into provided categories.
Mathematics
3-ESS2-1: MP.2, MP.4, MP.5, 3.MD.A.2, 3.MD.B.3
3-ESS2-2: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
3.MD.A.2: Measure and estimate liquid volumes and masses of
objects using standard units of grams (g), kilograms (kg), and liters
(l). Add, subtract, multiply, or divide to solve 1-step word problems
involving masses or volumes that are given in the same units (e.g.,
by using drawings [such as a beaker with a measurement scale] to
represent the problem).

Mathematics
3-ESS3-1: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.

4-PS3 Energy
Connections to other DCIs in fourth grade
N/A
Articulation of DCIs across grade levels
4-PS3-1: MS.PS3.A
4-PS3-2: MS.PS2.B, MS.PS3.A, MS.PS3.B, MS.PS4.B
4-PS3-3: K.PS2.B, 3.PS2.A, MS.PS2.A, MS.PS3.A, MS.PS3.B, MS.PS3.C
4-PS3-4: K.ETS1.A, 2.ETS1.B, 5.PS3.D, 5.LS1.C, MS.PS3.A, MS.PS3.B,
MS.ETS1.B, MS.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-PS3-1: RI.4.1, RI.4.3, RI.4.9, W.4.2, W.4.8, W.4.9
4-PS3-2: W.4.7, W.4.8
4-PS3-3: W.4.7, W.4.8
4-PS3-4: W.4.7, W.4.8
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Connections to Standards Arranged by DCIs

ELA/Literacy
3-ESS3-1: W.3.1, W.3.7
Key
W.3.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons.
W.3.7: Conduct short research projects that build knowledge
about a topic.

Connections to other DCIs in third grade
N/A

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Connections to Standards Arranged by DCIs

Key
RI.4.1: Refer to details and examples in a text when explaining
what the text says explicitly and when drawing inferences from
the text.
RI.4.3: Explain events, procedures, ideas, or concepts in a historical,
scientific, or technical text, including what happened and why,
based on specific information in the text.
RI.4.9: Integrate information from two texts on the same topic in
order to write or speak about the subject knowledgeably.
W.4.2: Write informative/explanatory texts to examine a topic and
convey ideas and information clearly.
W.4.7: Conduct short research projects that build knowledge
through investigation of different aspects of a topic.
W.4.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; take notes,
categorize information, and provide a list of sources.
W.4.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
Mathematics
4-PS3-4: 4.OA.A.3
Key
4.OA.A.3: Solve multi-step word problems posed with whole
numbers and having whole-number answers using the four
operations, including problems in which remainders must
be interpreted. Represent these problems using equations
with a letter standing for the unknown quantity. Assess the
reasonableness of answers using mental computation and
estimation strategies, including rounding.

4-PS4 Waves and Their Applications in Technologies for
Information Transfer
Connections to other DCIs in fourth grade
4-PS4-1: 4.PS3.A, 4.PS3.B
4-PS4-3: 4.ETS1.A
Articulation of DCIs across grade levels
4-PS4-1: MS.PS4.A
4-PS4-2: 1.PS4.B, MS.PS4.B, MS.LS1.D
4-PS4-3: K.ETS1.A, 1.PS4.C, 2.ETS1.B, 2.ETS1.C, 3.PS2.A, MS.PS4.C,
MS.ETS1.B
Connections to Co.mmon Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-PS4-1: SL.4.5
4-PS4-2: SL.4.5
4-PS4-3: RI.4.1, RI.4.9
140

Key
RI.4.1: Refer to details and examples in a text when explaining
what the text says explicitly and when drawing inferences from
the text.
RI.4.9: Integrate information from two texts on the same topic in
order to write or speak about the subject knowledgeably.
SL.4.5: Add audio recordings and visual displays to presentations
when appropriate to enhance the development of main ideas or
themes.
Mathematics
4-PS4-1: MP.4, 4.G.A.1
4-PS4-2: MP.4, 4.G.A.1
Key
MP.4: Model with Mathematics.
4.G.A.1: Draw points, lines, line segments, rays, angles (e.g., right,
acute, obtuse), and perpendicular and parallel lines. Identify these
in two-dimensional figures.

4-LS1 From Molecules to Organisms: Structures and
Processes
Connections to other DCIs in fourth grade
N/A
Articulation of DCIs across grade levels
4-LS1-1: 1.LS1.A, 3.LS3.B, MS.LS1.A
4-LS1-2: 1.LS1.D, MS.LS1.A, MS.LS1.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-LS1-1: W.4.1
4-LS1-2: SL.4.5
Key
W.4.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons and information.
SL.4.5: Add audio recordings and visual displays to presentations
when appropriate to enhance the development of main ideas or
themes.
Mathematics
4-LS1-1: 4.G.A.3
Key
4.G.A.3: Recognize a line of symmetry for a two-dimensional
figure as a line across the figure such that the figure can be folded
across the line into matching parts. Identify line-symmetric figures
and draw lines of symmetry.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
Connections to other DCIs in fourth grade
N/A
Articulation of DCIs across grade levels
4-ESS1-1: 2.ESS1.C, 3.LS4.A, MS.LS4.A, MS.ESS1.C, MS.ESS2.A,
MS.ESS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-ESS1-1: W.4.7, W.4.8, W.4.9
Key
W.4.7: Conduct short research projects that build knowledge
through investigation of different aspects of a topic.
W.4.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; take notes,
categorize information, and provide a list of sources.
W.4.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
Mathematics
4-ESS1-1: MP.2, MP.4, 4.MD.A.1
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
4.MD.A.1: Know relative sizes of measurement units within
one system of units, including km, m, and cm; kg and g; lb and
oz; l and mL; and hr, min, and sec. Within a single system of
measurement, express measurements in a larger unit in terms of
a smaller unit. Record measurement equivalents in a two-column
table.

4-ESS2 Earth’s Systems
Connections to other DCIs in fourth grade
N/A

ELA/Literacy
4-ESS2-1: W.4.7, W.4.8
4-ESS2-2: RI.4.7
Key
RI.4.7: Interpret information presented visually, orally, or
quantitatively (e.g., in charts, graphs, diagrams, time lines,
animations, or interactive elements on Web pages) and explain
how the information contributes to an understanding of the text
in which it appears.
W.4.7: Conduct short research projects that build knowledge
through investigation of different aspects of a topic.
W.4.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; take notes,
categorize information, and provide a list of sources.
Mathematics
4-ESS2-1: MP.2, MP.4, MP.5, 4.MD.A.1, 4.MD.A.2
4-ESS2-2: 4.MD.A.2
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
4.MD.A.1: Know relative sizes of measurement units within
one system of units, including km, m, and cm; kg and g; lb and
oz; l and mL; and hr, min, and sec. Within a single system of
measurement, express measurements in a larger unit in terms of
a smaller unit. Record measurement equivalents in a two-column
table.
4.MD.A.2: Use the four operations to solve word problems
involving distances, intervals of time, liquid volumes, masses of
objects, and money, including problems involving simple fractions
or decimals and problems that require expressing measurements
given in a larger unit in terms of a smaller unit. Represent
measurement quantities using diagrams such as number line
diagrams that feature a measurement scale.

4-ESS3 Earth and Human Activity

Articulation of DCIs across grade levels
4-ESS2-1: 2.ESS1.C, 2.ESS2.A, 5.ESS2.A
4-ESS2-2: 2.ESS2.B, 2.ESS2.C, 5.ESS2.C, MS.ESS1.C, MS.ESS2.A,
MS.ESS2.B

Connections to other DCIs in fourth grade
4-ESS3-2: 4.ETS1.C

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Articulation of DCIs across grade levels
4-ESS3-1: 5.ESS3.C, MS.PS3.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.C,
MS.ESS3.D
4-ESS3-2: K.ETS1.A, 2.ETS1.B, 2.ETS1.C, MS.ESS2.A, MS.ESS3.B,
MS.ETS1.B
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Connections to Standards Arranged by DCIs

4-ESS1 Earth’s Place in the Universe
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
Connections to Common Core State Standards

Key
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
W.5.7: Conduct short research projects that use several sources to
build knowledge through investigation of different aspects of a
topic.
W.5.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; summarize or
paraphrase information in notes and finished work, and provide a
list of sources.
W.5.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
4-ESS3-1: W.4.7, W.4.8, W.4.9
4-ESS3-2: RI.4.1, RI.4.9
Key
RI.4.1: Refer to details and examples in a text when explaining
what the text says explicitly and when drawing inferences from
the text.
RI.4.9: Integrate information from two texts on the same topic in
order to write or speak about the subject knowledgeably.
W.4.7: Conduct short research projects that build knowledge
through investigation of different aspects of a topic.
W.4.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; take notes,
categorize information, and provide a list of sources.
W.4.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
Mathematics
4-ESS3-1: MP.2, MP.4, 4.OA.A.1
4-ESS3-2: MP.2, MP.4, 4.OA.A.1
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
4.OA.A.1: Interpret a multiplication equation as a comparison
(e.g., interpret 35 = 5 × 7 as a statement that 35 is 5 times as many
as 7 and 7 times as many as 5). Represent verbal statements of
multiplicative comparisons as multiplication equations.

5-PS1 Matter and Its Interactions
Connections to other DCIs in fifth grade
N/A
Articulation of DCIs across grade levels
5-PS1-1: 2.PS1.A, MS.PS1.A
5-PS1-2: 2.PS1.A, 2.PS1.B, MS.PS1.A, MS.PS1.B
5-PS1-3: 2.PS1.A, MS.PS1.A
5-PS1-4: 2.PS1.B, MS.PS1.A, MS.PS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-PS1-1: RI.5.7
5-PS1-2: W.5.7, W.5.8, W.5.9
5-PS1-3: W.5.7, W.5.8, W.5.9
5-PS1-4: W.5.7, W.5.8, W.5.9
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Mathematics
5-PS1-1: MP.2, MP.4, 5.NBT.A.1, 5.NF.B.7, 5.MD.C.3, 5.MD.C.4
5-PS1-2: MP.2, MP.4, MP.5, 5.MD.A.1
5-PS1-3: MP.2, MP.4, MP.5
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
5.NBT.A.1: Explain patterns in the number of zeros of the product
when multiplying a number by powers of 10, and explain
patterns in the placement of the decimal point when a decimal
is multiplied or divided by a power of 10. Use whole-number
exponents to denote powers of 10.
5.NF.B.7: Apply and extend previous understanding of division to
divide unit fractions by whole numbers and whole numbers by
unit fractions.
5.MD.A.1: Convert among different-sized standard measurement
units within a given measurement system (e.g., convert 5 cm
to 0.05 m), and use these conversions in solving multi-step,
real-world problems.
5.MD.C.3: Recognize volume as an attribute of solid figures and
understand concepts of volume measurement.
5.MD.C.4: Measure volumes by counting unit cubes, using cubic
centimeters, cubic inches, cubic feet, and improvised units.

5-PS2 Motion and Stability: Forces and Interactions
Connections to other DCIs in fifth grade
N/A
Articulation of DCIs across grade levels
5-PS2-1: 3.PS2.A, 3.PS2.B, MS.PS2.B, MS.ESS1.B, MS.ESS2.C
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-PS2-1: RI.5.1, RI.5.9, W.5.1
Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons and information.

5-PS3 Energy
Connections to other DCIs in fifth grade
N/A
Articulation of DCIs across grade levels
5-PS3-1: K.LS1.C, 2.LS2.A, 4.PS3.A, 4.PS3.B, 4.PS3.D, MS.PS3.D,
MS.PS4.B, MS.LS1.C, MS.LS2.B

Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons and information.
Mathematics
5-LS1-1: MP.2, MP.4, MP.5, 5.MD.A.1
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
5.MD.A.1: Convert among different-sized standard measurement
units within a given measurement system (e.g., convert 5 cm
to 0.05 m), and use these conversions in solving multi-step,
real-world problems.

5-LS2 Ecosystems: Interactions, Energy, and Dynamics

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-PS3-1: RI.5.7, SL.5.5
Key
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the
development of main ideas or themes.

5-LS1 From Molecules to Organisms: Structures and
Processes
Connections to other DCIs in fifth grade
5-LS1-1: 5.PS1.A
Articulation of DCIs across grade levels
5-LS1-1: K.LS1.C, 2.LS2.A, MS.LS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to other DCIs in fifth grade
5-LS2-1: 5.PS1.A, 5.ESS2.A
Articulation of DCIs across grade levels
5-LS2-1: 2.PS1.A, 2.LS4.D, 4.ESS2.E, MS.PS3.D, MS.LS1.C, MS.LS2.A,
MS.LS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-LS2-1: RI.5.7, SL.5.5
Key
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the
development of main ideas or themes.
Mathematics
5-LS2-1: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.

ELA/Literacy
5-LS1-1: RI.5.1, RI.5.9, W.5.1
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Connections to Standards Arranged by DCIs

Connections to Common Core State Standards

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
5-ESS1 Earth’s Place in the Universe
Connections to other DCIs in fifth grade
N/A

Connections to other DCIs in fifth grade
N/A

Articulation of DCIs across grade levels
5-ESS1-1: MS.ESS1.A, MS.ESS1.B
5-ESS1-2: 1.ESS1.A, 1.ESS1.B, 3.PS2.A, MS.ESS1.A, MS.ESS1.B

Articulation of DCIs across grade levels
5-ESS2-1: 2.ESS2.A, 3.ESS2.D, 4.ESS2.A, MS.ESS2.A, MS.ESS2.C,
MS.ESS2.D
5-ESS2-2: 2.ESS2.C, MS.ESS2.C, MS.ESS3.A

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
5-ESS1-1: RI.5.1, RI.5.7, RI.5.8, RI.5.9, W.5.1
5-ESS1-2: SL.5.5
Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
RI.5.8: Explain how an author uses reasons and evidence to
support particular points in a text, identifying which reasons and
evidence support which point(s).
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons and information.
SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the
development of main ideas or themes.
Mathematics
5-ESS1-1: MP.2, MP.4, 5.NBT.A.2
5-ESS1-2: MP.2, MP.4, 5.G.A.2
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
5.NBT.A.2: Explain patterns in the number of zeros of the product
when multiplying a number by powers of 10, and explain
patterns in the placement of the decimal point when a decimal
is multiplied or divided by a power of 10. Use whole-number
exponents to denote powers of 10.
5.G.A.2: Represent real-world and mathematical problems by
graphing points in the first quadrant of the coordinate plane,
and interpret coordinate values of points in the context of the
situation.
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5-ESS2 Earth’s Systems

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-ESS2-1: RI.5.7, SL.5.5
5-ESS2-2: RI.5.7, W.5.8, SL.5.5
Key
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
W.5.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; summarize or
paraphrase information in notes and finished work, and provide a
list of sources.
SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the
development of main ideas or themes.
Mathematics
5-ESS2-1: MP.2, MP.4, 5.G.A.2
5-ESS2-2: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
5.G.A.2: Represent real-world and mathematical problems by
graphing points in the first quadrant of the coordinate plane,
and interpret coordinate values of points in the context of the
situation.

5-ESS3 Earth and Human Activity
Connections to other DCIs in fifth grade
N/A
Articulation of DCIs across grade levels
5-ESS3-1: MS.ESS3.A, MS.ESS3.C, MS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Mathematics
5-ESS3-1: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.

3-5-ETS1 Engineering Design
Connections to 3-5-ETS1.A: Defining and Delimiting Engineering
Problems
Fourth Grade: 4-PS3-4
Connections to 3-5-ETS1.B: Designing Solutions to Engineering
Problems
Fourth Grade: 4-ESS3-2

Mathematics
3-5-ETS-1: MP.2, MP.4, MP.5, 3-5.OA
3-5-ETS-2: MP.2, MP.4, MP.5, 3-5.OA
3-5-ETS-3: MP.2, MP.4, MP.5
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
3-5.OA: Operations and Algebraic Thinking.

MS-PS1 Matter and Its Interactions

Connections to 3-5-ETS1.C: Optimizing the Design Solution
Fourth Grade: 4-PS4-3
Articulation of DCIs across grade bands
3-5-ETS1-1: K-2.ETS1.A, MS.ETS1.A, MS.ETS1.B
3-5-ETS1-2: K-2.ETS1.A, K-2.ETS1.B, K-2.ETS1.C, MS.ETS1.B, MS.ETS1.C
3-5-ETS1-3: K-2.ETS1.A, K-2.ETS1.C, MS.ETS1.B, MS.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-5-ETS-1: W.5.7, W.5.8, W.5.9
3-5-ETS-2: RI.5.1, RI.5.7, RI.5.9
3-5-ETS-3: W.5.7, W.5.8, W.5.9

Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.7: Conduct short research projects that use several sources to
build knowledge through investigation of different aspects of a
topic.
W.5.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; summarize or
paraphrase information in notes and finished work, and provide a
list of sources.
W.5.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.

Connections to Standards Arranged by DCIs

ELA/Literacy
5-ESS3-1: RI.5.1, RI.5.7, RI.5.9, W.5.8, W.5.9
Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; summarize or
paraphrase information in notes and finished work, and provide a
list of sources.
W.5.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.

Connections to other DCIs in this grade band
MS-PS1-1: MS.ESS2.C
MS-PS1-2: MS.PS3.D, MS.LS1.C, MS.ESS2.A
MS-PS1-3: MS.LS2.A, MS.LS4.D, MS.ESS3.A, MS.ESS3.C
MS-PS1-4: MS.ESS2.C
MS-PS1-5: MS.LS1.C, MS.LS2.B, MS.ESS2.A
MS-PS1-6: MS.PS3.D
Articulation across grade bands
MS-PS1-1: 5.PS1.A, HS.PS1.A, HS.ESS1.A
MS-PS1-2: 5.PS1.B, HS.PS1.B
MS-PS1-3: HS.PS1.A, HS.LS2.A, HS.LS4.D, HS.ESS3.A
MS-PS1-4: HS.PS1.A, HS.PS1.B, HS.PS3.A
MS-PS1-5: 5.PS1.B, HS.PS1.B
MS-PS1-6: HS.PS1.A, HS.PS1.B, HS.PS3.A, HS.PS3.B, HS.PS3.D
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
8.EE.A.3: Use numbers expressed in the form of a single digit
times an integer power of 10 to estimate very large or very small
quantities and to express how many times as much one is than the
other.
6.SP.B.4: Display numerical data in plots on a number line,
including dot plots, histograms, and box plots.
6.SP.B.5: Summarize numerical data sets in relation to their context.

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
MS-PS1-1: RST.6-8.7
MS-PS1-2: RST.6-8.1, RST.6-8.7
MS-PS1-3: RST.6-8.1, WHST.6-8.8
MS-PS1-4: RST.6-8.7
MS-PS1-5: RST.6-8.7
MS-PS1-6: RST.6-8.3, WHST.6-8.7
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.3: Follow precisely a multi-step procedure when carrying out
experiments, taking measurements, or performing technical tasks.
RST.6-8.7: Integrate quantitative or technical information expressed
in words in a text with a version of that information expressed
visually (e.g., in a flowchart, diagram, model, graph, or table).
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
WHST.6-8.8: Gather relevant information from multiple print and
digital sources, using search terms effectively; assess the credibility
and accuracy of each source; quote or paraphrase the data and
conclusions of others while avoiding plagiarism and following a
standard format for citation.
Mathematics
MS-PS1-1: MP.2, MP.4, 6.RP.A.3, 8.EE.A.3
MS-PS1-2: MP.2, 6.RP.A.3, 6.SP.B.4, 6.SP.B.5
MS-PS1-4: 6.NS.C.5
MS-PS1-5: MP.2, MP.4, 6.RP.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
6.RP.A.3: Use ratio and rate reasoning to solve real-world and
mathematical problems.
6.NS.C.5: Understand that positive and negative numbers are
used together to describe quantities having opposite directions or
values (e.g., temperature above/below zero, elevation above/below
sea level, credits/debits, positive/negative electrical charge); use
positive and negative numbers to represent quantities in real-world
contexts, explaining the meaning of zero in each situation.
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MS-PS2 Motion and Stability: Forces and Interactions
Connections to other DCIs in this grade band
MS-PS2-1: MS.PS3.C
MS-PS2-2: MS.PS3.A, MS.PS3.B, MS.ESS2.C
MS-PS2-4: MS.ESS1.A, MS.ESS1.B, MS.ESS2.C
Articulation across grade bands
MS-PS2-1: 3.PS2.A, HS.PS2.A
MS-PS2-2: 3.PS2.A, HS.PS2.A, HS.PS3.B, HS.ESS1.B
MS-PS2-3: 3.PS2.B, HS.PS2.B
MS-PS2-4: 5.PS2.B, HS.PS2.B, HS.ESS1.B
MS-PS2-5: 3.PS2.B, HS.PS2.B, HS.PS3.A, HS.PS3.B, HS.PS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-PS2-1: RST.6-8.1, RST.6-8.3, WHST.6-8.7
MS-PS2-2: RST.6-8.3, WHST.6-8.7
MS-PS2-3: RST.6-8.1
MS-PS2-4: WHST.6-8.1
MS-PS2-5: RST.6-8.3, WHST.6-8.7
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.3: Follow precisely a multi-step procedure when carrying
out experiments, taking measurements, or performing technical
tasks.
WHST.6-8.1: Write arguments focused on discipline-specific content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
Mathematics
MS-PS2-1: MP.2, 6.NS.C.5, 6.EE.A.2, 7.EE.B.3, 7.EE.B.4
MS-PS2-2: MP.2, 6.EE.A.2, 7.EE.B.3, 7.EE.B.4
MS-PS2-3: MP.2
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

MS-PS3 Energy
Connections to other DCIs in this grade band
MS-PS3-1: MS.PS2.A
MS-PS3-3: MS.PS1.B, MS.ESS2.A, MS.ESS2.C, MS.ESS2.D
MS-PS3-4: MS.PS1.A, MS.PS2.A, MS.ESS2.C, MS.ESS2.D, MS.ESS3.D
MS-PS3-5: MS.PS2.A
Articulation across grade bands
MS-PS3-1: 4.PS3.B, HS.PS3.A, HS.PS3.B
MS-PS3-2: HS.PS2.B, HS.PS3.B, HS.PS3.C
MS-PS3-3: 4.PS3.B, HS.PS3.B
MS-PS3-4: 4.PS3.C, HS.PS1.B, HS.PS3.A, HS.PS3.B
MS-PS3-5: 4.PS3.C, HS.PS3.A, HS.PS3.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-PS3-1: RST.6-8.1, RST.6-8.7
MS-PS3-2: SL.8.5
MS-PS3-3: RST.6-8.3, WHST.6-8.7
MS-PS3-4: RST.6-8.3, WHST.6-8.7
MS-PS3-5: RST.6-8.1, WHST.6-8.1
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.3: Follow precisely a multi-step procedure when carrying out
experiments, taking measurements, or performing technical tasks.

RST.6-8.7: Integrate quantitative or technical information expressed
in words in a text with a version of that information expressed
visually (e.g., in a flowchart, diagram, model, graph, or table).
WHST.6-8.1: Write arguments focused on discipline content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
SL.8.5: Integrate multimedia and visual displays into presentations
to clarify information, strengthen claims and evidence, and add
interest.
Mathematics
MS-PS3-1: MP.2, 6.RP.A.1, 6.RP.A.2, 7.RP.A.2, 8.EE.A.1, 8.EE.A.2, 8.F.A.3
MS-PS3-4: MP.2, 6.SP.B.5
MS-PS3-5: MP.2, 6.RP.A.1, 7.RP.A.2, 8.F.A.3
Key
MP.2: Reason abstractly and quantitatively.
6.RP.A.1: Understand the concept of ratio, and use ratio language
to describe a ratio relationship between two quantities.
6.RP.A.2: Understand the concept of a unit rate a/b associated with
a ratio a:b with b ≠ 0, and use rate language in the context of a
ratio relationship.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
8.EE.A.1: Know and apply the properties of integer exponents to
generate equivalent numerical expressions.
8.EE.A.2: Use square- and cube-root symbols to represent solutions
to equations of the form x2 = p and x3 = p, where p is a positive
rational number. Evaluate square roots of small perfect squares
and cube roots of small perfect cubes. Know that √2 is irrational.
8.F.A.3: Interpret the equation y = mx + b as defining a linear
function, whose graph is a straight line; give examples of
functions that are not linear.
6.SP.B.5: Summarize numerical data sets in relation to their context.

MS-PS4 Waves and Their Applications in Technologies for
Information Transfer
Connections to other DCIs in this grade band
MS-PS4-2: MS.LS1.D
Articulation across grade bands
MS-PS4-1: 4.PS3.A, 4.PS3.B, 4.PS4.A, HS.PS4.A, HS.PS4.B
MS-PS4-2: 4.PS4.B, HS.PS4.A, HS.PS4.B, HS.ESS1.A, HS.ESS2.A,
HS.ESS2.C, HS.ESS2.D
MS-PS4-3: 4.PS4.C, HS.PS4.A, HS.PS4.C
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Key
MP.2: Reason abstractly and quantitatively.
6.NS.C.5: Understand that positive and negative numbers are
used together to describe quantities having opposite directions or
values; use positive and negative numbers to represent quantities
in real-world contexts, explaining the meaning of zero in each
situation.
6.EE.A.2: Write, read, and evaluate expressions in which letters
stand for numbers.
7.EE.B.3: Solve multi-step, real-world and mathematical problems
posed with positive and negative rational numbers in any form,
using tools strategically. Apply properties of operations to
calculate with numbers in any form; convert between forms as
appropriate; assess the reasonableness of answers using mental
computation and estimation strategies.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
MS-PS4-1: SL.8.5
MS-PS4-2: SL.8.5
MS-PS4-3: RST.6-8.1, RST.6-8.2, RST.6-8.9, WHST.6-8.9
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts attending to the precise details of
explanations or descriptions.
RST.6-8.2: Determine the central ideas or conclusions of a text;
provide an accurate summary of the text distinct from prior
knowledge or opinions.
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.5: Integrate multimedia and visual displays into presentations
to clarify information, strengthen claims and evidence, and add
interest.
Mathematics
MS-PS4-1: MP.2, MP.4, 6.RP.A.1, 6.RP.A.3, 7.RP.A.2, 8.F.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
6.RP.A.3: Use ratio and rate reasoning to solve real-world and
mathematical problems.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
8.F.A.3: Interpret the equation y = mx + b as defining a linear
function, whose graph is a straight line; give examples of
functions that are not linear.

MS-LS1 From Molecules to Organisms: Structures and
Processes
Connections to other DCIs in this grade band
MS-LS1-2: MS.LS3.A
MS-LS1-4: MS.LS2.A
MS-LS1-5: MS.LS2.A
MS-LS1-6: MS.PS1.B, MS.ESS2.A
MS-LS1-7: MS.PS1.B
148

Articulation to DCIs across grade bands
MS-LS1-1: HS.LS1.A
MS-LS1-2: 4.LS1.A, HS.LS1.A
MS-LS1-3: HS.LS1.A
MS-LS1-4: 3.LS1.B, HS.LS2.A, HS.LS2.D
MS-LS1-5: 3.LS1.B, 3.LS3.A, HS.LS2.A
MS-LS1-6: 5.PS3.D, 5.LS1.C, 5.LS2.A, 5.LS2.B, HS.PS1.B, HS.LS1.C,
HS.LS2.B, HS.ESS2.D
MS-LS1-7: 5.PS3.D, 5.LS1.C, 5.LS2.B, HS.PS1.B, HS.LS1.C, HS.LS2.B
MS-LS1-8: 4.LS1.D, HS.LS1.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-LS1-1: WHST.6-8.7
MS-LS1-2: SL.8.5
MS-LS1-3: RST.6-8.1, RI.6.8, WHST.6-8.1
MS-LS1-4: RST.6-8.1, RI.6.8, WHST.6-8.1
MS-LS1-5: RST.6-8.1, RST.6-8.2, WHST.6-8.2, WHST.6-8.9
MS-LS1-6: RST.6-8.1, RST.6-8.2, WHST.6-8.2, WHST.6-8.9
MS-LS1-7: SL.8.5
MS-LS1-8: WHST.6-8.8
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.2: Determine the central ideas or conclusions of a text;
provide an accurate summary of the text distinct from prior
knowledge or opinions.
RI.6.8: Trace and evaluate the argument and specific claims in
a text, distinguishing claims that are supported by reasons and
evidence from claims that are not.
WHST.6-8.1: Write arguments focused on discipline content.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
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SL.8.5: Integrate multimedia and visual displays into presentations
to clarify information, strengthen claims and evidence, and add
interest.
Mathematics
MS-LS1-1: 6.EE.C.9
MS-LS1-2: 6.EE.C.9
MS-LS1-3: 6.EE.C.9
MS-LS1-4: 6.SP.A.2, 6.SP.B.4
MS-LS1-5: 6.SP.A.2, 6.SP.B.4
MS-LS1-6: 6.EE.C.9
Key
6.EE.C.9: Use variables to represent two quantities in a real-world
problem that change in relationship to one another; write an
equation to express one quantity, thought of as the dependent
variable, in terms of the other quantity, thought of as the
independent variable. Analyze the relationship between the
dependent and independent variables using graphs and tables,
and relate these to the equation.
6.SP.A.2: Understand that a set of data collected to answer a
statistical question has a distribution that can be described by its
center, spread, and overall shape.
6.SP.B.4: Summarize numerical data sets in relation to their
context.

MS-LS2 Ecosystems: Interactions, Energy, and Dynamics
Connections to other DCIs in this grade band
MS-LS2-1: MS.ESS3.A, MS.ESS3.C
MS-LS2-2: MS.LS1.B
MS-LS2-3: MS.PS1.B, MS.ESS2.A
MS-LS2-4: MS.LS4.C, MS.LS4.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.C
MS-LS2-5: MS.ESS3.C
Articulation across grade bands
MS-LS2-1: 3.LS2.C, 3.LS4.D, 5.LS2.A, HS.LS2.A, HS.LS4.C, HS.LS4.D,
HS.ESS3.A
MS-LS2-2: 1.LS1.B, HS.LS2.A, HS.LS2.B, HS.LS2.D
MS-LS2-3: 5.LS2.A, 5.LS2.B, HS.PS3.B, HS.LS1.C, HS.LS2.B, HS.ESS2.A
MS-LS2-4: 3.LS2.C, 3.LS4.D, HS.LS2.C, HS.LS4.C, HS.LS4.D, HS.ESS2.E,
HS.ESS3.B, HS.ESS3.C
MS-LS2-5: HS.LS2.A, HS.LS2.C, HS.LS4.D, HS.ESS3.A, HS.ESS3.C,
HS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-LS2-1: RST.6-8.1, RST.6-8.7
MS-LS2-2: RST.6-8.1, WHST.6-8.2, WHST.6-8.9, SL.8.1, SL.8.4
MS-LS2-3: SL.8.5
MS-LS2-4: RST.6-8.1, RI.8.8, WHST.6-8.1, WHST.6-8.9
MS-LS2-5: RST.6-8.8, RI.8.8
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.7: Integrate quantitative or technical information expressed
in words in a text with a version of that information expressed
visually (e.g., in a flowchart, diagram, model, graph, or table).
RST.6-8.8: Distinguish among facts, reasoned judgment based on
research findings, and speculation in a text.
RI.8.8: Trace and evaluate the argument and specific claims in a
text, assessing whether the reasoning is sound and the evidence is
relevant and sufficient to support the claims.
WHST.6-8.1: Write arguments to support claims with clear reasons
and relevant evidence.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
SL.8.1: Engage effectively in a range of collaborative discussions
(e.g., one-on-one, in groups, teacher-led) with diverse partners
on grade 8 topics, texts, and issues, building on others’ ideas and
expressing their own clearly.
SL.8.4: Present claims and findings, emphasizing salient points in a
focused, coherent manner with relevant evidence, sound and valid
reasoning, and well-chosen details; use appropriate eye contact,
adequate volume, and clear pronunciation.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-LS2-2: 6.SP.B.5
MS-LS2-3: 6.EE.C.9
MS-LS2-5: MP.4, 6.RP.A.3
Key
MP.4: Model with Mathematics.
6.RP.A.3: Use ratio and rate reasoning to solve real-world and
mathematical problems.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
6.EE.C.9: Use variables to represent two quantities in a real-world
problem that change in relation to one another; write an
equation to express one quantity, thought of as the dependent
variable, in terms of the other quantity, thought of as the
independent variable. Analyze the relationship between the
dependent and independent variables using graphs and tables,
and relate these to the equation.
6.SP.B.5: Summarize numerical data sets in relation to their
context.

MS-LS3 Heredity: Inheritance and Variation of Traits
Connections to other DCIs in this grade band
MS-LS3-1: MS.LS1.A, MS.LS4.A
Articulation across grade bands
MS-LS3-1: 3.LS3.A, 3.LS3.B, HS.LS1.A, HS.LS1.B, HS.LS3.A, HS.LS3-B
MS-LS3-2: 3.LS3.A, 3.LS3.B, HS.LS1.B, HS.LS3.A, HS.LS3-B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
MS-LS3-1: RST.6-8.1, RST.6-8.4, RST.6-8.7, SL.8.5
MS-LS3-2: RST.6-8.1, RST.6-8.4, RST.6-8.7, SL.8.5
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.4: Determine the meaning of symbols, Key terms, and
other domain-specific words and phrases as they are used in a
specific scientific or technical context relevant to grades 6–8 texts
and topics.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-LS3-2: MP.4, 6.SP.B.5
Key
MP.4: Model with Mathematics.
6.SP.B.5: Summarize numerical data sets in relation to their
context.
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MS-LS4 Biological Evolution: Unity and Diversity
Connections to other DCIs in this grade band
MS-LS4-1: MS.ESS1.C, MS.ESS2.B
MS-LS4-2: MS.LS3.A, MS.LS3.B, MS.ESS1.C
MS-LS4-4: MS.LS2.A, MS.LS3.A, MS.LS3.B
MS-LS4-6: MS.LS2.A, MS.LS2.C, MS.LS3.B, MS.ESS1.C
Articulation across grade bands
MS-LS4-1: 3.LS4.A, HS.LS4.A, HS.ESS1.C
MS-LS4-2: 3.LS4.A, HS.LS4.A, HS.ESS1.C
MS-LS4-3: HS.LS4.A
MS-LS4-4: 3.LS3.B, 3. LS4.B, HS.LS2.A, HS.LS3.B, HS.LS4.B, HS.LS4.C
MS-LS4-5: HS.LS3.B, HS.LS4.C
MS-LS4-6: 3.LS4.C, HS.LS2.A, HS.LS2.C, HS.LS3.B, HS.LS4.B, HS.LS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-LS4-1: RST.6-8.1, RST.6-8.7
MS-LS4-2: RST.6-8.1, WHST.6-8.2, WHST.6-8.9, SL.8.1, SL.8.4
MS-LS4-3: RST.6-8.1, RST.6-8.7, RST.6-8.9
MS-LS4-4: RST.6-8.1, RST.6-8.9, WHST.6-8.2, WHST.6-8.9, SL.8.1, SL.8.4
MS-LS4-5: RST.6-8.1, WHST.6-8.8
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Mathematics
MS-LS4-1: 6.EE.B.6
MS-LS4-2: 6.EE.B.6
MS-LS4-4: 6.RP.A.1, 6.SP.B.5, 7.RP.A.2
MS-LS4-6: MP.4, 6.RP.A.1, 6.SP.B.5, 7.RP.A.2
Key
MP.4: Model with Mathematics.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
6.SP.B.5: Summarize numerical data sets in relation to their
context.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.

MS-ESS1 Earth’s Place in the Universe
Connections to other DCIs in this grade band
MS-ESS1-1: MS.PS2.A, MS.PS2.B
MS-ESS1-2: MS.PS2.A, MS.PS2.B
MS-ESS1-3: MS.ESS2.A
MS-ESS1-4: MS.LS4.A, MS.LS4.C
Articulation of DCIs across grade bands
MS-ESS1-1: 3.PS2.A, 5.PS2.B, 5.ESS1.B, HS.PS2.A, HS.PS2.B, HS.ESS1.B
MS-ESS1-2: 3.PS2.A, 5.PS2.B, 5.ESS1.A, 5.ESS1.B, HS.PS2.A, HS.PS2.B,
HS.ESS1.A, HS.ESS1.B
MS-ESS1-3: 5.ESS1.B, HS.ESS1.B, HS.ESS2.A
MS-ESS1-4: 3.LS4.A, 3.LS4.C, 4.ESS1.C, HS.PS1.C, HS.LS4.A, HS.LS4.C,
HS.ESS1.C, HS.ESS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ESS1-1: SL.8.5
MS-ESS1-2: SL.8.5

MS-ESS1-3: RST.6-8.1, RST.6-8.7
MS-ESS1-4: RST.6-8.1, WHST.6-8.2
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-ESS1-1: MP.4, 6.RP.A.1, 7.RP.A.2
MS-ESS1-2: MP.4, 6.RP.A.1, 7.RP.A.2, 6.EE.B.6, 7.EE.B.4
MS-ESS1-3: MP.2, 6.RP.A.1, 7.RP.A.2
MS-ESS1-4: 6.EE.B.6, 7.EE.B.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS-ESS2 Earth’s Systems
Connections to other DCIs in this grade band
MS-ESS2-1: MS.PS1.A, MS.PS1.B, MS.PS3.B, MS.LS2.B, MS.LS2.C,
MS.ESS1.B, MS.ESS3.C
MS-ESS2-2: MS.PS1.B, MS.LS2.B
MS-ESS2-3: MS.LS4.A
MS-ESS2-4: MS.PS1.A, MS.PS2.B, MS.PS3.A, MS.PS3.D
MS-ESS2-5: MS.PS1.A, MS.PS2.A, MS.PS3.A, MS.PS3.B
MS-ESS2-6: MS.PS2.A, MS.PS3.B, MS.PS4.B
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SL.8.1: Engage effectively in a range of collaborative discussions
(e.g., one-on-one, in groups, teacher-led) with diverse partners
on grade 6 topics, texts, and issues, building on others’ ideas and
expressing their own clearly.
SL.8.4: Present claims and findings, emphasizing salient points in a
focused, coherent manner with relevant evidence, sound and valid
reasoning, and well-chosen details; use appropriate eye contact,
adequate volume, and clear pronunciation.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
Key
MP.2: Reason abstractly and quantitatively.
6.NS.C.5: Understand that positive and negative numbers are
used together to describe quantities having opposite directions or
values (e.g., temperature above/below zero, elevation above/below
sea level, credits/debits, positive/negative electrical charge); use
positive and negative numbers to represent quantities in real-world
contexts, explaining the meaning of zero in each situation.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

Articulation of DCIs across grade bands
MS-ESS2-1: 4.PS3.B, 4.ESS2.A, 5.ESS2.A, HS.PS1.B, HS.PS3.B, HS.LS1.C,
HS.LS2.B, HS.ESS2.A, HS.ESS2.C, HS.ESS2.E
MS-ESS2-2: 4.ESS1.C, 4.ESS2.A, 4.ESS2.E, 5.ESS2.A, HS.PS3.D, HS.LS2.B,
HS.ESS1.C, HS.ESS2.A, HS.ESS2.B, HS.ESS2.C, HS.ESS2.D, HS.ESS2.E,
HS.ESS3.D
MS-ESS2-3: 3.LS4.A, 3.ESS3.B, 4.ESS1.C, 4.ESS2.B, 4.ESS3.B, HS.LS4.A,
HS.LS4.C, HS.ESS1.C, HS.ESS2.A, HS.ESS2.B
MS-ESS2-4: 3.PS2.A, 4.PS3.B, 5.PS2.B, 5.ESS2.C, HS.PS2.B, HS.PS3.B,
HS.PS4.B, HS.ESS2.A, HS.ESS2.C, HS.ESS2.D
MS-ESS2-5: 3.ESS2.D, 5.ESS2.A, HS.ESS2.C, HS.ESS2.D
MS-ESS2-6: 3.PS2.A, 3.ESS2.D, 5.ESS2.A, HS.PS2.B, HS.PS3.B, HS.PS3.D,
HS.ESS1.B, HS.ESS2.A, HS.ESS2.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
MS-ESS2-1: SL.8.5
MS-ESS2-2: RST.6-8.1, WHST.6-8.2, SL.8.5
MS-ESS2-3: RST.6-8.1, RST.6-8.7, RST.6-8.9
MS-ESS2-5: RST.6-8.1, RST.6-8.9, WHST.6-8.8
MS-ESS2-6: SL.8.5
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.7: Integrate quantitative or technical information expressed
in words in a text with a version of that information expressed
visually (e.g., in a flowchart, diagram, model, graph, or table).
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-ESS2-2: MP.2, 6.EE.B.6, 7.EE.B.4
MS-ESS2-3: MP.2, 6.EE.B.6, 7.EE.B.4
MS-ESS2-5: MP.2, 6.NS.C.5
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MS-ESS3 Earth and Human Activity
Connections to other DCIs in this grade band
MS-ESS3-1: MS.PS1.A, MS.PS1.B, MS.ESS2.D
MS-ESS3-2: MS.PS3.C
MS-ESS3-3: MS.LS2.A, MS.LS2.C, MS.LS4.D
MS-ESS3-4: MS.LS2.A, MS.LS2.C, MS.LS4.D
MS-ESS3-5: MS.PS3.A
Articulation of DCIs across grade bands
MS-ESS3-1: 4.PS3.D, 4.ESS3.A, HS.PS3.B, HS.LS1.C, HS.ESS2.A,
HS.ESS2.B, HS.ESS2.C, HS.ESS3.A
MS-ESS3-2: 3.ESS3.B, 4.ESS3.B, HS.ESS2.B, HS.ESS2.D, HS.ESS3.B,
HS.ESS3.D
MS-ESS3-3: 3.LS2.C, 3.LS4.D, 5.ESS3.C, HS.LS2.C, HS.LS4.C, HS.LS4.D,
HS.ESS2.C, HS.ESS2.D, HS.ESS2.E, HS.ESS3.C, HS.ESS3.D
MS-ESS3-4: 3.LS2.C, 3.LS4.D, 5.ESS3.C, HS.LS2.A, HS.LS2.C, HS.LS4.C,
HS.LS4.D, HS.ESS2.E, HS.ESS3.A, HS.ESS3.C
MS-ESS3-5: HS.PS3.B, HS.PS4.B, HS.ESS2.A, HS.ESS2.D, HS.ESS3.C,
HS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ESS3-1: RST.6-8.1, WHST.6-8.2, WHST.6-8.9
MS-ESS3-2: RST.6-8.1, RST.6-8.7
MS-ESS3-3: WHST.6-8.7, WHST.6-8.8
MS-ESS3-4: RST.6-8.1, WHST.6-8.1, WHST.6-8.9
MS-ESS3-5: RST.6-8.1
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Mathematics
MS-ESS3-1: 6.EE.B.6, 7.EE.B.4
MS-ESS3-2: MP.2, 6.EE.B.6, 7.EE.B.4
MS-ESS3-3: 6.RP.A.1, 7.RP.A.2, 6.EE.B.6, 7.EE.B.4
MS-ESS3-4: 6.RP.A.1, 7.RP.A.2, 6.EE.B.6, 7.EE.B.4
MS-ESS3-5: MP.2, 6.EE.B.6, 7.EE.B.4
Key
MP.2: Reason abstractly and quantitatively.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS-ETS1 Engineering Design
Connections to MS-ETS1.A: Defining and Delimiting Engineering
Problems
Physical Sciences: MS-PS3-3
Connections to MS-ETS1.B: Developing Possible Solutions Problems
Physical Sciences: MS-PS1-6, MS-PS3-3
Life Sciences: MS-LS2-5

Connections to MS-ETS1.C: Optimizing the Design Solution
Physical Sciences: MS-PS1-6
Articulation of DCIs across grade bands
MS-ETS1-1: 3-5.ETS1.A, 3-5.ETS1.C, HS.ETS1.A, HS.ETS1.B
MS-ETS1-2: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C, HS.ETS1.A, HS.ETS1.B
MS-ETS1-3: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C, HS.ETS1.B, HS.ETS1.C
MS-ETS1-4: 3-5.ETS1.B, 3-5.ETS1.C, HS.ETS1.B, HS.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ETS1-1: RST.6-8.1, WHST.6-8.8
MS-ETS1-2: RST.6-8.1, RST.6-8.9, WHST.6-8.7, WHST.6-8.9
MS-ETS1-3: RST.6-8.1, RST.6-8.7, RST.6-8.9
MS-ETS1-4: SL.8.5
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-ETS1-1: MP.2, 7.EE.B.3
MS-ETS1-2: MP.2, 7.EE.B.3
MS-ETS1-3: MP.2, 7.EE.B.3
MS-ETS1-4: MP.2, 7.SP.C.7

NEXT GENERATION SCIENCE STANDARDS  !RRANGED BY $ISCIPLINARY #ORE )DEAS #ONNECTIONS

Copyright National Academy of Sciences. All rights reserved.

153

Connections to Standards Arranged by DCIs

RST.6-8.7: Integrate quantitative or technical information expressed
in words in a text with a version of that information expressed
visually (e.g., in a flowchart, diagram, model, graph, or table).
WHST.6-8.1: Write arguments focused on discipline content.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
Key
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table or chart)
and translate information expressed visually or mathematically
(e.g., in an equation) into words.
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.5: Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific
purpose and audience.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.

Key
MP.2: Reason abstractly and quantitatively.
7.EE.B.3: Solve multi-step, real-world and mathematical problems
posed with positive and negative rational numbers in any form
(e.g., whole numbers, fractions, decimals), using tools strategically.
Apply properties of operations to calculate with numbers in
any form, convert between forms as appropriate, assess the
reasonableness of answers using mental computation and
estimation strategies.
7.SP.C.7: Develop a probability model and use it to find
probabilities of events. Compare probabilities from a model
to observed frequencies; if the agreement is not good, explain
possible sources of the discrepancy.

HS-PS1 Matter and Its Interactions
Connections to other DCIs in this grade band
HS-PS1-1: HS.LS1.C
HS-PS1-2: HS.LS1.C, HS.ESS2.C
HS-PS1-3: HS.ESS2.C
HS-PS1-4: HS.PS3.A, HS.PS3.B, HS.PS3.D, HS.LS1.C
HS-PS1-5: HS.PS3.A
HS-PS1-6: HS.PS3.B
HS-PS1-7: HS.PS3.B, HS.LS1.C, HS.LS2.B
HS-PS1-8: HS.PS3.A, HS.PS3.B, HS.PS3.C, HS.PS3.D, HS.ESS1.A,
HS.ESS1.C

Connections to Standards Arranged by DCIs

Articulation to DCIs across grade bands
HS-PS1-1: MS.PS1.A, MS.PS1.B
HS-PS1-2: MS.PS1.A, MS.PS1.B
HS-PS1-3: MS.PS1.A, MS.PS2.B
HS-PS1-4: MS.PS1.A, MS.PS1.B, MS.PS2.B, MS.PS3.D, MS.LS1.C
HS-PS1-5: MS.PS1.A, MS.PS1.B, MS.PS2.B, MS.PS3.A, MS.PS3.B
HS-PS1-6: MS.PS1.B
HS-PS1-7: MS.PS1.A, MS.PS1.B, MS.LS1.C, MS.LS2.B, MS.ESS2.A
HS-PS1-8: MS.PS1.A, MS.PS1.B, MS.PS1.C, MS.ESS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-PS1-1: RST.9-10.7
HS-PS1-2: WHST.9-12.2, WHST.9-12.5
HS-PS1-3: RST.11-12.1, WHST.9-12.7, WHST.11-12.8, WHST.9-12.9
HS-PS1-4: SL.11-12.5
HS-PS1-5: RST.11-12.1, WHST.9-12.2
HS-PS1-6: WHST.9-12.7
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Mathematics
HS-PS1-2: HSN-Q.A.1, HSN-Q.A.3
HS-PS1-3: HSN-Q.A.1, HSN-Q.A.3
HS-PS1-4: MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS1-5: MP.2, HSN-Q.A.1, HSN-Q.A.3
HS-PS1-7: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS1-8: MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

HS-PS2 Motion and Stability: Forces and Interactions
Connections to other DCIs in this grade band
HS-PS2-1: HS.PS3.C, HS.ESS1.A, HS.ESS1.C, HS.ESS2.C
HS-PS2-2: HS.ESS1.A, HS.ESS1.C
HS-PS2-4: HS.PS3.A, HS.ESS1.A, HS.ESS1.B, HS.ESS1.C, HS.ESS2.C,
HS.ESS3.A
HS-PS2-5: HS.PS3.A, HS.PS4.B, HS.ESS2.A, HS.ESS3.A
Articulation to DCIs across grade bands
HS-PS2-1: MS.PS2.A, MS.PS3.C
HS-PS2-2: MS.PS2.A, MS.PS3.C
HS-PS2-3: MS.PS2.A, MS.PS3.C
HS-PS2-4: MS.PS2.B, MS.ESS1.B
HS-PS2-5: MS.PS2.B, MS.ESS1.B
HS-PS2-6: MS.PS1.A, MS.PS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-PS2-1: RST.11-12.1, RST.11-12.7, WHST.9-12.9
HS-PS2-3: WHST.9-12.7
HS-PS2-5: WHST.9-12.7, WHST.11-12.8, WHST.9-12.9
HS-PS2-6: RST.11-12.1, WHST.9-12.2
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches

effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
Mathematics
HS-PS2-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-SSE.B.3, HSA-CED.A.1, HSA-CED.A.2, HSA-CED.A.4,
HSF-IF.C.7, HSS-ID.A.1
HS-PS2-2: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-CED.A.1, HSA-CED.A.2, HSA-CED.A.4
HS-PS2-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-SSE.B.3
HS-PS2-5: HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS2-6: HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
HSA-SSE.A.1: Interpret expressions that represent a quantity in
terms of its context.
HSA-SSE.B.3: Choose and produce an equivalent form of an
expression to reveal and explain properties of the quantity
represented by the expression.
HSA-CED.A.1: Create equations and inequalities in one variable
and use them to solve problems.
HSA-CED.A.2: Create equations in two or more variables to
represent relationships between quantities; graph equations on
coordinate axes with labels and scales.
HSA-CED.A.4: Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.
HSF-IF.C.7: Graph functions expressed symbolically and show
Key features of the graph, by hand in simple cases and using
technology for more complicated cases.
HSS-ID.A.1: Represent data with plots on the real number line
(e.g., dot plots, histograms, box plots).
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Connections to Standards Arranged by DCIs

HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
HS-PS3 Energy
Connections to other DCIs in this grade band
HS-PS3-1: HS.PS1.B, HS.LS2.B, HS.ESS1.A, HS.ESS2.A
HS-PS3-2: HS.PS1.A, HS.PS1.B, HS.PS2.B, HS.ESS2.A
HS-PS3-3: HS.ESS3.A
HS-PS3-4: HS.ESS1.A, HS.ESS2.A, HS.ESS2.D
HS-PS3-5: HS.PS2.B
Articulation to DCIs across grade bands
HS-PS3-1: MS.PS3.A, MS.PS3.B, MS.ESS2.A
HS-PS3-2: MS.PS1.A, MS.PS2.B, MS.PS3.A, MS.PS3.C
HS-PS3-3: MS.PS3.A, MS.PS3.B, MS.ESS2.A
HS-PS3-4: MS.PS3.B
HS-PS3-5: MS.PS2.B, MS.PS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
HS-PS3-1: SL.11-12.5
HS-PS3-2: SL.11-12.5
HS-PS3-3: WHST.9-12.7
HS-PS3-4: RST.11-12.1, WHST.9-12.7, WHST.11-12.8, WHST.9-12.9
HS-PS3-5: WHST.9-12.7, WHST.11-12.8, WHST.9-12.9, SL.11-12.5
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
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Mathematics
HS-PS3-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS3-2: MP.2, MP.4
HS-PS3-3: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS3-4: MP.2, MP.4
HS-PS3-5: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

HS-PS4 Waves and Their Applications in Technologies for
Information Transfer
Connections to other DCIs in this grade band
HS-PS4-1: HS.ESS2.A
HS-PS4-3: HS.PS3.D, HS.ESS1.A, HS.ESS2.D
HS-PS4-4: HS.PS1.C, HS.LS1.C, HS.PS3.A, HS.PS3.D
HS-PS4-5: HS.PS3.A
Articulation to DCIs across grade bands
HS-PS4-1: MS.PS4.A, MS.PS4.B
HS-PS4-2: MS.PS4.A, MS.PS4.B, MS.PS4.C
HS-PS4-3: MS.PS4.B
HS-PS4-4: MS.PS3.D, MS.PS4.B, MS.LS1.C, MS.ESS2.D
HS-PS4-5: MS.PS4.A, MS.PS4.B, MS.PS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-PS4-1: RST.11-12.7
HS-PS4-2: RST.9-10.8, RST.11-12.1, RST.11-12.8
HS-PS4-3: RST.9-10.8, RST.11-12.1, RST.11-12.8
HS-PS4-4: RST.9-10.8, RST.11-12.1, RST.11-12.7, RST.11-12.8,
WHST.11-12.8
HS-PS4-5: WHST.9-12.2
Key
RST.9-10.8: Assess the extent to which the reasoning and evidence
in a text support the author’s claim or a recommendation for
solving a scientific or technical problem.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Mathematics
HS-PS4-1: MP.2, MP.4, HSA-SSE.A.1, HSA-SSE.B.3, HSA.CED.A.4
HS-PS4-3: MP.2, HSA-SSE.A.1, HSA-SSE.B.3, HSA.CED.A.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSA-SSE.A.1: Interpret expressions that represent a quantity in
terms of its context.
HSA-SSE.B.3: Choose and produce an equivalent form of an
expression to reveal and explain properties of the quantity
represented by the expression.
HSA.CED.A.4: Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.

HS-LS1 From Molecules to Organisms: Structures and
Processes
Connections to other DCIs in this grade band
HS-LS1-1: HS.LS3.A
HS-LS1-5: HS.PS1.B, HS.PS3.B
HS-LS1-6: HS.PS1.B
HS-LS1-7: HS.PS1.B, HS.PS2.B, HS.PS3.B
Articulation to DCIs across grade bands
HS-LS1-1: MS.LS1.A, MS.LS3.A, MS.LS3.B
HS-LS1-2: MS.LS1.A

HS-LS1-3: MS.LS1.A
HS-LS1-4: MS.LS1.A, MS.LS1.B, MS.LS3.A
HS-LS1-5: MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.LS2.B
HS-LS1-6: MS.PS1.A, MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.ESS2.E
HS-LS1-7: MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.LS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-LS1-1: RST.11-12.1, WHST.9-12.2, WHST.9-12.9
HS-LS1-2: SL.11-12.5
HS-LS1-3: WHST.9-12.7, WHST.11-12.8
HS-LS1-4: SL.11-12.5
HS-LS1-5: SL.11-12.5
HS-LS1-6: RST.11-12.1, WHST.9-12.2, WHST.9-12.5, WHST.9-12.9
HS-LS1-7: SL.11-12.5
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.5: Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific
purpose and audience.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
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Connections to Standards Arranged by DCIs

RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.5: Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific
purpose and audience.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.

Mathematics
HS-LS1-4: MP.4, HSF-IF.C.7, HSF-BF.A.1
Key
MP.4: Model with Mathematics.
HSF-IF.C.7: Graph functions expressed symbolically and show
Key features of the graph, by hand in simple cases and using
technology for more complicated cases.
HSF-BF.A.1: Write a function that describes a relationship between
two quantities.

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics
Connections to other DCIs in this grade band
HS-LS2-2: HS.ESS2.E, HS.ESS3.A, HS.ESS3.C, HS.ESS3.D
HS-LS2-3: HS.PS1.B, HS.PS3.B, HS.PS3.D, HS.ESS2.A
HS-LS2-4: HS.PS3.B, HS.PS3.D
HS-LS2-5: HS.PS1.B, HS.ESS2.D
HS-LS2-6: HS.ESS2.E
HS-LS2-7: HS.ESS2.D, HS.ESS2.E, HS.ESS3.A, HS.ESS3.C

Connections to Standards Arranged by DCIs

Articulation across grade bands
HS-LS2-1: MS.LS2.A, MS.LS2.C, MS.ESS3.A, MS.ESS3.C
HS-LS2-2: MS.LS2.A, MS.LS2.C, MS.ESS3.C
HS-LS2-3: MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.LS2.B
HS-LS2-4: MS.PS3.D, MS.LS1.C, MS.LS2.B
HS-LS2-5: MS.PS3.D, MS.LS1.C, MS.LS2.B, MS.ESS2.A
HS-LS2-6: MS.LS2.A, MS.LS2.C, MS.ESS3.C, MS.ESS2.E
HS-LS2-7: MS.LS2.C, MS.ESS3.C, MS.ESS3.D
HS-LS2-8: MS.LS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-LS2-1: RST.11-12.1, WHST.9-12.2
HS-LS2-2: RST.11-12.1, WHST.9-12.2
HS-LS2-3: RST.11-12.1, WHST.9-12.2, WHST.9-12.5
HS-LS2-6: RST.9-10.8, RST.11-12.1, RST.11-12.7, RST.11-12.8
HS-LS2-7: RST.9-10.8, RST.11-12.7, RST.11-12.8, WHST.9-12.7
HS-LS2-8: RST.9-10.8, RST.11-12.1, RST.11-12.7, RST.11-12.8
Key
RST.9-10.8: Assess the extent to which the reasoning and evidence
in a text support the author’s claim or a recommendation for
solving a scientific or technical problem.
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
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Mathematics
HS-LS2-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-LS2-2: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-LS2-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-LS2-6: MP.2, HSS-ID.A.1, HSS-IC.A.1, HSS-IC.B.6
HS-LS2-7: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
HSS-ID.A.1: Represent data with plots on the real number line.
HSS-IC.A.1: Understand statistics as a process for making inferences
about population parameters based on a random sample from
that population.
HSS-IC.B.6: Evaluate reports based on data.
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
HS-LS3 Heredity: Inheritance and Variation of Traits

Connections to Common Core State Standards

Articulation across grade bands
HS-LS3-1: MS.LS3.A, MS.LS3.B
HS-LS3-2: MS.LS3.A, MS.LS3.B
HS-LS3-3: MS.LS2.A, MS.LS3.B, MS.LS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-LS3-1: RST.11-12.1, RST.11-12.9
HS-LS3-2: RST.11-12.1, WHST.9-12.1
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.9: Synthesize information from a range of sources (e.g.,
texts, experiments, simulations) into a coherent understanding
of a process, phenomenon, or concept, resolving conflicting
information when possible.
WHST.9-12.1: Write arguments focused on discipline-specific
content.
Mathematics
HS-LS3-2: MP.2
HS-LS3-3: MP.2
Key
MP.2: Reason abstractly and quantitatively.

HS-LS4 Biological Evolution: Unity and Diversity
Connections to other DCIs in this grade band
HS-LS4-1: HS.LS3.A, HS.LS3.B, HS.ESS1.C
HS-LS4-2: HS.LS2.A, HS.LS2.D, HS.LS3.B, HS.ESS2.E, HS.ESS3.A
HS-LS4-3: HS.LS2.A, HS.LS2.D, HS.LS3.B
HS-LS4-4: HS.LS2.A, HS.LS2.D
HS-LS4-5: HS.LS2.A, HS.LS2.D, HS.LS3.B, HS.ESS2.E, HS.ESS3.A
HS-LS4-6: HS.ESS2.D, HS.ESS2.E, HS.ESS3.A, HS.ESS3.C, HS.ESS3.D
Articulation across grade bands
HS-LS4-1: MS.LS3.A, MS.LS3.B, MS.LS4.A, MS.ESS1.C
HS-LS4-2: MS.LS2.A, MS.LS3.B, MS.LS4.B, MS.LS4.C
HS-LS4-3: MS.LS2.A, MS.LS3.B, MS.LS4.B, MS.LS4.C
HS-LS4-4: MS.LS4.B, MS.LS4.C
HS-LS4-5: MS.LS2.A, MS.LS2.C, MS.LS4.C, MS.ESS3.C
HS-LS4-6: MS.LS2.C, MS.ESS3.C

ELA/Literacy
HS-LS4-1: RST.11-12.1, WHST.9-12.2, WHST.9-12.9, SL.11-12.4
HS-LS4-2: RST.11-12.1, WHST.9-12.2, WHST.9-12.9, SL.11-12.4
HS-LS4-3: RST.11-12.1, WHST.9-12.2, WHST.9-12.9
HS-LS4-4: RST.11-12.1, WHST.9-12.2, WHST.9-12.9
HS-LS4-5: RST.11-12.8, WHST.9-12.9
HS-LS4-6: WHST.9-12.5, WHST.9-12.7
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.5: Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific
purpose and audience.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.4: Present claims and findings, emphasizing salient points
in a focused, coherent manner with relevant evidence, sound
and valid reasoning, and well-chosen details; use appropriate eye
contact, adequate volume, and clear pronunciation.
Mathematics
HS-LS4-1: MP.2
HS-LS4-2: MP.2, MP.4
HS-LS4-3: MP.2
HS-LS4-4: MP.2
HS-LS4-5: MP.2
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
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Connections to Standards Arranged by DCIs

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to other DCIs in this grade band
HS-LS3-3: HS.LS2.A, HS.LS2.C, HS.LS4.B, HS.LS4.C

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)
HS-ESS1 Earth’s Place in the Universe
Connections to other DCIs in this grade band
HS-ESS1-1: HS.PS1.C, HS.PS3.A
HS-ESS1-2: HS.PS1.A, HS.PS1.C, HS.PS3.A, HS.PS3.B, HS.PS4.A
HS-ESS1-3: HS.PS1.A, HS.PS1.C
HS-ESS1-4: HS.PS2.B
HS-ESS1-5: HS.PS3.B, HS.ESS2.A
HS-ESS1-6: HS.PS2.A, HS.PS2.B
Articulation of DCIs across grade bands
HS-ESS1-1: MS.PS1.A, MS.PS4.B, MS.ESS1.A, MS.ESS2.A, MS.ESS2.D
HS-ESS1-2: MS.PS1.A, MS.PS4.B, MS.ESS1.A
HS-ESS1-3: MS.PS1.A, MS.ESS1.A
HS-ESS1-4: MS.PS2.A, MS.PS2.B, MS.ESS1.A, MS.ESS1.B
HS-ESS1-5: MS.ESS1.C, MS.ESS2.A, MS.ESS2.B
HS-ESS1-6: MS.PS2.B, MS.ESS1.B, MS.ESS1.C, MS.ESS2.A, MS.ESS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by DCIs

ELA/Literacy
HS-ESS1-1: RST.11-12.1
HS-ESS1-2: RST.11-12.1, WHST.9-12.2
HS-ESS1-3: WHST.9-12.2, SL.11-12.4
HS-ESS1-5: RST.11-12.1, RST.11-12.8, WHST.9-12.2
HS-ESS1-6: RST.11-12.1, RST.11-12.8, WHST.9-12.1
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.1: Write arguments focused on discipline-specific
content.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
SL.11-12.4: Present claims and findings, emphasizing salient points
in a focused, coherent manner with relevant evidence, sound
and valid reasoning, and well-chosen details; use appropriate eye
contact, adequate volume, and clear pronunciation.
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Mathematics
HS-ESS1-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-CED.A.2, HSA-CED.A.4
HS-ESS1-2: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3, HSA-SSE.A.1,
HSA-CED.A.2, HSA-CED.A.4
HS-ESS1-3: MP.2
HS-ESS1-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-CED.A.2, HSA-CED.A.4
HS-ESS1-5: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS1-6: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3, HSF-IF.B.5,
HSS-ID.B.6
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
HSA-SSE.A.1: Interpret expressions that represent a quantity in
terms of its context.
HSA-CED.A.2: Create equations in two or more variables to
represent relationships between quantities; graph equations on
coordinate axes with labels and scales.
HSA-CED.A.4: Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.
HSF-IF.B.5: Relate the domain of a function to its graph and,
where applicable, to the quantitative relationship it describes.
HSS-ID.B.6: Represent data on two quantitative variables on a
scatter plot, and describe how those variables are related.

HS-ESS2 Earth’s Systems
Connections to other DCIs in this grade band
HS-ESS2-1: HS.PS2.B
HS-ESS2-2: HS.PS3.B, HS.PS4.B, HS.LS2.B, HS.LS2.C, HS.LS4.D,
HS.ESS3.C, HS.ESS3.D
HS-ESS2-3: HS.PS2.B, HS.PS3.B, HS.PS3.D
HS-ESS2-4: HS.PS3.A, HS.PS3.B, HS.LS2.C, HS.ESS1.C, HS.ESS3.C,
HS.ESS3.D
HS-ESS2-5: HS.PS1.A, HS.PS1.B, HS.PS3.B, HS.ESS3.C
HS-ESS2-6: HS.PS1.A, HS.PS1.B, HS.PS3.D, HS.LS1.C, HS.LS2.B,
HS.ESS3.C, HS.ESS3.D
HS-ESS2-7: HS.LS2.A, HS.LS2.C, HS.LS4.A, HS.LS4.B, HS.LS4.C, HS.LS4.D
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Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ESS2-1: SL.11-12.5
HS-ESS2-2: RST.11-12.1, RST.11-12.2
HS-ESS2-3: RST.11-12.1, SL.11-12.5
HS-ESS2-4: SL.11-12.5
HS-ESS2-5: WHST.9-12.7
HS-ESS2-7: WHST.9-12.1
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.2: Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or information presented
in a text by paraphrasing them in simpler but still accurate terms.
WHST.9-12.1: Write arguments focused on discipline-specific
content.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-ESS2-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS2-2: MP.2, HSN-Q.A.1, HSN-Q.A.3

HS-ESS2-3: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS2-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS2-5: HSN-Q.A.3
HS-ESS2-6: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

HS-ESS3 Earth and Human Activity
Connections to other DCIs in this grade band
HS-ESS3-2: HS.PS3.B, HS.PS3.D, HS.LS2.A, HS.LS2.B, HS.LS4.D,
HS.ESS2.A
HS-ESS3-3: HS.PS1.B, HS.LS2.A, HS.LS2.B, HS.LS2.C, HS.LS4.D,
HS.ESS2.A, HS.ESS2.E
HS-ESS3-4: HS.LS2.C, HS.LS4.D
HS-ESS3-5: HS.PS3.B, HS.PS3.D, HS.LS1.C, HS.ESS2.D
HS-ESS3-6: HS.LS2.B, HS.LS2.C, HS.LS4.D, HS.ESS2.A
Articulation of DCIs across grade bands
HS-ESS3-1: MS.LS2.A, MS.LS4.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.B
HS-ESS3-2: MS.PS3.D, MS.LS2.A, MS.LS2.B, MS.LS4.D, MS.ESS3.A,
MS.ESS3.C
HS-ESS3-3: MS.PS1.B, MS.LS2.A, MS.LS2.B, MS.LS2.C, MS.LS4.C,
MS.LS4.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.C
HS-ESS3-4: MS.LS2.C, MS.ESS2.A, MS.ESS3.B, MS.ESS3.C, MS.ESS3.D
HS-ESS3-5: MS.PS3.B, MS.PS3.D, MS.ESS2.A, MS.ESS2.D, MS.ESS3.B,
MS.ESS3.C, MS.ESS3.D
HS-ESS3-6: MS.LS2.C, MS.ESS2.A, MS.ESS2.C, MS.ESS3.C, MS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ESS3-1: RST.11-12.1, WHST.9-12.2
HS-ESS3-2: RST.11-12.1, RST.11-12.8
HS-ESS3-4: RST.11-12.1, RST.11-12.8
HS-ESS3-5: RST.11-12.1, RST.11-12.2, RST.11-12.7
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Connections to Standards Arranged by DCIs

Articulation of DCIs across grade bands
HS-ESS2-1: MS.PS2.B, MS.LS2.B, MS.ESS1.C, MS.ESS2.A, MS.ESS2.B,
MS.ESS2.C, MS.ESS2.D
HS-ESS2-2: MS.PS3.D, MS.PS4.B, MS.LS2.B, MS.LS2.C, MS.LS4.C,
MS.ESS2.A, MS.ESS2.B, MS.ESS2.C, MS.ESS2.D, MS.ESS3.C, MS.ESS3.D
HS-ESS2-3: MS.PS1.A, MS.PS1.B, MS.PS2.B, MS.PS3.A, MS.PS3.B,
MS.ESS2.A, MS.ESS2.B
HS-ESS2-4: MS.PS3.A, MS.PS3.B, MS.PS3.D, MS.PS4.B, MS.LS1.C,
MS.LS2.B, MS.LS2.C, MS.ESS2.A, MS.ESS2.B, MS.ESS2.C, MS.ESS2.D,
MS.ESS3.C, MS.ESS3.D
HS-ESS2-5: MS.PS1.A, MS.PS4.B, MS.ESS2.A, MS.ESS2.C, MS.ESS2.D
HS-ESS2-6: MS.PS1.A, MS.PS3.D, MS.PS4.B, MS.LS2.B, MS.ESS2.A,
MS.ESS2.B, MS.ESS2.C, MS.ESS3.C, MS.ESS3.D
HS-ESS2-7: MS.LS2.A, MS.LS2.C, MS.LS4.A, MS.LS4.B, MS.LS4.C,
MS.ESS1.C, MS.ESS2.A, MS.ESS2.C, MS.ESS3.C

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Disciplinary Core Ideas (DCIs)

Connections to Standards Arranged by DCIs

Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.2: Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or information presented
in a text by paraphrasing them in simpler but still accurate terms.
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
Mathematics
HS-ESS3-1: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS3-2: MP.2
HS-ESS3-3: MP.2, MP.4
HS-ESS3-4: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS3-5: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS3-6: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

Connections to HS-ETS1.C: Optimizing the Design Solution
Physical Sciences: HS-PS1-6, HS-PS2-3
Articulation of DCIs across grade bands
HS-ETS1-1: MS.ETS1.A
HS-ETS1-2: MS.ETS1.A, MS.ETS1.B, MS.ETS1.C
HS-ETS1-3: MS.ETS1.A, MS.ETS1.B
HS-ETS1-4: MS.ETS1.A, MS.ETS1.B, MS.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ETS1-1: RST.11-12.7, RST.11-12.8, RST.11-12.9
HS-ETS1-3: RST.11-12.7, RST.11-12.8, RST.11-12.9
Key
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
RST.11-12.9: Synthesize information from a range of sources (e.g.,
texts, experiments, simulations) into a coherent understanding
of a process, phenomenon, or concept, resolving conflicting
information when possible.
Mathematics
HS-ETS1-1: MP.2, MP.4
HS-ETS1-2: MP.4
HS-ETS1-3: MP.2, MP.4
HS-ETS1-4: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.

HS-ETS1 Engineering Design
Connections to HS-ETS1.A: Defining and Delimiting Engineering
Problems
Physical Sciences: HS-PS2-3, HS-PS3-3
Connections to HS-ETS1.B: Designing Solutions to Engineering
Problems
Earth and Space Sciences: HS-ESS3-2, HS-ESS3-4
Life Sciences: HS-LS2-7, HS-LS4-6
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KINDERGARTEN THROUGH FIFTH GRADE
Students in kindergarten through fifth grade begin to develop an understanding of the four disciplinary core ideas: physical sciences; life sciences; earth and space sciences; and engineering, technology, and
applications of science. In the earlier grades, students begin by recognizing patterns and formulating
answers to questions about the world around them. By the end of fifth grade, students should be able
to demonstrate grade-appropriate proficiency in gathering, describing, and using information about the
natural and designed world(s).

Kindergarten Through Fifth Grade

The performance expectations in elementary school grade bands develop ideas and skills that will allow
students to explain more complex phenomena in the four disciplines as they progress to middle school
and high school. While the performance expectations shown in kindergarten through fifth grade couple
particular practices with specific disciplinary core ideas, instructional decisions should include use of
many practices that lead to the performance expectations.
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KINDERGARTEN
The performance expectations in kindergarten help students formulate answers to questions such
as: “What happens if you push or pull an object harder? Where do animals live and why do they live
there? What is the weather like today and how is it different from yesterday?” Kindergarten performance expectations include PS2, PS3, LS1, ESS2, ESS3, and ETS1 Disciplinary Core Ideas from the NRC
Framework.
Students are expected to develop understanding of patterns and variations in local weather and the
purpose of weather forecasting to prepare for, and respond to, severe weather. Students are able to
apply an understanding of the effects of different strengths or different directions of pushes and pulls
on the motion of an object to analyze a design solution. Students are also expected to develop understanding of what plants and animals (including humans) need to survive and the relationship between
their needs and where they live. The crosscutting concepts of patterns; cause and effect; systems and
system models; interdependence of science, engineering, and technology; and influence of engineering,
technology, and science on society and the natural world are called out as organizing concepts for these
disciplinary core ideas.

Kindergarten

In the kindergarten performance expectations, students are expected to demonstrate grade-appropriate
proficiency in asking questions, developing and using models, planning and carrying out investigations,
analyzing and interpreting data, designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information. Students are expected to use these practices to demonstrate understanding of the core ideas.
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K. Forces and Interactions: Pushes and Pulls
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-PS2-1. Plan and conduct an investigation to compare the
effects of different strengths or different directions of pushes
and pulls on the motion of an object. [Clarification Statement:

K-PS2-2. Analyze data to determine if a design solution works
as intended to change the speed or direction of an object with a
push or a pull.* [Clarification Statement: Examples of problems requiring

Examples of pushes or pulls could include a string attached to an object
being pulled, a person pushing an object, a person stopping a rolling ball,
and two objects colliding and pushing on each other.] [Assessment Boundary:
Assessment is limited to different relative strengths or different directions,
but not both at the same time. Assessment does not include non-contact
pushes or pulls such as those produced by magnets.]

a solution could include having a marble or other object move a certain
distance, follow a particular path, and knock down other objects. Examples
of solutions could include tools such as a ramp to increase the speed of an
object and a structure that would cause an object such as a marble or ball
to turn.] [Assessment Boundary: Assessment does not include friction as a
mechanism for change in speed.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Science and Engineering Practices

Crosscutting Concepts

Planning and Carrying Out Investigations

PS2.A: Forces and Motion

Cause and Effect

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 7ITH GUIDANCE PLAN AND CONDUCT AN INVESTIGATION
IN COLLABORATION WITH PEERS + 03 

s 0USHES AND PULLS CAN HAVE DIFFERENT STRENGTHS AND
DIRECTIONS + 03  + 03 
s 0USHING OR PULLING ON AN OBJECT CAN CHANGE THE
SPEED OR DIRECTION OF ITS MOTION AND CAN START OR
STOP IT + 03  + 03 

s 3IMPLE TESTS CAN BE DESIGNED TO GATHER EVIDENCE
TO SUPPORT OR REFUTE STUDENT IDEAS ABOUT CAUSES
(K-PS2-1), (K-PS2-2)

Analyzing and Interpreting Data

K. Forces and Interactions: Pushes and Pulls

Disciplinary Core Ideas

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s !NALYZE DATA FROM TESTS OF AN OBJECT OR TOOL TO
DETERMINE IF IT WORKS AS INTENDED + 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods
s 3CIENTISTS USE DIFFERENT WAYS TO STUDY THE WORLD
(K-PS2-1)

166

PS2.B: Types of Interactions
s 7HEN OBJECTS TOUCH OR COLLIDE THEY PUSH ON ONE
ANOTHER AND CAN CHANGE MOTION + 03 

PS3.C: Relationship Between Energy and
Forces
s ! BIGGER PUSH OR PULL MAKES THINGS SPEED UP OR
SLOW DOWN MORE QUICKLY (secondary to K-PS2-1)

ETS1.A: Defining Engineering Problems
s ! SITUATION THAT PEOPLE WANT TO CHANGE OR CREATE
CAN BE APPROACHED AS A PROBLEM TO BE SOLVED
THROUGH ENGINEERING 3UCH PROBLEMS MAY HAVE
MANY ACCEPTABLE SOLUTIONS (secondary to K-PS2-2)
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K. Interdependent Relationships in Ecosystems: Animals, Plants, and Their Environment
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
and animals (including humans) need to survive. [Clarification

Statement: Examples of patterns could include that animals need to take in
food but plants do not, the different kinds of food needed by different types
of animals, the requirement of plants to have light, and that all living things
need water.]

K-ESS2-2. Construct an argument supported by evidence for

how plants and animals (including humans) can change the
environment to meet their needs. [Clarification Statement: Examples

of plants and animals changing their environment could include a squirrel
digging in the ground to hide its food and that tree roots can break concrete.]

K-ESS3-1. Use a model to represent the relationship between

the places they live. [Clarification Statement: Examples of relationships
could include that deer eat buds and leaves and therefore usually live
in forested areas and that grasses need sunlight so they often grow in
meadows. Plants, animals, and their surroundings make up a system.]

K-ESS3-3. Communicate solutions that will reduce the impact of
humans on the land, water, air, and/or other living things in the
local environment.* [Clarification Statement: Examples of human impact
on land could include cutting trees to produce paper and using resources
to produce bottles. Examples of solutions could include reusing paper and
recycling cans and bottles.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

the needs of different plants or animals (including humans) and

Science and Engineering Practices
Developing and Using Models
-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION OR STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s 5SE A MODEL TO REPRESENT RELATIONSHIPS IN THE
NATURAL WORLD + %33 

Analyzing and Interpreting Data
!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s 5SE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
DESCRIBE PATTERNS IN THE NATURAL WORLD IN ORDER TO
ANSWER SCIENTIlC QUESTIONS + ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN +n BUILDS ON
PRIOR EXPERIENCES AND PROGRESSES TO COMPARING IDEAS
AND REPRESENTATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE TO SUPPORT A
CLAIM + %33 

Disciplinary Core Ideas

Crosscutting Concepts

LS1.C: Organization for Matter and Energy
Flow in Organisms
s !LL ANIMALS NEED FOOD IN ORDER TO LIVE AND GROW
4HEY OBTAIN THEIR FOOD FROM PLANTS OR FROM OTHER
ANIMALS 0LANTS NEED WATER AND LIGHT TO LIVE AND
GROW + ,3 

ESS2.E: Biogeology
s 0LANTS AND ANIMALS CAN CHANGE THEIR ENVIRONMENT
(K-ESS2-2)

ESS3.A: Natural Resources

Patterns
s 0ATTERNS IN THE NATURAL AND HUMAN DESIGNED WORLD
CAN BE OBSERVED AND USED AS EVIDENCE + ,3 

Cause and Effect
s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS + %33 

Systems and System Models
s 3YSTEMS IN THE NATURAL AND DESIGNED WORLD HAVE
PARTS THAT WORK TOGETHER + %33  + %33 

s ,IVING THINGS NEED WATER AIR AND RESOURCES FROM
THE LAND AND THEY LIVE IN PLACES THAT HAVE THE
THINGS THEY NEED (UMANS USE NATURAL RESOURCES FOR
EVERYTHING THEY DO + %33 

ESS3.C: Human Impacts on Earth Systems
s 4HINGS THAT PEOPLE DO TO LIVE COMFORTABLY CAN
AFFECT THE WORLD AROUND THEM "UT THEY CAN MAKE
CHOICES THAT REDUCE THEIR IMPACTS ON THE LAND
WATER AIR AND OTHER LIVING THINGS (secondary to
K-ESS2-2), (K-ESS3-3)

See connections to K. Interdependent Relationships in Ecosystems on page 293.
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K. Interdependent Relationships in Ecosystems: Animals, Plants, and Their Environment

K-LS1-1. Use observations to describe patterns of what plants

Next Generation Science Standards: For States, By States

K. Interdependent Relationships in Ecosystems: Animals, Plants, and Their Environment (continued )

K. Interdependent Relationships in Ecosystems: Animals, Plants, and Their Environment (continued )

Science and Engineering Practices
Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN +n BUILDS ON PRIOR EXPERIENCES AND
USES OBSERVATIONS AND TEXTS TO COMMUNICATE NEW
INFORMATION
s #OMMUNICATE SOLUTIONS WITH OTHERS IN ORAL ANDOR
WRITTEN FORMS USING MODELS ANDOR DRAWINGS THAT
PROVIDE DETAIL ABOUT SCIENTIlC IDEAS + %33 

Disciplinary Core Ideas

Crosscutting Concepts

ETS1.B: Developing Possible Solutions
s $ESIGNS CAN BE CONVEYED THROUGH SKETCHES
DRAWINGS OR PHYSICAL MODELS 4HESE
REPRESENTATIONS ARE USEFUL IN COMMUNICATING
IDEAS FOR A PROBLEMS SOLUTIONS TO OTHER PEOPLE
(secondary to K-ESS3-3)

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD + ,3 
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K. Weather and Climate
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-ESS2-1. Use and share observations of local weather

severe weather.* [Clarification Statement: Emphasis is on local forms of

conditions to describe patterns over time. [Clarification Statement:

severe weather.]

Examples of qualitative observations could include descriptions of the
weather (such as sunny, cloudy, rainy, and warm); examples of quantitative
observations could include numbers of sunny, windy, and rainy days in a
month. Examples of patterns could include that it is usually cooler in the
morning than in the afternoon and the number of sunny days versus cloudy
days in different months.] [Assessment Boundary: Assessment of quantitative
observations is limited to whole numbers and relative measures such as
warmer/cooler.]

K-PS3-1. Make observations to determine the effect of sunlight
on Earth’s surface. [Clarification Statement: Examples of Earth’s surface

purpose of weather forecasting to prepare for, and respond to,

Science and Engineering Practices
Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
DESCRIPTIVE QUESTIONS THAT CAN BE TESTED
s !SK QUESTIONS BASED ON OBSERVATIONS TO lND MORE
INFORMATION ABOUT THE DESIGNED WORLD + %33 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
COLLECT DATA THAT CAN BE USED TO MAKE COMPARISONS
(K-PS3-1)

Analyzing and Interpreting Data
!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s 5SE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
DESCRIBE PATTERNS IN THE NATURAL WORLD IN ORDER TO
ANSWER SCIENTIlC QUESTIONS + %33 

See connections to K. Weather and Climate on page 293.

K-PS3-2. Use tools and materials to design and build a structure
that will reduce the warming effect of sunlight on an area.*
[Clarification Statement: Examples of structures could include umbrellas,
canopies, and tents that minimize the warming effect of the sun.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

PS3.B: Conservation of Energy and Energy
Transfer
s 3UNLIGHT WARMS %ARTHS SURFACE + 03  + 03 

ESS2.D: Weather and Climate
s 7EATHER IS THE COMBINATION OF SUNLIGHT WIND
SNOW OR RAIN AND TEMPERATURE IN A PARTICULAR
REGION AT A PARTICULAR TIME 0EOPLE MEASURE THESE
CONDITIONS TO DESCRIBE AND RECORD THE WEATHER AND
TO NOTICE PATTERNS OVER TIME + %33 

ESS3.B: Natural Hazards
s 3OME KINDS OF SEVERE WEATHER ARE MORE LIKELY
THAN OTHERS IN A GIVEN REGION 7EATHER SCIENTISTS
FORECAST SEVERE WEATHER SO THAT COMMUNITIES
CAN PREPARE FOR AND RESPOND TO THESE EVENTS
(K-ESS3-2)

ETS1.A: Defining and Delimiting an
Engineering Problem
s !SKING QUESTIONS MAKING OBSERVATIONS AND
GATHERING INFORMATION ARE HELPFUL IN THINKING ABOUT
PROBLEMS (secondary to K-ESS3-2)

Patterns
s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED USED
TO DESCRIBE PHENOMENA AND USED AS EVIDENCE
(K-ESS2-1)

Cause and Effect
s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS + %33  + 03  + 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 0EOPLE ENCOUNTER QUESTIONS ABOUT THE NATURAL
WORLD EVERY DAY + %33 

Influence of Engineering, Technology, and
Science on Society and the Natural World

K. Weather and Climate

K-ESS3-2. Ask questions to obtain information about the

could include sand, soil, rocks, and water.] [Assessment Boundary: Assessment
of temperature is limited to relative measures such as warmer/cooler.]

s 0EOPLE DEPEND ON VARIOUS TECHNOLOGIES IN THEIR
LIVES HUMAN LIFE WOULD BE VERY DIFFERENT WITHOUT
TECHNOLOGY + %33 
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K. Weather and Climate (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN +n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE AND IDEAS IN CONSTRUCTING
EVIDENCE BASED ACCOUNTS OF NATURAL PHENOMENA
AND DESIGNING SOLUTIONS
s 5SE TOOLS AND MATERIALS PROVIDED TO DESIGN AND
BUILD A DEVICE THAT SOLVES A SPECIlC PROBLEM OR A
SOLUTION TO A SPECIlC PROBLEM + 03 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN +n BUILDS ON PRIOR EXPERIENCES AND
USES OBSERVATIONS AND TEXTS TO COMMUNICATE NEW
INFORMATION
s 2EAD GRADE APPROPRIATE TEXTS ANDOR USE MEDIA TO
OBTAIN SCIENTIlC INFORMATION TO DESCRIBE PATTERNS IN
THE NATURAL WORLD + %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods

K. Weather and Climate (continued )

s 3CIENTISTS USE DIFFERENT WAYS TO STUDY THE WORLD
(K-PS3-1)

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD + %33 
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FIRST GRADE
The performance expectations in first grade help students formulate answers to questions such as:
“What happens when materials vibrate? What happens when there is no light? What are some ways
plants and animals meet their needs so that they can survive and grow? How are parents and their
children similar and different? What objects are in the sky and how do they seem to move?” First
grade performance expectations include PS4, LS1, LS3, and ESS1 Disciplinary Core Ideas from the NRC
Framework.
Students are expected to develop understanding of the relationship between sound and vibrating materials as well as between the availability of light and the ability to see objects. The idea that light travels
from place to place can be understood by students at this level through determining the effect of placing objects made with different materials in the path of a beam of light. Students are also expected to
develop understanding of how plants and animals use their external parts to help them survive, grow,
and meet their needs as well as how the behaviors of parents and offspring help offspring survive. The
understanding is developed that young plants and animals are like, but not exactly the same as, their
parents. Students are able to observe, describe, and predict some patterns of the movement of objects
in the sky. The crosscutting concepts of patterns; cause and effect; structure and function; and influence
of engineering, technology, and science on society and the natural world are called out as organizing
concepts for these disciplinary core ideas.

First Grade

In the first grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in planning and carrying out investigations, analyzing and interpreting data, constructing explanations and designing solutions, and obtaining, evaluating, and communicating information.
Students are expected to use these practices to demonstrate understanding of the core ideas.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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1. Waves: Light and Sound
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

1-PS4-1. Plan and conduct investigations to provide evidence

1-PS4-3. Plan and conduct an investigation to determine the
effect of placing objects made with different materials in the path
of a beam of light. [Clarification Statement: Examples of materials could

materials that make sound could include tuning forks and plucking a
stretched string. Examples of how sound can make matter vibrate could
include holding a piece of paper near a speaker making sound and holding
an object near a vibrating tuning fork.]

include those that are transparent (such as clear plastic), translucent (such as
wax paper), opaque (such as cardboard), and reflective (such as a mirror).]
[Assessment Boundary: Assessment does not include the speed of light.]

that vibrating materials can make sound and that sound can
make materials vibrate. [Clarification Statement: Examples of vibrating

1-PS4-2. Make observations to construct an evidence-based
account that objects can be seen only when illuminated.

[Clarification Statement: Examples of observations could include those made
in a completely dark room, a pinhole box, and a video of a cave explorer
with a flashlight. Illumination could be from an external light source or by
an object giving off its own light.]

Science and Engineering Practices

that uses light or sound to solve the problem of communicating
over a distance.* [Clarification Statement: Examples of devices could

include a light source to send signals, paper cup and string “telephones,”
and a pattern of drum beats.] [Assessment Boundary: Assessment does not
include technological details for how communication devices work.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

PS4.A: Wave Properties

Cause and Effect

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT INVESTIGATIONS COLLABORATIVELY TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE TO
ANSWER A QUESTION  03   03 

s 3OUND CAN MAKE MATTER VIBRATE AND VIBRATING
MATTER CAN MAKE SOUND  03 

s 3IMPLE TESTS CAN BE DESIGNED TO GATHER EVIDENCE
TO SUPPORT OR REFUTE STUDENT IDEAS ABOUT CAUSES
(1-PS4-1), (1-PS4-2), (1-PS4-3)

Constructing Explanations and Designing
Solutions

1. Waves: Light and Sound

1-PS4-4. Use tools and materials to design and build a device

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  03 
s 5SE TOOLS AND MATERIALS PROVIDED TO DESIGN A
DEVICE THAT SOLVES A SPECIlC PROBLEM  03 
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PS4.B: Electromagnetic Radiation
s /BJECTS CAN BE SEEN IF LIGHT IS AVAILABLE TO
ILLUMINATE THEM OR IF THEY GIVE OFF THEIR OWN LIGHT
(1-PS4-2)
s 3OME MATERIALS ALLOW LIGHT TO PASS THROUGH THEM
OTHERS ALLOW ONLY SOME LIGHT THROUGH AND OTHERS
BLOCK ALL THE LIGHT AND CREATE A DARK SHADOW ON
ANY SURFACE BEYOND THEM WHERE THE LIGHT CANNOT
REACH -IRRORS CAN BE USED TO REDIRECT A LIGHT BEAM
"OUNDARY 4HE IDEA THAT LIGHT TRAVELS FROM PLACE TO
PLACE IS DEVELOPED THROUGH EXPERIENCES WITH LIGHT
SOURCES MIRRORS AND SHADOWS BUT NO ATTEMPT IS
MADE TO DISCUSS THE SPEED OF LIGHT  03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s 0EOPLE DEPEND ON VARIOUS TECHNOLOGIES IN THEIR
LIVES HUMAN LIFE WOULD BE VERY DIFFERENT WITHOUT
TECHNOLOGY  03 

PS4.C: Information Technologies and
Instrumentation
s 0EOPLE ALSO USE A VARIETY OF DEVICES TO
COMMUNICATE SEND AND RECEIVE INFORMATION OVER
LONG DISTANCES  03 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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See connections to 1. Waves on page 294.
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1. Waves: Light and Sound (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods

1. Waves: Light and Sound (continued )

s 3CIENCE INVESTIGATIONS BEGIN WITH A QUESTION
(1-PS4-1)
s 3CIENTISTS USE DIFFERENT WAYS TO STUDY THE WORLD
(1-PS4-1)

See connections to 1. Waves on page 294.
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1. Structure, Function, and Information Processing
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

1-LS1-1. Use materials to design a solution to a human problem

the signals that offspring make (such as crying, cheeping, and other
vocalizations) and the responses of the parents (such as feeding, comforting,
and protecting the offspring).]

Statement: Examples of human problems that can be solved by mimicking
plant or animal solutions could include designing clothing or equipment to
protect bicyclists by mimicking turtle shells, acorn shells, and animal scales;
stabilizing structures by mimicking animal tails and roots on plants; keeping
out intruders by mimicking thorns on branches and animal quills; and
detecting intruders by mimicking eyes and ears.]

1-LS3-1. Make observations to construct an evidence-based

by mimicking how plants and/or animals use their external parts
to help them survive, grow, and meet their needs.* [Clarification

1-LS1-2. Read texts and use media to determine patterns in

behavior of parents and offspring that help offspring survive.

[Clarification Statement: Examples of patterns of behaviors could include

Science and Engineering Practices

1. Structure, Function, and Information Processing

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  ,3 
s 5SE MATERIALS TO DESIGN A DEVICE THAT SOLVES
A SPECIlC PROBLEM OR A SOLUTION TO A SPECIlC
PROBLEM  ,3 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN +n BUILDS ON PRIOR EXPERIENCES AND
USES OBSERVATIONS AND TEXTS TO COMMUNICATE NEW
INFORMATION
s 2EAD GRADE APPROPRIATE TEXTS AND USE MEDIA TO
OBTAIN SCIENTIlC INFORMATION TO DETERMINE PATTERNS
IN THE NATURAL WORLD  ,3 
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account that young plants and animals are like, but not exactly
like, their parents. [Clarification Statement: Examples of patterns could
include features that plants or animals share. Examples of observations could
include that leaves from the same kind of plant are the same shape but can
differ in size and that a particular breed of dog looks like its parents but is
not exactly the same.] [Assessment Boundary: Assessment does not include
inheritance or animals that undergo metamorphosis or hybrids.]

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Crosscutting Concepts

Disciplinary Core Ideas
LS1.A: Structure and Function

Patterns

s !LL ORGANISMS HAVE EXTERNAL PARTS $IFFERENT
ANIMALS USE THEIR BODY PARTS IN DIFFERENT WAYS TO
SEE HEAR GRASP OBJECTS PROTECT THEMSELVES MOVE
FROM PLACE TO PLACE AND SEEK lND AND TAKE IN
FOOD WATER AND AIR 0LANTS ALSO HAVE DIFFERENT PARTS
ROOTS STEMS LEAVES mOWERS FRUITS THAT HELP THEM
SURVIVE AND GROW  ,3 

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED USED
TO DESCRIBE PHENOMENA AND USED AS EVIDENCE
 ,3   ,3 

LS1.B: Growth and Development of
Organisms
s !DULT PLANTS AND ANIMALS CAN HAVE YOUNG )N
MANY KINDS OF ANIMALS PARENTS AND THE OFFSPRING
THEMSELVES ENGAGE IN BEHAVIORS THAT HELP THE
OFFSPRING TO SURVIVE  ,3 

LS1.D: Information Processing
s !NIMALS HAVE BODY PARTS THAT CAPTURE AND CONVEY
DIFFERENT KINDS OF INFORMATION NEEDED FOR GROWTH
AND SURVIVAL !NIMALS RESPOND TO THESE INPUTS
WITH BEHAVIORS THAT HELP THEM SURVIVE 0LANTS ALSO
RESPOND TO SOME EXTERNAL INPUTS  ,3 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Structure and Function
s 4HE SHAPE AND STABILITY OF STRUCTURES OF NATURAL AND
DESIGNED OBJECTS ARE RELATED TO THEIR FUNCTIONS 
 ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s %VERY HUMAN MADE PRODUCT IS DESIGNED BY
APPLYING SOME KNOWLEDGE OF THE NATURAL WORLD AND
IS BUILT USING MATERIALS DERIVED FROM THE NATURAL
WORLD  ,3 

See connections to 1. Structure, Function, and Information Processing on page 294.
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1. Structure, Function, and Information Processing (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

LS3.A: Inheritance of Traits

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence

LS3.B: Variation of Traits
s )NDIVIDUALS OF THE SAME KIND OF PLANT OR ANIMAL ARE
RECOGNIZABLE AS SIMILAR BUT CAN ALSO VARY IN MANY
WAYS  ,3 

1. Structure, Function, and Information Processing (continued )

s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD  ,3 

s 9OUNG ANIMALS ARE VERY MUCH BUT NOT EXACTLY LIKE
THEIR PARENTS 0LANTS ALSO ARE VERY MUCH BUT NOT
EXACTLY LIKE THEIR PARENTS  ,3 

See connections to 1. Structure, Function, and Information Processing on page 294.
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1. Space Systems: Patterns and Cycles
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

1-ESS1-1. Use observations of the sun, moon, and stars to
describe patterns that can be predicted. [Clarification Statement:

1-ESS1-2. Make observations at different times of the year to
relate the amount of daylight to the time of year. [Clarification

Examples of patterns could include that the sun and moon appear to rise in
one part of the sky, move across the sky, and set and that stars other than
our sun are visible at night but not during the day.] [Assessment Boundary:
Assessment of star patterns is limited to stars being seen at night and not
during the day.]

Statement: Emphasis is on relative comparisons of the amount of daylight
in the winter to the amount in the spring or fall.] [Assessment Boundary:
Assessment is limited to relative amounts of daylight, not quantifying the
hours or time of daylight.]

Science and Engineering Practices

Disciplinary Core Ideas

Planning and Carrying Out Investigations

ESS1.A: The Universe and Its Stars

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
COLLECT DATA THAT CAN BE USED TO MAKE COMPARISONS
(1-ESS1-2)

s 0ATTERNS OF THE MOTION OF THE SUN MOON AND
STARS IN THE SKY CAN BE OBSERVED DESCRIBED AND
PREDICTED  %33 

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED USED
TO DESCRIBE PHENOMENA AND USED AS EVIDENCE
(1-ESS1-1), (1-ESS1-2)

ESS1.B: Earth and the Solar System
s 3EASONAL PATTERNS OF SUNRISE AND SUNSET CAN BE
OBSERVED DESCRIBED AND PREDICTED  %33 

Analyzing and Interpreting Data

1. Space Systems: Patterns and Cycles

Crosscutting Concepts

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s 5SE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
DESCRIBE PATTERNS IN THE NATURAL WORLD IN ORDER TO
ANSWER SCIENTIlC QUESTIONS  %33 
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#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES NATURAL EVENTS HAPPEN TODAY AS
THEY HAPPENED IN THE PAST  %33 
s -ANY EVENTS ARE REPEATED  %33 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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See connections to 1. Space Systems on page 295.
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SECOND GRADE
The performance expectations in second grade help students formulate answers to questions such as:
“How does land change and what are some things that cause it to change? What are the different kinds
of land and bodies of water? How are materials similar and different from one another, and how do the
properties of the materials relate to their use? What do plants need to grow? How many types of living
things live in a place?” Second grade performance expectations include PS1, LS2, LS4, ESS1, ESS2, and
ETS1 Disciplinary Core Ideas from the NRC Framework.
Students are expected to develop an understanding of what plants need to grow and how plants
depend on animals for seed dispersal and pollination. Students are also expected to compare the diversity of life in different habitats. An understanding of observable properties of materials is developed by
students at this level through analysis and classification of different materials. Students are able to apply
their understanding of the idea that wind and water can change the shape of land to compare design
solutions to slow or prevent such change. Students are able to use information and models to identify
and represent the shapes and kinds of land and bodies of water in an area and where water is found on
Earth. The crosscutting concepts of patterns; cause and effect; energy and matter; structure and function; stability and change; and influence of engineering, technology, and science on society and the
natural world are called out as organizing concepts for these disciplinary core ideas.

Second Grade

In the second grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in developing and using models, planning and carrying out investigations, analyzing and
interpreting data, constructing explanations and designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information. Students are expected to use these
practices to demonstrate understanding of the core ideas.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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2. Structure and Properties of Matter
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-PS1-1. Plan and conduct an investigation to describe and

2-PS1-3. Make observations to construct an evidence-based

texture, hardness, and flexibility. Patterns could include the similar properties
that different materials share.]

Examples of pieces could include blocks, building bricks, or other assorted
small objects.]

2-PS1-2. Analyze data obtained from testing different materials

2-PS1-4. Construct an argument with evidence that some

Examples of properties could include strength, flexibility, hardness, texture,
and absorbency.] [Assessment Boundary: Assessment of quantitative
measurements is limited to length.]

include materials such as water and butter at different temperatures.
Examples of irreversible changes could include cooking an egg, freezing a
plant leaf, and heating paper.]

classify different kinds of materials by their observable
properties. [Clarification Statement: Observations could include color,

to determine which materials have the properties that are
best suited for an intended purpose.* [Clarification Statement:

account of how an object made of a small set of pieces can be
disassembled and made into a new object. [Clarification Statement:

changes caused by heating or cooling can be reversed and some
cannot. [Clarification Statement: Examples of reversible changes could

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

2. Structure and Properties of Matter

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

PS1.A: Structure and Properties of Matter

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
TO ANSWER A QUESTION  03 

s $IFFERENT KINDS OF MATTER EXIST AND MANY OF
THEM CAN BE EITHER SOLID OR LIQUID DEPENDING
ON TEMPERATURE -ATTER CAN BE DESCRIBED AND
CLASSIlED BY ITS OBSERVABLE PROPERTIES  03 
s $IFFERENT PROPERTIES ARE SUITED TO DIFFERENT
PURPOSES  03   03 
s ! GREAT VARIETY OF OBJECTS CAN BE BUILT UP FROM A
SMALL SET OF PIECES  03 

s 0ATTERNS IN THE NATURAL AND HUMAN DESIGNED WORLD
CAN BE OBSERVED  03 

Analyzing and Interpreting Data

PS1.B: Chemical Reactions

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s !NALYZE DATA FROM TESTS OF AN OBJECT OR TOOL TO
DETERMINE IF IT WORKS AS INTENDED  03 

s (EATING OR COOLING A SUBSTANCE MAY CAUSE CHANGES
THAT CAN BE OBSERVED 3OMETIMES THESE CHANGES ARE
REVERSIBLE AND SOMETIMES THEY ARE NOT  03 

Energy and Matter

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
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Cause and Effect
s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS  03 
s 3IMPLE TESTS CAN BE DESIGNED TO GATHER EVIDENCE
TO SUPPORT OR REFUTE STUDENT IDEAS ABOUT CAUSES
(2-PS1-2)
s /BJECTS MAY BREAK INTO SMALLER PIECES AND BE PUT
TOGETHER INTO LARGER PIECES OR MAY CHANGE SHAPES
(2-PS1-3)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s %VERY HUMAN MADE PRODUCT IS DESIGNED BY
APPLYING SOME KNOWLEDGE OF THE NATURAL WORLD AND
IS BUILT USING MATERIALS DERIVED FROM THE NATURAL
WORLD  03 

See connections to 2. Structure and Properties of Matter on page 295.
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2. Structure and Properties of Matter (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  03 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN +n BUILDS ON
PRIOR EXPERIENCES AND PROGRESSES TO COMPARING IDEAS
AND REPRESENTATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE TO SUPPORT A
CLAIM  03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena

2. Structure and Properties of Matter (continued )

s 3CIENTISTS SEARCH FOR CAUSE AND EFFECT RELATIONSHIPS
TO EXPLAIN NATURAL EVENTS  03 

See connections to 2. Structure and Properties of Matter on page 295.
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2. Interdependent Relationships in Ecosystems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-LS2-1. Plan and conduct an investigation to determine if

2-LS4-1. Make observations of plants and animals to compare

Assessment is limited to testing one variable at a time.]

Emphasis is on the diversity of living things in each of a variety of different
habitats.] [Assessment Boundary: Assessment does not include specific animal
and plant names in specific habitats.]

plants need sunlight and water to grow. [Assessment Boundary:

2-LS2-2. Develop a simple model that mimics the function of an
animal in dispersing seeds or pollinating plants.*

Science and Engineering Practices
Developing and Using Models
-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION OR STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s $EVELOP A SIMPLE MODEL BASED ON EVIDENCE TO
REPRESENT A PROPOSED OBJECT OR TOOL  ,3 

2. Interdependent Relationships in Ecosystems

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
INVESTIGATIONS BASED ON FAIR TESTS WHICH PROVIDE DATA
TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
TO ANSWER A QUESTION  ,3 
s -AKE OBSERVATIONS lRSTHAND OR FROM MEDIA TO
COLLECT DATA THAT CAN BE USED TO MAKE COMPARISONS
 ,3 

the diversity of life in different habitats. [Clarification Statement:

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

LS2.A: Interdependent Relationships in
Ecosystems
s 0LANTS DEPEND ON WATER AND LIGHT TO GROW  ,3 
s 0LANTS DEPEND ON ANIMALS FOR POLLINATION OR TO
MOVE THEIR SEEDS AROUND  ,3 

LS4.D: Biodiversity and Humans
s 4HERE ARE MANY DIFFERENT KINDS OF LIVING THINGS IN
ANY AREA AND THEY EXIST IN DIFFERENT PLACES ON LAND
AND IN WATER  ,3 

Cause and Effect
s %VENTS HAVE CAUSES THAT GENERATE OBSERVABLE
PATTERNS  ,3 

Structure and Function
s 4HE SHAPE AND STABILITY OF STRUCTURES OF NATURAL AND
DESIGNED OBJECTS ARE RELATED TO THEIR FUNCTIONS 
 ,3 

ETS1.B: Developing Possible Solutions
s $ESIGNS CAN BE CONVEYED THROUGH SKETCHES
DRAWINGS OR PHYSICAL MODELS 4HESE
REPRESENTATIONS ARE USEFUL IN COMMUNICATING
IDEAS FOR A PROBLEMS SOLUTIONS TO OTHER PEOPLE
(secondary to 2-LS2-2)

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTISTS LOOK FOR PATTERNS AND ORDER WHEN MAKING
OBSERVATIONS ABOUT THE WORLD  ,3 
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2. Earth’s Systems: Processes That Shape the Earth
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

2-ESS1-1. Use information from several sources to provide
evidence that Earth events can occur quickly or slowly.

designs of dikes and windbreaks to hold back wind and water and different
designs for using shrubs, grass, and trees to hold back land.]

[Clarification Statement: Examples of events and timescales could include
volcanic explosions and earthquakes, which happen quickly, and erosion
of rocks, which occurs slowly.] [Assessment Boundary: Assessment does not
include quantitative measurements of timescales.]

2-ESS2-2. Develop a model to represent the shapes and kinds
of land and bodies of water in an area. [Assessment Boundary:
Assessment does not include quantitative scaling in models.]

2-ESS2-1. Compare multiple solutions designed to slow or

2-ESS2-3. Obtain information to identify where water is found
on Earth and that it can be solid or liquid.

[Clarification Statement: Examples of solutions could include different

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.C: The History of Planet Earth

Patterns

-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION OR STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s $EVELOP A MODEL TO REPRESENT PATTERNS IN THE
NATURAL WORLD  %33 

s 3OME EVENTS HAPPEN VERY QUICKLY OTHERS OCCUR
VERY SLOWLY OVER A TIME PERIOD MUCH LONGER THAN
ONE CAN OBSERVE  %33 

s 0ATTERNS IN THE NATURAL WORLD CAN BE OBSERVED
(2-ESS2-2), (2-ESS2-3)

ESS2.A: Earth Materials and Systems

s 4HINGS MAY CHANGE SLOWLY OR RAPIDLY  %33 
(2-ESS2-1)

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS IN
+n BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO THE
USE OF EVIDENCE AND IDEAS IN CONSTRUCTING EVIDENCE
BASED ACCOUNTS OF NATURAL PHENOMENA AND DESIGNING
SOLUTIONS
s -AKE OBSERVATIONS FROM SEVERAL SOURCES TO
CONSTRUCT AN EVIDENCE BASED ACCOUNT FOR NATURAL
PHENOMENA  %33 
s #OMPARE MULTIPLE SOLUTIONS TO A PROBLEM  %33 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING INFORMATION
IN +n BUILDS ON PRIOR EXPERIENCES AND USES OBSERVATIONS
AND TEXTS TO COMMUNICATE NEW INFORMATION
s /BTAIN INFORMATION USING VARIOUS TEXTS TEXT FEATURES
EG HEADINGS TABLES OF CONTENTS GLOSSARIES
ELECTRONIC MENUS ICONS AND OTHER MEDIA THAT WILL BE
USEFUL IN ANSWERING A SCIENTIlC QUESTION  %33 
See connections to 2. Earth’s Systems on page 296.

s 7IND AND WATER CAN CHANGE THE SHAPE OF THE LAND
(2-ESS2-1)

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
s -APS SHOW WHERE THINGS ARE LOCATED /NE CAN
MAP THE SHAPES AND KINDS OF LAND AND WATER IN ANY
AREA  %33 

ESS2.C: The Roles of Water in Earth’s
Surface Processes
s 7ATER IS FOUND IN THE OCEANS RIVERS LAKES AND
PONDS 7ATER EXISTS AS SOLID ICE AND IN LIQUID FORM
(2-ESS2-3)

ETS1.C: Optimizing the Design Solution
s "ECAUSE THERE IS ALWAYS MORE THAN ONE POSSIBLE
SOLUTION TO A PROBLEM IT IS USEFUL TO COMPARE AND
TEST DESIGNS (secondary to 2-ESS2-1)

Stability and Change

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE

2. Earth’s Systems: Processes That Shape the Earth

prevent wind or water from changing the shape of the land.*

Influence of Engineering, Technology, and
Science on Society and the Natural World
s $EVELOPING AND USING TECHNOLOGY HAS IMPACTS ON
THE NATURAL WORLD  %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World
s 3CIENTISTS STUDY THE NATURAL AND MATERIAL WORLD
(2-ESS2-1)
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K–2 ENGINEERING DESIGN
Children seem to be born with a creative urge to design and build things. Often it takes little more
than the presence of raw materials to inspire children to imagine and create forts and dollhouses from
cardboard boxes and sandcastles from moist sand near the water’s edge. The task for the primary school
teacher is to channel this natural tendency by helping students recognize that creative energy can be
a means to solve problems and achieve goals through a systematic process, commonly referred to as
engineering design. Although engineering design is not a lock-step process, it is helpful to think of it in
three stages—defining the problem, developing possible solutions, and determining which best solves
the problem.
Defining the problem begins in kindergarten as students learn that a situation people want to change
can be thought of as a problem that can be solved. By the time they leave second grade students should
be able to ask questions and make observations to gather information about the problem so they can
envision an object or a tool that would solve it.
Developing possible solutions naturally flows from the problem definition phase. One of the most
challenging aspects of this phase is to keep students from immediately implementing the first solution they think of and to think it through before acting. Having students sketch their ideas or make a
physical model is a good way to engage them in shaping their ideas to meet the requirements of the
problem.
Comparing different solutions may involve testing each one to see how well it solves a problem or
achieves a goal. Consumer product testing is a good model for this capability. Although students in the
primary grades should not be held accountable for designing controlled experiments, they should be
able to think of ways of comparing two products to determine which is better for a given purpose.
Connections with the other science disciplines help students develop these capabilities in various contexts. In kindergarten students are expected to design and build simple devices. In first grade students
are expected to use tools and materials to solve a simple problem and test and compare different solutions. In second grade they are expected to define more complex problems then develop, test, and analyze data to compare different solutions.

K–2 Engineering Design

By the time they leave second grade students should be able to achieve all three performance expectations (K-2-ETS1-1, K-2-ETS1-2, and K-2-ETS1-3) related to a single problem in order to understand the
interrelated processes of engineering design—defining a problem, developing solutions, and comparing
different solutions by testing them to see which best solves the problem.
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K-2. Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

K-2-ETS1-1. Ask questions, make observations, and gather

information about a situation people want to change to define a
simple problem that can be solved through the development of
a new or improved object or tool.

K-2-ETS1-3. Analyze data from tests of two objects designed
to solve the same problem to compare the strengths and
weaknesses of how each performs.

K-2-ETS1-2. Develop a simple sketch, drawing, or physical

model to illustrate how the shape of an object helps it function
as needed to solve a given problem.

Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN +n
BUILDS ON PRIOR EXPERIENCES AND PROGRESSES TO SIMPLE
DESCRIPTIVE QUESTIONS
s !SK QUESTIONS BASED ON OBSERVATIONS TO lND MORE
INFORMATION ABOUT THE NATURAL ANDOR DESIGNED
WORLDS +  %43 
s $ElNE A SIMPLE PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF A NEW OR IMPROVED
OBJECT OR TOOL +  %43 

Developing and Using Models

Crosscutting Concepts

Disciplinary Core Ideas

Structure and Function

ETS1.A: Defining and Delimiting
Engineering Problems
s ! SITUATION THAT PEOPLE WANT TO CHANGE OR CREATE
CAN BE APPROACHED AS A PROBLEM TO BE SOLVED
THROUGH ENGINEERING +  %43 
s !SKING QUESTIONS MAKING OBSERVATIONS AND
GATHERING INFORMATION ARE HELPFUL IN THINKING ABOUT
PROBLEMS +  %43 
s "EFORE BEGINNING TO DESIGN A SOLUTION IT IS
IMPORTANT TO CLEARLY UNDERSTAND THE PROBLEM
(K-2-ETS1-1)

-ODELING IN +n BUILDS ON PRIOR EXPERIENCES AND
PROGRESSES TO INCLUDE USING AND DEVELOPING MODELS
IE DIAGRAM DRAWING PHYSICAL REPLICA DIORAMA
DRAMATIZATION OR STORYBOARD THAT REPRESENT CONCRETE
EVENTS OR DESIGN SOLUTIONS
s $EVELOP A SIMPLE MODEL BASED ON EVIDENCE TO
REPRESENT A PROPOSED OBJECT OR TOOL +  %43 

ETS1.B: Developing Possible Solutions

Analyzing and Interpreting Data

s "ECAUSE THERE IS ALWAYS MORE THAN ONE POSSIBLE
SOLUTION TO A PROBLEM IT IS USEFUL TO COMPARE AND
TEST DESIGNS +  %43 

!NALYZING DATA IN +n BUILDS ON PRIOR EXPERIENCES
AND PROGRESSES TO COLLECTING RECORDING AND SHARING
OBSERVATIONS
s !NALYZE DATA FROM TESTS OF AN OBJECT OR TOOL TO
DETERMINE IF IT WORKS AS INTENDED +  %43 

See connections to K-2. Engineering Design on page 297.

s 4HE SHAPE AND STABILITY OF STRUCTURES OF NATURAL AND
DESIGNED OBJECTS ARE RELATED TO THEIR FUNCTIONS 
(K-2-ETS1-2)

s $ESIGNS CAN BE CONVEYED THROUGH SKETCHES
DRAWINGS OR PHYSICAL MODELS 4HESE
REPRESENTATIONS ARE USEFUL IN COMMUNICATING
IDEAS FOR A PROBLEMS SOLUTIONS TO OTHER PEOPLE
(K-2-ETS1-2)

ETS1.C: Optimizing the Design Solution
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THIRD GRADE
The performance expectations in third grade help students formulate answers to questions such as:
“What is typical weather in different parts of the world and during different times of the year? How
can the impact of weather-related hazards be reduced? How do organisms vary in their traits? How are
plants, animals, and environments of the past similar or different from current plants, animals, and environments? What happens to organisms when their environment changes? How do equal and unequal
forces on an object affect the object? How can magnets be used?” Third grade performance expectations include PS2, LS1, LS2, LS3, LS4, ESS2, and ESS3 Disciplinary Core Ideas from the NRC Framework.
Students are able to organize and use data to describe typical weather conditions expected during a
particular season. By applying their understanding of weather-related hazards, students are able to
make a claim about the merit of a design solution that reduces the impacts of such hazards. Students
are expected to develop an understanding of the similarities and differences of organisms’ life cycles. An
understanding that organisms have different inherited traits, and that the environment can also affect
the traits that an organism develops, is acquired by students at this level. In addition, students are able
to construct an explanation using evidence for how the variations in characteristics among individuals
of the same species may provide advantages in surviving, finding mates, and reproducing. Students are
expected to develop an understanding of types of organisms that lived long ago and also about the
nature of their environments. Third graders are expected to develop an understanding of the idea that
when the environment changes some organisms survive and reproduce, some move to new locations,
some move into the transformed environment, and some die. Students are able to determine the effects
of balanced and unbalanced forces on the motion of an object and the cause and effect relationships of
electrical or magnetic interactions between two objects not in contact with each other. They are then
able to apply their understanding of magnetic interactions to define a simple design problem that can
be solved with magnets. The crosscutting concepts of patterns; cause and effect; scale, proportion, and
quantity; systems and system models; interdependence of science, engineering, and technology; and
influence of engineering, technology, and science on society and the natural world are called out as
organizing concepts for these disciplinary core ideas.

Third Grade

In the third grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in asking questions and defining problems; developing and using models, planning and carrying out investigations, analyzing and interpreting data, constructing explanations and designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information.
Students are expected to use these practices to demonstrate understanding of the core ideas.
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3. Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-PS2-1. Plan and conduct an investigation to provide evidence

3-PS2-3. Ask questions to determine cause and effect

unbalanced force on one side of a ball can make it start moving and that
balanced forces pushing on a box from both sides will not produce any
motion at all.] [Assessment Boundary: Assessment is limited to one variable
at a time: number, size, or direction of forces. Assessment does not include
quantitative force size, only qualitative and relative. Assessment is limited to
gravity being addressed as a force that pulls objects down.]

Examples of an electrical force could include the force on hair from an
electrically charged balloon and the electrical forces between a charged rod
and pieces of paper; examples of a magnetic force could include the force
between two permanent magnets, the force between an electromagnet
and steel paperclips, and the force exerted by one magnet versus the force
exerted by two magnets. Examples of cause and effect relationships could
include how the distance between objects affects the strength of the force
and how the orientation of magnets affects the direction of the magnetic
force.] [Assessment Boundary: Assessment is limited to forces produced by
objects that can be manipulated by students, and electrical interactions are
limited to static electricity.]

of the effects of balanced and unbalanced forces on the motion
of an object. [Clarification Statement: Examples could include that an

3-PS2-2. Make observations and/or measurements of an object’s
motion to provide evidence that a pattern can be used to predict
future motion. [Clarification Statement: Examples of motion with a

predictable pattern could include a child swinging in a swing, a ball rolling
back and forth in a bowl, and two children on a seesaw.] [Assessment
Boundary: Assessment does not include technical terms such as period
and frequency.]

relationships of electrical or magnetic interactions between
two objects not in contact with each other. [Clarification Statement:

3-PS2-4. Define a simple design problem that can be solved by

applying scientific ideas about magnets.* [Clarification Statement:
Examples of problems could include constructing a latch to keep a door shut
and creating a device to keep two moving objects from touching each other.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

PS2.A: Forces and Motion

Patterns

!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
QUALITATIVE RELATIONSHIPS
s !SK QUESTIONS THAT CAN BE INVESTIGATED BASED ON
PATTERNS SUCH AS CAUSE AND EFFECT RELATIONSHIPS
(3-PS2-3)
s $ElNE A SIMPLE PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF A NEW OR IMPROVED
OBJECT OR TOOL  03 

s %ACH FORCE ACTS ON ONE PARTICULAR OBJECT AND HAS
BOTH A STRENGTH AND A DIRECTION !N OBJECT AT REST
TYPICALLY HAS MULTIPLE FORCES ACTING ON IT BUT THEY
ADD TO GIVE ZERO NET FORCE ON THE OBJECT &ORCES
THAT DO NOT SUM TO ZERO CAN CAUSE CHANGES IN THE
OBJECTS SPEED OR DIRECTION OF MOTION "OUNDARY
1UALITATIVE AND CONCEPTUAL BUT NOT QUANTITATIVE
ADDITION OF FORCES IS USED AT THIS LEVEL  03 
s 4HE PATTERNS OF AN OBJECTS MOTION IN VARIOUS
SITUATIONS CAN BE OBSERVED AND MEASURED
WHEN THAT PAST MOTION EXHIBITS A REGULAR
PATTERN FUTURE MOTION CAN BE PREDICTED FROM IT
"OUNDARY 4ECHNICAL TERMS SUCH AS MAGNITUDE
VELOCITY MOMENTUM AND VECTOR QUANTITY ARE
NOT INTRODUCED AT THIS LEVEL BUT THE CONCEPT THAT
SOME QUANTITIES NEED BOTH SIZE AND DIRECTION TO BE
DESCRIBED IS DEVELOPED  03 

s 0ATTERNS OF CHANGE CAN BE USED TO MAKE
PREDICTIONS  03 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS

See connections to 3. Forces and Interactions on page 298.

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED  03 
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(3-PS2-3)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENTIlC DISCOVERIES ABOUT THE NATURAL WORLD CAN
OFTEN LEAD TO NEW AND IMPROVED TECHNOLOGIES
WHICH ARE DEVELOPED THROUGH THE ENGINEERING
DESIGN PROCESS  03 
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3. Forces and Interactions (continued )
Science and Engineering Practices
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
USING FAIR TESTS IN WHICH VARIABLES ARE CONTROLLED
AND THE NUMBER OF TRIALS IS CONSIDERED  03 
s -AKE OBSERVATIONS ANDOR MEASUREMENTS TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
FOR AN EXPLANATION OF A PHENOMENON OR TO TEST A
DESIGN SOLUTION  03 

#ONNECTIONS TO .ATURE OF 3CIENCE

Disciplinary Core Ideas

Crosscutting Concepts

PS2.B: Types of Interactions
s /BJECTS IN CONTACT EXERT FORCES ON EACH OTHER
(3-PS2-1)
s %LECTRICAL AND MAGNETIC FORCES BETWEEN A PAIR
OF OBJECTS DO NOT REQUIRE THAT THE OBJECTS BE IN
CONTACT 4HE SIZES OF THE FORCES IN EACH SITUATION
DEPEND ON THE PROPERTIES OF THE OBJECTS AND THEIR
DISTANCES APART AND FOR FORCES BETWEEN TWO
MAGNETS ON THEIR ORIENTATION RELATIVE TO EACH
OTHER  03   03 

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENCE lNDINGS ARE BASED ON RECOGNIZING PATTERNS
(3-PS2-2)

Scientific Investigations Use a Variety of
Methods

3. Forces and Interactions (continued )

s 3CIENTIlC INVESTIGATIONS USE A VARIETY OF METHODS
TOOLS AND TECHNIQUES  03 
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3. Interdependent Relationships in Ecosystems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
that help members survive.

3-LS4-1. Analyze and interpret data from fossils to provide

evidence of the organisms and environments in which they
lived long ago. [Clarification Statement: Examples of data could include
type, size, and distributions of fossil organisms. Examples of fossils and
environments could include marine fossils found on dry land, tropical plant
fossils found in Arctic areas, and fossils of extinct organisms.] [Assessment
Boundary: Assessment does not include identification of specific fossils or
present plants and animals. Assessment is limited to major fossil types and
relative ages.]

3-LS4-3. Construct an argument with evidence that in a

particular habitat some organisms can survive well, some

Science and Engineering Practices
Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s !NALYZE AND INTERPRET DATA TO MAKE SENSE OF
PHENOMENA USING LOGICAL REASONING  ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE DATA ANDOR
A MODEL  ,3 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE  ,3 
s -AKE A CLAIM ABOUT THE MERIT OF A SOLUTION TO A
PROBLEM BY CITING RELEVANT EVIDENCE ABOUT HOW IT
MEETS THE CRITERIA AND CONSTRAINTS OF THE PROBLEM
 ,3 

survive less well, and some cannot survive at all. [Clarification
Statement: Examples of evidence could include the needs and characteristics
of the organisms and habitats involved. The organisms and their habitats
make up a system in which the parts depend on each other.]

3-LS4-4. Make a claim about the merit of a solution to a

problem caused when the environment changes and the types
of plants and animals that live there may change.* [Clarification

Statement: Examples of environmental changes could include changes
in land characteristics, water distribution, temperature, food, and other
organisms.] [Assessment Boundary: Assessment is limited to a single
environmental change. Assessment does not include the greenhouse effect
or climate change.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

LS2.C: Ecosystem Dynamics, Functioning,
and Resilience
s 7HEN THE ENVIRONMENT CHANGES IN WAYS THAT AFFECT
A PLACES PHYSICAL CHARACTERISTICS TEMPERATURE OR
AVAILABILITY OF RESOURCES SOME ORGANISMS SURVIVE
AND REPRODUCE OTHERS MOVE TO NEW LOCATIONS YET
OTHERS MOVE INTO THE TRANSFORMED ENVIRONMENT
AND SOME DIE (secondary to 3-LS4-4)

LS2.D: Social Interactions and Group
Behavior
s "EING PART OF A GROUP HELPS ANIMALS OBTAIN FOOD
DEFEND THEMSELVES AND COPE WITH CHANGES 'ROUPS
MAY SERVE DIFFERENT FUNCTIONS AND VARY DRAMATICALLY
IN SIZE (Note: Moved from K–2.),  ,3 

LS4.A: Evidence of Common Ancestry and
Diversity
s 3OME KINDS OF PLANTS AND ANIMALS THAT ONCE LIVED
ON %ARTH ARE NO LONGER FOUND ANYWHERE (Note:
Moved from K–2.),  ,3 
s &OSSILS PROVIDE EVIDENCE ABOUT THE TYPES OF
ORGANISMS THAT LIVED LONG AGO AND ALSO ABOUT THE
NATURE OF THEIR ENVIRONMENTS  ,3 

See connections to 3. Interdependent Relationships in Ecosystems on page 298.

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  ,3 
 ,3 

Scale, Proportion, and Quantity
s /BSERVABLE PHENOMENA EXIST FROM VERY SHORT TO
VERY LONG TIME PERIODS  ,3 

Systems and System Models
s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s +NOWLEDGE OF RELEVANT SCIENTIlC CONCEPTS AND
RESEARCH lNDINGS IS IMPORTANT IN ENGINEERING
 ,3 
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3. Interdependent Relationships in Ecosystems (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

LS4.C: Adaptation
s &OR ANY PARTICULAR ENVIRONMENT SOME KINDS OF
ORGANISMS SURVIVE WELL SOME SURVIVE LESS WELL AND
SOME CANNOT SURVIVE AT ALL  ,3 

LS4.D: Biodiversity and Humans

Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES CONSISTENT PATTERNS IN NATURAL
SYSTEMS  ,3 

Science Is a Human Endeavor
s -OST SCIENTISTS AND ENGINEERS WORK IN TEAMS
 ,3 

3. Interdependent Relationships in Ecosystems (continued )

s 0OPULATIONS LIVE IN A VARIETY OF HABITATS AND
CHANGE IN THOSE HABITATS AFFECTS THE ORGANISMS
LIVING THERE  ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
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3. Inheritance and Variation of Traits: Life Cycles and Traits
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
unique and diverse life cycles but all have in common birth,
growth, reproduction, and death. [Clarification Statement: Changes

that organisms go through during their life form a pattern.] [Assessment
Boundary: Assessment of plant life cycles is limited to those of flowering
plants. Assessment does not include details of human reproduction.]

3-LS3-1. Analyze and interpret data to provide evidence that

plants and animals have traits inherited from parents and that
variation of these traits exists in a group of similar organisms.

[Clarification Statement: Patterns are the similarities and differences in traits
shared between offspring and their parents, or among siblings. Emphasis
is on organisms other than humans.] [Assessment Boundary: Assessment
does not include genetic mechanisms of inheritance and prediction of traits.
Assessment is limited to non-human examples.]

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP MODELS TO DESCRIBE PHENOMENA  ,3 

3-LS3-2. Use evidence to support the explanation that traits can

be influenced by the environment. [Clarification Statement: Examples
of the environment affecting a trait could include that normally tall plants
grown with insufficient water are stunted and that a pet dog given too
much food and little exercise may become overweight.]

3-LS4-2. Use evidence to construct an explanation for how

the variations in characteristics among individuals of the same
species may provide advantages in surviving, finding mates,
and reproducing. [Clarification Statement: Examples of cause and effect

relationships could be that plants that have larger thorns than other plants
may be less likely to be eaten by predators and animals that have better
camouflage coloration than other animals may be more likely to survive and
therefore more likely to leave offspring.]

Disciplinary Core Ideas

Crosscutting Concepts
Patterns

LS1.B: Growth and Development of
Organisms
s 2EPRODUCTION IS ESSENTIAL TO THE CONTINUED
EXISTENCE OF EVERY KIND OF ORGANISM 0LANTS AND
ANIMALS HAVE UNIQUE AND DIVERSE LIFE CYCLES
 ,3 

Analyzing and Interpreting Data

LS3.A: Inheritance of Traits

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s !NALYZE AND INTERPRET DATA TO MAKE SENSE OF
PHENOMENA USING LOGICAL REASONING  ,3 

s -ANY CHARACTERISTICS OF ORGANISMS ARE INHERITED
FROM THEIR PARENTS  ,3 
s /THER CHARACTERISTICS RESULT FROM INDIVIDUALS
INTERACTIONS WITH THE ENVIRONMENT WHICH CAN
RANGE FROM DIET TO LEARNING -ANY CHARACTERISTICS
INVOLVE BOTH INHERITANCE AND ENVIRONMENT
 ,3 

Constructing Explanations and Designing
Solutions

LS3.B: Variation of Traits

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS

s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT AND CLASSIFY NATURAL PHENOMENA  ,3 
s 0ATTERNS OF CHANGE CAN BE USED TO MAKE
PREDICTIONS  ,3 

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  ,3 
 ,3 

s $IFFERENT ORGANISMS VARY IN HOW THEY LOOK AND
FUNCTION BECAUSE THEY HAVE DIFFERENT INHERITED
INFORMATION  ,3 
s 4HE ENVIRONMENT ALSO AFFECTS THE TRAITS THAT AN
ORGANISM DEVELOPS  ,3 

See connections to 3. Inheritance and Variation of Traits on page 299.
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3. Inheritance and Variation of Traits: Life Cycles and Traits

3-LS1-1. Develop models to describe that organisms have
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3. Inheritance and Variation of Traits: Life Cycles and Traits (continued )
Science and Engineering Practices
s 5SE EVIDENCE EG OBSERVATIONS PATTERNS TO
SUPPORT AN EXPLANATION  ,3 
s 5SE EVIDENCE EG OBSERVATIONS PATTERNS TO
CONSTRUCT AN EXPLANATION  ,3 

Disciplinary Core Ideas

Crosscutting Concepts

LS4.B: Natural Selection
s 3OMETIMES THE DIFFERENCES IN CHARACTERISTICS
BETWEEN INDIVIDUALS OF THE SAME SPECIES PROVIDE
ADVANTAGES IN SURVIVING lNDING MATES AND
REPRODUCING  ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence

3. Inheritance and Variation of Traits: Life Cycles and Traits (continued )

s 3CIENCE lNDINGS ARE BASED ON RECOGNIZING PATTERNS
 ,3 
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3. Weather and Climate
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-ESS2-1. Represent data in tables and graphical displays to
describe typical weather conditions expected during a particular
season. [Clarification Statement: Examples of data could include average
temperature, precipitation, and wind direction.] [Assessment Boundary:
Assessment of graphical displays is limited to pictographs and bar graphs.
Assessment does not include climate change.]

3-ESS2-2. Obtain and combine information to describe climates
in different regions of the world.
3-ESS3-1. Make a claim about the merit of a design solution that
reduces the impacts of a weather-related hazard.* [Clarification
Statement: Examples of design solutions to weather-related hazards could
include barriers to prevent flooding, wind-resistant roofs, and lightning rods.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Analyzing and Interpreting Data

ESS2.D: Weather and Climate

Patterns

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s 2EPRESENT DATA IN TABLES AND VARIOUS GRAPHICAL
DISPLAYS BAR GRAPHS AND PICTOGRAPHS TO REVEAL
PATTERNS THAT INDICATE RELATIONSHIPS  %33 

s 3CIENTISTS RECORD PATTERNS OF THE WEATHER ACROSS
DIFFERENT TIMES AND AREAS SO THAT THEY CAN MAKE
PREDICTIONS ABOUT WHAT KIND OF WEATHER MIGHT
HAPPEN NEXT  %33 
s #LIMATE DESCRIBES A RANGE OF AN AREAS TYPICAL
WEATHER CONDITIONS AND THE EXTENT TO WHICH THOSE
CONDITIONS VARY OVER YEARS  %33 

s 0ATTERNS OF CHANGE CAN BE USED TO MAKE
PREDICTIONS  %33   %33 

Engaging in Argument from Evidence

s ! VARIETY OF NATURAL HAZARDS RESULT FROM NATURAL
PROCESSES (UMANS CANNOT ELIMINATE NATURAL
HAZARDS BUT CAN TAKE STEPS TO REDUCE THEIR IMPACTS
(3-ESS3-1) (Note: This Disciplinary Core Idea is also
addressed by 4-ESS3-2.)

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s -AKE A CLAIM ABOUT THE MERIT OF A SOLUTION TO A
PROBLEM BY CITING RELEVANT EVIDENCE ABOUT HOW IT
MEETS THE CRITERIA AND CONSTRAINTS OF THE PROBLEM
(3-ESS3-1)

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND ACCURACY OF
IDEAS AND METHODS
s /BTAIN AND COMBINE INFORMATION FROM BOOKS
AND OTHER RELIABLE MEDIA TO EXPLAIN PHENOMENA
(3-ESS2-2)

See connections to 3. Weather and Climate on page 299.

ESS3.B: Natural Hazards

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(3-ESS3-1)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR
DEVELOP NEW ONES TO INCREASE THEIR BENElTS
EG BETTER ARTIlCIAL LIMBS DECREASE KNOWN RISKS
EG SEATBELTS IN CARS AND MEET SOCIETAL DEMANDS
EG CELL PHONES   %33 

#ONNECTIONS TO .ATURE OF 3CIENCE

3. Weather and Climate

Science and Engineering Practices

Science Is a Human Endeavor
s 3CIENCE AFFECTS EVERYDAY LIFE  %33 
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FOURTH GRADE
The performance expectations in fourth grade help students formulate answers to questions such as:
“What are waves and what are some things they can do? How can water, ice, wind and vegetation
change the land? What patterns of Earth’s features can be determined with the use of maps? How do
internal and external structures support the survival, growth, behavior, and reproduction of plants and
animals? What is energy and how is it related to motion? How is energy transferred? How can energy
be used to solve a problem?” Fourth grade performance expectations include PS3, PS4, LS1, ESS1, ESS2,
ESS3, and ETS1 Disciplinary Core Ideas from the NRC Framework.
Students are able to use a model of waves to describe patterns of waves in terms of amplitude and
wavelength, and that waves can cause objects to move. Students are expected to develop understanding of the effects of weathering or the rate of erosion by water, ice, wind, or vegetation. They apply
their knowledge of natural Earth processes to generate and compare multiple solutions to reduce the
impacts of such processes on humans. In order to describe patterns of Earth’s features, students analyze
and interpret data from maps. Fourth graders are expected to develop an understanding that plants
and animals have internal and external structures that function to support survival, growth, behavior,
and reproduction. By developing a model, they describe that an object can be seen when light reflected
from its surface enters the eye. Students are able to use evidence to construct an explanation of the
relationship between the speed of an object and the energy of that object. Students are expected to
develop an understanding that energy can be transferred from place to place by sound, light, heat, and
electrical currents or from object to object through collisions. They apply their understanding of energy
to design, test, and refine a device that converts energy from one form to another. The crosscutting concepts of patterns; cause and effect; energy and matter; systems and system models; interdependence of
science, engineering, and technology; and influence of engineering, technology, and science on society
and the natural world are called out as organizing concepts for these disciplinary core ideas.

Fourth Grade

In the fourth grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in asking questions, developing and using models, planning and carrying out investigations,
analyzing and interpreting data, constructing explanations and designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information. Students are expected
to use these practices to demonstrate understanding of the core ideas.
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4. Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
the speed of an object to the energy of that object. [Assessment
Boundary: Assessment does not include quantitative measures of changes in
the speed of an object or on any precise or quantitative definition of energy.]

4-PS3-2. Make observations to provide evidence that energy

can be transferred from place to place by sound, light, heat, and
electrical currents. [Assessment Boundary: Assessment does not include

quantitative measurements of energy.]

4-PS3-3. Ask questions and predict outcomes about the changes

in energy that occur when objects collide. [Clarification Statement:
Emphasis is on the changes in energy due to changes in speed, not on the
forces, as objects interact.] [Assessment Boundary: Assessment does not
include quantitative measurements of energy.]

4-PS3-4. Apply scientific ideas to design, test, and refine

a device that converts energy from one form to another.*

Science and Engineering Practices

[Clarification Statement: Examples of devices could include electrical circuits
that convert electrical energy into motion energy of a vehicle, light, or
sound and a passive solar heater that converts light into heat. Examples of
constraints could include the materials, cost, or time to design the device.]
[Assessment Boundary: Devices should be limited to those that convert
motion energy to electrical energy or that use stored energy to cause motion
or produce light or sound.]

4-ESS3-1. Obtain and combine information to describe that
energy and fuels are derived from natural resources and that
their uses affect the environment. [Clarification Statement: Examples
of renewable energy resources could include wind energy, water behind
dams, and sunlight; non-renewable energy resources are fossil fuels and
fissile materials. Examples of environmental effects could include loss of
habitat due to dams, loss of habitat due to surface mining, and air pollution
from burning of fossil fuels.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

PS3.A: Definitions of Energy

Cause and Effect

!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
QUALITATIVE RELATIONSHIPS
s !SK QUESTIONS THAT CAN BE INVESTIGATED AND PREDICT
REASONABLE OUTCOMES BASED ON PATTERNS SUCH AS
CAUSE AND EFFECT RELATIONSHIPS  03 

s 4HE FASTER A GIVEN OBJECT IS MOVING THE MORE
ENERGY IT POSSESSES  03 
s %NERGY CAN BE MOVED FROM PLACE TO PLACE BY
MOVING OBJECTS OR THROUGH SOUND LIGHT OR
ELECTRICAL CURRENTS  03   03 

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  %33 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE FOR AN EXPLANATION OF A
PHENOMENON OR TO TEST A DESIGN SOLUTION  03 

PS3.B: Conservation of Energy and Energy
Transfer
s %NERGY IS PRESENT WHENEVER THERE ARE MOVING
OBJECTS SOUND LIGHT OR HEAT 7HEN OBJECTS COLLIDE
ENERGY CAN BE TRANSFERRED FROM ONE OBJECT TO
ANOTHER THEREBY CHANGING THEIR MOTION )N SUCH
COLLISIONS SOME ENERGY IS TYPICALLY ALSO TRANSFERRED
TO THE SURROUNDING AIR AS A RESULT THE AIR GETS
HEATED AND SOUND IS PRODUCED  03   03 
s ,IGHT ALSO TRANSFERS ENERGY FROM PLACE TO PLACE
(4-PS3-2)

Energy and Matter
s %NERGY CAN BE TRANSFERRED IN VARIOUS WAYS AND
BETWEEN OBJECTS  03   03   03 
(4-PS3-4)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s +NOWLEDGE OF RELEVANT SCIENTIlC CONCEPTS AND
RESEARCH lNDINGS IS IMPORTANT IN ENGINEERING
(4-ESS3-1)

Influence of Engineering, Technology, and
Science on Society and the Natural World

4. Energy

4-PS3-1. Use evidence to construct an explanation relating

s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR
DEVELOP NEW ONES  03 

See connections to 4. Energy on page 300.
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4. Energy (continued )
Science and Engineering Practices
Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 5SE EVIDENCE EG MEASUREMENTS OBSERVATIONS
PATTERNS TO CONSTRUCT AN EXPLANATION  03 
s !PPLY SCIENTIlC IDEAS TO SOLVE DESIGN PROBLEMS
(4-PS3-4)

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATE THE MERIT AND ACCURACY OF
IDEAS AND METHODS
s /BTAIN AND COMBINE INFORMATION FROM BOOKS
AND OTHER RELIABLE MEDIA TO EXPLAIN PHENOMENA
(4-ESS3-1)

Disciplinary Core Ideas

Crosscutting Concepts

s %NERGY CAN ALSO BE TRANSFERRED FROM PLACE TO PLACE
BY ELECTRICAL CURRENTS WHICH CAN THEN BE USED
LOCALLY TO PRODUCE MOTION SOUND HEAT OR LIGHT 4HE
CURRENTS MAY HAVE BEEN PRODUCED TO BEGIN WITH BY
TRANSFORMING THE ENERGY OF MOTION INTO ELECTRICAL
ENERGY  03   03 

s /VER TIME PEOPLES NEEDS AND WANTS CHANGE AS DO
THEIR DEMANDS FOR NEW AND IMPROVED TECHNOLOGIES
(4-ESS3-1)

PS3.C: Relationship Between Energy and
Forces

s -OST SCIENTISTS AND ENGINEERS WORK IN TEAMS
(4-PS3-4)
s 3CIENCE AFFECTS EVERYDAY LIFE  03 

s 7HEN OBJECTS COLLIDE THE CONTACT FORCES TRANSFER
ENERGY SO AS TO CHANGE THE OBJECTS MOTIONS
(4-PS3-3)

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor

PS3.D: Energy in Chemical Processes and
Everyday Life
s 4HE EXPRESSION hPRODUCE ENERGYv TYPICALLY REFERS TO
THE CONVERSION OF STORED ENERGY INTO A DESIRED FORM
FOR PRACTICAL USE  03 

ESS3.A: Natural Resources
s %NERGY AND FUELS THAT HUMANS USE ARE DERIVED
FROM NATURAL SOURCES AND THEIR USE AFFECTS THE
ENVIRONMENT IN MULTIPLE WAYS 3OME RESOURCES
ARE RENEWABLE OVER TIME AND OTHERS ARE NOT
(4-ESS3-1)

ETS1.A: Defining Engineering Problems

4. Energy (continued )

s 0OSSIBLE SOLUTIONS TO A PROBLEM ARE LIMITED BY
AVAILABLE MATERIALS AND RESOURCES CONSTRAINTS 
4HE SUCCESS OF A DESIGNED SOLUTION IS DETERMINED
BY CONSIDERING THE DESIRED FEATURES OF A SOLUTION
CRITERIA  $IFFERENT PROPOSALS FOR SOLUTIONS CAN
BE COMPARED ON THE BASIS OF HOW WELL EACH ONE
MEETS THE SPECIlED CRITERIA FOR SUCCESS OR HOW WELL
EACH TAKES THE CONSTRAINTS INTO ACCOUNT (secondary
to 4-PS3-4)
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4. Waves: Waves and Information
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

4-PS4-1. Develop a model of waves to describe patterns in

terms of amplitude and wavelength and that waves can cause
objects to move. [Clarification Statement: Examples of models could
include diagrams, analogies, and physical models using wire to illustrate the
wavelength and amplitude of waves.] [Assessment Boundary: Assessment
does not include interference effects, electromagnetic waves, non-periodic
waves, or quantitative models of amplitude and wavelength.]

Science and Engineering Practices

4-PS4-3. Generate and compare multiple solutions that use

patterns to transfer information.* [Clarification Statement: Examples
of solutions could include drums sending coded information through sound
waves, using a grid of 1s and 0s representing black and white to send
information about a picture, and using Morse code to send text.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS4.A: Wave Properties

Patterns

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL USING AN ANALOGY EXAMPLE OR
ABSTRACT REPRESENTATION TO DESCRIBE A SCIENTIlC
PRINCIPLE  03 

s 7AVES WHICH ARE REGULAR PATTERNS OF MOTION CAN
BE MADE IN WATER BY DISTURBING THE SURFACE 7HEN
WAVES MOVE ACROSS THE SURFACE OF DEEP WATER THE
WATER GOES UP AND DOWN IN PLACE THERE IS NO NET
MOTION IN THE DIRECTION OF THE WAVE EXCEPT WHEN
THE WATER MEETS THE BEACH (Note: This grade band
endpoint was moved from K–2.) (4-PS4-1)
s 7AVES OF THE SAME TYPE CAN DIFFER IN AMPLITUDE
HEIGHT OF THE WAVE AND WAVELENGTH SPACING
BETWEEN WAVE PEAKS  03 

s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT AND CLASSIFY NATURAL PHENOMENA  03 
s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT AND CLASSIFY DESIGNED PRODUCTS  03 

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 'ENERATE AND COMPARE MULTIPLE SOLUTIONS TO A
PROBLEM BASED ON HOW WELL THEY MEET THE CRITERIA
AND CONSTRAINTS OF THE DESIGN SOLUTION  03 

s $IGITIZED INFORMATION CAN BE TRANSMITTED OVER
LONG DISTANCES WITHOUT SIGNIlCANT DEGRADATION
(IGH TECH DEVICES SUCH AS COMPUTERS OR CELL
PHONES CAN RECEIVE AND DECODE INFORMATION
CONVERT IT FROM DIGITIZED FORM TO VOICEAND VICE
VERSA  03 

s +NOWLEDGE OF RELEVANT SCIENTIlC CONCEPTS AND
RESEARCH lNDINGS IS IMPORTANT IN ENGINEERING
(4-PS4-3)

ETS1.C: Optimizing the Design Solution

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENCE lNDINGS ARE BASED ON RECOGNIZING PATTERNS
(4-PS4-1)

See connections to 4. Waves on page 300.

PS4.C: Information Technologies and
Instrumentation

Interdependence of Science, Engineering, and
Technology

4. Waves: Waves and Information

Constructing Explanations and Designing
Solutions

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE

s $IFFERENT SOLUTIONS NEED TO BE TESTED IN ORDER TO
DETERMINE WHICH OF THEM BEST SOLVES THE PROBLEM
GIVEN THE CRITERIA AND THE CONSTRAINTS (secondary to
4-PS4-3)
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4. Structure, Function, and Information Processing
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

4-PS4-2. Develop a model to describe that light reflecting

stomach, lung, brain, and skin.] [Assessment Boundary: Assessment is limited
to macroscopic structures within plant and animal systems.]

[Assessment Boundary: Assessment does not include knowledge of specific
colors reflected and seen, the cellular mechanisms of vision, or how the
retina works.]

4-LS1-2. Use a model to describe that animals receive

from objects and entering the eyes allows objects to be seen.

4-LS1-1. Construct an argument that plants and animals have
internal and external structures that function to support survival,
growth, behavior, and reproduction. [Clarification Statement: Examples
of structures could include thorns, stems, roots, colored petals, heart,

4. Structure, Function, and Information Processing

Science and Engineering Practices

different types of information through their senses, process
the information in their brain, and respond to the information
in different ways. [Clarification Statement: Emphasis is on systems of
information transfer. ] [Assessment Boundary: Assessment does not include
the mechanisms by which the brain stores and recalls information or the
mechanisms of how sensory receptors function.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS4.B: Electromagnetic Radiation

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL TO DESCRIBE PHENOMENA  03 
s 5SE A MODEL TO TEST INTERACTIONS CONCERNING THE
FUNCTIONING OF A NATURAL SYSTEM  ,3 

s !N OBJECT CAN BE SEEN WHEN LIGHT REmECTED FROM ITS
SURFACE ENTERS THE EYES  03 

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED  03 

LS1.A: Structure and Function

Systems and System Models

s 0LANTS AND ANIMALS HAVE BOTH INTERNAL AND EXTERNAL
STRUCTURES THAT SERVE VARIOUS FUNCTIONS IN GROWTH
SURVIVAL BEHAVIOR AND REPRODUCTION  ,3 

s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  ,3 
,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE DATA ANDOR
A MODEL  ,3 
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LS1.D: Information Processing
s $IFFERENT SENSE RECEPTORS ARE SPECIALIZED FOR
PARTICULAR KINDS OF INFORMATION WHICH MAY THEN BE
PROCESSED BY AN ANIMALS BRAIN !NIMALS ARE ABLE TO
USE THEIR PERCEPTIONS AND MEMORIES TO GUIDE THEIR
ACTIONS  ,3 
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4. Earth’s Systems: Processes That Shape the Earth
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

from patterns could include rock layers with marine shell fossils above rock
layers with plant fossils and no shells, indicating a change from land to
water over time and a canyon with different rock layers in the walls and a
river in the bottom, indicating that over time a river cut through the rock.]
[Assessment Boundary: Assessment does not include specific knowledge
of the mechanism of rock formation or memorization of specific rock
formations and layers. Assessment is limited to relative time.]

4-ESS2-1. Make observations and/or measurements to provide

evidence of the effects of weathering or the rate of erosion by
water, ice, wind, or vegetation. [Clarification Statement: Examples of
variables to test could include angle of slope in the downhill movement of
water, amount of vegetation, speed of wind, relative rate of deposition,
cycles of freezing and thawing of water, cycles of heating and cooling, and

Science and Engineering Practices

volume of water flow.] [Assessment Boundary: Assessment is limited to a
single form of weathering or erosion.]

4-ESS2-2. Analyze and interpret data from maps to describe
patterns of Earth’s features. [Clarification Statement: Maps can
include topographic maps of Earth’s land and ocean floor, as well as maps
of the locations of mountains, continental boundaries, volcanoes, and
earthquakes.]

4-ESS3-2. Generate and compare multiple solutions to
reduce the impacts of natural Earth processes on humans.*
[Clarification Statement: Examples of solutions could include designing
an earthquake-resistant building and improving monitoring of volcanic
activity.] [Assessment Boundary: Assessment is limited to earthquakes, floods,
tsunamis, and volcanic eruptions.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

ESS1.C: The History of Planet Earth

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s -AKE OBSERVATIONS ANDOR MEASUREMENTS TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE FOR
AN EXPLANATION OF A PHENOMENON  %33 

s ,OCAL REGIONAL AND GLOBAL PATTERNS OF ROCK
FORMATIONS REVEAL CHANGES OVER TIME DUE TO %ARTHS
FORCES SUCH AS EARTHQUAKES 4HE PRESENCE AND
LOCATION OF CERTAIN FOSSIL TYPES INDICATE THE ORDER IN
WHICH ROCK LAYERS WERE FORMED  %33 

s 0ATTERNS CAN BE USED AS EVIDENCE TO SUPPORT AN
EXPLANATION  %33   %33 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s !NALYZE AND INTERPRET DATA TO MAKE SENSE OF
PHENOMENA USING LOGICAL REASONING  %33 

See connections to 4. Earth’s Systems on page 301.

ESS2.A: Earth Materials and Systems
s 2AINFALL HELPS TO SHAPE THE LAND AND AFFECTS THE
TYPES OF LIVING THINGS FOUND IN A REGION 7ATER ICE
WIND LIVING ORGANISMS AND GRAVITY BREAK ROCKS
SOILS AND SEDIMENTS INTO SMALLER PARTICLES AND
MOVE THEM AROUND  %33 

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
s 4HE LOCATIONS OF MOUNTAIN RANGES DEEP OCEAN
TRENCHES OCEAN mOOR STRUCTURES EARTHQUAKES AND
VOLCANOES OCCUR IN PATTERNS -OST EARTHQUAKES AND
VOLCANOES OCCUR IN BANDS THAT ARE OFTEN ALONG THE
BOUNDARIES BETWEEN CONTINENTS AND OCEANS -AJOR
MOUNTAIN CHAINS FORM INSIDE CONTINENTS OR NEAR
THEIR EDGES -APS CAN HELP LOCATE THE DIFFERENT
LAND AND WATER FEATURES AREAS OF %ARTH  %33 

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(4-ESS2-1), (4-ESS3-2)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Engineering, Technology, and
Science on Society and the Natural World
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR DEVELOP
NEW ONES TO INCREASE THEIR BENElTS TO DECREASE
KNOWN RISKS AND TO MEET SOCIETAL DEMANDS  %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES CONSISTENT PATTERNS IN NATURAL
SYSTEMS  %33 
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4. Earth’s Systems: Processes That Shape the Earth

4-ESS1-1. Identify evidence from patterns in rock formations
and fossils in rock layers to support an explanation for changes
in a landscape over time. [Clarification Statement: Examples of evidence

Next Generation Science Standards: For States, By States

4. Earth’s Systems: Processes That Shape the Earth (continued )
Science and Engineering Practices
Constructing Explanations and Designing
Solutions

Crosscutting Concepts

ESS2.E: Biogeology
s ,IVING THINGS AFFECT THE PHYSICAL CHARACTERISTICS OF
THEIR REGIONS  %33 

ESS3.B: Natural Hazards
s ! VARIETY OF HAZARDS RESULT FROM NATURAL PROCESSES
EG EARTHQUAKES TSUNAMIS VOLCANIC ERUPTIONS 
(UMANS CANNOT ELIMINATE THE HAZARDS BUT CAN TAKE
STEPS TO REDUCE THEIR IMPACTS  %33  (Note: This
Disciplinary Core Idea can also be found in 3.WC.)

ETS1.B: Designing Solutions to Engineering
Problems
s 4ESTING A SOLUTION INVOLVES INVESTIGATING HOW WELL
IT PERFORMS UNDER A RANGE OF LIKELY CONDITIONS
(secondary to 4-ESS3-2)

4. Earth’s Systems: Processes That Shape the Earth (continued )

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s )DENTIFY THE EVIDENCE THAT SUPPORTS PARTICULAR
POINTS IN AN EXPLANATION  %33 
s 'ENERATE AND COMPARE MULTIPLE SOLUTIONS TO
A PROBLEM BASED ON HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF THE DESIGN SOLUTION
(4-ESS3-2)

Disciplinary Core Ideas

198

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Copyright National Academy of Sciences. All rights reserved.

See connections to 4. Earth’s Systems on page 301.

Next Generation Science Standards: For States, By States

FIFTH GRADE
The performance expectations in fifth grade help students formulate answers to questions such as:
“When matter changes, does its weight change? How much water can be found in different places on
Earth? Can new substances be created by combining other substances? How does matter cycle through
ecosystems? Where does the energy in food come from and what is it used for? How do lengths and
directions of shadows or relative lengths of day and night change from day to day, and how does the
appearance of some stars change in different seasons?” Fifth grade performance expectations include
PS1, PS2, PS3, LS1, LS2, ESS1, ESS2, and ESS3 Disciplinary Core Ideas from the NRC Framework.
Students are able to describe that matter is made of particles too small to be seen through the development of a model. Students develop an understanding of the idea that regardless of the type of change
that matter undergoes, the total weight of matter is conserved. Students determine whether the mixing of two or more substances results in new substances. Through the development of a model using an
example, students are able to describe ways the geosphere, biosphere, hydrosphere, and/or atmosphere
interact. They describe and graph data to provide evidence about the distribution of water on Earth.
Students develop an understanding of the idea that plants get the materials they need for growth
chiefly from air and water. Using models, students can describe the movement of matter among plants,
animals, decomposers, and the environment and that energy in animals’ food was once energy from
the sun. Students are expected to develop an understanding of patterns of daily changes in length and
direction of shadows, day and night, and the seasonal appearance of some stars in the night sky. The
crosscutting concepts of patterns; cause and effect; scale, proportion, and quantity; energy and matter;
and systems and systems models are called out as organizing concepts for these disciplinary core ideas.

Fifth Grade

In the fifth grade performance expectations, students are expected to demonstrate grade-appropriate
proficiency in developing and using models, planning and carrying out investigations, analyzing and
interpreting data, using mathematics and computational thinking, engaging in argument from evidence, and obtaining, evaluating, and communicating information; and to use these practices to demonstrate understanding of the core ideas.
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5. Structure and Properties of Matter
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-PS1-1. Develop a model to describe that matter is made of

particles too small to be seen. [Clarification Statement: Examples of

evidence could include adding air to expand a basketball, compressing air in
a syringe, dissolving sugar in water, and evaporating salt water.] [Assessment
Boundary: Assessment does not include the atomic-scale mechanism of
evaporation and condensation or defining unseen particles.]

5-PS1-2. Measure and graph quantities to provide evidence

that regardless of the type of change that occurs when
heating, cooling, or mixing substances, the total weight of
matter is conserved. [Clarification Statement: Examples of reactions

5-PS1-3. Make observations and measurements to identify

materials based on their properties. [Clarification Statement:
Examples of materials to be identified could include baking soda and other
powders, metals, minerals, and liquids. Examples of properties could include
color, hardness, reflectivity, electrical conductivity, thermal conductivity,
response to magnetic forces, and solubility; density is not intended as an
identifiable property.] [Assessment Boundary: Assessment does not include
density or distinguishing mass and weight.]

5-PS1-4. Conduct an investigation to determine whether the
mixing of two or more substances results in new substances.

or changes could include phase changes, dissolving, and mixing that form
new substances.] [Assessment Boundary: Assessment does not include
distinguishing mass and weight.]

Science and Engineering Practices

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL TO DESCRIBE PHENOMENA  03 

s -ATTER OF ANY TYPE CAN BE SUBDIVIDED INTO PARTICLES
THAT ARE TOO SMALL TO SEE BUT EVEN THEN THE MATTER
STILL EXISTS AND CAN BE DETECTED BY OTHER MEANS
! MODEL THAT SHOWS GASES ARE MADE FROM MATTER
PARTICLES THAT ARE TOO SMALL TO SEE AND THAT ARE
MOVING FREELY AROUND IN SPACE CAN EXPLAIN MANY
OBSERVATIONS INCLUDING THE INmATION AND SHAPE OF A
BALLOON AND THE EFFECTS OF AIR ON LARGER PARTICLES OR
OBJECTS  03 
s 4HE AMOUNT WEIGHT OF MATTER IS CONSERVED WHEN
IT CHANGES FORM EVEN IN TRANSITIONS IN WHICH IT
SEEMS TO VANISH  03 
s -EASUREMENTS OF A VARIETY OF PROPERTIES CAN BE
USED TO IDENTIFY MATERIALS "OUNDARY !T THIS GRADE
LEVEL MASS AND WEIGHT ARE NOT DISTINGUISHED
AND NO ATTEMPT IS MADE TO DElNE THE UNSEEN
PARTICLES OR EXPLAIN THE ATOMIC SCALE MECHANISM OF
EVAPORATION AND CONDENSATION  03 

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED TESTED AND USED TO EXPLAIN CHANGE
(5-PS1-4)

Planning and Carrying Out Investigations

5. Structure and Properties of Matter

Disciplinary Core Ideas

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s #ONDUCT AN INVESTIGATION COLLABORATIVELY TO
PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
USING FAIR TESTS IN WHICH VARIABLES ARE CONTROLLED
AND THE NUMBER OF TRIALS IS CONSIDERED  03 
s -AKE OBSERVATIONS AND MEASUREMENTS TO PRODUCE
DATA TO SERVE AS THE BASIS FOR EVIDENCE FOR AN
EXPLANATION OF A PHENOMENON  03 
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Scale, Proportion, and Quantity
s .ATURAL OBJECTS EXIST FROM THE VERY SMALL TO THE
IMMENSELY LARGE  03 
s 3TANDARD UNITS ARE USED TO MEASURE AND DESCRIBE
PHYSICAL QUANTITIES SUCH AS WEIGHT TIME
TEMPERATURE AND VOLUME  03   03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES CONSISTENT PATTERNS IN NATURAL
SYSTEMS  03 

See connections to 5. Structure and Properties of Matter on page 302.
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5. Structure and Properties of Matter (continued )
Science and Engineering Practices
Using Mathematics and Computational
Thinking

Crosscutting Concepts

PS1.B: Chemical Reactions
s 7HEN TWO OR MORE DIFFERENT SUBSTANCES ARE MIXED
A NEW SUBSTANCE WITH DIFFERENT PROPERTIES MAY BE
FORMED  03 
s .O MATTER WHAT REACTION OR CHANGE IN PROPERTIES
OCCURS THE TOTAL WEIGHT OF THE SUBSTANCES DOES
NOT CHANGE "OUNDARY -ASS AND WEIGHT ARE NOT
DISTINGUISHED AT THIS GRADE LEVEL  03 

5. Structure and Properties of Matter (continued )

-ATHEMATICAL AND COMPUTATIONAL THINKING IN
n BUILDS ON +n EXPERIENCES AND PROGRESSES TO
EXTENDING QUANTITATIVE MEASUREMENTS TO A VARIETY
OF PHYSICAL PROPERTIES AND USING COMPUTATION
AND MATHEMATICS TO ANALYZE DATA AND COMPARE
ALTERNATIVE DESIGN SOLUTIONS
s -EASURE AND GRAPH QUANTITIES SUCH AS WEIGHT TO
ADDRESS SCIENCE AND ENGINEERING QUESTIONS AND
PROBLEMS  03 

Disciplinary Core Ideas

See connections to 5. Structure and Properties of Matter on page 302.
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5. Matter and Energy in Organisms and Ecosystems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-PS3-1. Use models to describe that energy in animals’ food

(used for body repair, growth, and motion and to maintain body
warmth) was once energy from the sun. [Clarification Statement:

Examples of models could include diagrams and flow charts.]

5-LS1-1. Support an argument that plants get the materials

they need for growth chiefly from air and water. [Clarification
Statement: Emphasis is on the idea that plant matter comes mostly from air
and water, not from soil.]

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s 5SE MODELS TO DESCRIBE PHENOMENA  03 
s $EVELOP A MODEL TO DESCRIBE PHENOMENA  ,3 

5. Matter and Energy in Organisms and Ecosystems

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s 3UPPORT AN ARGUMENT WITH EVIDENCE DATA OR A
MODEL  ,3 

5-LS2-1. Develop a model to describe the movement of matter
among plants, animals, decomposers, and the environment.

[Clarification Statement: Emphasis is on the idea that matter that is not food
(air, water, decomposed materials in soil) is changed by plants into matter
that is food. Examples of systems could include organisms, ecosystems,
and Earth.] [Assessment Boundary: Assessment does not include molecular
explanations.]

Disciplinary Core Ideas
PS3.D: Energy in Chemical Processes and
Everyday Life
s 4HE ENERGY RELEASED FROM FOOD WAS ONCE ENERGY
FROM THE SUN THAT WAS CAPTURED BY PLANTS IN THE
CHEMICAL PROCESS THAT FORMS PLANT MATTER FROM AIR
AND WATER   03 

LS1.C: Organization for Matter and Energy
Flow in Organisms

Crosscutting Concepts
Systems and System Models
s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  ,3 

Energy and Matter
s -ATTER IS TRANSPORTED INTO OUT OF AND WITHIN
SYSTEMS  ,3 
s %NERGY CAN BE TRANSFERRED IN VARIOUS WAYS AND
BETWEEN OBJECTS  03 

s &OOD PROVIDES ANIMALS WITH THE MATERIALS THEY
NEED FOR BODY REPAIR AND GROWTH AND THE ENERGY
THEY NEED TO MAINTAIN BODY WARMTH AND FOR
MOTION (secondary to 5-PS3-1)
s 0LANTS ACQUIRE THEIR MATERIAL FOR GROWTH CHIEmY
FROM AIR AND WATER  ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s 3CIENCE EXPLANATIONS DESCRIBE THE MECHANISMS FOR
NATURAL EVENTS  ,3 
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5. Matter and Energy in Organisms and Ecosystems (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

LS2.A: Interdependent Relationships in
Ecosystems

5. Matter and Energy in Organisms and Ecosystems (continued )

s 4HE FOOD OF ALMOST ANY KIND OF ANIMAL CAN BE
TRACED BACK TO PLANTS /RGANISMS ARE RELATED IN
FOOD WEBS IN WHICH SOME ANIMALS EAT PLANTS
FOR FOOD AND OTHER ANIMALS EAT THE ANIMALS THAT
EAT PLANTS 3OME ORGANISMS SUCH AS FUNGI AND
BACTERIA BREAK DOWN DEAD ORGANISMS BOTH PLANTS
OR THEIR PARTS AND ANIMALS AND THEREFORE OPERATE
AS hDECOMPOSERSv $ECOMPOSITION EVENTUALLY
RESTORES RECYCLES SOME MATERIALS BACK TO THE
SOIL /RGANISMS CAN SURVIVE ONLY IN ENVIRONMENTS
IN WHICH THEIR PARTICULAR NEEDS ARE MET ! HEALTHY
ECOSYSTEM IS ONE IN WHICH MULTIPLE SPECIES OF
DIFFERENT TYPES ARE EACH ABLE TO MEET THEIR NEEDS
IN A RELATIVELY STABLE WEB OF LIFE .EWLY INTRODUCED
SPECIES CAN DAMAGE THE BALANCE OF AN ECOSYSTEM
 ,3 

LS2.B: Cycles of Matter and Energy Transfer
in Ecosystems
s -ATTER CYCLES BETWEEN THE AIR AND SOIL AND AMONG
PLANTS ANIMALS AND MICROBES AS THESE ORGANISMS
LIVE AND DIE /RGANISMS OBTAIN GASES AND WATER
FROM THE ENVIRONMENT AND RELEASE WASTE MATTER
GAS LIQUID OR SOLID BACK INTO THE ENVIRONMENT
 ,3 

See connections to 5. Matter and Energy in Organisms and Ecosystems on page 303.
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5. Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-ESS2-1. Develop a model using an example to describe ways
the geosphere, biosphere, hydrosphere, and/or atmosphere
interact. [Clarification Statement: Examples could include the influence of

5-ESS2-2. Describe and graph the amounts of salt water and
fresh water in various reservoirs to provide evidence about the
distribution of water on Earth. [Assessment Boundary: Assessment is

the ocean on ecosystems, landform shape, and climate; the influence of the
atmosphere on landforms and ecosystems through weather and climate; and
the influence of mountain ranges on winds and clouds in the atmosphere.
The geosphere, hydrosphere, atmosphere, and biosphere are each a system.]
[Assessment Boundary: Assessment is limited to the interactions of two
systems at a time.]

limited to oceans, lakes, rivers, glaciers, groundwater, and polar ice caps and
does not include the atmosphere.]

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS2.A: Earth Materials and Systems

Scale, Proportion, and Quantity

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO BUILDING AND REVISING SIMPLE MODELS
AND USING MODELS TO REPRESENT EVENTS AND DESIGN
SOLUTIONS
s $EVELOP A MODEL USING AN EXAMPLE TO DESCRIBE A
SCIENTIlC PRINCIPLE  %33 

s %ARTHS MAJOR SYSTEMS ARE THE GEOSPHERE SOLID AND
MOLTEN ROCK SOIL AND SEDIMENTS THE HYDROSPHERE
WATER AND ICE THE ATMOSPHERE AIR AND THE
BIOSPHERE LIVING THINGS INCLUDING HUMANS 
4HESE SYSTEMS INTERACT IN MULTIPLE WAYS TO AFFECT
%ARTHS SURFACE MATERIALS AND PROCESSES 4HE OCEAN
SUPPORTS A VARIETY OF ECOSYSTEMS AND ORGANISMS
SHAPES LANDFORMS AND INmUENCES CLIMATE 7INDS
AND CLOUDS IN THE ATMOSPHERE INTERACT WITH THE
LANDFORMS TO DETERMINE PATTERNS OF WEATHER
(5-ESS2-1)

s 3TANDARD UNITS ARE USED TO MEASURE AND DESCRIBE
PHYSICAL QUANTITIES SUCH AS WEIGHT AND VOLUME
(5-ESS2-2)

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN
n BUILDS ON +n EXPERIENCES AND PROGRESSES TO
EXTENDING QUANTITATIVE MEASUREMENTS TO A VARIETY
OF PHYSICAL PROPERTIES AND USING COMPUTATION
AND MATHEMATICS TO ANALYZE DATA AND COMPARE
ALTERNATIVE DESIGN SOLUTIONS
s $ESCRIBE AND GRAPH QUANTITIES SUCH AS AREA AND
VOLUME TO ADDRESS SCIENTIlC QUESTIONS  %33 

Obtaining, Evaluating, and Communicating
Information

5. Earth’s Systems

5-ESS3-1. Obtain and combine information about ways
individual communities use science ideas to protect the Earth’s
resources and environment.

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND ACCURACY OF
IDEAS AND METHODS
s /BTAIN AND COMBINE INFORMATION FROM BOOKS AND
OR OTHER RELIABLE MEDIA TO EXPLAIN PHENOMENA OR
SOLUTIONS TO A DESIGN PROBLEM  %33 
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ESS2.C: The Roles of Water in Earth’s
Surface Processes
s .EARLY ALL OF %ARTHS AVAILABLE WATER IS IN THE OCEAN
-OST FRESH WATER IS IN GLACIERS OR UNDERGROUND
ONLY A TINY FRACTION IS IN STREAMS LAKES WETLANDS
AND THE ATMOSPHERE  %33 

Systems and System Models
s ! SYSTEM CAN BE DESCRIBED IN TERMS OF ITS
COMPONENTS AND THEIR INTERACTIONS  %33 
(5-ESS3-1)

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World
s 3CIENCE lNDINGS ARE LIMITED TO QUESTIONS THAT CAN
BE ANSWERED WITH EMPIRICAL EVIDENCE  %33 

ESS3.C: Human Impacts on Earth Systems
s (UMAN ACTIVITIES IN AGRICULTURE INDUSTRY AND
EVERYDAY LIFE HAVE HAD MAJOR EFFECTS ON LAND
VEGETATION STREAMS OCEANS AIR AND EVEN OUTER
SPACE "UT INDIVIDUALS AND COMMUNITIES ARE DOING
THINGS TO HELP PROTECT %ARTHS RESOURCES AND
ENVIRONMENTS  %33 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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5. Space Systems: Stars and the Solar System
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

5-PS2-1. Support an argument that the gravitational force

include other factors that affect apparent brightness (such as stellar masses,
age, stage).]

Statement: “Down” is a local description of the direction that points toward
the center of the spherical Earth.] [Assessment Boundary: Assessment does
not include mathematical representation of gravitational force.]

5-ESS1-2. Represent data in graphical displays to reveal
patterns of daily changes in the length and direction of shadows,
day and night, and the seasonal appearance of some stars in the
night sky. [Clarification Statement: Examples of patterns could include the

exerted by Earth on objects is directed down. [Clarification

5-ESS1-1. Support an argument that differences in the apparent
brightness of the sun compared to other stars is due to their
relative distances from Earth. [Assessment Boundary: Assessment is
limited to the relative distances, not sizes, of stars. Assessment does not

Science and Engineering Practices

position and motion of Earth with respect to the sun and select stars that are
visible only in particular months.] [Assessment Boundary: Assessment does
not include causes of seasons.]

Disciplinary Core Ideas

Crosscutting Concepts

Analyzing and Interpreting Data

PS2.B: Types of Interactions

Patterns

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING QUANTITATIVE APPROACHES
TO COLLECTING DATA AND CONDUCTING MULTIPLE TRIALS OF
QUALITATIVE OBSERVATIONS 7HEN POSSIBLE AND FEASIBLE
DIGITAL TOOLS SHOULD BE USED
s 2EPRESENT DATA IN GRAPHICAL DISPLAYS BAR GRAPHS
PICTOGRAPHS ANDOR PIE CHARTS TO REVEAL PATTERNS
THAT INDICATE RELATIONSHIPS  %33 

s 4HE GRAVITATIONAL FORCE OF %ARTH ACTING ON AN OBJECT
NEAR %ARTHS SURFACE PULLS THAT OBJECT TOWARD THE
PLANETS CENTER  03 

s 3IMILARITIES AND DIFFERENCES IN PATTERNS CAN BE USED
TO SORT CLASSIFY COMMUNICATE AND ANALYZE SIMPLE
RATES OF CHANGE FOR NATURAL PHENOMENA  %33 

ESS1.A: The Universe and Its Stars

Cause and Effect

s 4HE SUN IS A STAR THAT APPEARS LARGER AND BRIGHTER
THAN OTHER STARS BECAUSE IT IS CLOSER 3TARS RANGE
GREATLY IN THEIR DISTANCE FROM %ARTH  %33 

s #AUSE AND EFFECT RELATIONSHIPS ARE ROUTINELY
IDENTIlED AND USED TO EXPLAIN CHANGE  03 

ESS1.B: Earth and the Solar System

s .ATURAL OBJECTS EXIST FROM THE VERY SMALL TO THE
IMMENSELY LARGE  %33 

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CRITIQUING THE
SCIENTIlC EXPLANATIONS OR SOLUTIONS PROPOSED BY PEERS
BY CITING RELEVANT EVIDENCE ABOUT THE NATURAL AND
DESIGNED WORLDS 
s 3UPPORT AN ARGUMENT WITH EVIDENCE DATA OR A
MODEL  03   %33 

See connections to 5. Space Systems on page 304.

s 4HE ORBITS OF %ARTH AROUND THE SUN AND OF THE
MOON AROUND %ARTH TOGETHER WITH THE ROTATION OF
%ARTH ABOUT AN AXIS BETWEEN ITS NORTH AND SOUTH
POLES CAUSE OBSERVABLE PATTERNS 4HESE INCLUDE
DAY AND NIGHT DAILY CHANGES IN THE LENGTH AND
DIRECTION OF SHADOWS AND DIFFERENT POSITIONS OF THE
SUN MOON AND STARS AT DIFFERENT TIMES OF THE DAY
MONTH AND YEAR  %33 
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3–5 ENGINEERING DESIGN
Students’ capabilities as problem solvers builds on their experiences in K–2, where they learned that
situations people wish to change can be defined as problems that can be solved or goals that can be
achieved through engineering design. With increased maturity students in third through fifth grade are
able to engage in engineering in ways that is both more systematic and creative. As in earlier and later
grades, engineering design can be thought of as three phases. It is important to keep in mind, however,
that the lively process of design does not necessarily follow in that order, as students might think of a
new solution during the testing phase, or even re-define the problem to better meet the original need.
Nonetheless, they should develop their capabilities in all three phases of the engineering design process.
Defining the problem in this grade range involves the additional step of specifying criteria and constraints. Criteria are requirements for a successful solution and usually specify the function that a design
is expected to perform and qualities that would make it possible to choose one design over another.
Constraints are the limitations that must be taken into account when creating the designed solution.
In the classroom constraints are often the materials that are available and the amount of time students
have to work.
Developing possible solutions at this level involves the discipline of generating several alternative
solutions and comparing them systematically to see which best meet the criteria and constraints of the
problem. (This is a combination of phases two and three from the K–2 level).
Improving designs involves building and testing models or prototypes using controlled experiments
or “fair tests” in which only one variable is changed from trial to trial while all other variables are kept
the same. This is the same practice as in science inquiry, except the goal is to achieve the best possible
design rather than to answer a question about the natural world. Another means for improving designs
is to build a structure and subject it to tests until it fails; noting where the failure occurs and then redesigning the structure so that it is stronger. The broader message is that “failure” is an essential and even
desirable part of the design process, as it points the way to better solutions.

3–5 Engineering Design

Connections with other science disciplines help students develop these capabilities in various contexts.
For example in third grade students integrate their understanding of science into design challenges,
including magnetic forces (3-PS2-4), the needs of organisms (3-LS4-3), and the impacts of severe weather
(3-ESS3-1). In fourth grade students generate and compare multiple solutions to problems related to
conversion of energy from one form to another (4-PS3-4), communication (4-PS4-3), reducing the effects
of weathering and erosion (4-ESS2-1), and geologic hazards (4-ESS3-2). In fifth grade students design
solutions to environmental problems (5-ESS2-1).
By the end of fifth grade students should be able to achieve all three performance expectations (3-5-ETS1-1,
3-5-ETS1-2, and 3-5-ETS1-3) related to a single problem in order to understand the interrelated processes
of engineering design. These include defining a problem by specifying criteria and constraints, developing
and comparing multiple solutions, and conducting controlled experiments to test alternative solutions.
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3-5. Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

3-5-ETS1-1. Define a simple design problem reflecting a need or
a want that includes specified criteria for success and constraints
on materials, time, or cost.

3-5-ETS1-3. Plan and carry out fair tests in which variables are
controlled and failure points are considered to identify aspects
of a model or prototype that can be improved.

3-5-ETS1-2. Generate and compare multiple possible solutions
to a problem based on how well each is likely to meet the
criteria and constraints of the problem.

Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
QUALITATIVE RELATIONSHIPS
s $ElNE A SIMPLE DESIGN PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF AN OBJECT TOOL
PROCESS OR SYSTEM AND INCLUDES SEVERAL CRITERIA FOR
SUCCESS AND CONSTRAINTS ON MATERIALS TIME OR COST
(3-5-ETS1-1)

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT CONTROL VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AND CONDUCT AN INVESTIGATION COLLABORATIVELY
TO PRODUCE DATA TO SERVE AS THE BASIS FOR EVIDENCE
USING FAIR TESTS IN WHICH VARIABLES ARE CONTROLLED
AND THE NUMBER OF TRIALS IS CONSIDERED   %43 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO THE USE OF EVIDENCE IN CONSTRUCTING EXPLANATIONS
THAT SPECIFY VARIABLES THAT DESCRIBE AND PREDICT
PHENOMENA AND IN DESIGNING MULTIPLE SOLUTIONS TO
DESIGN PROBLEMS
s 'ENERATE AND COMPARE MULTIPLE SOLUTIONS TO
A PROBLEM BASED ON HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF THE DESIGN PROBLEM
(3-5-ETS1-2)
See connections to 3-5. Engineering Design on page 304.

Crosscutting Concepts

Disciplinary Core Ideas
ETS1.A: Defining and Delimiting
Engineering Problems

Influence of Engineering, Technology, and
Science on Society and the Natural World

s 0OSSIBLE SOLUTIONS TO A PROBLEM ARE LIMITED BY
AVAILABLE MATERIALS AND RESOURCES CONSTRAINTS 
4HE SUCCESS OF A DESIGNED SOLUTION IS DETERMINED
BY CONSIDERING THE DESIRED FEATURES OF A SOLUTION
CRITERIA  $IFFERENT PROPOSALS FOR SOLUTIONS CAN BE
COMPARED ON THE BASIS OF HOW WELL EACH ONE MEETS
THE SPECIlED CRITERIA FOR SUCCESS OR HOW WELL EACH
TAKES THE CONSTRAINTS INTO ACCOUNT   %43 

s 0EOPLES NEEDS AND WANTS CHANGE OVER TIME AS DO
THEIR DEMANDS FOR NEW AND IMPROVED TECHNOLOGIES
(3-5-ETS-1)
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES OR
DEVELOP NEW ONES TO INCREASE THEIR BENElTS
DECREASE KNOWN RISKS AND MEET SOCIETAL DEMANDS
(3-5-ETS-2)

ETS1.B: Developing Possible Solutions
s 2ESEARCH ON A PROBLEM SHOULD BE CARRIED OUT
BEFORE BEGINNING TO DESIGN A SOLUTION 4ESTING
A SOLUTION INVOLVES INVESTIGATING HOW WELL IT
PERFORMS UNDER A RANGE OF LIKELY CONDITIONS
(3-5-ETS1-2)
s !T WHATEVER STAGE COMMUNICATING WITH PEERS
ABOUT PROPOSED SOLUTIONS IS AN IMPORTANT PART OF
THE DESIGN PROCESS AND SHARED IDEAS CAN LEAD TO
IMPROVED DESIGNS   %43 
s 4ESTS ARE OFTEN DESIGNED TO IDENTIFY FAILURE POINTS
OR DIFlCULTIES WHICH SUGGEST THE ELEMENTS OF A
DESIGN THAT NEED TO BE IMPROVED   %43 

3-5. Engineering Design

Science and Engineering Practices

ETS1.C: Optimizing the Design Solution
s $IFFERENT SOLUTIONS NEED TO BE TESTED IN ORDER
TO DETERMINE WHICH OF THEM BEST SOLVES THE
PROBLEM GIVEN THE CRITERIA AND THE CONSTRAINTS
(3-5-ETS1-3)

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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MIDDLE SCHOOL PHYSICAL SCIENCES
Students in middle school continue to develop understanding of four core ideas in the physical sciences.
The middle school performance expectations in the physical sciences build on the K–5 ideas and capabilities to allow learners to explain phenomena central to the physical sciences but also to the life sciences
and earth and space sciences. The performance expectations in the physical sciences blend the core ideas
with science and engineering practices and crosscutting concepts to support students in developing
useable knowledge to explain real-world phenomena in the physical, biological, and earth and space
sciences. In the physical sciences, performance expectations at the middle school level focus on students
developing understanding of several scientific practices. These include developing and using models,
planning and conducting investigations, analyzing and interpreting data, using mathematical and computational thinking, and constructing explanations and using these practices to demonstrate understanding
of the core ideas. Students are also expected to demonstrate understanding of several engineering practices, including design and evaluation.
The performance expectations in the topic Structure and Properties of Matter help students formulate an answer to the questions: “How can particles combine to produce a substance with different
properties? How does thermal energy affect particles?” This is accomplished by building understanding
of what occurs at the atomic and molecular scales. By the end of middle school, students will be able to
apply an understanding that pure substances have characteristic properties and are made from a single
type of atom or molecule. They will be able to provide molecular-level accounts to explain states of matters and changes between states. The crosscutting concepts of cause and effect; scale, proportion, and
quantity; structure and function; interdependence of science, engineering, and technology; and influence of science, engineering and technology on society and the natural world are called out as organizing concepts for these disciplinary core ideas. In these performance expectations, students are expected
to demonstrate proficiency in developing and using models and in obtaining, evaluating, and communicating information. Students use these science and engineering practices to demonstrate understanding
of the core ideas.

Middle School Physical Sciences

The performance expectations in the topic Chemical Reactions help students formulate an answer
to the questions: “What happens when new materials are formed? What stays the same and what
changes?” This is accomplished by building understanding of what occurs at the atomic and molecular scales during chemical reactions. By the end of middle school, students will be able to provide
molecular-level accounts to explain that chemical reactions involve regrouping of atoms to form new
substances, and that atoms rearrange during chemical reactions. Students are also able to apply an
understanding of design and process of optimization in engineering to chemical reaction systems. The
crosscutting concepts of patterns and energy and matter are called out as organizing concepts for
these disciplinary core ideas. In these performance expectations, students are expected to demonstrate
proficiency in developing and using models, analyzing and interpreting data, and designing solutions.
Students use these science and engineering practices to demonstrate understanding of the core ideas.
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The performance expectations in the topic Energy help students formulate an answer to the question,
“How can energy be transferred from one object or system to another?” At the middle school level, the
PS3 Disciplinary Core Idea from the NRC Framework is broken down into four sub-core ideas: Definitions
of Energy, Conservation of Energy and Energy Transfer, the Relationship Between Energy and Forces,
and Energy in Chemical Process and Everyday Life. Students develop an understanding of important
qualitative ideas about energy, including that the interactions of objects can be explained and predicted
using the concept of transfer of energy from one object or system of objects to another and that the
total change of energy in any system is always equal to the total energy transferred into or out of the
system. Students understand that moving objects have kinetic energy and that objects may also contain
stored (potential) energy, depending on their relative positions. Students will also come to know the difference between energy and temperature and begin to develop an understanding of the relationship
between force and energy. Students are also able to apply an understanding of design to the process of
energy transfer. The crosscutting concepts of scale, proportion, and quantity; systems and system models;
and energy are called out as organizing concepts for these disciplinary core ideas. These performance
expectations expect students to demonstrate proficiency in developing and using models, planning
investigations, analyzing and interpreting data, designing solutions, and engaging in argument from
evidence and to use these practices to demonstrate understanding of the core ideas in PS3.
The performance expectations in the topic Waves and Electromagnetic Radiation help students
formulate an answer to the question, “What are the characteristic properties of waves and how can
they be used?” At the middle school level, the PS4 Disciplinary Core Idea from the NRC Framework
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Middle School Physical Sciences

The performance expectations in the topic Forces and Interactions focus on helping students understand ideas related to why some objects will keep moving, why objects fall to the ground, and why
some materials are attracted to each other while others are not. Students answer the question, “How
can one describe physical interactions between objects and within systems of objects?” At the middle
school level, the PS2 Disciplinary Core Idea from the NRC Framework is broken down into two sub-ideas:
Forces and Motion and Types of Interactions. By the end of middle school, students will be able to apply
Newton’s Third Law of Motion to relate forces to explain the motion of objects. Students also apply
ideas about gravitational, electrical, and magnetic forces to explain a variety of phenomena, including
beginning ideas about why some materials attract each other while other repel. In particular, students
will develop understanding that gravitational interactions are always attractive but that electrical and
magnetic forces can be both attractive and negative. Students also develop ideas that objects can exert
forces on each other even though the objects are not in contact, through fields. Students are also able
to apply an engineering practice and concept to solve a problem caused when objects collide. The crosscutting concepts of cause and effect; systems and system models; stability and change; and the influence
of science, engineering, and technology on society and the natural world serve as organizing concepts
for these disciplinary core ideas. In these performance expectations, students are expected to demonstrate proficiency in asking questions, planning and carrying out investigations, designing solutions, and
engaging in argument and to use these practices to demonstrate understanding of the core ideas.

Next Generation Science Standards: For States, By States

Middle School Physical Sciences

is broken down into Wave Properties, Electromagnetic Radiation, and Information Technologies and
Instrumentation. Students are able to describe and predict characteristic properties and behaviors of
waves when waves interact with matter. Students can apply an understanding of waves as a means to
send digital information. The crosscutting concepts of patterns and structure and function are used as
organizing concepts for these disciplinary core ideas. These performance expectations focus on students
demonstrating proficiency in developing and using models, using mathematical thinking, and obtaining,
evaluating, and communicating information and using these practices to demonstrate understanding of
the core ideas.
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MS. Structure and Properties of Matter
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
of simple molecules and extended structures. [Clarification

Statement: Emphasis is on developing models of molecules that vary in
complexity. Examples of simple molecules could include ammonia and
methanol. Examples of extended structures could include sodium chloride or
diamonds. Examples of molecular-level models could include drawings, threedimensional ball and stick structures, or computer representations showing
different molecules with different types of atoms.] [Assessment Boundary:
Assessment does not include valence electrons and bonding energy, discussing
the ionic nature of sub-units of complex structures, or a complete depiction of
all individual atoms in a complex molecule or extended structure.]

MS-PS1-3. Gather and make sense of information to describe
that synthetic materials come from natural resources and

Science and Engineering Practices

impact society. [Clarification Statement: Emphasis is on natural resources
that undergo a chemical process to form synthetic material. Examples of
new materials could include new medicines, foods, and alternative fuels.]
[Assessment Boundary: Assessment is limited to qualitative information.]

MS-PS1-4. Develop a model that predicts and describes changes
in particle motion, temperature, and state of a pure substance
when thermal energy is added or removed. [Clarification Statement:

Emphasis is on qualitative molecular-level models of solids, liquids, and gases
to show that adding or removing thermal energy increases or decreases
kinetic energy of the particles until a change of state occurs. Examples of
models could include drawings and diagrams. Examples of particles could
include molecules or inert atoms. Examples of pure substances could include
water, carbon dioxide, and helium.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Cause and Effect

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
DEVELOPING USING AND REVISING MODELS TO DESCRIBE
TEST AND PREDICT MORE ABSTRACT PHENOMENA AND
DESIGN SYSTEMS
s $EVELOP A MODEL TO PREDICT ANDOR DESCRIBE
PHENOMENA -3 03  -3 03 

s 3UBSTANCES ARE MADE FROM DIFFERENT TYPES OF
ATOMS WHICH COMBINE WITH ONE ANOTHER IN VARIOUS
WAYS !TOMS FORM MOLECULES THAT RANGE IN SIZE
FROM TWO TO THOUSANDS OF ATOMS -3 03 
s %ACH PURE SUBSTANCE HAS CHARACTERISTIC PHYSICAL
AND CHEMICAL PROPERTIES FOR ANY BULK QUANTITY
UNDER GIVEN CONDITIONS THAT CAN BE USED TO
IDENTIFY IT -3 03  (Note: This Disciplinary Core
Idea is also addressed by MS-PS1-2.)
s 'ASES AND LIQUIDS ARE MADE OF MOLECULES OR INERT
ATOMS THAT ARE MOVING ABOUT RELATIVE TO EACH
OTHER -3 03 
s )N A LIQUID THE MOLECULES ARE CONSTANTLY IN CONTACT
WITH OTHERS IN A GAS THEY ARE WIDELY SPACED EXCEPT
WHEN THEY HAPPEN TO COLLIDE )N A SOLID ATOMS ARE
CLOSELY SPACED AND MAY VIBRATE IN POSITION BUT DO
NOT CHANGE RELATIVE LOCATIONS -3 03 
s 3OLIDS MAY BE FORMED FROM MOLECULES OR THEY MAY
BE EXTENDED STRUCTURES WITH REPEATING SUB UNITS
EG CRYSTALS  -3 03 
s 4HE CHANGES OF STATE THAT OCCUR WITH VARIATIONS
IN TEMPERATURE OR PRESSURE CAN BE DESCRIBED AND
PREDICTED USING THESE MODELS OF MATTER -3 03 

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
(MS-PS1-4)

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING INFORMATION
IN n BUILDS ON +n AND PROGRESSES TO EVALUATING THE
MERIT AND VALIDITY OF IDEAS AND METHODS
s 'ATHER READ AND SYNTHESIZE INFORMATION FROM
MULTIPLE APPROPRIATE SOURCES AND ASSESS THE
CREDIBILITY ACCURACY AND POSSIBLE BIAS OF EACH
PUBLICATION AND METHODS USED AND DESCRIBE HOW
THEY ARE SUPPORTED OR NOT SUPPORTED BY EVIDENCE
(MS-PS1-3)

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s ,AWS ARE REGULARITIES OR MATHEMATICAL DESCRIPTIONS
OF NATURAL PHENOMENA -3 03 

See connections to MS. Structure and Properties of Matter on page 305.

Scale, Proportion, and Quantity
s 4IME SPACE AND ENERGY PHENOMENA CAN BE
OBSERVED AT VARIOUS SCALES USING MODELS TO STUDY
SYSTEMS THAT ARE TOO LARGE OR TOO SMALL -3 03 

Structure and Function
s 3TRUCTURES CAN BE DESIGNED TO SERVE PARTICULAR
FUNCTIONS BY TAKING INTO ACCOUNT PROPERTIES OF
DIFFERENT MATERIALS AND HOW MATERIALS CAN BE
SHAPED AND USED -3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT
OF ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS
(MS-PS1-3)
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MS. Structure and Properties of Matter

MS-PS1-1. Develop models to describe the atomic composition
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MS. Structure and Properties of Matter (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

PS1.B: Chemical Reactions
s 3UBSTANCES REACT CHEMICALLY IN CHARACTERISTIC WAYS
)N A CHEMICAL PROCESS THE ATOMS THAT MAKE UP THE
ORIGINAL SUBSTANCES ARE REGROUPED INTO DIFFERENT
MOLECULES AND THESE NEW SUBSTANCES HAVE
DIFFERENT PROPERTIES FROM THOSE OF THE REACTANTS
(MS-PS1-3) (Note: This Disciplinary Core Idea is
also addressed by MS-PS1-2 and MS-PS1-5.)

PS3.A: Definitions of Energy

Influence of Science, Engineering, and
Technology on Society and the Natural World
s 4HE USES OF TECHNOLOGIES AND ANY LIMITATIONS
ON THEIR USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL
NEEDS DESIRES AND VALUES BY THE lNDINGS OF
SCIENTIlC RESEARCH AND BY DIFFERENCES IN SUCH
FACTORS AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS 4HUS TECHNOLOGY USE VARIES FROM REGION
TO REGION AND OVER TIME -3 03 

MS. Structure and Properties of Matter (continued )

s 4HE TERM hHEATv AS USED IN EVERYDAY LANGUAGE
REFERS BOTH TO THERMAL ENERGY THE MOTION OF ATOMS
OR MOLECULES WITHIN A SUBSTANCE AND THE TRANSFER
OF THAT THERMAL ENERGY FROM ONE OBJECT TO ANOTHER
)N SCIENCE HEAT IS USED ONLY FOR THIS SECOND
MEANING IT REFERS TO THE ENERGY TRANSFERRED DUE TO
THE TEMPERATURE DIFFERENCE BETWEEN TWO OBJECTS
(secondary to MS-PS1-4)
s 4HE RELATIONSHIP BETWEEN THE TEMPERATURE AND THE
TOTAL ENERGY OF A SYSTEM DEPENDS ON THE TYPES
STATES AND AMOUNTS OF MATTER PRESENT (secondary
to MS-PS1-4)
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MS. Chemical Reactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
substances before and after the substances interact to determine
if a chemical reaction has occurred. [Clarification Statement: Examples

of reactions could include burning sugar or steel wool, fat reacting with
sodium hydroxide, and mixing zinc with hydrogen chloride.] [Assessment
Boundary: Assessment is limited to analysis of the following properties:
density, melting point, boiling point, solubility, flammability, and odor.]

MS-PS1-5. Develop and use a model to describe how the total

number of atoms does not change in a chemical reaction and
thus mass is conserved. [Clarification Statement: Emphasis is on the law

of conservation of matter and on physical models or drawings, including
digital forms, that represent atoms.] [Assessment Boundary: Assessment

Science and Engineering Practices

does not include the use of atomic masses, balancing symbolic equations, or
intermolecular forces.]

MS-PS1-6. Undertake a design project to construct, test, and

modify a device that either releases or absorbs thermal energy
by chemical processes.* [Clarification Statement: Emphasis is on

the design, controlling the transfer of energy to the environment, and
modification of a device using factors such as type and concentration of
a substance. Examples of designs could involve chemical reactions such as
dissolving ammonium chloride or calcium chloride.] [Assessment Boundary:
Assessment is limited to the criteria of amount, time, and temperature of
substance in testing the device.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Patterns

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
DEVELOPING USING AND REVISING MODELS TO DESCRIBE
TEST AND PREDICT MORE ABSTRACT PHENOMENA AND
DESIGN SYSTEMS
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 03 

s %ACH PURE SUBSTANCE HAS CHARACTERISTIC PHYSICAL
AND CHEMICAL PROPERTIES FOR ANY BULK QUANTITY
UNDER GIVEN CONDITIONS THAT CAN BE USED TO
IDENTIFY IT -3 03  (Note: This Disciplinary Core
Idea is also addressed by MS-PS1-3.)

s -ACROSCOPIC PATTERNS ARE RELATED TO THE NATURE OF
MICROSCOPIC AND ATOMIC LEVEL STRUCTURE -3 03 

Analyzing and Interpreting Data

s 3UBSTANCES REACT CHEMICALLY IN CHARACTERISTIC WAYS
)N A CHEMICAL PROCESS THE ATOMS THAT MAKE UP THE
ORIGINAL SUBSTANCES ARE REGROUPED INTO DIFFERENT
MOLECULES AND THESE NEW SUBSTANCES HAVE
DIFFERENT PROPERTIES FROM THOSE OF THE REACTANTS
(MS-PS1-2), (MS-PS1-5) (Note: This Disciplinary
Core Idea is also addressed by MS-PS1-3.)
s 4HE TOTAL NUMBER OF EACH TYPE OF ATOM IS CONSERVED
AND THUS THE MASS DOES NOT CHANGE -3 03 
s 3OME CHEMICAL REACTIONS RELEASE ENERGY OTHERS
STORE ENERGY -3 03 

!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO EXTENDING QUANTITATIVE ANALYSIS TO INVESTIGATIONS
DISTINGUISHING BETWEEN CORRELATION AND CAUSATION
AND BASIC STATISTICAL TECHNIQUES OF DATA AND ERROR
ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 03 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC KNOWLEDGE PRINCIPLES AND
THEORIES

See connections to MS. Chemical Reactions on page 305.

PS1.B: Chemical Reactions

Energy and Matter
s -ATTER IS CONSERVED BECAUSE ATOMS ARE CONSERVED
IN PHYSICAL AND CHEMICAL PROCESSES -3 03 
s 4HE TRANSFER OF ENERGY CAN BE TRACKED AS ENERGY
mOWS THROUGH A DESIGNED OR NATURAL SYSTEM
(MS-PS1-6)

MS. Chemical Reactions

MS-PS1-2. Analyze and interpret data on the properties of

ETS1.B: Developing Possible Solutions
s ! SOLUTION NEEDS TO BE TESTED AND THEN MODIlED
ON THE BASIS OF THE TEST RESULTS IN ORDER TO IMPROVE
IT (secondary to MS-PS1-6)
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MS. Chemical Reactions (continued )
Science and Engineering Practices
s 5NDERTAKE A DESIGN PROJECT ENGAGING IN THE DESIGN
CYCLE TO CONSTRUCT ANDOR IMPLEMENT A SOLUTION
THAT MEETS SPECIlC DESIGN CRITERIA AND CONSTRAINTS
(MS-PS1-6)

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03 

Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena

Disciplinary Core Ideas

Crosscutting Concepts

ETS1.C: Optimizing the Design Solution
s !LTHOUGH ONE DESIGN MAY NOT PERFORM THE BEST
ACROSS ALL TESTS IDENTIFYING THE CHARACTERISTICS OF
THE DESIGN THAT PERFORMED THE BEST IN EACH TEST
CAN PROVIDE USEFUL INFORMATION FOR THE REDESIGN
PROCESSTHAT IS SOME OF THE CHARACTERISTICS MAY
BE INCORPORATED INTO THE NEW DESIGN (secondary to
MS-PS1-6)
s 4HE ITERATIVE PROCESS OF TESTING THE MOST PROMISING
SOLUTIONS AND MODIFYING WHAT IS PROPOSED ON THE
BASIS OF THE TEST RESULTS LEADS TO GREATER RElNEMENT
AND ULTIMATELY TO AN OPTIMAL SOLUTION (secondary
to MS-PS1-6)

MS. Chemical Reactions (continued )

s ,AWS ARE REGULARITIES OR MATHEMATICAL DESCRIPTIONS
OF NATURAL PHENOMENA -3 03 
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MS. Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
to a problem involving the motion of two colliding objects.*

[Clarification Statement: Examples of practical problems could include
the impact of collisions between two cars, between a car and stationary
objects, and between a meteor and a space vehicle.] [Assessment Boundary:
Assessment is limited to vertical or horizontal interactions in one dimension.]

MS-PS2-2. Plan an investigation to provide evidence that the

change in an object’s motion depends on the sum of the forces
on the object and the mass of the object. [Clarification Statement:

Emphasis is on balanced (Newton’s First Law) and unbalanced forces in
a system, qualitative comparisons of forces, mass and changes in motion
(Newton’s Second Law), frame of reference, and specification of units.]
[Assessment Boundary: Assessment is limited to forces and changes in
motion in one dimension in an inertial reference frame and to change in one
variable at a time. Assessment does not include the use of trigonometry.]

MS-PS2-3. Ask questions about data to determine the factors
that affect the strength of electrical and magnetic forces.

[Clarification Statement: Examples of devices that use electrical and
magnetic forces could include electromagnets, electric motors, or generators.
Examples of data could include the effect of the number of turns of wire on
the strength of an electromagnet or the effect of increasing the number

Science and Engineering Practices

or strength of magnets on the speed of an electric motor.] [Assessment
Boundary: Assessment about questions that require quantitative answers is
limited to proportional reasoning and algebraic thinking.]

MS-PS2-4. Construct and present arguments using evidence to
support the claim that gravitational interactions are attractive
and depend on the masses of interacting objects. [Clarification

Statement: Examples of evidence for arguments could include data
generated from simulations or digital tools and charts displaying mass,
strength of interaction, distance from the Sun, and orbital periods of objects
within the solar system.] [Assessment Boundary: Assessment does not include
Newton’s Law of Gravitation or Kepler’s Laws.]

MS-PS2-5. Conduct an investigation and evaluate the

experimental design to provide evidence that fields exist
between objects exerting forces on each other even though the
objects are not in contact. [Clarification Statement: Examples of this

phenomenon could include the interactions of magnets, electrically charged
strips of tape, and electrically charged pith balls. Examples of investigations
could include firsthand experiences or simulations.] [Assessment Boundary:
Assessment is limited to electrical and magnetic fields and to qualitative
evidence for the existence of fields.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

PS2.A: Forces and Motion

Cause and Effect

!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
FROM +n EXPERIENCES AND PROGRESSES TO SPECIFYING
RELATIONSHIPS BETWEEN VARIABLES AND CLARIFYING
ARGUMENTS AND MODELS
s !SK QUESTIONS THAT CAN BE INVESTIGATED WITHIN THE
SCOPE OF THE CLASSROOM OUTDOOR ENVIRONMENT
AND MUSEUMS AND OTHER PUBLIC FACILITIES WITH
AVAILABLE RESOURCES AND WHEN APPROPRIATE FRAME
A HYPOTHESIS BASED ON OBSERVATIONS AND SCIENTIlC
PRINCIPLES -3 03 

s &OR ANY PAIR OF INTERACTING OBJECTS THE FORCE
EXERTED BY THE lRST OBJECT ON THE SECOND OBJECT
IS EQUAL IN STRENGTH TO THE FORCE THAT THE SECOND
OBJECT EXERTS ON THE lRST BUT IN THE OPPOSITE
DIRECTION .EWTONS 4HIRD ,AW  -3 03 
s 4HE MOTION OF AN OBJECT IS DETERMINED BY THE
SUM OF THE FORCES ACTING ON IT IF THE TOTAL FORCE
ON THE OBJECT IS NOT ZERO ITS MOTION WILL CHANGE
4HE GREATER THE MASS OF THE OBJECT THE GREATER
THE FORCE NEEDED TO ACHIEVE THE SAME CHANGE IN
MOTION &OR ANY GIVEN OBJECT A LARGER FORCE CAUSES
A LARGER CHANGE IN MOTION -3 03 

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
(MS-PS2-3), (MS-PS2-5)

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
See connections to MS. Forces and Interactions on page 306.

Systems and System Models
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND
THEIR INTERACTIONSSUCH AS INPUTS PROCESSES AND
OUTPUTSAND ENERGY AND MATTER mOWS WITHIN
SYSTEMS -3 03  -3 03 

Stability and Change
s %XPLANATIONS OF STABILITY AND CHANGE IN NATURAL OR
DESIGNED SYSTEMS CAN BE CONSTRUCTED BY EXAMINING
THE CHANGES OVER TIME AND FORCES AT DIFFERENT
SCALES -3 03 
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MS. Forces and Interactions

MS-PS2-1. Apply Newton’s Third Law to design a solution
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MS. Forces and Interactions (continued )
Science and Engineering Practices

Disciplinary Core Ideas

s 0LAN AN INVESTIGATION INDIVIDUALLY AND
COLLABORATIVELY AND IN THE DESIGN IDENTIFY
INDEPENDENT AND DEPENDENT VARIABLES AND CONTROLS
WHAT TOOLS ARE NEEDED TO DO THE GATHERING HOW
MEASUREMENTS WILL BE RECORDED AND HOW MANY
DATA ARE NEEDED TO SUPPORT A CLAIM -3 03 
s #ONDUCT AN INVESTIGATION AND EVALUATE THE
EXPERIMENTAL DESIGN TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE THAT CAN MEET THE GOALS OF
THE INVESTIGATION -3 03 

s !LL POSITIONS OF OBJECTS AND THE DIRECTIONS OF FORCES
AND MOTIONS MUST BE DESCRIBED IN AN ARBITRARILY
CHOSEN REFERENCE FRAME AND ARBITRARILY CHOSEN
UNITS OF SIZE )N ORDER TO SHARE INFORMATION WITH
OTHER PEOPLE THESE CHOICES MUST ALSO BE SHARED
(MS-PS2-2)

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
s !PPLY SCIENTIlC IDEAS OR PRINCIPLES TO DESIGN AN
OBJECT TOOL PROCESS OR SYSTEM -3 03 

MS. Forces and Interactions (continued )

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
FROM +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING
A CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES
CLAIMS FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE
NATURAL AND DESIGNED WORLDS 
s #ONSTRUCT AND PRESENT ORAL AND WRITTEN ARGUMENTS
SUPPORTED BY EMPIRICAL EVIDENCE AND SCIENTIlC
REASONING TO SUPPORT OR REFUTE AN EXPLANATION
OR A MODEL FOR A PHENOMENON OR A SOLUTION TO A
PROBLEM -3 03 

PS2.B: Types of Interactions
s %LECTRICAL AND MAGNETIC ELECTROMAGNETIC FORCES
CAN BE ATTRACTIVE OR REPULSIVE AND THEIR SIZES
DEPEND ON THE MAGNITUDES OF THE CHARGES
CURRENTS OR MAGNETIC STRENGTHS INVOLVED AND ON
THE DISTANCES BETWEEN THE INTERACTING OBJECTS
(MS-PS2-3)
s 'RAVITATIONAL FORCES ARE ALWAYS ATTRACTIVE 4HERE
IS A GRAVITATIONAL FORCE BETWEEN ANY TWO MASSES
BUT IT IS VERY SMALL EXCEPT WHEN ONE OR BOTH OF THE
OBJECTS HAVE LARGE MASS EG %ARTH AND THE SUN 
(MS-PS2-4)
s &ORCES THAT ACT AT A DISTANCE ELECTRICAL MAGNETIC
AND GRAVITATIONAL CAN BE EXPLAINED BY lELDS THAT
EXTEND THROUGH SPACE AND CAN BE MAPPED BY THEIR
EFFECT ON A TEST OBJECT A CHARGED OBJECT A MAGNET
OR A BALL RESPECTIVELY  -3 03 

Crosscutting Concepts

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s 4HE USES OF TECHNOLOGIES AND ANY LIMITATIONS
ON THEIR USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL
NEEDS DESIRES AND VALUES BY THE lNDINGS OF
SCIENTIlC RESEARCH AND BY DIFFERENCES IN SUCH
FACTORS AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS -3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03  -3 03 
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MS. Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-PS3-1. Construct and interpret graphical displays of data

insulated box, a solar cooker, and a Styrofoam cup.] [Assessment Boundary:
Assessment does not include calculating the total amount of thermal energy
transferred.]

Emphasis is on descriptive relationships between kinetic energy and mass
separately from kinetic energy and speed. Examples could include riding
a bicycle at different speeds, rolling different sizes of rocks downhill, and
getting hit by a wiffle ball versus a tennis ball.]

MS-PS3-4. Plan an investigation to determine the relationships

MS-PS3-2. Develop a model to describe that when the

Statement: Examples of experiments could include comparing final water
temperatures after different masses of ice have melted in the same volume
of water with the same initial temperature, the temperature change of
samples of different materials with the same mass as they cool or heat in
the environment, or the same material with different masses when a specific
amount of energy is added.] [Assessment Boundary: Assessment does not
include calculating the total amount of thermal energy transferred.]

to describe the relationships of kinetic energy to the mass of
an object and to the speed of an object. [Clarification Statement:

arrangement of objects interacting at a distance changes,
different amounts of potential energy are stored in the system.

[Clarification Statement: Emphasis is on relative amounts of potential
energy, not on calculations of potential energy. Examples of objects within
systems interacting at varying distances could include the Earth and either a
roller coaster cart at varying positions on a hill or objects at varying heights
on shelves, changing the direction/orientation of a magnet, and a balloon
with static electrical charge being brought closer to a classmate’s hair.
Examples of models could include representations, diagrams, pictures, and
written descriptions of systems.] [Assessment Boundary: Assessment is limited
to two objects and electrical, magnetic, and gravitational interactions.]

MS-PS3-3. Apply scientific principles to design, construct, and

test a device that either minimizes or maximizes thermal energy
transfer.* [Clarification Statement: Examples of devices could include an

Science and Engineering Practices

among the energy transferred, the type of matter, the mass,
and the change in the average kinetic energy of the particles
as measured by the temperature of the sample. [Clarification

MS-PS3-5. Construct, use, and present arguments to support the
claim that when the kinetic energy of an object changes, energy
is transferred to or from the object. [Clarification Statement: Examples
of empirical evidence used in arguments could include an inventory or other
representation of the energy before and after the transfer in the form
of temperature changes or motion of an object.] [Assessment Boundary:
Assessment does not include calculations of energy.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS3.A: Definitions of Energy

Scale, Proportion, and Quantity

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
DEVELOPING USING AND REVISING MODELS TO DESCRIBE
TEST AND PREDICT MORE ABSTRACT PHENOMENA AND
DESIGN SYSTEMS
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 03 

s -OTION ENERGY IS PROPERLY CALLED KINETIC ENERGY IT
IS PROPORTIONAL TO THE MASS OF THE MOVING OBJECT
AND GROWS WITH THE SQUARE OF ITS SPEED -3 03 
s ! SYSTEM OF OBJECTS MAY ALSO CONTAIN STORED
POTENTIAL ENERGY DEPENDING ON THEIR RELATIVE
POSITIONS -3 03 
s 4EMPERATURE IS A MEASURE OF THE AVERAGE KINETIC
ENERGY OF PARTICLES OF MATTER 4HE RELATIONSHIP
BETWEEN THE TEMPERATURE AND THE TOTAL ENERGY OF A
SYSTEM DEPENDS ON THE TYPES STATES AND AMOUNTS
OF MATTER PRESENT -3 03  -3 03 

s 0ROPORTIONAL RELATIONSHIPS EG SPEED AS THE
RATIO OF DISTANCE TRAVELED TO TIME TAKEN AMONG
DIFFERENT TYPES OF QUANTITIES PROVIDE INFORMATION
ABOUT THE MAGNITUDE OF PROPERTIES AND PROCESSES
(MS-PS3-1), (MS-PS3-4)

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR DESIGN SOLUTIONS
s 0LAN AN INVESTIGATION INDIVIDUALLY AND
COLLABORATIVELY AND IN THE DESIGN IDENTIFY
INDEPENDENT AND DEPENDENT VARIABLES AND CONTROLS

See connections to MS. Energy on page 306.

Systems and System Models
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND
THEIR INTERACTIONSSUCH AS INPUTS PROCESSES AND
OUTPUTSAND ENERGY AND MATTER mOWS WITHIN
SYSTEMS -3 03 

MS. Energy

Planning and Carrying Out Investigations

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Copyright National Academy of Sciences. All rights reserved.

217

Next Generation Science Standards: For States, By States

MS. Energy (continued )
Science and Engineering Practices
WHAT TOOLS ARE NEEDED TO DO THE GATHERING HOW
MEASUREMENTS WILL BE RECORDED AND HOW MANY
DATA ARE NEEDED TO SUPPORT A CLAIM -3 03 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO EXTENDING QUANTITATIVE ANALYSIS TO INVESTIGATIONS
DISTINGUISHING BETWEEN CORRELATION AND CAUSATION AND
BASIC STATISTICAL TECHNIQUES OF DATA AND ERROR ANALYSIS
s #ONSTRUCT AND INTERPRET GRAPHICAL DISPLAYS OF DATA
TO IDENTIFY LINEAR AND NON LINEAR RELATIONSHIPS
(MS-PS3-1)

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND THEORIES
s !PPLY SCIENTIlC IDEAS OR PRINCIPLES TO DESIGN
CONSTRUCT AND TEST A DESIGN OF AN OBJECT TOOL
PROCESS OR SYSTEM -3 03 

MS. Energy (continued )

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s #ONSTRUCT USE AND PRESENT ORAL AND WRITTEN
ARGUMENTS SUPPORTED BY EMPIRICAL EVIDENCE
AND SCIENTIlC REASONING TO SUPPORT OR REFUTE
AN EXPLANATION OR A MODEL FOR A PHENOMENON
(MS-PS3-5)

#ONNECTIONS TO .ATURE OF 3CIENCE

Disciplinary Core Ideas
PS3.B: Conservation of Energy and Energy
Transfer
s 7HEN THE KINETIC ENERGY OF AN OBJECT CHANGES
THERE IS INEVITABLY SOME OTHER CHANGE IN ENERGY AT
THE SAME TIME -3 03 
s 4HE AMOUNT OF ENERGY TRANSFER NEEDED TO CHANGE
THE TEMPERATURE OF A MATTER SAMPLE BY A GIVEN
AMOUNT DEPENDS ON THE NATURE OF THE MATTER
THE SIZE OF THE SAMPLE AND THE ENVIRONMENT
(MS-PS3-4)
s %NERGY IS SPONTANEOUSLY TRANSFERRED OUT OF HOTTER
REGIONS OR OBJECTS AND INTO COLDER ONES -3 03 

Crosscutting Concepts
Energy and Matter
s %NERGY MAY TAKE DIFFERENT FORMS EG ENERGY
IN lELDS THERMAL ENERGY ENERGY OF MOTION 
(MS-PS3-5)
s 4HE TRANSFER OF ENERGY CAN BE TRACKED AS ENERGY
mOWS THROUGH A DESIGNED OR NATURAL SYSTEM
(MS-PS3-3)

PS3.C: Relationship Between Energy and
Forces
s 7HEN TWO OBJECTS INTERACT EACH ONE EXERTS A
FORCE ON THE OTHER THAT CAN CAUSE ENERGY TO BE
TRANSFERRED TO OR FROM THE OBJECT -3 03 

ETS1.A: Defining and Delimiting an
Engineering Problem
s 4HE MORE PRECISELY A DESIGN TASKS CRITERIA AND
CONSTRAINTS CAN BE DElNED THE MORE LIKELY IT IS
THAT THE DESIGNED SOLUTION WILL BE SUCCESSFUL
3PECIlCATION OF CONSTRAINTS INCLUDES CONSIDERATION
OF SCIENTIlC PRINCIPLES AND OTHER RELEVANT
KNOWLEDGE THAT IS LIKELY TO LIMIT POSSIBLE SOLUTIONS
(secondary to MS-PS3-3)

ETS1.B: Developing Possible Solutions
s ! SOLUTION NEEDS TO BE TESTED AND THEN MODIlED
ON THE BASIS OF THE TEST RESULTS IN ORDER TO IMPROVE
IT 4HERE ARE SYSTEMATIC PROCESSES FOR EVALUATING
SOLUTIONS WITH RESPECT TO HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF A PROBLEM (secondary to
MS-PS3-3)

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03  -3 03 
218
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MS. Waves and Electromagnetic Radiation
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
a simple model for waves that includes how the amplitude
of a wave is related to the energy in a wave. [Clarification

Statement: Emphasis is on describing waves with both qualitative and
quantitative thinking.] [Assessment Boundary: Assessment does not include
electromagnetic waves and is limited to standard repeating waves.]

MS-PS4-2. Develop and use a model to describe that waves are
reflected, absorbed, or transmitted through various materials.

[Clarification Statement: Emphasis is on both light and mechanical waves.
Examples of models could include drawings, simulations, and written
descriptions.] [Assessment Boundary: Assessment is limited to qualitative
applications pertaining to light and mechanical waves.]

Science and Engineering Practices

MS-PS4-3. Integrate qualitative scientific and technical

information to support the claim that digitized signals are
a more reliable way to encode and transmit information
than analog signals. [Clarification Statement: Emphasis is on a basic

understanding that waves can be used for communication purposes.
Examples could include using fiber optic cable to transmit light pulses,
radio wave pulses in Wi-Fi devices, and conversion of stored binary patterns
to make sound or text on a computer screen.] [Assessment Boundary:
Assessment does not include binary counting. Assessment does not include
the specific mechanism of any given device.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS4.A: Wave Properties

Patterns

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
DEVELOPING USING AND REVISING MODELS TO DESCRIBE
TEST AND PREDICT MORE ABSTRACT PHENOMENA AND
DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
(MS-PS4-2)

s ! SIMPLE WAVE HAS A REPEATING PATTERN WITH A
SPECIlC WAVELENGTH FREQUENCY AND AMPLITUDE
(MS-PS4-1)
s ! SOUND WAVE NEEDS A MEDIUM THROUGH WHICH IT IS
TRANSMITTED -3 03 

s 'RAPHS AND CHARTS CAN BE USED TO IDENTIFY PATTERNS
IN DATA -3 03 

Using Mathematics and Computational
Thinking

s 7HEN LIGHT SHINES ON AN OBJECT IT IS REmECTED
ABSORBED OR TRANSMITTED THROUGH THE OBJECT
DEPENDING ON THE OBJECTS MATERIAL AND THE
FREQUENCY COLOR OF THE LIGHT -3 03 
s 4HE PATH THAT LIGHT TRAVELS CAN BE TRACED AS
STRAIGHT LINES EXCEPT AT SURFACES BETWEEN DIFFERENT
TRANSPARENT MATERIALS EG AIR AND WATER AIR AND
GLASS WHERE THE LIGHT PATH BENDS -3 03 
s ! WAVE MODEL OF LIGHT IS USEFUL FOR EXPLAINING
BRIGHTNESS COLOR AND THE FREQUENCY DEPENDENT
BENDING OF LIGHT AT A SURFACE BETWEEN MEDIA
(MS-PS4-2)
s (OWEVER BECAUSE LIGHT CAN TRAVEL THROUGH SPACE
IT CANNOT BE A MATTER WAVE LIKE SOUND OR WATER
WAVES -3 03 

-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO IDENTIFYING
PATTERNS IN LARGE DATA SETS AND USING MATHEMATICAL
CONCEPTS TO SUPPORT EXPLANATIONS AND ARGUMENTS
s 5SE MATHEMATICAL REPRESENTATIONS TO DESCRIBE
ANDOR SUPPORT SCIENTIlC CONCLUSIONS AND DESIGN
SOLUTIONS -3 03 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n AND PROGRESSES
TO EVALUATING THE MERIT AND VALIDITY OF IDEAS AND
METHODS

PS4.B: Electromagnetic Radiation

See connections to MS. Waves and Electromagnetic Radiation on page 307.

Structure and Function
s 3TRUCTURES CAN BE DESIGNED TO SERVE PARTICULAR
FUNCTIONS BY TAKING INTO ACCOUNT PROPERTIES OF
DIFFERENT MATERIALS AND HOW MATERIALS CAN BE
SHAPED AND USED -3 03 
s 3TRUCTURES CAN BE DESIGNED TO SERVE PARTICULAR
FUNCTIONS -3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s 4ECHNOLOGIES EXTEND THE MEASUREMENT
EXPLORATION MODELING AND COMPUTATIONAL CAPACITY
OF SCIENTIlC INVESTIGATIONS -3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s !DVANCES IN TECHNOLOGY INmUENCE THE PROGRESS OF
SCIENCE AND SCIENCE HAS INmUENCED ADVANCES IN
TECHNOLOGY -3 03 
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MS. Waves and Electromagnetic Radiation

MS-PS4-1. Use mathematical representations to describe

Next Generation Science Standards: For States, By States

MS. Waves and Electromagnetic Radiation (continued )
Science and Engineering Practices
s )NTEGRATE QUALITATIVE SCIENTIlC AND TECHNICAL
INFORMATION IN WRITTEN TEXT WITH THAT CONTAINED
IN MEDIA AND VISUAL DISPLAYS TO CLARIFY CLAIMS AND
lNDINGS -3 03 

Disciplinary Core Ideas

Crosscutting Concepts

PS4.C: Information Technologies and
Instrumentation
s $IGITIZED SIGNALS SENT AS WAVE PULSES ARE A MORE
RELIABLE WAY TO ENCODE AND TRANSMIT INFORMATION
(MS-PS4-3)

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence

MS. Waves and Electromagnetic Radiation (continued )

s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 03 
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MIDDLE SCHOOL LIFE SCIENCES
Students in middle school develop understanding of key concepts to help them make sense of the life
sciences. These ideas build on students’ science understanding from earlier grades and from the disciplinary core ideas, science and engineering practices, and crosscutting concepts of other experiences
with the physical and earth sciences. There are five life sciences topics in middle school: (1) Structure,
Function, and Information Processing; (2) Growth, Development, and Reproduction of Organisms; (3)
Matter and Energy in Organisms and Ecosystems; (4) Interdependent Relationships in Ecosystems; and
(5) Natural Selection and Adaptations. The performance expectations in middle school blend core ideas
with science and engineering practices and crosscutting concepts to support students in developing useable knowledge across the science disciplines. While the performance expectations in middle school life
sciences couple particular practices with specific disciplinary core ideas, instructional decisions should
include the use of many science and engineering practices integrated in the performance expectations.
The concepts and practices in the performance expectations are based on the grade-band endpoints
described in the NRC Framework.

The performance expectations in Growth, Development, and Reproduction of Organisms help
students formulate an answer to the question, “How do organisms grow, develop, and reproduce?”
Students understand how the environment and genetic factors determine the growth of an individual
organism. They also demonstrate understanding of the genetic implications for sexual and asexual
reproduction. Students can develop evidence to support their understanding of the structures and
behaviors that increase the likelihood of successful reproduction by organisms. They have a beginning
understanding of the ways in which humans can select for specific traits, the role of technology, genetic
modification, and the nature of ethical responsibilities related to selective breeding. At the end of
middle school, students can explain how select structures, functions, and behaviors of organisms change
in predictable ways as they progress from birth to old age. Students can use the practices of analyzing and interpreting data, using models, conducting investigations, and communicating information.
Crosscutting concepts of structure and function, change and stability, and matter and energy flow in
organisms support understanding across this topic.
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Middle School Life Sciences

The performance expectations in Structure, Function, and Information Processing help students
formulate an answer to the question, “How do the structures of organisms contribute to life’s functions?” Middle school students can plan and carry out investigations to develop evidence that living organisms are made of cells and to determine the relationship of organisms to the environment.
Students can use their understanding of cell theory to develop physical and conceptual models of cells.
They can construct explanations for the interactions of systems in cells and organisms and for how
organisms gather and use information from the environment. By the end of their studies, students
understand that all organisms are made of cells, that special structures are responsible for particular
functions in organisms, and that for many organisms the body is a system of multiple interacting subsystems that form a hierarchy from cells to the body. Crosscutting concepts of cause and effect, structure
and function, and matter and energy are called out as organizing concepts for these core ideas.

Next Generation Science Standards: For States, By States

The performance expectations in Matter and Energy in Organisms and Ecosystems help students
formulate answers to the questions: “How do organisms obtain and use matter and energy? How do
matter and energy move through an ecosystem?” Middle school students can use conceptual and physical models to explain the transfer of energy and cycling of matter as they construct explanations for the
role of photosynthesis in cycling matter in ecosystems. They can construct explanations for the cycling
of matter in organisms and the interactions of organisms to obtain matter and energy from an ecosystem to survive and grow. Students have a grade-appropriate understanding and use of the practices of
investigations, constructing arguments based on evidence, and oral and written communication. They
understand that sustaining life requires substantial energy and matter inputs and that the structure and
functions of organisms contribute to the capture, transformation, transport, release, and elimination of
matter and energy. Adding to these crosscutting concepts is a deeper understanding of systems and system models that ties the performances expectations in this topic together.
The performance expectations in Interdependent Relationships in Ecosystems help students formulate an answer to the question, “How do organisms interact with other organisms in the physical
environment to obtain matter and energy? To answer the question, middle school students construct
explanations for the interactions in ecosystems and the scientific, economic, political, and social justifications used in making decisions about maintaining biodiversity in ecosystems. Students can use models,
construct evidence-based explanations, and use argumentation from evidence. Students understand that
organisms and populations of organisms are dependent on their environmental interactions both with
other organisms and with non-living factors. They also understand that the limits of resources influence
the growth of organisms and populations, which may result in competition for those limited resources.
Crosscutting concepts of matter and energy, systems and system models, and cause and effect are used
by students to support understanding the phenomena they study.

Middle School Life Sciences

The performance expectations in Natural Selection and Adaptations help students formulate
answers to the questions: “How does genetic variation among organisms in a species affect survival and
reproduction? How does the environment influence genetic traits in populations over multiple generations?” Middle school students can analyze data from the fossil record to describe evidence of the history of life on Earth and can construct explanations for similarities in organisms. They have a beginning
understanding of the role of variation in natural selection and how this leads to speciation. They have a
grade-appropriate understanding and use of the practices of analyzing graphical displays; using mathematical models; and gathering, reading, and communicating information. The crosscutting concept of
cause and effect is central to this topic.
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MS. Structure, Function, and Information Processing
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-LS1-1. Conduct an investigation to provide evidence that

MS-LS1-3. Use argument supported by evidence for how the

developing evidence that living things are made of cells, distinguishing
between living and non-living things, and understanding that living things
may be made of one cell or many and varied cells.]

that cells form tissues and tissues form organs specialized for particular
body functions. Examples could include the interaction of sub-systems
within a system and the normal functioning of those systems.] [Assessment
Boundary: Assessment does not include the mechanism of one body system
independent of others. Assessment is limited to the circulatory, excretory,
digestive, respiratory, muscular, and nervous systems.]

MS-LS1-2. Develop and use a model to describe the function
of a cell as a whole and ways parts of cells contribute to the
function. [Clarification Statement: Emphasis is on the cell functioning

as a whole system and the primary role of identified parts of the cell,
specifically the nucleus, chloroplasts, mitochondria, cell membrane, and cell
wall.] [Assessment Boundary: Assessment of organelle structure/function
relationships is limited to the cell wall and cell membrane. Assessment of
the function of the other organelles is limited to their relationship to the
whole cell. Assessment does not include the biochemical function of cells or
cell parts.]

Science and Engineering Practices

body is a system of interacting sub-systems composed of groups
of cells. [Clarification Statement: Emphasis is on conceptual understanding

MS-LS1-8. Gather and synthesize information that sensory

receptors respond to stimuli by sending messages to the brain
for immediate behavior or storage as memories. [Assessment

Boundary: Assessment does not include mechanisms for the transmission of
this information.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

LS1.A: Structure and Function

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
-3 ,3 

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL SYSTEMS -3 ,3 

0LANNING AND CARRYING OUT INVESTIGATIONS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR SOLUTIONS
s #ONDUCT AN INVESTIGATION TO PRODUCE DATA TO SERVE
AS THE BASIS FOR EVIDENCE THAT MEETS THE GOALS OF
AN INVESTIGATION -3 ,3 

s !LL LIVING THINGS ARE MADE UP OF CELLS WHICH IS
THE SMALLEST UNIT THAT CAN BE SAID TO BE ALIVE
!N ORGANISM MAY CONSIST OF ONE SINGLE CELL
UNICELLULAR OR MANY DIFFERENT NUMBERS AND TYPES
OF CELLS MULTICELLULAR  -3 ,3 
s 7ITHIN CELLS SPECIAL STRUCTURES ARE RESPONSIBLE FOR
PARTICULAR FUNCTIONS AND THE CELL MEMBRANE FORMS
THE BOUNDARY THAT CONTROLS WHAT ENTERS AND LEAVES
THE CELL -3 ,3 
s )N MULTICELLULAR ORGANISMS THE BODY IS A SYSTEM
OF MULTIPLE INTERACTING SUB SYSTEMS 4HESE SUB
SYSTEMS ARE GROUPS OF CELLS THAT WORK TOGETHER TO
FORM TISSUES AND ORGANS THAT ARE SPECIALIZED FOR
PARTICULAR BODY FUNCTIONS -3 ,3 

Engaging in Argument from Evidence

LS1.D: Information Processing

Planning and Carrying Out Investigations

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 

s %ACH SENSE RECEPTOR RESPONDS TO DIFFERENT
INPUTS ELECTROMAGNETIC MECHANICAL CHEMICAL
TRANSMITTING THEM AS SIGNALS THAT TRAVEL ALONG
NERVE CELLS TO THE BRAIN 4HE SIGNALS ARE THEN
PROCESSED IN THE BRAIN RESULTING IN IMMEDIATE
BEHAVIORS OR MEMORIES -3 ,3 

See connections to MS. Structure, Function, and Information Processing on page 308.

Scale, Proportion, and Quantity
s 0HENOMENA THAT CAN BE OBSERVED AT ONE SCALE MAY
NOT BE OBSERVABLE AT ANOTHER SCALE -3 ,3 

Systems and System Models
s 3YSTEMS MAY INTERACT WITH OTHER SYSTEMS THEY MAY
HAVE SUB SYSTEMS AND BE A PART OF LARGER COMPLEX
SYSTEMS -3 ,3 

Structure and Function
s #OMPLEX AND MICROSCOPIC STRUCTURES AND SYSTEMS
CAN BE VISUALIZED MODELED AND USED TO DESCRIBE
HOW THEIR FUNCTION DEPENDS ON THE RELATIONSHIPS
AMONG ITS PARTS THEREFORE COMPLEX NATURAL AND
DESIGNED STRUCTURESSYSTEMS CAN BE ANALYZED TO
DETERMINE HOW THEY FUNCTION -3 ,3 
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MS. Structure, Function, and Information Processing

living things are made of cells; either one cell or many different
numbers and types of cells. [Clarification Statement: Emphasis is on

Next Generation Science Standards: For States, By States

MS. Structure, Function, and Information Processing (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE

Obtaining, Evaluating, and Communicating
Information

Interdependence of Science, Engineering, and
Technology

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND VALIDITY OF
IDEAS AND METHODS
s 'ATHER READ AND SYNTHESIZE INFORMATION FROM
MULTIPLE APPROPRIATE SOURCES AND ASSESS THE
CREDIBILITY ACCURACY AND POSSIBLE BIAS OF EACH
PUBLICATION AND METHOD USED AND DESCRIBE HOW
THEY ARE SUPPORTED OR NOT SUPPORTED BY EVIDENCE
-3 ,3 

s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT
OF ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS
-3 ,3 

MS. Structure, Function, and Information Processing (continued )

s 5SE AN ORAL AND WRITTEN ARGUMENT SUPPORTED BY
EVIDENCE TO SUPPORT OR REFUTE AN EXPLANATION OR A
MODEL FOR A PHENOMENON -3 ,3 
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#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s 3CIENTISTS AND ENGINEERS ARE GUIDED BY HABITS OF
MIND SUCH AS INTELLECTUAL HONESTY TOLERANCE OF
AMBIGUITY SKEPTICISM AND OPENNESS TO NEW IDEAS
-3 ,3 

See connections to MS. Structure, Function, and Information Processing on page 308.
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MS. Matter and Energy in Organisms and Ecosystems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-LS1-6. Construct a scientific explanation based on evidence

on cause and effect relationships between resources and the growth of
individual organisms and the numbers of organisms in ecosystems during
periods of abundant and scarce resources.]

is on tracing the movement of matter and the flow of energy.] [Assessment
Boundary: Assessment does not include the biochemical mechanisms of
photosynthesis.]

MS-LS2-3. Develop a model to describe the cycling of matter

MS-LS1-7. Develop a model to describe how food is rearranged

conservation of matter and flow of energy into and out of various ecosystems
and on defining the boundaries of the system.] [Assessment Boundary:
Assessment does not include the use of chemical reactions to describe the
processes.]

molecules are broken apart and put back together and that in this process
energy is released.] [Assessment Boundary: Assessment does not include
details of the chemical reactions for photosynthesis or respiration.]

MS-LS2-4. Construct an argument supported by empirical

MS-LS2-1. Analyze and interpret data to provide evidence for

is on recognizing patterns in data and making warranted inferences about
changes in populations and on evaluating empirical evidence supporting
arguments about changes to ecosystems.]

through chemical reactions forming new molecules that support
growth and/or release energy as this matter moves through
an organism. [Clarification Statement: Emphasis is on describing that

the effects of resource availability on organisms and populations
of organisms in an ecosystem. [Clarification Statement: Emphasis is

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP A MODEL TO DESCRIBE PHENOMENA
-3 ,3 
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 ,3 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO PROVIDE EVIDENCE FOR
PHENOMENA -3 ,3 

and flow of energy among living and non-living parts of an
ecosystem. [Clarification Statement: Emphasis is on describing the

evidence that changes to physical or biological components of
an ecosystem affect populations. [Clarification Statement: Emphasis

Disciplinary Core Ideas

Crosscutting Concepts

LS1.C: Organization for Matter and Energy
Flow in Organisms
s 0LANTS ALGAE INCLUDING PHYTOPLANKTON AND
MANY MICROORGANISMS USE THE ENERGY FROM LIGHT
TO MAKE SUGARS FOOD FROM CARBON DIOXIDE FROM
THE ATMOSPHERE AND WATER THROUGH THE PROCESS
OF PHOTOSYNTHESIS WHICH ALSO RELEASES OXYGEN
4HESE SUGARS CAN BE USED IMMEDIATELY OR STORED FOR
GROWTH OR LATER USE -3 ,3 
s 7ITHIN INDIVIDUAL ORGANISMS FOOD MOVES THROUGH
A SERIES OF CHEMICAL REACTIONS IN WHICH IT IS BROKEN
DOWN AND REARRANGED TO FORM NEW MOLECULES
SUPPORT GROWTH OR RELEASE ENERGY -3 ,3 

LS2.A: Interdependent Relationships in
Ecosystems
s /RGANISMS AND POPULATIONS OF ORGANISMS ARE
DEPENDENT ON THEIR ENVIRONMENTAL INTERACTIONS
BOTH WITH OTHER LIVING THINGS AND WITH NON LIVING
FACTORS -3 ,3 
s )N ANY ECOSYSTEM ORGANISMS AND POPULATIONS WITH
SIMILAR REQUIREMENTS FOR FOOD WATER OXYGEN OR OTHER

See connections to MS. Matter and Energy in Organisms and Ecosystems on page 308.

Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
-3 ,3 

Energy and Matter
s -ATTER IS CONSERVED BECAUSE ATOMS ARE CONSERVED
IN PHYSICAL AND CHEMICAL PROCESSES -3 ,3 
s 7ITHIN A NATURAL SYSTEM THE TRANSFER OF ENERGY
DRIVES THE MOTION ANDOR CYCLING OF MATTER
-3 ,3 
s 4HE TRANSFER OF ENERGY CAN BE TRACKED AS ENERGY
mOWS THROUGH A NATURAL SYSTEM -3 ,3 

Stability and Change
s 3MALL CHANGES IN ONE PART OF A SYSTEM MIGHT CAUSE
LARGE CHANGES IN ANOTHER PART -3 ,3 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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MS. Matter and Energy in Organisms and Ecosystems

for the role of photosynthesis in the cycling of matter and flow of
energy into and out of organisms. [Clarification Statement: Emphasis

Next Generation Science Standards: For States, By States

MS. Matter and Energy in Organisms and Ecosystems (continued )
Science and Engineering Practices
Constructing Explanations and Designing
Solutions

MS. Matter and Energy in Organisms and Ecosystems (continued )

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC KNOWLEDGE PRINCIPLES AND
THEORIES
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING THE STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
-3 ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s #ONSTRUCT AN ORAL AND WRITTEN ARGUMENT SUPPORTED
BY EMPIRICAL EVIDENCE AND SCIENTIlC REASONING
TO SUPPORT OR REFUTE AN EXPLANATION OR A MODEL
FOR A PHENOMENON OR A SOLUTION TO A PROBLEM
-3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL
CONNECTIONS BETWEEN EVIDENCE AND EXPLANATIONS
-3 ,3 
s 3CIENCE DISCIPLINES SHARE COMMON RULES OF
OBTAINING AND EVALUATING EMPIRICAL EVIDENCE
-3 ,3 
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Disciplinary Core Ideas
RESOURCES MAY COMPETE WITH EACH OTHER FOR LIMITED
RESOURCES ACCESS TO WHICH CONSEQUENTLY CONSTRAINS
THEIR GROWTH AND REPRODUCTION -3 ,3 
s 'ROWTH OF ORGANISMS AND POPULATION INCREASES ARE
LIMITED BY ACCESS TO RESOURCES -3 ,3 

LS2.B: Cycle of Matter and Energy Transfer
in Ecosystems
s &OOD WEBS ARE MODELS THAT DEMONSTRATE HOW
MATTER AND ENERGY ARE TRANSFERRED BETWEEN
PRODUCERS CONSUMERS AND DECOMPOSERS AS
THE THREE GROUPS INTERACT WITHIN AN ECOSYSTEM
4RANSFERS OF MATTER INTO AND OUT OF THE PHYSICAL
ENVIRONMENT OCCUR AT EVERY LEVEL $ECOMPOSERS
RECYCLE NUTRIENTS FROM DEAD PLANT OR ANIMAL MATTER
BACK TO THE SOIL IN TERRESTRIAL ENVIRONMENTS OR TO
THE WATER IN AQUATIC ENVIRONMENTS 4HE ATOMS THAT
MAKE UP THE ORGANISMS IN AN ECOSYSTEM ARE CYCLED
REPEATEDLY BETWEEN THE LIVING AND NON LIVING PARTS
OF THE ECOSYSTEM -3 ,3 

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THAT OBJECTS AND EVENTS IN
NATURAL SYSTEMS OCCUR IN CONSISTENT PATTERNS THAT
ARE UNDERSTANDABLE THROUGH MEASUREMENT AND
OBSERVATION -3 ,3 

LS2.C: Ecosystem Dynamics, Functioning,
and Resilience
s %COSYSTEMS ARE DYNAMIC IN NATURE THEIR
CHARACTERISTICS CAN VARY OVER TIME $ISRUPTIONS TO ANY
PHYSICAL OR BIOLOGICAL COMPONENT OF AN ECOSYSTEM
CAN LEAD TO SHIFTS IN ALL ITS POPULATIONS -3 ,3 

PS3.D: Energy in Chemical Processes and
Everyday Life
s 4HE CHEMICAL REACTION BY WHICH PLANTS PRODUCE
COMPLEX FOOD MOLECULES SUGARS REQUIRES AN
ENERGY INPUT IE FROM SUNLIGHT TO OCCUR )N THIS
REACTION CARBON DIOXIDE AND WATER COMBINE TO
FORM CARBON BASED ORGANIC MOLECULES AND RELEASE
OXYGEN (secondary to MS-LS1-6)
s #ELLULAR RESPIRATION IN PLANTS AND ANIMALS INVOLVES
CHEMICAL REACTIONS WITH OXYGEN THAT RELEASE STORED
ENERGY )N THESE PROCESSES COMPLEX MOLECULES
CONTAINING CARBON REACT WITH OXYGEN TO PRODUCE
CARBON DIOXIDE AND OTHER MATERIALS (secondary to
MS-LS1-7)

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

See connections to MS. Matter and Energy in Organisms and Ecosystems on page 308.

Copyright National Academy of Sciences. All rights reserved.

Next Generation Science Standards: For States, By States

MS. Interdependent Relationships in Ecosystems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
of interactions among organisms across multiple ecosystems.

[Clarification Statement: Emphasis is on predicting consistent patterns of
interactions in different ecosystems in terms of the relationships among and
between organisms and abiotic components of ecosystems. Examples of types
of interactions could include competitive, predatory, and mutually beneficial.]

Science and Engineering Practices

MS-LS2-5. Evaluate competing design solutions for maintaining

biodiversity and ecosystem services.* [Clarification Statement:
Examples of ecosystem services could include water purification, nutrient
recycling, and prevention of soil erosion. Examples of design solution
constraints could include scientific, economic, and social considerations.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Constructing Explanations and Designing
Solutions

LS2.A: Interdependent Relationships in
Ecosystems

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
s #ONSTRUCT AN EXPLANATION THAT INCLUDES QUALITATIVE
OR QUANTITATIVE RELATIONSHIPS BETWEEN VARIABLES
THAT PREDICT PHENOMENA -3 ,3 

s 3IMILARLY PREDATORY INTERACTIONS MAY REDUCE
THE NUMBER OF ORGANISMS OR ELIMINATE WHOLE
POPULATIONS OF ORGANISMS -UTUALLY BENElCIAL
INTERACTIONS IN CONTRAST MAY BECOME SO
INTERDEPENDENT THAT EACH ORGANISM REQUIRES THE
OTHER FOR SURVIVAL !LTHOUGH THE SPECIES INVOLVED
IN THESE COMPETITIVE PREDATORY AND MUTUALLY
BENElCIAL INTERACTIONS VARY ACROSS ECOSYSTEMS
THE PATTERNS OF INTERACTIONS OF ORGANISMS WITH
THEIR ENVIRONMENTS BOTH LIVING AND NON LIVING ARE
SHARED -3 ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s %VALUATE COMPETING DESIGN SOLUTIONS BASED ON
JOINTLY DEVELOPED AND AGREED UPON DESIGN CRITERIA
-3 ,3 

LS2.C: Ecosystem Dynamics, Functioning,
and Resilience
s "IODIVERSITY DESCRIBES THE VARIETY OF SPECIES FOUND
IN %ARTHS TERRESTRIAL AND OCEANIC ECOSYSTEMS
4HE COMPLETENESS OR INTEGRITY OF AN ECOSYSTEMS
BIODIVERSITY IS OFTEN USED AS A MEASURE OF ITS
HEALTH -3 ,3 

LS4.D: Biodiversity and Humans
s #HANGES IN BIODIVERSITY CAN INmUENCE HUMANS
RESOURCES SUCH AS FOOD ENERGY AND MEDICINES
AS WELL AS ECOSYSTEM SERVICES THAT HUMANS RELY
ONFOR EXAMPLE WATER PURIlCATION AND RECYCLING
(secondary to MS-LS2-5)

ETS1.B: Developing Possible Solutions

Patterns
s 0ATTERNS CAN BE USED TO IDENTIFY CAUSE AND EFFECT
RELATIONSHIPS -3 ,3 

Stability and Change
s 3MALL CHANGES IN ONE PART OF A SYSTEM MIGHT CAUSE
LARGE CHANGES IN ANOTHER PART -3 ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s 4HE USE OF TECHNOLOGIES AND ANY LIMITATIONS ON
THEIR USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL
NEEDS DESIRES AND VALUES BY THE lNDINGS OF
SCIENTIlC RESEARCH AND BY DIFFERENCES IN SUCH
FACTORS AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS 4HUS TECHNOLOGY USE VARIES FROM REGION
TO REGION AND OVER TIME -3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World
s 3CIENTIlC KNOWLEDGE CAN DESCRIBES THE
CONSEQUENCE OF ACTIONS BUT DOES NOT NECESSARILY
PRESCRIBE THE DECISIONS THAT SOCIETY TAKES
-3 ,3 

s 4HERE ARE SYSTEMATIC PROCESSES FOR EVALUATING
SOLUTIONS WITH RESPECT TO HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF A PROBLEM (secondary to
MS-LS2-5)
See connections to MS. Interdependent Relationships in Ecosystems on page 309.
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MS. Interdependent Relationships in Ecosystems

MS-LS2-2. Construct an explanation that predicts patterns

Next Generation Science Standards: For States, By States

MS. Growth, Development, and Reproduction of Organisms
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-LS1-4. Use argument based on empirical evidence and

scientific reasoning to support an explanation for how
characteristic animal behaviors and specialized plant structures
affect the probability of successful reproduction of animals and
plants, respectively. [Clarification Statement: Examples of behaviors that

affect the probability of animal reproduction could include nest building
to protect young from cold, herding of animals to protect young from
predators, and vocalization of animals and colorful plumage to attract mates
for breeding. Examples of animal behaviors that affect the probability of
plant reproduction could include transferring pollen or seeds and creating
conditions for seed germination and growth. Examples of plant structures
could include bright flowers attracting butterflies that transfer pollen,
flower nectar and odors that attract insects that transfer pollen, and hard
shells on nuts that squirrels bury.]

MS. Growth, Development, and Reproduction of Organisms

MS-LS1-5. Construct a scientific explanation based on evidence

MS-LS3-1. Develop and use a model to describe why structural

changes to genes (mutations) located on chromosomes may
affect proteins and may result in harmful, beneficial, or neutral
effects to the structure and function of an organism. [Clarification

Statement: Emphasis is on conceptual understanding that changes in genetic
material may result in making different proteins.] [Assessment Boundary:
Assessment does not include specific changes at the molecular level,
mechanisms for protein synthesis, or specific types of mutations.]

MS-LS3-2. Develop and use a model to describe why asexual

reproduction results in offspring with identical genetic
information and sexual reproduction results in offspring with
genetic variation. [Clarification Statement: Emphasis is on using models
such as Punnett squares, diagrams, and simulations to describe the cause and
effect relationship of gene transmission from parent(s) to offspring and the
resulting genetic variation.]

for how environmental and genetic factors influence the growth
of organisms. [Clarification Statement: Examples of local environmental

MS-LS4-5. Gather and synthesize information about

conditions could include availability of food, light, space, and water.
Examples of genetic factors could include large breed cattle and species
of grass affecting the growth of organisms. Examples of evidence could
include drought decreasing plant growth, fertilizer increasing plant growth,
different varieties of plant seeds growing at different rates in different
conditions, and fish growing larger in large ponds than in small ponds.]
[Assessment Boundary: Assessment does not include genetic mechanisms,
gene regulation, or biochemical processes.]

Emphasis is on synthesizing information from reliable sources about the
influence of humans on genetic outcomes in artificial selection (such as
genetic modification, animal husbandry, and gene therapy) and on the
impacts these technologies have on society as well as the technologies
leading to these scientific discoveries.]

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
-3 ,3  -3 ,3 
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technologies that have changed the way humans influence the
inheritance of desired traits in organisms. [Clarification Statement:

Disciplinary Core Ideas
LS1.B: Growth and Development of
Organisms
s /RGANISMS REPRODUCE EITHER SEXUALLY OR ASEXUALLY
AND TRANSFER THEIR GENETIC INFORMATION TO THEIR
OFFSPRING (secondary to MS-LS3-2)
s !NIMALS ENGAGE IN CHARACTERISTIC BEHAVIORS THAT
INCREASE THE ODDS OF REPRODUCTION -3 ,3 
s 0LANTS REPRODUCE IN A VARIETY OF WAYS SOMETIMES
DEPENDING ON ANIMAL BEHAVIOR AND SPECIALIZED
FEATURES FOR REPRODUCTION -3 ,3 
s 'ENETIC FACTORS AS WELL AS LOCAL CONDITIONS AFFECT
THE GROWTH OF THE ADULT PLANT -3 ,3 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Crosscutting Concepts
Cause and Effect
s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL SYSTEMS -3 ,3 
s 0HENOMENA MAY HAVE MORE THAN ONE CAUSE AND
SOME CAUSE AND EFFECT RELATIONSHIPS IN SYSTEMS CAN
ONLY BE DESCRIBED USING PROBABILITY -3 ,3 
-3 ,3  -3 ,3 

See connections to MS. Growth, Development, and Reproduction of Organisms on page 309.
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MS. Growth, Development, and Reproduction of Organisms (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC KNOWLEDGE PRINCIPLES AND
THEORIES
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
-3 ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s 5SE AN ORAL AND WRITTEN ARGUMENT SUPPORTED
BY EMPIRICAL EVIDENCE AND SCIENTIlC REASONING
TO SUPPORT OR REFUTE AN EXPLANATION OR A MODEL
FOR A PHENOMENON OR A SOLUTION TO A PROBLEM
-3 ,3 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE MERIT AND VALIDITY OF
IDEAS AND METHODS
s 'ATHER READ AND SYNTHESIZE INFORMATION FROM
MULTIPLE APPROPRIATE SOURCES AND ASSESS THE
CREDIBILITY ACCURACY AND POSSIBLE BIAS OF EACH
PUBLICATION AND METHOD USED AND DESCRIBE HOW
THEY ARE SUPPORTED OR NOT SUPPORTED BY EVIDENCE
-3 ,3 

Disciplinary Core Ideas

Crosscutting Concepts

LS3.A: Inheritance of Traits

Structure and Function

s 'ENES ARE LOCATED IN THE CHROMOSOMES OF CELLS
WITH EACH CHROMOSOME PAIR CONTAINING TWO
VARIANTS OF EACH OF MANY DISTINCT GENES %ACH
DISTINCT GENE CHIEmY CONTROLS THE PRODUCTION OF
SPECIlC PROTEINS WHICH IN TURN AFFECTS THE TRAITS
OF THE INDIVIDUAL #HANGES MUTATIONS TO GENES
CAN RESULT IN CHANGES TO PROTEINS WHICH CAN AFFECT
THE STRUCTURES AND FUNCTIONS OF THE ORGANISM AND
THEREBY CHANGE TRAITS -3 ,3 
s 6ARIATIONS OF INHERITED TRAITS BETWEEN PARENT AND
OFFSPRING ARISE FROM GENETIC DIFFERENCES THAT RESULT
FROM THE SUB SET OF CHROMOSOMES AND THEREFORE
GENES INHERITED -3 ,3 

s #OMPLEX AND MICROSCOPIC STRUCTURES AND
SYSTEMS CAN BE VISUALIZED MODELED AND USED
TO DESCRIBE HOW THEIR FUNCTION DEPENDS ON THE
SHAPES COMPOSITION AND RELATIONSHIPS AMONG ITS
PARTS THEREFORE COMPLEX NATURAL AND DESIGNED
STRUCTURESSYSTEMS CAN BE ANALYZED TO DETERMINE
HOW THEY FUNCTION -3 ,3 

LS3.B: Variation of Traits
s )N SEXUALLY REPRODUCING ORGANISMS EACH PARENT
CONTRIBUTES HALF OF THE GENES ACQUIRED AT RANDOM
BY THE OFFSPRING )NDIVIDUALS HAVE TWO OF EACH
CHROMOSOME AND HENCE TWO ALLELES OF EACH GENE
ONE ACQUIRED FROM EACH PARENT 4HESE VERSIONS
MAY BE IDENTICAL OR MAY DIFFER FROM EACH OTHER
-3 ,3 
s )N ADDITION TO VARIATIONS THAT ARISE FROM SEXUAL
REPRODUCTION GENETIC INFORMATION CAN BE ALTERED
BECAUSE OF MUTATIONS 4HOUGH RARE MUTATIONS MAY
RESULT IN CHANGES TO THE STRUCTURE AND FUNCTION OF
PROTEINS 3OME CHANGES ARE BENElCIAL OTHERS ARE
HARMFUL AND SOME ARE NEUTRAL TO THE ORGANISM
-3 ,3 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT
OF ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS
-3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World
s 3CIENTIlC KNOWLEDGE CAN DESCRIBE THE
CONSEQUENCES OF ACTIONS BUT DOES NOT NECESSARILY
PRESCRIBE THE DECISIONS THAT SOCIETY TAKES
-3 ,3 

LS4.B: Natural Selection
s )N ARTIlCIAL SELECTION HUMANS HAVE THE CAPACITY
TO INmUENCE CERTAIN CHARACTERISTICS OF ORGANISMS
BY SELECTIVE BREEDING /NE CAN CHOOSE DESIRED
PARENTAL TRAITS DETERMINED BY GENES WHICH ARE
THEN PASSED ON TO OFFSPRING -3 ,3 

See connections to MS. Growth, Development, and Reproduction of Organisms on page 309.
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MS. Growth, Development, and Reproduction of Organisms (continued )

Science and Engineering Practices

Next Generation Science Standards: For States, By States

MS. Natural Selection and Adaptations
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-LS4-1. Analyze and interpret data for patterns in the fossil

fully formed anatomy. [Clarification Statement: Emphasis is on inferring

record that document the existence, diversity, extinction, and
change of life forms throughout the history of life on Earth
under the assumption that natural laws operate today as in
the past. [Clarification Statement: Emphasis is on finding patterns of

general patterns of relatedness among embryos of different organisms
by comparing the macroscopic appearance of diagrams or pictures.]
[Assessment Boundary: Assessment of comparisons is limited to gross
appearance of anatomical structures in embryological development.]

changes in the level of complexity of anatomical structures in organisms
and the chronological order of fossil appearance in rock layers.] [Assessment
Boundary: Assessment does not include the names of individual species or
geologic eras in the fossil record.]

MS-LS4-4. Construct an explanation based on evidence that

MS-LS4-2. Apply scientific ideas to construct an explanation

Emphasis is on using simple probability statements and proportional
reasoning to construct explanations.]

for the anatomical similarities and differences among modern
organisms and between modern and fossil organisms to infer
evolutionary relationships. [Clarification Statement: Emphasis is on
explanations of the evolutionary relationships among organisms in terms of
similarities or differences of the gross appearance of anatomical structures.]

MS-LS4-3. Analyze displays of pictorial data to compare

patterns of similarities in embryological development across
multiple species to identify relationships not evident in the

Science and Engineering Practices

MS. Natural Selection and Adaptations

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE DISPLAYS OF DATA TO IDENTIFY LINEAR AND NON
LINEAR RELATIONSHIPS -3 ,3 
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 ,3 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN
n BUILDS ON +n EXPERIENCES AND PROGRESSES TO
IDENTIFYING PATTERNS IN LARGE DATA SETS AND USING
MATHEMATICAL CONCEPTS TO SUPPORT EXPLANATIONS AND
ARGUMENTS

230

describes how genetic variations of traits in a population
increase some individuals’ probability of surviving and
reproducing in a specific environment. [Clarification Statement:

MS-LS4-6. Use mathematical representations to support

explanations of how natural selection may lead to increases and
decreases of specific traits in populations over time. [Clarification
Statement: Emphasis is on using mathematical models, probability
statements, and proportional reasoning to support explanations of trends in
changes to populations over time.] [Assessment Boundary: Assessment does
not include Hardy-Weinberg calculations.]

Disciplinary Core Ideas

Crosscutting Concepts
Patterns

LS4.A: Evidence of Common Ancestry and
Diversity
s 4HE COLLECTION OF FOSSILS AND THEIR PLACEMENT IN
CHRONOLOGICAL ORDER EG THROUGH THE LOCATION
OF THE SEDIMENTARY LAYERS IN WHICH THEY ARE
FOUND OR THROUGH RADIOACTIVE DATING IS KNOWN
AS THE FOSSIL RECORD )T DOCUMENTS THE EXISTENCE
DIVERSITY EXTINCTION AND CHANGE OF MANY LIFE FORMS
THROUGHOUT THE HISTORY OF LIFE ON %ARTH -3 ,3 
s !NATOMICAL SIMILARITIES AND DIFFERENCES BETWEEN
VARIOUS ORGANISMS LIVING TODAY AND BETWEEN
THEM AND ORGANISMS IN THE FOSSIL RECORD ENABLE
THE RECONSTRUCTION OF EVOLUTIONARY HISTORY AND
THE INFERENCE OF LINES OF EVOLUTIONARY DESCENT
-3 ,3 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

s 0ATTERNS CAN BE USED TO IDENTIFY CAUSE AND EFFECT
RELATIONSHIPS -3 ,3 
s 'RAPHS CHARTS AND IMAGES CAN BE USED TO IDENTIFY
PATTERNS IN DATA -3 ,3  -3 ,3 

Cause and Effect
s 0HENOMENA MAY HAVE MORE THAN ONE CAUSE AND
SOME CAUSE AND EFFECT RELATIONSHIPS IN SYSTEMS CAN
ONLY BE DESCRIBED USING PROBABILITY -3 ,3 
-3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THAT OBJECTS AND EVENTS IN
NATURAL SYSTEMS OCCUR IN CONSISTENT PATTERNS THAT
ARE UNDERSTANDABLE THROUGH MEASUREMENT AND
OBSERVATION -3 ,3  -3 ,3 

See connections to MS. Natural Selection and Adaptations on page 310.
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MS. Natural Selection and Adaptations (continued )
Science and Engineering Practices
s 5SE MATHEMATICAL REPRESENTATIONS TO SUPPORT
SCIENTIlC CONCLUSIONS AND DESIGN SOLUTIONS
-3 ,3 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
s !PPLY SCIENTIlC IDEAS TO CONSTRUCT AN EXPLANATION
FOR REAL WORLD PHENOMENA EXAMPLES OR EVENTS
-3 ,3 
s #ONSTRUCT AN EXPLANATION THAT INCLUDES QUALITATIVE
OR QUANTITATIVE RELATIONSHIPS BETWEEN VARIABLES
THAT DESCRIBE PHENOMENA -3 ,3 

Disciplinary Core Ideas

Crosscutting Concepts

s #OMPARISON OF THE EMBRYOLOGICAL DEVELOPMENT
OF DIFFERENT SPECIES ALSO REVEALS SIMILARITIES THAT
SHOW RELATIONSHIPS NOT EVIDENT IN THE FULLY FORMED
ANATOMY -3 ,3 

LS4.B: Natural Selection
s .ATURAL SELECTION LEADS TO THE PREDOMINANCE OF
CERTAIN TRAITS IN A POPULATION AND THE SUPPRESSION
OF OTHERS -3 ,3 

LS4.C: Adaptation
s !DAPTATION BY NATURAL SELECTION ACTING OVER
GENERATIONS IS ONE IMPORTANT PROCESS BY WHICH
SPECIES CHANGE OVER TIME IN RESPONSE TO CHANGES
IN ENVIRONMENTAL CONDITIONS 4RAITS THAT SUPPORT
SUCCESSFUL SURVIVAL AND REPRODUCTION IN THE NEW
ENVIRONMENT BECOME MORE COMMON AND THOSE THAT
DO NOT BECOME LESS COMMON 4HUS THE DISTRIBUTION
OF TRAITS IN A POPULATION CHANGES -3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE

MS. Natural Selection and Adaptations (continued )

Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON LOGICAL AND
CONCEPTUAL CONNECTIONS BETWEEN EVIDENCE AND
EXPLANATIONS -3 ,3 

See connections to MS. Natural Selection and Adaptations on page 310.
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MIDDLE SCHOOL EARTH AND SPACE SCIENCES
Students in middle school develop understanding of a wide range of topics in the earth and space
sciences that build on science concepts from elementary school through more advanced content, practice, and crosscutting themes. There are six earth and space sciences standard topics in middle school: (1)
Space Systems, (2) History of Earth, (3) Earth’s Interior Systems, (4) Earth’s Surface Systems, (5) Weather
and Climate, and (6) Human Impacts. The content of the performance expectations is based on current
community-based geoscience literacy efforts such as the Earth Science Literacy Principles1 and is presented with a greater emphasis on an earth systems science approach. The performance expectations
strongly reflect the many societally relevant aspects of the earth and space sciences (resources, hazards,
environmental impacts) and related connections to engineering and technology. While the performance
expectations shown in middle school earth and space sciences couple particular practices with specific
disciplinary core ideas, instructional decisions should include use of many practices that lead to the performance expectations.

Middle School Earth and Space Sciences

The performance expectations in MS. Space Systems help students formulate answers to the questions: “What is Earth’s place in the Universe?” and “What makes up our solar system and how can the
motion of Earth explain seasons and eclipses?” Two sub-ideas from the NRC Framework are addressed
in these performance expectations: ESS1.A and ESS1.B. Middle school students can examine Earth’s place
in relation to the solar system, Milky Way galaxy, and universe. There is a strong emphasis on a systems approach, using models of the solar system to explain astronomical and other observations of the
cyclical patterns of eclipses and seasons. There is also a strong connection to engineering through the
instruments and technologies that have allowed us to explore the objects in our solar system and obtain
data that support theories that explain the formation and evolution of the universe. The crosscutting
concepts of patterns; scale, proportion, and quantity; systems and system models; and interdependence
of science, engineering, and technology are called out as organizing concepts for these disciplinary core
ideas. In the MS. Space Systems performance expectations, students are expected to demonstrate proficiency in developing and using models and analyzing and interpreting data and to use these practices to
demonstrate understanding of the core ideas.
The performance expectations in MS. History of Earth help students formulate answers to the questions: “How do people figure out that Earth and life on Earth have changed over time?” and “How does
the movement of tectonic plates impact the surface of Earth?” Four sub-ideas from the NRC Framework
are addressed in these performance expectations: ESS1.C, ESS2.A, ESS2.B, and ESS2.C. Students can examine geoscience data in order to understand the processes and events in Earth’s history. Important concepts
in this topic are scale, proportion, and quantity and stability and change, in relation to the different ways
geologic processes operate over the long expanse of geologic time. An important aspect of the history of
Earth is that geologic events and conditions have affected the evolution of life, but different life forms
have also played important roles in altering Earth’s systems. In the MS. History of Earth performance
1

Wysession, M. E., D. A. Budd, K. Campbell, M. Conklin, E. Kappel, J. Karsten, N. LaDue, G. Lewis, L. Patino, R. Raynolds, R. W. Ridky, R. M. Ross,
J. Taber, B. Tewksbury, and P. Tuddenham. 2012. Developing and Applying a Set of Earth Science Literacy Principles. Journal of Geoscience
Education 60(2):95–99.
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expectations, students are expected to demonstrate proficiency in analyzing and interpreting data and
constructing explanations and to use these practices to demonstrate understanding of the core ideas.

The performance expectations in MS. Weather and Climate help students formulate an answer to the
question: “What factors interact and influence weather and climate?” Three sub-ideas from the NRC
Framework are addressed in these performance expectations: ESS2.C, ESS2.D, and ESS3.D. Students can
construct and use models to develop an understanding of the factors that control weather and climate.
A systems approach is also important here, examining the feedbacks between systems as energy from
the sun is transferred between systems and circulates through the oceans and atmosphere. The crosscutting concepts of cause and effect, systems and system models, and stability and change are called out
as organizing concepts for these disciplinary core ideas. In the MS. Weather and Climate performance
expectations, students are expected to demonstrate proficiency in asking questions, developing and
using models, and planning and carrying out investigations and to use these practices to demonstrate
understanding of the core ideas.
The performance expectations in MS. Human Impacts help students formulate answers to the questions: “How can natural hazards be predicted?” and “How do human activities affect Earth systems?”
Two sub-ideas from the NRC Framework are addressed in these performance expectations: ESS3.B and
ESS3.C. Students understand the ways that human activities impact Earth’s other systems. Students can
use many different practices to understand the significant and complex issues surrounding human uses
of land, energy, mineral, and water resources and the resulting impacts of their development. The crosscutting concepts of patterns; cause and effect; and interdependence of science, engineering, and technology are called out as organizing concepts for these disciplinary core ideas.
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Middle School Earth and Space Sciences

The performance expectations in MS. Earth’s Systems help students formulate answers to the questions: “How do the materials in and on Earth’s crust change over time?” and “How does water influence
weather, circulate in the oceans, and shape Earth’s surface?” Three sub-ideas from the NRC Framework
are addressed in these performance expectations: ESS2.A, ESS2.C, and ESS3.A. Students understand how
Earth’s geosystems operate by modeling the flow of energy and the cycling of matter within and among
different systems. Students can investigate the controlling properties of important materials and construct explanations based on the analysis of real geoscience data. Of special importance in both topics
are the ways that geoscience processes provide resources needed by society but also cause natural hazards that present risks to society; both involve technological challenges for the identification and development of resources and for the mitigation of hazards. The crosscutting concepts of cause and effect,
energy and matter, and stability and change are called out as organizing concepts for these disciplinary
core ideas. In the MS. Earth’s Systems performance expectations, students are expected to demonstrate
proficiency in developing and using models and constructing explanations and to use these practices to
demonstrate understanding of the core ideas.

Next Generation Science Standards: For States, By States

MS. Space Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ESS1-1. Develop and use a model of the Earth-sun-moon
system to describe the cyclic patterns of lunar phases, eclipses of
the sun and moon, and seasons. [Clarification Statement: Examples of
models can be physical, graphical, or conceptual.]

MS-ESS1-2. Develop and use a model to describe the role of
gravity in the motions within galaxies and the solar system.
[Clarification Statement: Emphasis for the model is on gravity as the force
that holds together the solar system and Milky Way galaxy and controls
orbital motions within them. Examples of models can be physical (such as
the analogy of distance along a football field or computer visualizations of
elliptical orbits) or conceptual (such as mathematical proportions relative to
the size of familiar objects such as students’ school or state).] [Assessment

Science and Engineering Practices

Boundary: Assessment does not include Kepler’s Laws of orbital motion or
the apparent retrograde motion of the planets as viewed from Earth.]

MS-ESS1-3. Analyze and interpret data to determine scale
properties of objects in the solar system. [Clarification Statement:
Emphasis is on the analysis of data from Earth-based instruments,
space-based telescopes, and spacecraft to determine similarities and
differences among solar system objects. Examples of scale properties include
the sizes of an object’s layers (such as crust and atmosphere), surface
features (such as volcanoes), and orbital radius. Examples of data include
statistical information, drawings and photographs, and models.] [Assessment
Boundary: Assessment does not include recalling facts about properties of
the planets and other solar system bodies.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.A: The Universe and Its Stars

Patterns

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
(MS-ESS1-1), (MS-ESS1-2)

s 0ATTERNS OF THE APPARENT MOTION OF THE SUN THE
MOON AND STARS IN THE SKY CAN BE OBSERVED
DESCRIBED PREDICTED AND EXPLAINED WITH MODELS
(MS-ESS1-1)
s %ARTH AND ITS SOLAR SYSTEM ARE PART OF THE -ILKY
7AY GALAXY WHICH IS ONE OF MANY GALAXIES IN THE
UNIVERSE -3 %33 

s 0ATTERNS CAN BE USED TO IDENTIFY CAUSE AND EFFECT
RELATIONSHIPS -3 %33 

ESS1.B: Earth and the Solar System

Systems and System Models

Analyzing and Interpreting Data

MS. Space Systems

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 %33 
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s 4HE SOLAR SYSTEM CONSISTS OF THE SUN AND A
COLLECTION OF OBJECTS INCLUDING PLANETS THEIR
MOONS AND ASTEROIDS THAT ARE HELD IN ORBIT
AROUND THE SUN BY ITS GRAVITATIONAL PULL ON THEM
(MS-ESS1-2), (MS-ESS1-3)
s 4HIS MODEL OF THE SOLAR SYSTEM CAN EXPLAIN ECLIPSES
OF THE SUN AND THE MOON %ARTHS SPIN AXIS IS lXED
IN DIRECTION OVER THE SHORT TERM BUT TILTED RELATIVE
TO ITS ORBIT AROUND THE SUN 4HE SEASONS ARE A
RESULT OF THAT TILT AND ARE CAUSED BY THE DIFFERENTIAL
INTENSITY OF SUNLIGHT ON DIFFERENT AREAS OF %ARTH
ACROSS THE YEAR -3 %33 
s 4HE SOLAR SYSTEM APPEARS TO HAVE FORMED FROM A
DISK OF DUST AND GAS DRAWN TOGETHER BY GRAVITY
(MS-ESS1-2)

Scale, Proportion, and Quantity
s 4IME SPACE AND ENERGY PHENOMENA CAN BE
OBSERVED AT VARIOUS SCALES USING MODELS TO
STUDY SYSTEMS THAT ARE TOO LARGE OR TOO SMALL
(MS-ESS1-3)
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND THEIR
INTERACTIONS -3 %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s %NGINEERING ADVANCES HAVE LED TO IMPORTANT
DISCOVERIES IN VIRTUALLY EVERY lELD OF SCIENCE AND
SCIENTIlC DISCOVERIES HAVE LED TO THE DEVELOPMENT
OF ENTIRE INDUSTRIES AND ENGINEERED SYSTEMS
(MS-ESS1-3)
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MS. Space Systems (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems

MS. Space Systems (continued )

s 3CIENCE ASSUMES THAT OBJECTS AND EVENTS IN
NATURAL SYSTEMS OCCUR IN CONSISTENT PATTERNS THAT
ARE UNDERSTANDABLE THROUGH MEASUREMENT AND
OBSERVATION -3 %33  -3 %33 

See connections to MS. Space Systems on page 311.
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MS. History of Earth
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ESS1-4. Construct a scientific explanation based on
evidence from rock strata for how the geologic timescale is
used to organize Earth’s 4.6-billion-year-old history. [Clarification
Statement: Emphasis is on how analyses of rock formations and the fossils
they contain are used to establish relative ages of major events in Earth’s
history. Examples of Earth’s major events could range from being very recent
(such as the last Ice Age or the earliest fossils of homo sapiens) to very old
(such as the formation of Earth or the earliest evidence of life). Examples can
include the formation of mountain chains and ocean basins, the evolution
or extinction of particular living organisms, or significant volcanic eruptions.]
[Assessment Boundary: Assessment does not include recalling the names of
specific periods and epochs or events within them.]

MS-ESS2-2. Construct an explanation based on evidence for
how geoscience processes have changed Earth’s surface at
varying time and spatial scales. [Clarification Statement: Emphasis is

be large (such as slow plate motions or the uplift of large mountain ranges)
or small (such as rapid landslides or microscopic geochemical reactions), and
how many geoscience processes (such as earthquakes, volcanoes, and meteor
impacts) usually behave gradually but are punctuated by catastrophic events.
Examples of geoscience processes include surface weathering and deposition
by the movements of water, ice, and wind. Emphasis is on geoscience
processes that shape local geographic features where appropriate.]

MS-ESS2-3. Analyze and interpret data on the distribution of
fossils and rocks, continental shapes, and seafloor structures to
provide evidence of past plate motions. [Clarification Statement:
Examples of data include similarities of rock and fossil types on different
continents, the shapes of the continents (including continental shelves),
and the locations of ocean structures (such as ridges, fracture zones, and
trenches).] [Assessment Boundary: Paleomagnetic anomalies in oceanic and
continental crust are not assessed.]

on how processes change Earth’s surface at time and spatial scales that can

Science and Engineering Practices

Crosscutting Concepts

Analyzing and Interpreting Data

ESS1.C: The History of Planet Earth

Patterns

!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO EXTENDING QUANTITATIVE ANALYSIS TO INVESTIGATIONS
DISTINGUISHING BETWEEN CORRELATION AND CAUSATION
AND BASIC STATISTICAL TECHNIQUES OF DATA AND ERROR
ANALYSIS
s !NALYZE AND INTERPRET DATA TO PROVIDE EVIDENCE FOR
PHENOMENA -3 %33 

s 4HE GEOLOGIC TIMESCALE INTERPRETED FROM ROCK STRATA
PROVIDES A WAY TO ORGANIZE %ARTHS HISTORY !NALYSES
OF ROCK STRATA AND THE FOSSIL RECORD PROVIDE ONLY
RELATIVE DATES NOT AN ABSOLUTE SCALE -3 %33 
s 4ECTONIC PROCESSES CONTINUALLY GENERATE NEW
OCEAN SEAmOOR AT RIDGES AND DESTROY OLD SEAmOOR
AT TRENCHES (3%33# '"% (secondary to
MS-ESS2-3)

s 0ATTERNS IN RATES OF CHANGE AND OTHER NUMERICAL
RELATIONSHIPS CAN PROVIDE INFORMATION ABOUT
NATURAL SYSTEMS -3 %33 

Constructing Explanations and Designing
Solutions

MS. History of Earth

Disciplinary Core Ideas

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
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ESS2.A: Earth’s Materials and Systems

Scale Proportion and Quantity
s 4IME SPACE AND ENERGY PHENOMENA CAN BE
OBSERVED AT VARIOUS SCALES USING MODELS TO
STUDY SYSTEMS THAT ARE TOO LARGE OR TOO SMALL
(MS-ESS1-4), (MS-ESS2-2)

s 4HE PLANETS SYSTEMS INTERACT OVER SCALES THAT
RANGE FROM MICROSCOPIC TO GLOBAL IN SIZE AND THEY
OPERATE OVER FRACTIONS OF A SECOND TO BILLIONS OF
YEARS 4HESE INTERACTIONS HAVE SHAPED %ARTHS
HISTORY AND WILL DETERMINE ITS FUTURE -3 %33 
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MS. History of Earth (continued )
Science and Engineering Practices
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(MS-ESS1-4), (MS-ESS2-2)

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Open to Revision in
Light of New Evidence

Crosscutting Concepts

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
s -APS OF ANCIENT LAND AND WATER PATTERNS BASED
ON INVESTIGATIONS OF ROCKS AND FOSSILS MAKE CLEAR
HOW %ARTHS PLATES HAVE MOVED GREAT DISTANCES
COLLIDED AND SPREAD APART -3 %33 

ESS2.C: The Roles of Water in Earth’s
Surface Processes
s 7ATERS MOVEMENTSBOTH ON LAND AND
UNDERGROUNDCAUSE WEATHERING AND EROSION
WHICH CHANGE THE LANDS SURFACE FEATURES AND
CREATE UNDERGROUND FORMATIONS -3 %33 

MS. History of Earth (continued )

s 3CIENCE lNDINGS ARE FREQUENTLY REVISED ANDOR
REINTERPRETED BASED ON NEW EVIDENCE -3 %33 

Disciplinary Core Ideas

See connections to MS. History of Earth on page 311.
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MS. Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ESS2-1. Develop a model to describe the cycling of
Earth’s materials and the flow of energy that drives this
process. [Clarification Statement: Emphasis is on the processes of

[Assessment Boundary: A quantitative understanding of the latent heats of
vaporization and fusion is not assessed.]

melting, crystallization, weathering, deformation, and sedimentation,
which act together to form minerals and rocks through the cycling of
Earth’s materials.] [Assessment Boundary: Assessment does not include the
identification and naming of minerals.]

for how the uneven distributions of Earth’s mineral, energy,
and groundwater resources are the result of past and current
geoscience processes. [Clarification Statement: Emphasis is on how

MS-ESS2-4. Develop a model to describe the cycling of water

through Earth’s systems driven by energy from the sun and the
force of gravity. [Clarification Statement: Emphasis is on the ways in
which water changes its state as it moves through the multiple pathways
of the hydrologic cycle. Examples of models can be conceptual or physical.]

Science and Engineering Practices

these resources are limited and typically non-renewable and on how their
distributions are significantly changing as a result of removal by humans.
Examples of uneven distributions of resources as a result of past processes
include but are not limited to petroleum (locations of the burial of organic
marine sediments and subsequent geologic traps), metal ores (locations of
past volcanic and hydrothermal activity associated with subduction zones),
and soil (locations of active weathering and/or deposition of rock).]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS2.A: Earth’s Materials and Systems

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
(MS-ESS2-1)
s $EVELOP A MODEL TO DESCRIBE UNOBSERVABLE
MECHANISMS -3 %33 

s !LL %ARTH PROCESSES ARE THE RESULT OF ENERGY mOWING
AND MATTER CYCLING WITHIN AND AMONG THE PLANETS
SYSTEMS 4HIS ENERGY IS DERIVED FROM THE SUN AND
%ARTHS HOT INTERIOR 4HE ENERGY THAT mOWS AND THE
MATTER THAT CYCLES PRODUCE CHEMICAL AND PHYSICAL
CHANGES IN %ARTHS MATERIALS AND LIVING ORGANISMS
(MS-ESS2-1)

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
(MS-ESS3-1)

ESS2.C: The Roles of Water in Earth’s
Surface Processes

Stability and Change

Constructing Explanations and Designing
Solutions

MS. Earth’s Systems

MS-ESS3-1. Construct a scientific explanation based on evidence

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM SOURCES
INCLUDING THE STUDENTS OWN EXPERIMENTS AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(MS-ESS3-1)
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s 7ATER CONTINUALLY CYCLES AMONG LAND OCEAN
AND ATMOSPHERE VIA TRANSPIRATION EVAPORATION
CONDENSATION AND CRYSTALLIZATION AND PRECIPITATION
AS WELL AS DOWNHILL mOWS ON LAND -3 %33 
s 'LOBAL MOVEMENTS OF WATER AND ITS CHANGES
IN FORM ARE PROPELLED BY SUNLIGHT AND GRAVITY
(MS-ESS2-4)

ESS3.A: Natural Resources
s (UMANS DEPEND ON %ARTHS LAND OCEAN ATMOSPHERE
AND BIOSPHERE FOR MANY DIFFERENT RESOURCES
-INERALS FRESH WATER AND BIOSPHERE RESOURCES ARE
LIMITED AND MANY ARE NOT RENEWABLE OR REPLACEABLE
OVER HUMAN LIFETIMES 4HESE RESOURCES ARE
DISTRIBUTED UNEVENLY AROUND THE PLANET AS A RESULT OF
PAST GEOLOGIC PROCESSES -3 %33 

Energy and Matter
s 7ITHIN A NATURAL OR DESIGNED SYSTEM THE TRANSFER
OF ENERGY DRIVES THE MOTION ANDOR CYCLING OF
MATTER -3 %33 
s %XPLANATIONS OF STABILITY AND CHANGE IN NATURAL OR
DESIGNED SYSTEMS CAN BE CONSTRUCTED BY EXAMINING
THE CHANGES OVER TIME AND PROCESSES AT DIFFERENT
SCALES INCLUDING THE ATOMIC SCALE -3 %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s !LL HUMAN ACTIVITY DRAWS ON NATURAL RESOURCES
AND HAS BOTH SHORT AND LONG TERM CONSEQUENCES
POSITIVE AS WELL AS NEGATIVE FOR THE HEALTH OF
PEOPLE AND THE NATURAL ENVIRONMENT -3 %33 
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MS. Weather and Climate
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

flow from regions of high pressure to low pressure, causing weather (defined
by temperature, pressure, humidity, precipitation, and wind) at a fixed location
to change over time and how sudden changes in weather can result when
different air masses collide. Emphasis is on how weather can be predicted
within probabilistic ranges. Examples of data can be provided to students (such
as weather maps, diagrams, and visualizations) or obtained through laboratory
experiments (such as with condensation).] [Assessment Boundary: Assessment
does not include recalling the names of cloud types or weather symbols used
on weather maps or the reported diagrams from weather stations.]

MS-ESS2-6. Develop and use a model to describe how unequal
heating and rotation of the Earth cause patterns of atmospheric
and oceanic circulation that determine regional climates.
[Clarification Statement: Emphasis is on how patterns vary by latitude,

Science and Engineering Practices
Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
RELATIONSHIPS BETWEEN VARIABLES CLARIFY ARGUMENTS
AND MODELS
s !SK QUESTIONS TO IDENTIFY AND CLARIFY EVIDENCE OF AN
ARGUMENT -3 %33 

Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP AND USE A MODEL TO DESCRIBE PHENOMENA
(MS-ESS2-6)

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT USE MULTIPLE VARIABLES AND PROVIDE
EVIDENCE TO SUPPORT EXPLANATIONS OR SOLUTIONS
s #OLLECT DATA TO PRODUCE DATA TO SERVE AS THE BASIS FOR
EVIDENCE TO ANSWER SCIENTIlC QUESTIONS OR TEST DESIGN
SOLUTIONS UNDER A RANGE OF CONDITIONS -3 %33 
See connections to MS. Weather and Climate on page 312.

altitude, and geographic land distribution. Emphasis of atmospheric
circulation is on the sunlight-driven latitudinal banding, the Coriolis effect,
and resulting prevailing winds; emphasis of ocean circulation is on the
transfer of heat by the global ocean convection cycle, which is constrained
by the Coriolis effect and the outlines of continents. Examples of models
can be diagrams, maps and globes, or digital representations.] [Assessment
Boundary: Assessment does not include the dynamics of the Coriolis effect.]

MS-ESS3-5. Ask questions to clarify evidence of the factors that
have caused the rise in global temperatures over the past century.
[Clarification Statement: Examples of factors include human activities (such
as fossil fuel combustion, cement production, and agricultural activity) and
natural processes (such as changes in incoming solar radiation or volcanic
activity). Examples of evidence can include tables, graphs, and maps of global
and regional temperatures, atmospheric levels of gases such as carbon dioxide
and methane, and the rates of human activities. Emphasis is on the major role
that human activities play in causing the rise in global temperatures.]

Disciplinary Core Ideas

Crosscutting Concepts
Cause and Effect

ESS2.C: The Roles of Water in Earth’s
Surface Processes
s 4HE COMPLEX PATTERNS OF THE CHANGES AND THE
MOVEMENT OF WATER IN THE ATMOSPHERE DETERMINED
BY WINDS LANDFORMS AND OCEAN TEMPERATURES AND
CURRENTS ARE MAJOR DETERMINANTS OF LOCAL WEATHER
PATTERNS -3 %33 
s 6ARIATIONS IN DENSITY DUE TO VARIATIONS IN
TEMPERATURE AND SALINITY DRIVE A GLOBAL PATTERN OF
INTERCONNECTED OCEAN CURRENTS -3 %33 

ESS2.D: Weather and Climate
s 7EATHER AND CLIMATE ARE INmUENCED BY INTERACTIONS
INVOLVING SUNLIGHT THE OCEAN THE ATMOSPHERE ICE
LANDFORMS AND LIVING THINGS 4HESE INTERACTIONS
VARY WITH LATITUDE ALTITUDE AND LOCAL AND REGIONAL
GEOGRAPHY ALL OF WHICH CAN AFFECT OCEANIC AND
ATMOSPHERIC mOW PATTERNS -3 %33 
s "ECAUSE THESE PATTERNS ARE SO COMPLEX WEATHER
CAN ONLY BE PREDICTED PROBABILISTICALLY -3 %33 

s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
(MS-ESS2-5)

Systems and System Models
s -ODELS CAN BE USED TO REPRESENT SYSTEMS AND
THEIR INTERACTIONSSUCH AS INPUTS PROCESSES AND
OUTPUTSAND ENERGY MATTER AND INFORMATION
mOWS WITHIN SYSTEMS -3 %33 

Stability and Change
s 3TABILITY MIGHT BE DISTURBED EITHER BY SUDDEN
EVENTS OR GRADUAL CHANGES THAT ACCUMULATE OVER
TIME -3 %33 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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MS. Weather and Climate

MS-ESS2-5. Collect data to provide evidence for how the motions
and complex interactions of air masses result in changes in
weather conditions. [Clarification Statement: Emphasis is on how air masses
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MS. Weather and Climate (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

s 4HE OCEAN EXERTS A MAJOR INmUENCE ON WEATHER
AND CLIMATE BY ABSORBING ENERGY FROM THE SUN
RELEASING IT OVER TIME AND GLOBALLY REDISTRIBUTING IT
THROUGH OCEAN CURRENTS -3 %33 

ESS3.D: Global Climate Change

MS. Weather and Climate (continued )

s (UMAN ACTIVITIES SUCH AS THE RELEASE OF
GREENHOUSE GASES FROM BURNING FOSSIL FUELS ARE
MAJOR FACTORS IN THE CURRENT RISE IN %ARTHS MEAN
SURFACE TEMPERATURE GLOBAL WARMING  2EDUCING
THE LEVEL OF CLIMATE CHANGE AND REDUCING HUMAN
VULNERABILITY TO WHATEVER CLIMATE CHANGES DO
OCCUR DEPEND ON THE UNDERSTANDING OF CLIMATE
SCIENCE ENGINEERING CAPABILITIES AND OTHER KINDS
OF KNOWLEDGE SUCH AS UNDERSTANDING HUMAN
BEHAVIOR AND APPLYING THAT KNOWLEDGE WISELY IN
DECISIONS AND ACTIVITIES -3 %33 
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MS. Human Impacts
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ESS3-2. Analyze and interpret data on natural hazards to
forecast future catastrophic events and inform the development
of technologies to mitigate their effects. [Clarification Statement:
Emphasis is on how some natural hazards, such as volcanic eruptions
and severe weather, are preceded by phenomena that allow for reliable
predictions, but others, such as earthquakes, occur suddenly and with
no notice and thus are not yet predictable. Examples of natural hazards
can be taken from interior processes (such as earthquakes and volcanic
eruptions), surface processes (such as mass wasting and tsunamis), or severe
weather events (such as hurricanes, tornadoes, and floods). Examples of
data can include the locations, magnitudes, and frequencies of the natural
hazards. Examples of technologies can be global (such as satellite systems
to monitor hurricanes or forest fires) or local (such as building basements in
tornado-prone regions or reservoirs to mitigate droughts).]

MS-ESS3-3. Apply scientific principles to design a method
for monitoring and minimizing a human impact on the
environment.* [Clarification Statement: Examples of the design process

solutions that are feasible, and designing and evaluating solutions that could
reduce that impact. Examples of human impacts can include water usage (such
as the withdrawal of water from streams and aquifers or the construction of
dams and levees), land usage (such as urban development, agriculture, or the
removal of wetlands), and pollution (such as of the air, water, or land).]

MS-ESS3-4. Construct an argument supported by evidence for

how increases in human population and per-capita consumption
of natural resources impact Earth’s systems. [Clarification Statement:

Examples of evidence include grade-appropriate databases on human
populations and the rates of consumption of food and natural resources (such
as fresh water, mineral, and energy). Examples of impacts can include changes
to the appearance, composition, and structure of Earth’s systems as well as
the rates at which they change. The consequences of increases in human
populations and consumption of natural resources are described by science,
but science does not make the decisions for the actions society takes.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

include examining human environmental impacts, assessing the kinds of

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Analyzing and Interpreting Data

ESS3.B: Natural Hazards

Patterns

!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 %33 

s -APPING THE HISTORY OF NATURAL HAZARDS IN A
REGION COMBINED WITH AN UNDERSTANDING OF RELATED
GEOLOGIC FORCES CAN HELP FORECAST THE LOCATIONS AND
LIKELIHOODS OF FUTURE EVENTS -3 %33 

s 'RAPHS CHARTS AND IMAGES CAN BE USED TO IDENTIFY
PATTERNS IN DATA -3 %33 

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO INCLUDE CONSTRUCTING EXPLANATIONS AND DESIGNING
SOLUTIONS SUPPORTED BY MULTIPLE SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND
THEORIES
s !PPLY SCIENTIlC PRINCIPLES TO DESIGN AN OBJECT TOOL
PROCESS OR SYSTEM -3 %33 

See connections to MS. Human Impacts on page 313.

s (UMAN ACTIVITIES HAVE SIGNIlCANTLY ALTERED THE
BIOSPHERE SOMETIMES DAMAGING OR DESTROYING
NATURAL HABITATS AND CAUSING THE EXTINCTION OF
OTHER SPECIES "UT CHANGES TO %ARTHS ENVIRONMENTS
CAN HAVE DIFFERENT IMPACTS NEGATIVE AND POSITIVE
FOR DIFFERENT LIVING THINGS -3 %33 
s 4YPICALLY AS HUMAN POPULATIONS AND PER CAPITA
CONSUMPTION OF NATURAL RESOURCES INCREASE SO
DO THE NEGATIVE IMPACTS ON %ARTH UNLESS THE
ACTIVITIES AND TECHNOLOGIES INVOLVED ARE ENGINEERED
OTHERWISE -3 %33  -3 %33 

s 2ELATIONSHIPS CAN BE CLASSIlED AS CAUSAL OR
CORRELATIONAL AND CORRELATION DOES NOT NECESSARILY
IMPLY CAUSATION -3 %33 
s #AUSE AND EFFECT RELATIONSHIPS MAY BE USED TO
PREDICT PHENOMENA IN NATURAL OR DESIGNED SYSTEMS
(MS-ESS3-4)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE

MS. Human Impacts

Constructing Explanations and Designing
Solutions

ESS3.C: Human Impacts on Earth Systems

Cause and Effect

Influence of Science, Engineering, and
Technology on Society and the Natural World
s !LL HUMAN ACTIVITY DRAWS ON NATURAL RESOURCES
AND HAS BOTH SHORT AND LONG TERM CONSEQUENCES
POSITIVE AS WELL AS NEGATIVE FOR THE HEALTH OF
PEOPLE AND THE NATURAL ENVIRONMENT -3 %33 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Copyright National Academy of Sciences. All rights reserved.

241

Next Generation Science Standards: For States, By States

MS. Human Impacts (continued )
Science and Engineering Practices
Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s #ONSTRUCT AN ORAL AND WRITTEN ARGUMENT SUPPORTED
BY EMPIRICAL EVIDENCE AND SCIENTIlC REASONING
TO SUPPORT OR REFUTE AN EXPLANATION OR A MODEL
FOR A PHENOMENON OR A SOLUTION TO A PROBLEM
(MS-ESS3-4)

Disciplinary Core Ideas

Crosscutting Concepts
s 4HE USES OF TECHNOLOGIES AND LIMITATIONS ON THEIR
USE ARE DRIVEN BY PEOPLES NEEDS DESIRES AND
VALUES BY THE lNDINGS OF SCIENTIlC RESEARCH
AND BY DIFFERENCES IN SUCH FACTORS AS CLIMATE
NATURAL RESOURCES AND ECONOMIC CONDITIONS 4HUS
TECHNOLOGY USE VARIES FROM REGION TO REGION AND
OVER TIME -3 %33  -3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Addresses Questions About the
Natural and Material World

MS. Human Impacts (continued )

s 3CIENTIlC KNOWLEDGE CAN DESCRIBE THE
CONSEQUENCES OF ACTIONS BUT DOES NOT NECESSARILY
PRESCRIBE THE DECISIONS THAT SOCIETY TAKES
(MS-ESS3-4)
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MIDDLE SCHOOL ENGINEERING DESIGN
By the time students reach middle school they should have had numerous experiences in engineering
design. The goal for middle school students is to define problems more precisely, to conduct a more
thorough process of choosing the best solution, and to optimize the final design.
Defining the problem with “precision” involves thinking more deeply than is expected in elementary
school about the needs that a problem is intended to address or the goals a design is intended to reach.
How will the end user decide whether or not the design is successful? Also at this level students are
expected to consider not only the end user, but also the broader society and the environment. Every technological change is likely to have both intended and unintended effects. It is up to the designer to try to
anticipate the effects it may have and to behave responsibly in developing a new or improved technology. These considerations may take the form of either criteria or constraints on possible solutions.
Developing possible solutions does not explicitly address generating design ideas because students
were expected to develop the capability in elementary school. The focus in middle school is on a twostage process of evaluating the different ideas that have been proposed by using a systematic method,
such as a tradeoff matrix, to determine which solutions are most promising, and by testing different
solutions and then combining the best ideas into a new solution that may be better than any of the preliminary ideas.
Improving designs at the middle school level involves an iterative process in which students test the
best design, analyze the results, modify the design accordingly, and then re-test and modify the design
again. Students may go through this cycle two, three, or more times in order to reach the optimal (best
possible) result.

Middle School Engineering Design

Connections with other science disciplines help students develop these capabilities in various contexts.
For example, in the life sciences students apply their engineering design capabilities to evaluate plans
for maintaining biodiversity and ecosystem services (MS-LS2-5). In the physical sciences students define
and solve problems involving a number of core ideas, including chemical processes that release or
absorb energy (MS-PS1-6), Newton’s Third Law of Motion (MS-PS2-1), and energy transfer (MS-PS3-3). In
the earth and space sciences students apply their engineering design capabilities to problems related to
the impacts of humans on Earth systems (MS-ESS3-3).
By the end of eighth grade students are expected to achieve all four performance expectations
(MS-ETS1-1, MS-ETS1-2, MS-ETS1-3, and MS-ETS1-4) related to a single problem in order to understand
the interrelated processes of engineering design. These include defining a problem by precisely specifying criteria and constraints for solutions as well as potential impacts on society and the natural environment, systematically evaluating alternative solutions, analyzing data from tests of different solutions
and combining the best ideas into an improved solution, and developing a model and iteratively testing and improving it to reach an optimal solution. While the performance expectations shown in MS.
Engineering Design couple particular practices with specific disciplinary core ideas, instructional decisions
should include use of many practices that lead to the performance expectations.
NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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MS. Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

MS-ETS1-1. Define the criteria and constraints of a design
problem with sufficient precision to ensure a successful solution,
taking into account relevant scientific principles and potential
impacts on people and the natural environment that may limit
possible solutions.
MS-ETS1-2. Evaluate competing design solutions using a

systematic process to determine how well they meet the criteria
and constraints of the problem.

Science and Engineering Practices
Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO SPECIFYING
RELATIONSHIPS BETWEEN VARIABLES AND CLARIFYING
ARGUMENTS AND MODELS
s $ElNE A DESIGN PROBLEM THAT CAN BE SOLVED
THROUGH THE DEVELOPMENT OF AN OBJECT TOOL
PROCESS OR SYSTEM AND INCLUDES MULTIPLE CRITERIA
AND CONSTRAINTS INCLUDING SCIENTIlC KNOWLEDGE THAT
MAY LIMIT POSSIBLE SOLUTIONS -3 %43 

Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO DEVELOPING USING AND REVISING
MODELS TO DESCRIBE TEST AND PREDICT MORE ABSTRACT
PHENOMENA AND DESIGN SYSTEMS
s $EVELOP A MODEL TO GENERATE DATA TO TEST
IDEAS ABOUT DESIGNED SYSTEMS INCLUDING THOSE
REPRESENTING INPUTS AND OUTPUTS -3 %43 

MS. Engineering Design

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO EXTENDING QUANTITATIVE ANALYSIS TO
INVESTIGATIONS DISTINGUISHING BETWEEN CORRELATION
AND CAUSATION AND BASIC STATISTICAL TECHNIQUES OF
DATA AND ERROR ANALYSIS
s !NALYZE AND INTERPRET DATA TO DETERMINE
SIMILARITIES AND DIFFERENCES IN lNDINGS -3 %43 
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MS-ETS1-3. Analyze data from tests to determine similarities
and differences among several design solutions to identify the
best characteristics of each that can be combined into a new
solution to better meet the criteria for success.
MS-ETS1-4. Develop a model to generate data for iterative
testing and modification of a proposed object, tool, or process
such that an optimal design can be achieved.

Disciplinary Core Ideas
ETS1.A: Defining and Delimiting
Engineering Problems
s 4HE MORE PRECISELY A DESIGN TASKS CRITERIA AND
CONSTRAINTS CAN BE DElNED THE MORE LIKELY IT IS
THAT THE DESIGNED SOLUTION WILL BE SUCCESSFUL
3PECIlCATION OF CONSTRAINTS INCLUDES CONSIDERATION
OF SCIENTIlC PRINCIPLES AND OTHER RELEVANT
KNOWLEDGE LIKELY TO LIMIT POSSIBLE SOLUTIONS
(MS-ETS1-1)

ETS1.B: Developing Possible Solutions
s ! SOLUTION NEEDS TO BE TESTED AND THEN MODIlED
ON THE BASIS OF THE TEST RESULTS IN ORDER TO IMPROVE
IT -3 %43 
s 4HERE ARE SYSTEMATIC PROCESSES FOR EVALUATING
SOLUTIONS WITH RESPECT TO HOW WELL THEY MEET THE
CRITERIA AND CONSTRAINTS OF A PROBLEM -3 %43 
(MS-ETS1-3)
s 3OMETIMES PARTS OF DIFFERENT SOLUTIONS CAN BE
COMBINED TO CREATE A SOLUTION THAT IS BETTER THAN
ANY OF ITS PREDECESSORS -3 %43 
s -ODELS OF ALL KINDS ARE IMPORTANT FOR TESTING
SOLUTIONS -3 %43 

Crosscutting Concepts
Influence of Science, Engineering, and
Technology on Society and the Natural
World
s !LL HUMAN ACTIVITY DRAWS ON NATURAL RESOURCES
AND HAS BOTH SHORT AND LONG TERM CONSEQUENCES
POSITIVE AS WELL AS NEGATIVE FOR THE HEALTH OF
PEOPLE AND THE NATURAL ENVIRONMENT -3 %43 
s 4HE USES OF TECHNOLOGIES AND LIMITATIONS ON THEIR
USE ARE DRIVEN BY INDIVIDUAL OR SOCIETAL NEEDS
DESIRES AND VALUES BY THE lNDINGS OF SCIENTIlC
RESEARCH AND BY DIFFERENCES IN SUCH FACTORS
AS CLIMATE NATURAL RESOURCES AND ECONOMIC
CONDITIONS -3 %43 
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MS. Engineering Design (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

ETS1.C: Optimizing the Design Solution

%NGAGING IN ARGUMENT FROM EVIDENCE IN n BUILDS
ON +n EXPERIENCES AND PROGRESSES TO CONSTRUCTING A
CONVINCING ARGUMENT THAT SUPPORTS OR REFUTES CLAIMS
FOR EITHER EXPLANATIONS OR SOLUTIONS ABOUT THE NATURAL
AND DESIGNED WORLDS 
s %VALUATE COMPETING DESIGN SOLUTIONS BASED ON
JOINTLY DEVELOPED AND AGREED UPON DESIGN CRITERIA
(MS-ETS1-2)

s !LTHOUGH ONE DESIGN MAY NOT PERFORM THE BEST
ACROSS ALL TESTS IDENTIFYING THE CHARACTERISTICS OF
THE DESIGN THAT PERFORMED THE BEST IN EACH TEST
CAN PROVIDE USEFUL INFORMATION FOR THE REDESIGN
PROCESSTHAT IS SOME OF THOSE CHARACTERISTICS MAY
BE INCORPORATED INTO THE NEW DESIGN -3 %43 
s 4HE ITERATIVE PROCESS OF TESTING THE MOST PROMISING
SOLUTIONS AND MODIFYING WHAT IS PROPOSED ON
THE BASIS OF THE TEST RESULTS LEADS TO GREATER
RElNEMENT AND ULTIMATELY TO AN OPTIMAL SOLUTION
(MS-ETS1-4)

MS. Engineering Design (continued )

Engaging in Argument from Evidence

See connections to MS. Engineering Design on page 313.
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HIGH SCHOOL PHYSICAL SCIENCES
Students in high school continue to develop their understanding of the four core ideas in the physical sciences. These ideas include the most fundamental concepts from chemistry and physics but are
intended to leave room for expanded study in upper-level high school courses. The high school performance expectations in the physical sciences build on middle school ideas and skills and allow high school
students to explain more in-depth phenomena central not only to the physical sciences but to the life
sciences and earth and space sciences as well. These performance expectations blend the core ideas with
science and engineering practices and crosscutting concepts to support students in developing useable
knowledge to explain ideas across the science disciplines. In the physical sciences performance expectations at the high school level, there is a focus on several scientific practices. These include developing
and using models, planning and conducting investigations, analyzing and interpreting data, using mathematical and computational thinking, and constructing explanations and using these practices to demonstrate understanding of the core ideas. Students are also expected to demonstrate understanding of
several engineering practices, including design and evaluation.
The performance expectations in the topic Structure and Properties of Matter help students formulate an answer to the question, “How can one explain the structure and properties of matter?” Two
sub-ideas from the NRC Framework are addressed in these performance expectations: the Structure
and Properties of Matter and Nuclear Processes. Students are expected to develop understanding of
the sub-structure of atoms and provide more mechanistic explanations of the properties of substances.
Students are able to use the periodic table as a tool to explain and predict the properties of elements.
Phenomena involving nuclei are also important to understand, as they explain the formation and abundance of the elements, radioactivity, the release of energy from the sun and other stars, and the generation of nuclear power. The crosscutting concepts of patterns, energy and matter, and structure and
function are called out as organizing concepts for these disciplinary core ideas. In these performance
expectations, students are expected to demonstrate proficiency in developing and using models, planning and conducting investigations, and communicating scientific and technical information and to use
these practices to demonstrate understanding of the core ideas.

High School Physical Sciences

The performance expectations in the topic Chemical Reactions help students formulate an answer to
the questions: “How do substances combine or change (react) to make new substances? How does one
characterize and explain these reactions and make predictions about them?” Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the
collisions of molecules and the rearrangements of atoms. Using this expanded knowledge of chemical
reactions, students are able to explain important biological and geophysical phenomena. Students are
also able to apply an understanding of the process of optimization in engineering design to chemical
reaction systems. The crosscutting concepts of patterns, energy and matter, and stability and change are
called out as organizing concepts for these disciplinary core ideas. In these performance expectations,
students are expected to demonstrate proficiency in developing and using models, using mathematical
thinking, constructing explanations, and designing solutions and to use these practices to demonstrate
understanding of the core ideas.
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The performance expectations associated with the topic Energy help students formulate an answer to
the question, “How is energy transferred and conserved?” The Disciplinary Core Idea expressed in the
NRC Framework for PS3 is broken down into four sub-core ideas: Definitions of Energy, Conservation
of Energy and Energy Transfer, the Relationship Between Energy and Forces, and Energy in Chemical
Processes and Everyday Life. Energy is understood as a quantitative property of a system that depends on
the motion and interactions of matter and radiation within that system, and the total change of energy
in any system is always equal to the total energy transferred into or out of the system. Students develop
an understanding that energy at both the macroscopic and the atomic scales can be accounted for as
either motions of particles or energy associated with the configuration (relative positions) of particles.
In some cases, the energy associated with the configuration of particles can be thought of as stored in
fields. Students also demonstrate their understanding of engineering principles when they design, build,
and refine devices associated with the conversion of energy. The crosscutting concepts of cause and
effect; systems and system models; energy and matter; and the influence of science, engineering, and
technology on society and the natural world are further developed in the performance expectations associated with PS3. In these performance expectations, students are expected to demonstrate proficiency in
developing and using models, planning and carrying out investigations, using computational thinking,
and designing solutions and to use these practices to demonstrate understanding of the core ideas.
The performance expectations associated with the topic Waves and Electromagnetic Radiation are
critical to understanding how many new technologies work. As such, this Disciplinary Core Idea helps students answer the question, “How are waves used to transfer energy and send and store information?”
The Disciplinary Core Idea in PS4 is broken down into Wave Properties, Electromagnetic Radiation, and
Information Technologies and Instrumentation. Students are able to apply understanding of how wave
properties and the interactions of electromagnetic radiation with matter can transfer information across
long distances, store information, and investigate nature on many scales. Models of electromagnetic
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High School Physical Sciences

The performance expectations associated with the topic Forces and Interactions supports students’
understanding of ideas related to why some objects will keep moving, why objects fall to the ground,
and why some materials are attracted to each other while others are not. Students should be able to
answer the question, “How can one explain and predict interactions between objects and within systems
of objects?” The Disciplinary Core Idea expressed in the NRC Framework for PS2 is broken down into the
sub-ideas of Forces and Motion and Types of Interactions. The performance expectations in PS2 focus
on students building understanding of forces and interactions and Newton’s Second Law. Students also
develop an understanding that the total momentum of a system of objects is conserved when there is
no net force on the system. Students are able to use Newton’s Law of Gravitation and Coulomb’s Law
to describe and predict the gravitational and electrostatic forces between objects. Students are able to
apply science and engineering ideas to design, evaluate, and refine a device that minimizes the force
on a macroscopic object during a collision. The crosscutting concepts of patterns, cause and effect, and
systems and system models are called out as organizing concepts for these disciplinary core ideas. In the
PS2 performance expectations, students are expected to demonstrate proficiency in planning and conducting investigations, analyzing data and using math to support claims, and applying scientific ideas to
solve design problems and to use these practices to demonstrate understanding of the core ideas.

Next Generation Science Standards: For States, By States

High School Physical Sciences

radiation as either a wave of changing electrical and magnetic fields or as particles are developed and
used. Students understand that combining waves of different frequencies can make a wide variety of patterns and thereby encode and transmit information. Students also demonstrate their understanding of
engineering ideas by presenting information about how technological devices use the principles of wave
behavior and wave interactions with matter to transmit and capture information and energy. The crosscutting concepts of cause and effect; systems and system models; stability and change; interdependence
of science, engineering, and technology; and influence of engineering, technology, and science on society
and the natural world are highlighted as organizing concepts for these disciplinary core ideas. In the PS3
performance expectations, students are expected to demonstrate proficiency in asking questions, using
mathematical thinking, engaging in argument from evidence, and obtaining, evaluating, and communicating information and to use these practices to demonstrate understanding of the core ideas.
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HS. Structure and Properties of Matter
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-PS1-1. Use the periodic table as a model to predict the

HS-PS1-8. Develop models to illustrate the changes in the

Statement: Examples of properties that could be predicted from patterns
could include reactivity of metals, types of bonds formed, numbers of bonds
formed, and reactions with oxygen.] [Assessment Boundary: Assessment is
limited to main group elements. Assessment does not include quantitative
understanding of ionization energy beyond relative trends.]

[Clarification Statement: Emphasis is on simple qualitative models, such
as pictures or diagrams and on the scale of energy released in nuclear
processes relative to other kinds of transformations.] [Assessment Boundary:
Assessment does not include quantitative calculation of energy released.
Assessment is limited to alpha, beta, and gamma radioactive decays.]

HS-PS1-3. Plan and conduct an investigation to gather evidence

HS-PS2-6. Communicate scientific and technical information

[Clarification Statement: Emphasis is on understanding the strengths of
forces between particles, not on naming specific intermolecular forces (such
as dipole-dipole). Examples of particles could include ions, atoms, molecules,
and networked materials (such as graphite). Examples of bulk properties of
substances could include the melting point and boiling point, vapor pressure,
and surface tension.] [Assessment Boundary: Assessment does not include
Raoult’s Law calculations of vapor pressure.]

is on the attractive and repulsive forces that determine the functioning of
the material. Examples could include why electrically conductive materials
are often made of metal, flexible but durable materials are made up of
long chained molecules, and pharmaceuticals are designed to interact with
specific receptors.] [Assessment Boundary: Assessment is limited to provided
molecular structures of specific designed materials.]

to compare the structure of substances at the bulk scale
to infer the strength of electrical forces between particles.

Science and Engineering Practices

composition of the nucleus of the atom and the energy released
during the processes of fission, fusion, and radioactive decay.

about why the molecular-level structure is important in the
functioning of designed materials.* [Clarification Statement: Emphasis

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Patterns

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
USING SYNTHESIZING AND DEVELOPING MODELS TO PREDICT
AND SHOW RELATIONSHIPS AMONG VARIABLES BETWEEN
SYSTEMS AND THEIR COMPONENTS IN THE NATURAL AND
DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 03 
s 5SE A MODEL TO PREDICT THE RELATIONSHIPS BETWEEN
SYSTEMS OR BETWEEN COMPONENTS OF A SYSTEM
(3 03 

s %ACH ATOM HAS A CHARGED SUB STRUCTURE CONSISTING
OF A NUCLEUS WHICH IS MADE OF PROTONS AND
NEUTRONS SURROUNDED BY ELECTRONS (3 03 
s 4HE PERIODIC TABLE ORDERS ELEMENTS HORIZONTALLY
BY THE NUMBER OF PROTONS IN THE ATOMS NUCLEUS
AND PLACES THOSE WITH SIMILAR CHEMICAL PROPERTIES
IN COLUMNS 4HE REPEATING PATTERNS OF THIS TABLE
REmECT PATTERNS OF OUTER ELECTRON STATES (3 03 
(3 03 
s 4HE STRUCTURE AND INTERACTIONS OF MATTER AT THE BULK
SCALE ARE DETERMINED BY ELECTRICAL FORCES WITHIN
AND BETWEEN ATOMS (3 03  (secondary to
HS-PS2-6)

s $IFFERENT PATTERNS MAY BE OBSERVED AT EACH OF
THE SCALES AT WHICH A SYSTEM IS STUDIED AND CAN
PROVIDE EVIDENCE FOR CAUSALITY IN EXPLANATIONS OF
PHENOMENA (3 03  (3 03 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT PROVIDE EVIDENCE FOR AND TEST
CONCEPTUAL MATHEMATICAL PHYSICAL AND EMPIRICAL
MODELS

See connections to HS. Structure and Properties of Matter on page 314.

HS. Structure and Properties of Matter

relative properties of elements based on the patterns of
electrons in the outermost energy level of atoms. [Clarification

Energy and Matter
s )N NUCLEAR PROCESSES ATOMS ARE NOT CONSERVED
BUT THE TOTAL NUMBER OF PROTONS PLUS NEUTRONS IS
CONSERVED (3 03 

Structure and Function
s )NVESTIGATING OR DESIGNING NEW SYSTEMS OR
STRUCTURES REQUIRES A DETAILED EXAMINATION OF THE
PROPERTIES OF DIFFERENT MATERIALS THE STRUCTURES
OF DIFFERENT COMPONENTS AND CONNECTIONS OF
COMPONENTS TO REVEAL THE STRUCTURES FUNCTION
ANDOR TO SOLVE A PROBLEM (3 03 
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HS. Structure and Properties of Matter (continued )
Science and Engineering Practices
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 03 

Obtaining, Evaluating, and Communicating
Information

Crosscutting Concepts

PS1.C: Nuclear Processes
s .UCLEAR PROCESSES INCLUDING FUSION lSSION AND
RADIOACTIVE DECAYS OF UNSTABLE NUCLEI INVOLVE
RELEASE OR ABSORPTION OF ENERGY 4HE TOTAL NUMBER
OF NEUTRONS PLUS PROTONS DOES NOT CHANGE IN ANY
NUCLEAR PROCESS (3 03 

PS2.B: Types of Interactions
s !TTRACTION AND REPULSION BETWEEN ELECTRICAL
CHARGES AT THE ATOMIC SCALE EXPLAIN THE STRUCTURE
PROPERTIES AND TRANSFORMATIONS OF MATTER AS WELL
AS THE CONTACT FORCES BETWEEN MATERIAL OBJECTS
(3 03  (secondary to HS-PS1-1), (secondary to
HS-PS1-3)

HS. Structure and Properties of Matter (continued )

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n AND PROGRESSES TO
EVALUATING THE VALIDITY AND RELIABILITY OF THE CLAIMS
METHODS AND DESIGNS
s #OMMUNICATE SCIENTIlC AND TECHNICAL INFORMATION
EG ABOUT THE PROCESS OF DEVELOPMENT AND THE
DESIGN AND PERFORMANCE OF A PROPOSED PROCESS
OR SYSTEM IN MULTIPLE FORMATS INCLUDING ORALLY
GRAPHICALLY TEXTUALLY AND MATHEMATICALLY 
(3 03 

Disciplinary Core Ideas
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HS. Chemical Reactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
of a simple chemical reaction based on the outermost electron
states of atoms, trends in the periodic table, and knowledge
of the patterns of chemical properties. [Clarification Statement:

Examples of chemical reactions could include the reaction of sodium
and chlorine, carbon and oxygen, or carbon and hydrogen.] [Assessment
Boundary: Assessment is limited to chemical reactions involving main group
elements and combustion reactions.]

HS-PS1-4. Develop a model to illustrate that the release or

absorption of energy from a chemical reaction system depends
on the changes in total bond energy. [Clarification Statement:

Emphasis is on the idea that a chemical reaction is a system that affects
the energy change. Examples of models could include molecular-level
drawings and diagrams of reactions, graphs showing the relative energies of
reactants and products, and representations showing energy is conserved.]
[Assessment Boundary: Assessment does not include calculating the total
bond energy changes during a chemical reaction from the bond energies of
reactants and products.]

HS-PS1-5. Apply scientific principles and evidence to provide

an explanation about the effects of changing the temperature
or concentration of the reacting particles on the rate at which a
reaction occurs. [Clarification Statement: Emphasis is on student reasoning

that focuses on the number and energy of collisions between molecules.]
[Assessment Boundary: Assessment is limited to simple reactions in which
there are only two reactants; evidence from temperature, concentration, and

Science and Engineering Practices

rate data; and qualitative relationships between rate and temperature.]

HS-PS1-6. Refine the design of a chemical system by specifying
a change in conditions that would produce increased amounts
of products at equilibrium.* [Clarification Statement: Emphasis is

on the application of Le Chatelier’s Principle and on refining designs of
chemical reaction systems, including descriptions of the connection between
changes made at the macroscopic level and what happens at the molecular
level. Examples of designs could include different ways to increase product
formation, including adding reactants or removing products.] [Assessment
Boundary: Assessment is limited to specifying the change in only one
variable at a time. Assessment does not include calculating equilibrium
constants and concentrations.]

HS-PS1-7. Use mathematical representations to support the
claim that atoms, and therefore mass, are conserved during
a chemical reaction. [Clarification Statement: Emphasis is on using

mathematical ideas to communicate the proportional relationships between
masses of atoms in the reactants and the products and the translation of
these relationships to the macroscopic scale using the mole as the conversion
from the atomic to the macroscopic scale. Emphasis is on assessing students’
use of mathematical thinking and not on memorization and rote application
of problem-solving techniques.] [Assessment Boundary: Assessment does not
include complex chemical reactions.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS1.A: Structure and Properties of Matter

Patterns

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
USING SYNTHESIZING AND DEVELOPING MODELS TO PREDICT
AND SHOW RELATIONSHIPS AMONG VARIABLES BETWEEN
SYSTEMS AND THEIR COMPONENTS IN THE NATURAL AND
DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 03 

s 4HE PERIODIC TABLE ORDERS ELEMENTS HORIZONTALLY BY
THE NUMBER OF PROTONS IN THE ATOMS NUCLEUS AND
PLACES THOSE WITH SIMILAR CHEMICAL PROPERTIES IN
COLUMNS 4HE REPEATING PATTERNS OF THIS TABLE REmECT
PATTERNS OF OUTER ELECTRON STATES (3 03  (Note:
This Disciplinary Core Idea is also addressed by
HS-PS1-1.)

s $IFFERENT PATTERNS MAY BE OBSERVED AT EACH OF
THE SCALES AT WHICH A SYSTEM IS STUDIED AND CAN
PROVIDE EVIDENCE FOR CAUSALITY IN EXPLANATIONS OF
PHENOMENA (3 03  (3 03 

See connections to HS. Chemical Reactions on page 315.

Energy and Matter
s 4HE TOTAL AMOUNT OF ENERGY AND MATTER IN CLOSED
SYSTEMS IS CONSERVED (3 03 
s #HANGES OF ENERGY AND MATTER IN A SYSTEM CAN BE
DESCRIBED IN TERMS OF ENERGY AND MATTER mOWS INTO
OUT OF AND WITHIN THAT SYSTEM (3 03 
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HS-PS1-2. Construct and revise an explanation for the outcome
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HS. Chemical Reactions (continued )
Science and Engineering Practices
Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
TO SUPPORT CLAIMS (3 03 

HS. Chemical Reactions (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s !PPLY SCIENTIlC PRINCIPLES AND EVIDENCE TO
PROVIDE AN EXPLANATION OF PHENOMENA AND SOLVE
DESIGN PROBLEMS TAKING INTO ACCOUNT POSSIBLE
UNANTICIPATED EFFECTS (3 03 
s #ONSTRUCT AND REVISE AN EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 03 
s 2ElNE A SOLUTION TO A COMPLEX REAL WORLD PROBLEM
BASED ON SCIENTIlC KNOWLEDGE STUDENT GENERATED
SOURCES OF EVIDENCE PRIORITIZED CRITERIA AND
TRADEOFF CONSIDERATIONS (3 03 
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Disciplinary Core Ideas
s ! STABLE MOLECULE HAS LESS ENERGY THAN THE SAME
SET OF ATOMS SEPARATED ONE MUST PROVIDE AT LEAST
THIS ENERGY IN ORDER TO TAKE THE MOLECULE APART
(3 03 

Crosscutting Concepts
Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 03 

PS1.B: Chemical Reactions
s #HEMICAL PROCESSES THEIR RATES AND WHETHER OR
NOT ENERGY IS STORED OR RELEASED CAN BE UNDERSTOOD
IN TERMS OF THE COLLISIONS OF MOLECULES AND THE
REARRANGEMENTS OF ATOMS INTO NEW MOLECULES
WITH CONSEQUENT CHANGES IN THE SUM OF ALL BOND
ENERGIES IN THE SET OF MOLECULES THAT ARE MATCHED
BY CHANGES IN KINETIC ENERGY (3 03  (3 03 
s )N MANY SITUATIONS A DYNAMIC AND CONDITION
DEPENDENT BALANCE BETWEEN A REACTION AND THE
REVERSE REACTION DETERMINES THE NUMBERS OF ALL
TYPES OF MOLECULES PRESENT (3 03 
s 4HE FACT THAT ATOMS ARE CONSERVED TOGETHER WITH
KNOWLEDGE OF THE CHEMICAL PROPERTIES OF THE
ELEMENTS INVOLVED CAN BE USED TO DESCRIBE AND
PREDICT CHEMICAL REACTIONS (3 03  (3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THE UNIVERSE IS A VAST SINGLE
SYSTEM IN WHICH BASIC LAWS ARE CONSISTENT
(3 03 

ETS1.C: Optimizing the Design Solution
s #RITERIA MAY NEED TO BE BROKEN DOWN INTO SIMPLER
ONES THAT CAN BE APPROACHED SYSTEMATICALLY AND
DECISIONS ABOUT THE PRIORITY OF CERTAIN CRITERIA OVER
OTHERS TRADEOFFS MAY BE NEEDED (secondary to
HS-PS1-6)

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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Next Generation Science Standards: For States, By States

HS. Forces and Interactions
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
Second Law of Motion describes the mathematical relationship
among the net force on a macroscopic object, its mass, and its
acceleration. [Clarification Statement: Examples of data could include

tables or graphs of position or velocity as a function of time for objects
subject to a net unbalanced force, such as a falling object, an object
rolling down a ramp, or a moving object being pulled by a constant force.]
[Assessment Boundary: Assessment is limited to one-dimensional motion and
to macroscopic objects moving at non-relativistic speeds.]

HS-PS2-2. Use mathematical representations to support the claim
that the total momentum of a system of objects is conserved
when there is no net force on the system. [Clarification Statement:

Emphasis is on the quantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment
is limited to systems of two macroscopic bodies moving in one dimension.]

HS-PS2-3. Apply science and engineering ideas to design,

evaluate, and refine a device that minimizes the force on a
macroscopic object during a collision.* [Clarification Statement:

Science and Engineering Practices

Examples of evaluation and refinement could include determining the
success of a device at protecting an object from damage and modifying the
design to improve it. Examples of a device could include a football helmet
or a parachute.] [Assessment Boundary: Assessment is limited to qualitative
evaluations and/or algebraic manipulations.]

HS-PS2-4. Use mathematical representations of Newton’s

Law of Gravitation and Coulomb’s Law to describe and predict
the gravitational and electrostatic forces between objects.

[Clarification Statement: Emphasis is on both quantitative and conceptual
descriptions of gravitational and electrical fields.] [Assessment Boundary:
Assessment is limited to systems with two objects.]

HS-PS2-5. Plan and conduct an investigation to provide

evidence that an electrical current can produce a magnetic field
and that a changing magnetic field can produce an electrical
current. [Assessment Boundary: Assessment is limited to designing and

conducting investigations with provided materials and tools.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

PS2.A: Forces and Motion

Patterns

0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n BUILDS ON
+n EXPERIENCES AND PROGRESSES TO INCLUDE INVESTIGATIONS
THAT PROVIDE EVIDENCE FOR AND TEST CONCEPTUAL
MATHEMATICAL PHYSICAL AND EMPIRICAL MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 03 

s .EWTONS 3ECOND ,AW ACCURATELY PREDICTS CHANGES
IN THE MOTION OF MACROSCOPIC OBJECTS (3 03 
s -OMENTUM IS DElNED FOR A PARTICULAR FRAME OF
REFERENCE IT IS THE MASS TIMES THE VELOCITY OF THE
OBJECT (3 03 
s )F A SYSTEM INTERACTS WITH OBJECTS OUTSIDE ITSELF
THE TOTAL MOMENTUM OF THE SYSTEM CAN CHANGE
HOWEVER ANY SUCH CHANGE IS BALANCED BY CHANGES
IN THE MOMENTUM OF OBJECTS OUTSIDE THE SYSTEM
(3 03  (3 03 

s $IFFERENT PATTERNS MAY BE OBSERVED AT EACH OF
THE SCALES AT WHICH A SYSTEM IS STUDIED AND CAN
PROVIDE EVIDENCE FOR CAUSALITY IN EXPLANATIONS OF
PHENOMENA (3 03 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n AND PROGRESSES
TO INTRODUCING MORE DETAILED STATISTICAL ANALYSIS THE
COMPARISON OF DATA SETS FOR CONSISTENCY AND THE USE
OF MODELS TO GENERATE AND ANALYZE DATA

See connections to HS. Forces and Interactions on page 315.

PS2.B: Types of Interactions
s .EWTONS ,AW OF 5NIVERSAL 'RAVITATION AND
#OULOMBS ,AW PROVIDE THE MATHEMATICAL MODELS
TO DESCRIBE AND PREDICT THE EFFECTS OF GRAVITATIONAL
AND ELECTROSTATIC FORCES BETWEEN DISTANT OBJECTS
(3 03 

Cause and Effect
s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 03 
(3 03 
s 3YSTEMS CAN BE DESIGNED TO CAUSE A DESIRED EFFECT
(3 03 

Systems and System Models
s 7HEN INVESTIGATING OR DESCRIBING A SYSTEM THE
BOUNDARIES AND INITIAL CONDITIONS OF THE SYSTEM
NEED TO BE DElNED (3 03 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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HS. Forces and Interactions

HS-PS2-1. Analyze data to support the claim that Newton’s

Next Generation Science Standards: For States, By States

HS. Forces and Interactions (continued )
Science and Engineering Practices

Disciplinary Core Ideas

s !NALYZE DATA USING TOOLS TECHNOLOGIES ANDOR
MODELS EG COMPUTATIONAL MATHEMATICAL IN
ORDER TO MAKE VALID AND RELIABLE SCIENTIlC CLAIMS OR
DETERMINE AN OPTIMAL DESIGN SOLUTION (3 03 

s &ORCES AT A DISTANCE ARE EXPLAINED BY lELDS
GRAVITATIONAL ELECTRICAL AND MAGNETIC PERMEATING
SPACE THAT CAN TRANSFER ENERGY THROUGH SPACE
-AGNETS OR ELECTRICAL CURRENTS CAUSE MAGNETIC
lELDS ELECTRICAL CHARGES OR CHANGING MAGNETIC
lELDS CAUSE ELECTRICAL lELDS (3 03  (3 03 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
TO DESCRIBE EXPLANATIONS (3 03  (3 03 

HS. Forces and Interactions (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s !PPLY SCIENTIlC IDEAS TO SOLVE A DESIGN PROBLEM
TAKING INTO ACCOUNT POSSIBLE UNANTICIPATED EFFECTS
(3 03 

Crosscutting Concepts

PS3.A: Definitions of Energy
s h%LECTRICAL ENERGYv MAY MEAN ENERGY STORED IN A
BATTERY OR ENERGY TRANSMITTED BY ELECTRICAL CURRENTS
(secondary to HS-PS2-5)

ETS1.A: Defining and Delimiting
Engineering Problems
s #RITERIA AND CONSTRAINTS ALSO INCLUDE SATISFYING ANY
REQUIREMENTS SET BY SOCIETY SUCH AS TAKING ISSUES
OF RISK MITIGATION INTO ACCOUNT AND THEY SHOULD BE
QUANTIlED TO THE EXTENT POSSIBLE AND STATED IN SUCH
A WAY THAT ONE CAN TELL IF A GIVEN DESIGN MEETS
THEM (secondary to HS-PS2-3)

ETS1.C: Optimizing the Design Solution
s #RITERIA MAY NEED TO BE BROKEN DOWN INTO SIMPLER
ONES THAT CAN BE APPROACHED SYSTEMATICALLY AND
DECISIONS ABOUT THE PRIORITY OF CERTAIN CRITERIA OVER
OTHERS TRADEOFFS MAY BE NEEDED (secondary to
HS-PS2-3)

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s 4HEORIES AND LAWS PROVIDE EXPLANATIONS IN SCIENCE
(3 03  (3 03 
s ,AWS ARE STATEMENTS OR DESCRIPTIONS OF THE
RELATIONSHIPS AMONG OBSERVABLE PHENOMENA
(3 03  (3 03 
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HS. Energy
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-PS3-1. Create a computational model to calculate the change
in the energy of one component in a system when the change
in energy of the other component(s) and energy flows in and
out of the system are known. [Clarification Statement: Emphasis is on

explaining the meaning of mathematical expressions used in the model.]
[Assessment Boundary: Assessment is limited to basic algebraic expressions
or computations; to systems of two or three components; and to thermal
energy, kinetic energy, and/or the energies in gravitational, magnetic, or
electrical fields.]

HS-PS3-2. Develop and use models to illustrate that energy at
the macroscopic scale can be accounted for as a combination
of energy associated with the motion of particles (objects)
and energy associated with the relative positions of particles
(objects). [Clarification Statement: Examples of phenomena at the

is limited to total output for a given input. Assessment is limited to devices
constructed with materials provided to students.]

HS-PS3-4. Plan and conduct an investigation to provide

evidence that the transfer of thermal energy when two
components of different temperature are combined within a
closed system results in a more uniform energy distribution
among the components in the system (second law of
thermodynamics). [Clarification Statement: Emphasis is on analyzing

data from student investigations and using mathematical thinking to
describe energy changes both quantitatively and conceptually. Examples of
investigations could include mixing liquids at different initial temperatures
or adding objects at different temperatures to water.] [Assessment
Boundary: Assessment is limited to investigations based on materials and
tools provided to students.]

macroscopic scale could include the conversion of kinetic energy to thermal
energy, the energy stored due to position of an object above Earth, and the
energy stored between two electrically charged plates. Examples of models
could include diagrams, drawings, descriptions, and computer simulations.]

HS-PS3-5. Develop and use a model of two objects interacting

HS-PS3-3. Design, build, and refine a device that works within

include drawings, diagrams, and texts, such as drawings of what happens
when two charges of opposite polarity are near each other, including an
explanation of how the change in energy of the objects is related to the
change in energy of the field.] [Assessment Boundary: Assessment is limited
to systems containing two objects.]

given constraints to convert one form of energy into another
form of energy.* [Clarification Statement: Emphasis is on both qualitative

and quantitative evaluations of devices. Examples of devices could include
Rube Goldberg devices, wind turbines, solar cells, solar ovens, and generators.
Examples of constraints could include use of renewable energy forms and
efficiency.] [Assessment Boundary: Assessment for quantitative evaluations

Science and Engineering Practices

through electrical or magnetic fields to illustrate the forces
between objects and the changes in energy of the objects due
to the interaction. [Clarification Statement: Examples of models could

*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

PS3.A: Definitions of Energy

Cause and Effect

-ODELING IN n BUILDS ON +n AND PROGRESSES TO
USING SYNTHESIZING AND DEVELOPING MODELS TO PREDICT
AND SHOW RELATIONSHIPS AMONG VARIABLES BETWEEN
SYSTEMS AND THEIR COMPONENTS IN THE NATURAL AND
DESIGNED WORLDS 
s $EVELOP AND USE A MODEL BASED ON EVIDENCE TO
ILLUSTRATE THE RELATIONSHIPS BETWEEN SYSTEMS OR
BETWEEN COMPONENTS OF A SYSTEM (3 03 
(3 03 

s %NERGY IS A QUANTITATIVE PROPERTY OF A SYSTEM THAT
DEPENDS ON THE MOTION AND INTERACTIONS OF MATTER
AND RADIATION WITHIN THAT SYSTEM 4HAT THERE IS A
SINGLE QUANTITY CALLED ENERGY IS DUE TO THE FACT
THAT A SYSTEMS TOTAL ENERGY IS CONSERVED EVEN AS
WITHIN THE SYSTEM ENERGY IS CONTINUALLY TRANSFERRED
FROM ONE OBJECT TO ANOTHER AND BETWEEN ITS
VARIOUS POSSIBLE FORMS (3 03  (3 03 
s !T THE MACROSCOPIC SCALE ENERGY MANIFESTS ITSELF IN
MULTIPLE WAYS SUCH AS IN MOTION SOUND LIGHT AND
THERMAL ENERGY (3 03  (3 03 

s #AUSE AND EFFECT RELATIONSHIPS CAN BE SUGGESTED
AND PREDICTED FOR COMPLEX NATURAL AND HUMAN
DESIGNED SYSTEMS BY EXAMINING WHAT IS KNOWN
ABOUT SMALLER SCALE MECHANISMS WITHIN THE SYSTEM
(3 03 

See connections to HS. Energy on page 316.

Systems and System Models
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s 7HEN INVESTIGATING OR DESCRIBING A SYSTEM THE
BOUNDARIES AND INITIAL CONDITIONS OF THE SYSTEM
NEED TO BE DElNED AND THEIR INPUTS AND OUTPUTS
ANALYZED AND DESCRIBED USING MODELS (3 03 
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HS. Energy (continued )
Science and Engineering Practices
Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS TO ANSWER
QUESTIONS OR TEST SOLUTIONS TO PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT PROVIDE EVIDENCE FOR AND TEST
CONCEPTUAL MATHEMATICAL PHYSICAL AND EMPIRICAL
MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 03 

Using Mathematics and Computational
Thinking

HS. Energy (continued )

-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s #REATE A COMPUTATIONAL MODEL OR SIMULATION OF A
PHENOMENON DESIGNED DEVICE PROCESS OR SYSTEM
(3 03 
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Disciplinary Core Ideas

Crosscutting Concepts

s 4HESE RELATIONSHIPS ARE BETTER UNDERSTOOD AT THE
MICROSCOPIC SCALE AT WHICH ALL OF THE DIFFERENT
MANIFESTATIONS OF ENERGY CAN BE MODELED AS
A COMBINATION OF ENERGY ASSOCIATED WITH THE
MOTION OF PARTICLES AND ENERGY ASSOCIATED WITH THE
CONlGURATION RELATIVE POSITION OF THE PARTICLES 
)N SOME CASES THE RELATIVE POSITION ENERGY CAN
BE THOUGHT OF AS STORED IN lELDS WHICH MEDIATE
INTERACTIONS BETWEEN PARTICLES  4HIS LAST CONCEPT
INCLUDES RADIATION A PHENOMENON IN WHICH ENERGY
STORED IN lELDS MOVES ACROSS SPACE (3 03 

s -ODELS CAN BE USED TO PREDICT THE BEHAVIOR OF
A SYSTEM BUT THESE PREDICTIONS HAVE LIMITED
PRECISION AND RELIABILITY DUE TO THE ASSUMPTIONS
AND APPROXIMATIONS INHERENT IN MODELS (3 03 

PS3.B: Conservation of Energy and Energy
Transfer
s #ONSERVATION OF ENERGY MEANS THAT THE TOTAL
CHANGE OF ENERGY IN ANY SYSTEM IS ALWAYS EQUAL
TO THE TOTAL ENERGY TRANSFERRED INTO OR OUT OF THE
SYSTEM (3 03 
s %NERGY CANNOT BE CREATED OR DESTROYED BUT IT
CAN BE TRANSPORTED FROM ONE PLACE TO ANOTHER
AND TRANSFERRED BETWEEN SYSTEMS (3 03 
(3 03 
s -ATHEMATICAL EXPRESSIONS WHICH QUANTIFY HOW
THE STORED ENERGY IN A SYSTEM DEPENDS ON ITS
CONlGURATION EG RELATIVE POSITIONS OF CHARGED
PARTICLES COMPRESSION OF A SPRING AND HOW KINETIC
ENERGY DEPENDS ON MASS AND SPEED ALLOW THE
CONCEPT OF CONSERVATION OF ENERGY TO BE USED TO
PREDICT AND DESCRIBE SYSTEM BEHAVIOR (3 03 
s 4HE AVAILABILITY OF ENERGY LIMITS WHAT CAN OCCUR IN
ANY SYSTEM (3 03 
s 5NCONTROLLED SYSTEMS ALWAYS EVOLVE TOWARD MORE
STABLE STATESTHAT IS TOWARD MORE UNIFORM ENERGY
DISTRIBUTION EG WATER mOWS DOWNHILL OBJECTS
HOTTER THAN THEIR SURROUNDING ENVIRONMENT COOL
DOWN  (3 03 

Energy and Matter
s #HANGES OF ENERGY AND MATTER IN A SYSTEM CAN BE
DESCRIBED IN TERMS OF ENERGY AND MATTER mOWS INTO
OUT OF AND WITHIN THAT SYSTEM (3 03 
s %NERGY CANNOT BE CREATED OR DESTROYEDIT ONLY
MOVES BETWEEN ONE PLACE AND ANOTHER PLACE
BETWEEN OBJECTS ANDOR lELDS OR BETWEEN SYSTEMS
(3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s -ODERN CIVILIZATION DEPENDS ON MAJOR
TECHNOLOGICAL SYSTEMS %NGINEERS CONTINUOUSLY
MODIFY THESE TECHNOLOGICAL SYSTEMS BY APPLYING
SCIENTIlC KNOWLEDGE AND ENGINEERING DESIGN
PRACTICES TO INCREASE BENElTS WHILE DECREASING
COSTS AND RISKS (3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENCE ASSUMES THE UNIVERSE IS A VAST SINGLE
SYSTEM IN WHICH BASIC LAWS ARE CONSISTENT
(3 03 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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HS. Energy (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Constructing Explanations and Designing
Solutions

PS3.C: Relationship Between Energy and
Forces

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s $ESIGN EVALUATE ANDOR RElNE A SOLUTION TO A
COMPLEX REAL WORLD PROBLEM BASED ON SCIENTIlC
KNOWLEDGE STUDENT GENERATED SOURCES OF EVIDENCE
PRIORITIZED CRITERIA AND TRADEOFF CONSIDERATIONS
(3 03 

s 7HEN TWO OBJECTS INTERACTING THROUGH A lELD
CHANGE RELATIVE POSITION THE ENERGY STORED IN THE
lELD IS CHANGED (3 03 

PS3.D: Energy in Chemical Processes

s !LTHOUGH ENERGY CANNOT BE DESTROYED IT CAN BE
CONVERTED TO LESS USEFUL FORMSFOR EXAMPLE TO
THERMAL ENERGY IN THE SURROUNDING ENVIRONMENT
(3 03  (3 03 

ETS1.A: Defining and Delimiting
Engineering Problems

HS. Energy (continued )

s #RITERIA AND CONSTRAINTS ALSO INCLUDE SATISFYING ANY
REQUIREMENTS SET BY SOCIETY SUCH AS TAKING ISSUES
OF RISK MITIGATION INTO ACCOUNT AND THEY SHOULD BE
QUANTIlED TO THE EXTENT POSSIBLE AND STATED IN SUCH
A WAY THAT ONE CAN TELL IF A GIVEN DESIGN MEETS
THEM (secondary to HS-PS3-3)

See connections to HS. Energy on page 316.
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HS. Waves and Electromagnetic Radiation
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-PS4-1. Use mathematical representations to support a claim
regarding relationships among the frequency, wavelength, and
speed of waves traveling in various media. [Clarification Statement:

Examples of data could include electromagnetic radiation traveling in a
vacuum and glass, sound waves traveling through air and water, and seismic
waves traveling through Earth.] [Assessment Boundary: Assessment is limited
to algebraic relationships and describing those relationships qualitatively.]

HS-PS4-2. Evaluate questions about the advantages of using

digital transmission and storage of information. [Clarification
Statement: Examples of advantages could include that digital information
is stable because it can be stored reliably in computer memory, transferred
easily, and copied and shared rapidly. Disadvantages could include issues of
easy deletion, security, and theft.]

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind
the idea that electromagnetic radiation can be described
either by a wave model or a particle model, and that for some
situations one model is more useful than the other. [Clarification

Statement: Emphasis is on how experimental evidence supports the claim
and how a theory is generally modified in light of new evidence. Examples
of a phenomenon could include resonance, interference, diffraction, and

HS. Waves and Electromagnetic Radiation

Science and Engineering Practices

photoelectric effect.] [Assessment Boundary: Assessment does not include
using quantum theory.]

HS-PS4-4. Evaluate the validity and reliability of claims in

published materials of the effects that different frequencies
of electromagnetic radiation have when absorbed by matter.

[Clarification Statement: Emphasis is on the idea that photons associated
with different frequencies of light have different energies and the damage
to living tissue from electromagnetic radiation depends on the energy of
the radiation. Examples of published materials could include trade books,
magazines, Web resources, videos, and other passages that may reflect bias.]
[Assessment Boundary: Assessment is limited to qualitative descriptions.]

HS-PS4-5. Communicate technical information about how

some technological devices use the principles of wave behavior
and wave interactions with matter to transmit and capture
information and energy.* [Clarification Statement: Examples could include

solar cells capturing light and converting it to electricity, medical imaging, and
communications technology.] [Assessment Boundary: Assessments are limited
to qualitative information. Assessments do not include band theory.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

PS3.D: Energy in Chemical Processes

Cause and Effect

!SKING QUESTIONS AND DElNING PROBLEMS IN n
BUILDS FROM +n EXPERIENCES AND PROGRESSES TO
FORMULATING RElNING AND EVALUATING EMPIRICALLY
TESTABLE QUESTIONS AND DESIGN PROBLEMS USING MODELS
AND SIMULATIONS
s %VALUATE QUESTIONS THAT CHALLENGE THE PREMISES
OF AN ARGUMENT THE INTERPRETATION OF A DATA SET OR
THE SUITABILITY OF A DESIGN (3 03 

s 3OLAR CELLS ARE HUMAN MADE DEVICES THAT LIKEWISE
CAPTURE THE SUNS ENERGY AND PRODUCE ELECTRICAL
ENERGY (secondary to HS-PS4-5)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 03 
s #AUSE AND EFFECT RELATIONSHIPS CAN BE SUGGESTED AND
PREDICTED FOR COMPLEX NATURAL AND HUMAN DESIGNED
SYSTEMS BY EXAMINING WHAT IS KNOWN ABOUT SMALLER
SCALE MECHANISMS WITHIN THE SYSTEM (3 03 
s 3YSTEMS CAN BE DESIGNED TO CAUSE A DESIRED EFFECT
(3 03 
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PS4.A: Wave Properties
s 4HE WAVELENGTH AND FREQUENCY OF A WAVE ARE
RELATED TO ONE ANOTHER BY THE SPEED OF TRAVEL OF THE
WAVE WHICH DEPENDS ON THE TYPE OF WAVE AND THE
MEDIUM THROUGH WHICH IT IS PASSING (3 03 
s )NFORMATION CAN BE DIGITIZED EG A PICTURE STORED
AS THE VALUES OF AN ARRAY OF PIXELS  IN THIS FORM IT
CAN BE STORED RELIABLY IN COMPUTER MEMORY AND
SENT OVER LONG DISTANCES AS A SERIES OF WAVE PULSES
(3 03  (3 03 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Systems and System Models
s -ODELS EG PHYSICAL MATHEMATICAL COMPUTER
MODELS CAN BE USED TO SIMULATE SYSTEMS AND
INTERACTIONSINCLUDING ENERGY MATTER AND
INFORMATION mOWSWITHIN AND BETWEEN SYSTEMS
AT DIFFERENT SCALES (3 03 

See connections to HS. Waves and Electromagnetic Radiation on page 317.
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HS. Waves and Electromagnetic Radiation (continued )

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING AT THE
n LEVEL BUILDS ON +n AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
OR DESIGN SOLUTIONS TO DESCRIBE ANDOR SUPPORT
CLAIMS ANDOR EXPLANATIONS (3 03 

Disciplinary Core Ideas

Crosscutting Concepts

s ;&ROM THE n GRADE BAND ENDPOINTS= 7AVES CAN
ADD OR CANCEL ONE ANOTHER AS THEY CROSS DEPENDING
ON THEIR RELATIVE PHASE IE RELATIVE POSITION
OF PEAKS AND TROUGHS OF THE WAVES BUT THEY
EMERGE UNAFFECTED BY EACH OTHER "OUNDARY 4HE
DISCUSSION AT THIS GRADE LEVEL IS QUALITATIVE ONLY IT
CAN BE BASED ON THE FACT THAT TWO DIFFERENT SOUNDS
CAN PASS A LOCATION IN DIFFERENT DIRECTIONS WITHOUT
GETTING MIXED UP (3 03 

PS4.B: Electromagnetic Radiation

%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE THE CLAIMS EVIDENCE AND REASONING
BEHIND CURRENTLY ACCEPTED EXPLANATIONS OR
SOLUTIONS TO DETERMINE THE MERITS OF ARGUMENTS
(3 03 

s %LECTROMAGNETIC RADIATION EG RADIO MICROWAVES
LIGHT CAN BE MODELED AS A WAVE OF CHANGING
ELECTRICAL AND MAGNETIC lELDS OR AS PARTICLES CALLED
PHOTONS 4HE WAVE MODEL IS USEFUL FOR EXPLAINING
MANY FEATURES OF ELECTROMAGNETIC RADIATION
AND THE PARTICLE MODEL EXPLAINS OTHER FEATURES
(3 03 
s 7HEN LIGHT OR LONGER WAVELENGTH ELECTROMAGNETIC
RADIATION IS ABSORBED IN MATTER IT IS GENERALLY
CONVERTED INTO THERMAL ENERGY HEAT  3HORTER
WAVELENGTH ELECTROMAGNETIC RADIATION ULTRAVIOLET
8 RAYS GAMMA RAYS CAN IONIZE ATOMS AND CAUSE
DAMAGE TO LIVING CELLS (3 03 
s 0HOTOELECTRIC MATERIALS EMIT ELECTRONS WHEN
THEY ABSORB LIGHT OF A HIGH ENOUGH FREQUENCY
(3 03 

Obtaining, Evaluating, and Communicating
Information

PS4.C: Information Technologies and
Instrumentation

/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n AND PROGRESSES TO
EVALUATING THE VALIDITY AND RELIABILITY OF THE CLAIMS
METHODS AND DESIGNS
s %VALUATE THE VALIDITY AND RELIABILITY OF MULTIPLE
CLAIMS THAT APPEAR IN SCIENTIlC AND TECHNICAL TEXTS
OR MEDIA REPORTS VERIFYING THE DATA WHEN POSSIBLE
(3 03 

s -ULTIPLE TECHNOLOGIES BASED ON THE UNDERSTANDING
OF WAVES AND THEIR INTERACTIONS WITH MATTER ARE
PART OF EVERYDAY EXPERIENCES IN THE MODERN WORLD
EG MEDICAL IMAGING COMMUNICATIONS SCANNERS
AND IN SCIENTIlC RESEARCH 4HEY ARE ESSENTIAL TOOLS
FOR PRODUCING TRANSMITTING AND CAPTURING SIGNALS
AND FOR STORING AND INTERPRETING THE INFORMATION
CONTAINED IN THEM (3 03 

Engaging in Argument from Evidence

See connections to HS. Waves and Electromagnetic Radiation on page 317.

Stability and Change
s 3YSTEMS CAN BE DESIGNED FOR GREATER OR LESSER
STABILITY (3 03 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENCE AND ENGINEERING COMPLEMENT EACH OTHER
IN THE CYCLE KNOWN AS RESEARCH AND DEVELOPMENT
2$  (3 03 

Influence of Engineering, Technology, and
Science on Society and the Natural World
s -ODERN CIVILIZATION DEPENDS ON MAJOR
TECHNOLOGICAL SYSTEMS (3 03  (3 03 
s %NGINEERS CONTINUOUSLY MODIFY THESE TECHNOLOGICAL
SYSTEMS BY APPLYING SCIENTIlC KNOWLEDGE AND
ENGINEERING DESIGN PRACTICES TO INCREASE BENElTS
WHILE DECREASING COSTS AND RISKS (3 03 
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HS. Waves and Electromagnetic Radiation (continued )

Science and Engineering Practices

Next Generation Science Standards: For States, By States

HS. Waves and Electromagnetic Radiation (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

s #OMMUNICATE TECHNICAL INFORMATION OR IDEAS
EG ABOUT PHENOMENA ANDOR THE PROCESS OF
DEVELOPMENT AND THE DESIGN AND PERFORMANCE
OF A PROPOSED PROCESS OR SYSTEM IN MULTIPLE
FORMATS INCLUDING ORALLY GRAPHICALLY TEXTUALLY AND
MATHEMATICALLY  (3 03 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena

HS. Waves and Electromagnetic Radiation (continued )

s ! SCIENTIlC THEORY IS A SUBSTANTIATED EXPLANATION
OF SOME ASPECT OF THE NATURAL WORLD BASED ON A
BODY OF FACTS THAT HAVE BEEN REPEATEDLY CONlRMED
THROUGH OBSERVATION AND EXPERIMENT AND THE
SCIENCE COMMUNITY VALIDATES EACH THEORY BEFORE
IT IS ACCEPTED )F NEW EVIDENCE IS DISCOVERED THAT
A THEORY DOES NOT ACCOMMODATE THE THEORY IS
GENERALLY MODIlED IN LIGHT OF THIS NEW EVIDENCE
(3 03 

260

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

See connections to HS. Waves and Electromagnetic Radiation on page 317.

Copyright National Academy of Sciences. All rights reserved.

Next Generation Science Standards: For States, By States

HIGH SCHOOL LIFE SCIENCES
Students in high school develop understanding of key concepts that help them make sense of the life
sciences. The ideas build on students’ science understanding of disciplinary core ideas, science and engineering practices, and crosscutting concepts from earlier grades. There are five life sciences topics in
high school: (1) Structure and Function, (2) Inheritance and Variation of Traits, (3) Matter and Energy in
Organisms and Ecosystems, (4) Interdependent Relationships in Ecosystems, and (5) Natural Selection and
Evolution. The performance expectations for high school life sciences blend core ideas with science and
engineering practices and crosscutting concepts to support students in developing useable knowledge
that can be applied across the science disciplines. While the performance expectations in high school
life sciences couple particular practices with specific disciplinary core ideas, instructional decisions should
include use of many practices underlying the performance expectations. The performance expectations
are based on the grade-band endpoints described in the NRC Framework.

The performance expectations in the topic Inheritance and Variation of Traits help students in pursuing an answer to the question: “How are the characteristics from one generation related to the previous
generation?” High school students demonstrate understanding of the relationship of DNA and chromosomes in the processes of cellular division that pass traits from one generation to the next. Students can
determine why individuals of the same species vary in how they look, function, and behave. Students
can develop conceptual models for the role of DNA in the unity of life on Earth and use statistical models to explain the importance of variation within populations for the survival and evolution of species.
Ethical issues related to genetic modification of organisms and the nature of science can be described.
Students can explain the mechanisms of genetic inheritance and describe the environmental and genetic
causes of gene mutation and the alteration of gene expression. Crosscutting concepts of structure and
function, patterns, and cause and effect developed in this topic help students generalize understanding
of inheritance of traits to other applications in science.
The performance expectations in the topic Matter and Energy in Organisms and Ecosystems help
students answer the questions: “How do organisms obtain and use the energy they need to live and
grow? How do matter and energy move through ecosystems?” High school students can construct explanations for the role of energy in the cycling of matter in organisms and ecosystems. They can apply
mathematical concepts to develop evidence to support explanations of the interactions of photosynthesis and cellular respiration and develop models to communicate these explanations. They can relate the
nature of science to how explanations may change in light of new evidence and the implications for our
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High School Life Sciences

The performance expectations in the topic Structure and Function help students formulate an answer
to the question: “How do the structures of organisms enable life’s functions?” High school students are
able to investigate explanations for the structure and function of cells as the basic units of life, the hierarchical systems of organisms, and the role of specialized cells for maintenance and growth. Students
demonstrate understanding of how systems of cells function together to support life processes. Students
demonstrate their understanding through critical reading, using models, and conducting investigations.
The crosscutting concepts of structure and function, matter and energy, and systems and system models
in organisms are called out as organizing concepts.

Next Generation Science Standards: For States, By States

understanding of the tentative nature of science. Students understand organisms’ interactions with each
other and their physical environment, how organisms obtain resources, how they change the environment, and how these changes affect both organisms and ecosystems. In addition, students can utilize
the crosscutting concepts of matter and energy and systems and system models to make sense of ecosystem dynamics.
The performance expectations in the topic Interdependent Relationships in Ecosystems help students answer the question, “How do organisms interact with the living and non-living environment to
obtain matter and energy?” This topic builds on the other topics as high school students demonstrate
an ability to investigate the role of biodiversity in ecosystems and the role of animal behavior in the survival of individuals and species. Students have increased understanding of interactions among organisms
and how those interactions influence the dynamics of ecosystems. Students can generate mathematical comparisons, conduct investigations, use models, and apply scientific reasoning to link evidence to
explanations about interactions and changes within ecosystems.

High School Life Sciences

The performance expectations in the topic Natural Selection and Evolution help students answer the
questions: “How can there be so many similarities among organisms yet so many different plants, animals, and microorganisms? How does biodiversity affect humans?” High school students can investigate
patterns to find the relationship between environment and natural selection. Students demonstrate
understanding of the factors causing natural selection and the process of evolution of species over time.
They demonstrate understanding of how multiple lines of evidence contribute to the strength of scientific theories of natural selection and evolution. Students can demonstrate an understanding of the
processes that change the distribution of traits in a population over time and describe extensive scientific
evidence ranging from the fossil record to genetic relationships among species that support the theory of
biological evolution. Students can use models, apply statistics, analyze data, and produce scientific communications about evolution. Understanding of the crosscutting concepts of patterns, scale, structure and
function, and cause and effect supports the development of a deeper understanding of this topic.
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HS. Structure and Function
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
how the structure of DNA determines the structure of proteins,
which carry out the essential functions of life through systems
of specialized cells. [Assessment Boundary: Assessment does not include

identification of specific cell or tissue types, whole-body systems, specific
protein structures and functions, or the biochemistry of protein synthesis.]

HS-LS1-2. Develop and use a model to illustrate the hierarchical
organization of interacting systems that provide specific
functions within multicellular organisms. [Clarification Statement:
Emphasis is on functions at the organism system level such as nutrient
uptake, water delivery, and organism movement in response to neural

Science and Engineering Practices

stimuli. An example of an interacting system could be an artery depending
on the proper function of elastic tissue and smooth muscle to regulate
and deliver the proper amount of blood within the circulatory system.]
[Assessment Boundary: Assessment does not include interactions and
functions at the molecular or chemical reaction level.]

HS-LS1-3. Plan and conduct an investigation to provide evidence
that feedback mechanisms maintain homeostasis. [Clarification

Statement: Examples of investigations could include heart rate response
to exercise, stomate response to moisture and temperature, and root
development in response to water levels.] [Assessment Boundary: Assessment
does not include the cellular processes involved in the feedback mechanism.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

LS1.A: Structure and Function

Systems and System Models

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP AND USE A MODEL BASED ON EVIDENCE TO
ILLUSTRATE THE RELATIONSHIPS BETWEEN SYSTEMS OR
BETWEEN COMPONENTS OF A SYSTEM (3 ,3 

s 3YSTEMS OF SPECIALIZED CELLS WITHIN ORGANISMS
HELP THEM PERFORM THE ESSENTIAL FUNCTIONS OF LIFE
(3 ,3 
s !LL CELLS CONTAIN GENETIC INFORMATION IN THE FORM OF
$.! MOLECULES 'ENES ARE REGIONS IN THE $.! THAT
CONTAIN THE INSTRUCTIONS THAT CODE FOR THE FORMATION
OF PROTEINS WHICH CARRY OUT MOST OF THE WORK OF
CELLS (3 ,3  (Note: This Disciplinary Core Idea
is also addressed by HS-LS3-1.)
s -ULTICELLULAR ORGANISMS HAVE A HIERARCHICAL
STRUCTURAL ORGANIZATION IN WHICH ANY ONE SYSTEM
IS MADE UP OF NUMEROUS PARTS AND IS ITSELF A
COMPONENT OF THE NEXT LEVEL (3 ,3 
s &EEDBACK MECHANISMS MAINTAIN A LIVING SYSTEMS
INTERNAL CONDITIONS WITHIN CERTAIN LIMITS AND
MEDIATE BEHAVIORS ALLOWING IT TO REMAIN ALIVE
AND FUNCTIONAL EVEN AS EXTERNAL CONDITIONS
CHANGE WITHIN SOME RANGE &EEDBACK MECHANISMS
CAN ENCOURAGE THROUGH POSITIVE FEEDBACK OR
DISCOURAGE NEGATIVE FEEDBACK WHAT IS GOING ON
INSIDE THE LIVING SYSTEM (3 ,3 

s -ODELS EG PHYSICAL MATHEMATICAL COMPUTER
MODELS CAN BE USED TO SIMULATE SYSTEMS AND
INTERACTIONSINCLUDING ENERGY MATTER AND
INFORMATION mOWSWITHIN AND BETWEEN SYSTEMS
AT DIFFERENT SCALES (3 ,3 

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT IN n BUILDS ON +n
EXPERIENCES AND PROGRESSES TO INCLUDE INVESTIGATIONS
THAT PROVIDE EVIDENCE FOR AND TEST CONCEPTUAL
MATHEMATICAL PHYSICAL AND EMPIRICAL MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 ,3 

See connections to HS. Structure and Function on page 318.

Structure and Function
s )NVESTIGATING OR DESIGNING NEW SYSTEMS OR
STRUCTURES REQUIRES A DETAILED EXAMINATION OF THE
PROPERTIES OF DIFFERENT MATERIALS THE STRUCTURES
OF DIFFERENT COMPONENTS AND THE CONNECTIONS OF
COMPONENTS TO REVEAL THE STRUCTURES FUNCTION
ANDOR TO SOLVE A PROBLEM (3 ,3 

Stability and Change
s &EEDBACK NEGATIVE OR POSITIVE CAN STABILIZE OR
DESTABILIZE A SYSTEM (3 ,3 
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HS-LS1-1. Construct an explanation based on evidence for
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HS. Structure and Function (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods

HS. Structure and Function (continued )

s 3CIENTIlC INQUIRY IS CHARACTERIZED BY A COMMON
SET OF VALUES THAT INCLUDE LOGICAL THINKING
PRECISION OPEN MINDEDNESS OBJECTIVITY SKEPTICISM
REPLICABILITY OF RESULTS AND HONEST AND ETHICAL
REPORTING OF lNDINGS (3 ,3 
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HS. Matter and Energy in Organisms and Ecosystems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-LS1-5. Use a model to illustrate how photosynthesis

HS-LS2-3. Construct and revise an explanation based on

Statement: Emphasis is on illustrating inputs and outputs of matter and the
transfer and transformation of energy in photosynthesis by plants and other
photosynthesizing organisms. Examples of models could include diagrams,
chemical equations, and conceptual models.] [Assessment Boundary:
Assessment does not include specific biochemical steps.]

conceptual understanding of the role of aerobic and anaerobic respiration in
different environments.] [Assessment Boundary: Assessment does not include
the specific chemical processes of either aerobic or anaerobic respiration.]

HS-LS1-6. Construct and revise an explanation based on

evidence for how carbon, hydrogen, and oxygen from sugar
molecules may combine with other elements to form amino acids
and/or other large carbon-based molecules. [Clarification Statement:
Emphasis is on using evidence from models and simulations to support
explanations.] [Assessment Boundary: Assessment does not include the details
of the specific chemical reactions or identification of macromolecules.]

HS-LS1-7. Use a model to illustrate that cellular respiration is

a chemical process whereby the bonds of food molecules and
oxygen molecules are broken and the bonds in new compounds
are formed, resulting in a net transfer of energy. [Clarification

Statement: Emphasis is on conceptual understanding of the inputs and
outputs of the process of cellular respiration.] [Assessment Boundary:
Assessment should not include identification of the steps or specific
processes involved in cellular respiration.]

Science and Engineering Practices
Developing and Using Models
-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s 5SE A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 ,3  (3 ,3 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR COMPONENTS
OF A SYSTEM (3 ,3 

evidence for the cycling of matter and flow of energy in aerobic
and anaerobic conditions. [Clarification Statement: Emphasis is on

HS-LS2-4. Use mathematical representations to support claims
for the cycling of matter and flow of energy among organisms
in an ecosystem. [Clarification Statement: Emphasis is on using a

mathematical model of stored energy in biomass to describe the transfer
of energy from one trophic level to another and that matter and energy
are conserved as matter cycles and energy flows through ecosystems.
Emphasis is on atoms and molecules such as carbon, oxygen, hydrogen, and
nitrogen being conserved as they move through an ecosystem.] [Assessment
Boundary: Assessment is limited to proportional reasoning to describe the
cycling of matter and flow of energy.]

HS-LS2-5. Develop a model to illustrate the role of

photosynthesis and cellular respiration in the cycling of carbon
among the biosphere, atmosphere, hydrosphere, and geosphere.

[Clarification Statement: Examples of models could include simulations and
mathematical models.] [Assessment Boundary: Assessment does not include
the specific chemical steps of photosynthesis and respiration.]

Disciplinary Core Ideas

Crosscutting Concepts

LS1.C: Organization for Matter and Energy
Flow in Organisms
s 4HE PROCESS OF PHOTOSYNTHESIS CONVERTS LIGHT
ENERGY TO STORED CHEMICAL ENERGY BY CONVERTING
CARBON DIOXIDE PLUS WATER INTO SUGARS PLUS RELEASED
OXYGEN (3 ,3 
s 4HE SUGAR MOLECULES THUS FORMED CONTAIN
CARBON HYDROGEN AND OXYGEN THEIR HYDROCARBON
BACKBONES ARE USED TO MAKE AMINO ACIDS AND OTHER
CARBON BASED MOLECULES THAT CAN BE ASSEMBLED INTO
LARGER MOLECULES SUCH AS PROTEINS OR $.! USED FOR
EXAMPLE TO FORM NEW CELLS (3 ,3 
s !S MATTER AND ENERGY mOW THROUGH DIFFERENT
ORGANIZATIONAL LEVELS OF LIVING SYSTEMS CHEMICAL
ELEMENTS ARE RECOMBINED IN DIFFERENT WAYS TO FORM
DIFFERENT PRODUCTS (3 ,3  (3 ,3 

See connections to HS. Matter and Energy in Organisms and Ecosystems on page 318.

Systems and System Models
s -ODELS EG PHYSICAL MATHEMATICAL COMPUTER
CAN BE USED TO SIMULATE SYSTEMS AND INTERACTIONS
INCLUDING ENERGY MATTER AND INFORMATION mOWS
WITHIN AND BETWEEN SYSTEMS AT DIFFERENT SCALES
(3 ,3 

Energy and Matter
s #HANGES OF ENERGY AND MATTER IN A SYSTEM CAN BE
DESCRIBED IN TERMS OF ENERGY AND MATTER mOWS INTO
OUT OF AND WITHIN THAT SYSTEM (3 ,3  (3 ,3 
s %NERGY CANNOT BE CREATED OR DESTROYEDIT ONLY
MOVES BETWEEN ONE PLACE AND ANOTHER PLACE
BETWEEN OBJECTS ANDOR lELDS OR BETWEEN SYSTEMS
(3 ,3  (3 ,3 
s %NERGY DRIVES THE CYCLING OF MATTER WITHIN AND
BETWEEN SYSTEMS (3 ,3 
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HS. Matter and Energy in Organisms and Ecosystems

transforms light energy into stored chemical energy. [Clarification
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HS. Matter and Energy in Organisms and Ecosystems (continued )
Science and Engineering Practices
Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
OR DESIGN SOLUTIONS TO SUPPORT CLAIMS (3 ,3 

HS. Matter and Energy in Organisms and Ecosystems (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s #ONSTRUCT AND REVISE AN EXPLANATION BASED ON VALID
AND RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3  (3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Open to Revision in
Light of New Evidence
s -OST SCIENTIlC KNOWLEDGE IS QUITE DURABLE BUT
IS IN PRINCIPLE SUBJECT TO CHANGE BASED ON NEW
EVIDENCE ANDOR REINTERPRETATION OF EXISTING
EVIDENCE (3 ,3 
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Disciplinary Core Ideas

Crosscutting Concepts

s !S A RESULT OF THESE CHEMICAL REACTIONS ENERGY IS
TRANSFERRED FROM ONE SYSTEM OF INTERACTING MOLECULES
TO ANOTHER #ELLULAR RESPIRATION IS A CHEMICAL PROCESS
IN WHICH THE BONDS OF FOOD MOLECULES AND OXYGEN
MOLECULES ARE BROKEN AND NEW COMPOUNDS ARE
FORMED THAT CAN TRANSPORT ENERGY TO MUSCLES #ELLULAR
RESPIRATION ALSO RELEASES THE ENERGY NEEDED TO
MAINTAIN BODY TEMPERATURE DESPITE ONGOING ENERGY
TRANSFER TO THE SURROUNDING ENVIRONMENT(3 ,3 

LS2.B: Cycles of Matter and Energy Transfer
in Ecosystems
s 0HOTOSYNTHESIS AND CELLULAR RESPIRATION INCLUDING
ANAEROBIC PROCESSES PROVIDE MOST OF THE ENERGY
FOR LIFE PROCESSES (3 ,3 
s 0LANTS OR ALGAE FORM THE LOWEST LEVEL OF THE FOOD
WEB !T EACH LINK UPWARD IN A FOOD WEB ONLY A SMALL
FRACTION OF THE MATTER CONSUMED AT THE LOWER LEVEL IS
TRANSFERRED UPWARD TO PRODUCE GROWTH AND RELEASE
ENERGY IN CELLULAR RESPIRATION AT THE HIGHER LEVEL
'IVEN THIS INEFlCIENCY THERE ARE GENERALLY FEWER
ORGANISMS AT HIGHER LEVELS OF A FOOD WEB 3OME
MATTER REACTS TO RELEASE ENERGY FOR LIFE FUNCTIONS
SOME MATTER IS STORED IN NEWLY MADE STRUCTURES AND
MUCH IS DISCARDED 4HE CHEMICAL ELEMENTS THAT MAKE
UP THE MOLECULES OF ORGANISMS PASS THROUGH FOOD
WEBS AND INTO AND OUT OF THE ATMOSPHERE AND SOIL
AND THEY ARE COMBINED AND RECOMBINED IN DIFFERENT
WAYS !T EACH LINK IN AN ECOSYSTEM MATTER AND
ENERGY ARE CONSERVED (3 ,3 
s 0HOTOSYNTHESIS AND CELLULAR RESPIRATION ARE
IMPORTANT COMPONENTS OF THE CARBON CYCLE IN
WHICH CARBON IS EXCHANGED AMONG THE BIOSPHERE
ATMOSPHERE OCEANS AND GEOSPHERE THROUGH
CHEMICAL PHYSICAL GEOLOGICAL AND BIOLOGICAL
PROCESSES (3 ,3 

PS3.D: Energy in Chemical Processes
s 4HE MAIN WAY THAT SOLAR ENERGY IS CAPTURED AND
STORED ON %ARTH IS THROUGH THE COMPLEX CHEMICAL
PROCESS KNOWN AS PHOTOSYNTHESIS (secondary to
HS-LS2-5)

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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HS. Interdependent Relationships in Ecosystems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:
representations to support explanations of factors that affect
carrying capacity of ecosystems at different scales. [Clarification

Statement: Emphasis is on quantitative analysis and comparison of the
relationships among interdependent factors, including boundaries,
resources, climate, and competition. Examples of mathematical comparisons
could include graphs, charts, histograms, and population changes gathered
from simulations or historical data sets.] [Assessment Boundary: Assessment
does not include deriving mathematical equations to make comparisons.]

HS-LS2-2. Use mathematical representations to support and

revise explanations based on evidence about factors affecting
biodiversity and populations in ecosystems of different scales.

[Clarification Statement: Examples of mathematical representations include
finding the average, determining trends, and using graphical comparisons
of multiple sets of data.] [Assessment Boundary: Assessment is limited to
provided data.]

HS-LS2-6. Evaluate claims, evidence, and reasoning that the

complex interactions in ecosystems maintain relatively consistent
numbers and types of organisms in stable conditions, but
changing conditions may result in a new ecosystem. [Clarification

Statement: Examples of changes in ecosystem conditions could include modest

Science and Engineering Practices

biological or physical changes, such as moderate hunting or a seasonal flood
and extreme changes, such as volcanic eruption or sea-level rise.]

HS-LS2-7. Design, evaluate, and refine a solution for reducing

the impacts of human activities on the environment and
biodiversity.* [Clarification Statement: Examples of human activities can

include urbanization, building dams, and dissemination of invasive species.]

HS-LS2-8. Evaluate evidence for the role of group behavior

on individual and species’ chances to survive and reproduce.

[Clarification Statement: Emphasis is on (1) distinguishing between group
and individual behavior, (2) identifying evidence supporting the outcomes
of group behavior, and (3) developing logical and reasonable arguments
based on evidence. Examples of group behaviors could include flocking,
schooling, herding, and cooperative behaviors such as hunting, migrating,
and swarming.]

HS-LS4-6. Create or revise a simulation to test a solution to

mitigate adverse impacts of human activity on biodiversity.*

[Clarification Statement: Emphasis is on testing solutions for a proposed
problem related to threatened or endangered species or to genetic variation
of organisms for multiple species.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Crosscutting Concepts

Disciplinary Core Ideas

Using Mathematics and Computational
Thinking

LS2.A: Interdependent Relationships in
Ecosystems

-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL ANDOR COMPUTATIONAL
REPRESENTATIONS OF PHENOMENA OR DESIGN SOLUTIONS
TO SUPPORT EXPLANATIONS (3 ,3 

s %COSYSTEMS HAVE CARRYING CAPACITIES WHICH
ARE LIMITS TO THE NUMBERS OF ORGANISMS AND
POPULATIONS THEY CAN SUPPORT 4HESE LIMITS
RESULT FROM SUCH FACTORS AS THE AVAILABILITY OF
LIVING AND NON LIVING RESOURCES AND FROM SUCH
CHALLENGES AS PREDATION COMPETITION AND DISEASE
/RGANISMS WOULD HAVE THE CAPACITY TO PRODUCE
POPULATIONS OF GREAT SIZE WERE IT NOT FOR THE
FACT THAT ENVIRONMENTS AND RESOURCES ARE lNITE
4HIS FUNDAMENTAL TENSION AFFECTS THE ABUNDANCE
NUMBER OF INDIVIDUALS OF SPECIES IN ANY GIVEN
ECOSYSTEM (3 ,3  (3 ,3 

See connections to HS. Interdependent Relationships in Ecosystems on page 319.

HS. Interdependent Relationships in Ecosystems

HS-LS2-1. Use mathematical and/or computational

Cause and Effect
s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 ,3 
(3 ,3 

Scale, Proportion, and Quantity
s 4HE SIGNIlCANCE OF A PHENOMENON IS DEPENDENT
ON THE SCALE PROPORTION AND QUANTITY AT WHICH IT
OCCURS (3 ,3 
s 5SING THE CONCEPT OF ORDERS OF MAGNITUDE ALLOWS
ONE TO UNDERSTAND HOW A MODEL AT ONE SCALE
RELATES TO A MODEL AT ANOTHER SCALE (3 ,3 

Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 ,3  (3 ,3 
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HS. Interdependent Relationships in Ecosystems (continued )
Science and Engineering Practices
s 5SE MATHEMATICAL REPRESENTATIONS OF PHENOMENA
OR DESIGN SOLUTIONS TO SUPPORT AND REVISE
EXPLANATIONS (3 ,3 
s #REATE OR REVISE A SIMULATION OF A PHENOMENON
DESIGNED DEVICE PROCESS OR SYSTEM (3 ,3 

HS. Interdependent Relationships in Ecosystems (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s $ESIGN EVALUATE AND RElNE A SOLUTION TO A
COMPLEX REAL WORLD PROBLEM BASED ON SCIENTIlC
KNOWLEDGE STUDENT GENERATED SOURCES OF EVIDENCE
PRIORITIZED CRITERIA AND TRADEOFF CONSIDERATIONS
(3 ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS FROM +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE THE CLAIMS EVIDENCE AND REASONING
BEHIND CURRENTLY ACCEPTED EXPLANATIONS OR
SOLUTIONS TO DETERMINE THE MERITS OF ARGUMENTS
(3 ,3 
s %VALUATE THE EVIDENCE BEHIND CURRENTLY ACCEPTED
EXPLANATIONS OR SOLUTIONS TO DETERMINE THE MERITS
OF ARGUMENTS (3 ,3 
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Disciplinary Core Ideas

Crosscutting Concepts

LS2.C: Ecosystem Dynamics, Functioning,
and Resilience
s ! COMPLEX SET OF INTERACTIONS WITHIN AN ECOSYSTEM
CAN KEEP ITS NUMBERS AND TYPES OF ORGANISMS
RELATIVELY CONSTANT OVER LONG PERIODS OF TIME
UNDER STABLE CONDITIONS )F A MODEST BIOLOGICAL OR
PHYSICAL DISTURBANCE TO AN ECOSYSTEM OCCURS IT
MAY RETURN TO ITS MORE OR LESS ORIGINAL STATUS IE
THE ECOSYSTEM IS RESILIENT AS OPPOSED TO BECOMING
A VERY DIFFERENT ECOSYSTEM %XTREME mUCTUATIONS IN
CONDITIONS OR THE SIZE OF ANY POPULATION HOWEVER
CAN CHALLENGE THE FUNCTIONING OF ECOSYSTEMS
IN TERMS OF RESOURCES AND HABITAT AVAILABILITY
(3 ,3  (3 ,3 
s -OREOVER ANTHROPOGENIC CHANGES INDUCED BY
HUMAN ACTIVITY IN THE ENVIRONMENTINCLUDING
HABITAT DESTRUCTION POLLUTION INTRODUCTION OF
INVASIVE SPECIES OVEREXPLOITATION AND CLIMATE
CHANGECAN DISRUPT AN ECOSYSTEM AND THREATEN
THE SURVIVAL OF SOME SPECIES (3 ,3 

LS2.D: Social Interactions and Group
Behavior
s 'ROUP BEHAVIOR HAS EVOLVED BECAUSE MEMBERSHIP
CAN INCREASE THE CHANCES OF SURVIVAL FOR INDIVIDUALS
AND THEIR GENETIC RELATIVES (3 ,3 

LS4.C: Adaptation
s #HANGES IN THE PHYSICAL ENVIRONMENT WHETHER
NATURALLY OCCURRING OR HUMAN INDUCED HAVE THUS
CONTRIBUTED TO THE EXPANSION OF SOME SPECIES
THE EMERGENCE OF NEW AND DISTINCT SPECIES AS
POPULATIONS DIVERGE UNDER DIFFERENT CONDITIONS AND
THE DECLINEAND SOMETIMES THE EXTINCTIONOF
SOME SPECIES (3 ,3 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

See connections to HS. Interdependent Relationships in Ecosystems on page 319.
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HS. Interdependent Relationships in Ecosystems (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

LS4.D: Biodiversity and Humans

Scientific Knowledge Is Open to Revision in
Light of New Evidence
s -OST SCIENTIlC KNOWLEDGE IS QUITE DURABLE BUT
IS IN PRINCIPLE SUBJECT TO CHANGE BASED ON NEW
EVIDENCE ANDOR REINTERPRETATION OF EXISTING
EVIDENCE (3 ,3 
s 3CIENTIlC ARGUMENTATION IS A MODE OF LOGICAL
DISCOURSE USED TO CLARIFY THE STRENGTH OF
RELATIONSHIPS BETWEEN IDEAS AND EVIDENCE THAT MAY
RESULT IN REVISION OF AN EXPLANATION (3 ,3 
(3 ,3 

s "IODIVERSITY IS INCREASED BY THE FORMATION OF NEW
SPECIES SPECIATION AND DECREASED BY THE LOSS OF
SPECIES EXTINCTION  (secondary to HS-LS2-7)
s (UMANS DEPEND ON THE LIVING WORLD FOR THE
RESOURCES AND OTHER BENElTS PROVIDED BY
BIODIVERSITY "UT HUMAN ACTIVITY IS ALSO HAVING
ADVERSE IMPACTS ON BIODIVERSITY THROUGH
OVERPOPULATION OVEREXPLOITATION HABITAT
DESTRUCTION POLLUTION INTRODUCTION OF INVASIVE
SPECIES AND CLIMATE CHANGE 4HUS SUSTAINING
BIODIVERSITY SO THAT ECOSYSTEM FUNCTIONING
AND PRODUCTIVITY ARE MAINTAINED IS ESSENTIAL TO
SUPPORTING AND ENHANCING LIFE ON %ARTH 3USTAINING
BIODIVERSITY ALSO AIDS HUMANITY BY PRESERVING
LANDSCAPES OF RECREATIONAL OR INSPIRATIONAL VALUE
(secondary to HS-LS2-7), (3 ,3 

HS. Interdependent Relationships in Ecosystems (continued )

#ONNECTIONS TO .ATURE OF 3CIENCE

ETS1.B: Developing Possible Solutions
s 7HEN EVALUATING SOLUTIONS IT IS IMPORTANT TO TAKE
INTO ACCOUNT A RANGE OF CONSTRAINTS INCLUDING COST
SAFETY RELIABILITY AND AESTHETICS AND TO CONSIDER
SOCIAL CULTURAL AND ENVIRONMENTAL IMPACTS
(secondary to HS-LS2-7), (secondary to HS-LS4-6)
s "OTH PHYSICAL MODELS AND COMPUTERS CAN BE USED
IN VARIOUS WAYS TO AID IN THE ENGINEERING DESIGN
PROCESS #OMPUTERS ARE USEFUL FOR A VARIETY OF
PURPOSES SUCH AS RUNNING SIMULATIONS TO TEST
DIFFERENT WAYS OF SOLVING A PROBLEM OR TO SEE WHICH
ONE IS MOST EFlCIENT OR ECONOMICAL AND IN MAKING
A PERSUASIVE PRESENTATION TO A CLIENT ABOUT HOW A
GIVEN DESIGN WILL MEET HIS OR HER NEEDS (secondary
to HS-LS4-6)

See connections to HS. Interdependent Relationships in Ecosystems on page 319.

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Copyright National Academy of Sciences. All rights reserved.

269

Next Generation Science Standards: For States, By States

HS. Inheritance and Variation of Traits
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-LS1-4. Use a model to illustrate the role of cellular division

combinations through meiosis, (2) viable errors occurring during
replication, and/or (3) mutations caused by environmental
factors. [Clarification Statement: Emphasis is on using data to support

specific gene control mechanisms or rote memorization of the steps of mitosis.]

arguments for the way variation occurs.] [Assessment Boundary: Assessment
does not include the phases of meiosis or the biochemical mechanism of
specific steps in the process.]

(mitosis) and differentiation in producing and maintaining
complex organisms. [Assessment Boundary: Assessment does not include

HS-LS3-1. Ask questions to clarify relationships about the

role of DNA and chromosomes in coding the instructions for
characteristic traits passed from parents to offspring. [Assessment

Boundary: Assessment does not include the phases of meiosis or the
biochemical mechanism of specific steps in the process.]

HS-LS3-2. Make and defend a claim based on evidence that

inheritable genetic variations may result from (1) new genetic

Science and Engineering Practices

the variation and distribution of expressed traits in a population.

[Clarification Statement: Emphasis is on the use of mathematics to describe
the probability of traits as it relates to genetic and environmental factors in
the expression of traits.] [Assessment Boundary: Assessment does not include
Hardy-Weinberg calculations.]

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems

S1.A: Structure and Function

Cause and Effect

!SKING QUESTIONS AND DElNING PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
FORMULATING RElNING AND EVALUATING EMPIRICALLY
TESTABLE QUESTIONS AND DESIGN PROBLEMS USING MODELS
AND SIMULATIONS
s !SK QUESTIONS THAT ARISE FROM EXAMINING MODELS OR
A THEORY TO CLARIFY RELATIONSHIPS (3 ,3 

s !LL CELLS CONTAIN GENETIC INFORMATION IN THE FORM
OF $.! MOLECULES 'ENES ARE REGIONS IN THE $.!
THAT CONTAIN THE INSTRUCTIONS THAT CODE FOR THE
FORMATION OF PROTEINS (secondary to HS-LS3-1)
(Note: This Disciplinary Core Idea is also addressed
by HS-LS1-1.)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 ,3 
(3 ,3 

Developing and Using Models

HS. Inheritance and Variation of Traits

HS-LS3-3. Apply concepts of statistics and probability to explain

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s 5SE A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 ,3 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO INTRODUCING MORE DETAILED STATISTICAL
ANALYSIS THE COMPARISON OF DATA SETS FOR CONSISTENCY
AND THE USE OF MODELS TO GENERATE AND ANALYZE DATA

270

LS1.B: Growth and Development of
Organisms
s )N MULTICELLULAR ORGANISMS INDIVIDUAL CELLS GROW
AND THEN DIVIDE VIA A PROCESS CALLED MITOSIS
THEREBY ALLOWING THE ORGANISM TO GROW 4HE
ORGANISM BEGINS AS A SINGLE CELL FERTILIZED EGG
THAT DIVIDES SUCCESSIVELY TO PRODUCE MANY CELLS
WITH EACH PARENT CELL PASSING IDENTICAL GENETIC
MATERIAL TWO VARIANTS OF EACH CHROMOSOME
PAIR TO BOTH DAUGHTER CELLS #ELLULAR DIVISION AND
DIFFERENTIATION PRODUCE AND MAINTAIN A COMPLEX
ORGANISM COMPOSED OF SYSTEMS OF TISSUES AND
ORGANS THAT WORK TOGETHER TO MEET THE NEEDS OF
THE WHOLE ORGANISM (3 ,3 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Scale, Proportion, and Quantity
s !LGEBRAIC THINKING IS USED TO EXAMINE SCIENTIlC
DATA AND PREDICT THE EFFECT OF A CHANGE IN ONE
VARIABLE ON ANOTHER EG LINEAR GROWTH VS
EXPONENTIAL GROWTH  (3 ,3 

Systems and System Models
s -ODELS EG PHYSICAL MATHEMATICAL
COMPUTER CAN BE USED TO SIMULATE SYSTEMS AND
INTERACTIONSINCLUDING ENERGY MATTER AND
INFORMATION mOWSWITHIN AND BETWEEN SYSTEMS
AT DIFFERENT SCALES (3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s 4ECHNOLOGICAL ADVANCES HAVE INmUENCED THE
PROGRESS OF SCIENCE AND SCIENCE HAS INmUENCED
ADVANCES IN TECHNOLOGY (3 ,3 
s 3CIENCE AND ENGINEERING ARE INmUENCED BY
SOCIETY AND SOCIETY IS INmUENCED BY SCIENCE AND
ENGINEERING (3 ,3 
See connections to HS. Inheritance and Variation of Traits on page 320.
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HS. Inheritance and Variation of Traits (continued )
Science and Engineering Practices

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s -AKE AND DEFEND A CLAIM BASED ON EVIDENCE ABOUT
THE NATURAL WORLD THAT REmECTS SCIENTIlC KNOWLEDGE
AND STUDENT GENERATED EVIDENCE (3 ,3 

Crosscutting Concepts

LS3.A: Inheritance of Traits
s %ACH CHROMOSOME CONSISTS OF A SINGLE VERY LONG
$.! MOLECULE AND EACH GENE ON A CHROMOSOME IS
A PARTICULAR SEGMENT OF THAT $.! 4HE INSTRUCTIONS
FOR FORMING SPECIES CHARACTERISTICS ARE CARRIED
IN $.! !LL CELLS IN AN ORGANISM HAVE THE SAME
GENETIC CONTENT BUT THE GENES USED EXPRESSED BY
THE CELL MAY BE REGULATED IN DIFFERENT WAYS .OT ALL
$.! CODES FOR A PROTEIN SOME SEGMENTS OF $.!
ARE INVOLVED IN REGULATORY OR STRUCTURAL FUNCTIONS
AND SOME HAVE NO KNOWN FUNCTION (3 ,3 

LS3.B: Variation of Traits
s )N SEXUAL REPRODUCTION CHROMOSOMES CAN
SOMETIMES SWAP SECTIONS DURING THE PROCESS
OF MEIOSIS CELL DIVISION THEREBY CREATING NEW
GENETIC COMBINATIONS AND THUS MORE GENETIC
VARIATION !LTHOUGH $.! REPLICATION IS TIGHTLY
REGULATED AND REMARKABLY ACCURATE ERRORS DO OCCUR
AND RESULT IN MUTATIONS WHICH ARE ALSO A SOURCE OF
GENETIC VARIATION %NVIRONMENTAL FACTORS CAN ALSO
CAUSE MUTATIONS IN GENES AND VIABLE MUTATIONS
ARE INHERITED (3 ,3 
s %NVIRONMENTAL FACTORS ALSO AFFECT EXPRESSION
OF TRAITS AND HENCE AFFECT THE PROBABILITY OF
OCCURRENCES OF TRAITS IN A POPULATION 4HUS THE
VARIATION AND DISTRIBUTION OF TRAITS OBSERVED
DEPEND ON BOTH GENETIC AND ENVIRONMENTAL FACTORS
(3 ,3  (3 ,3 

See connections to HS. Inheritance and Variation of Traits on page 320.
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HS. Inheritance and Variation of Traits (continued )

s !PPLY CONCEPTS OF STATISTICS AND PROBABILITY
INCLUDING DETERMINING FUNCTION lTS TO DATA
SLOPE INTERCEPT AND CORRELATION COEFlCIENT FOR
LINEAR lTS TO SCIENCE AND ENGINEERING QUESTIONS
AND PROBLEMS USING DIGITAL TOOLS WHEN FEASIBLE
(3 ,3 

Disciplinary Core Ideas
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HS. Natural Selection and Evolution
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-LS4-1. Communicate scientific information that common

ancestry and biological evolution are supported by multiple
lines of empirical evidence. [Clarification Statement: Emphasis is on a

conceptual understanding of the role each line of evidence has in relation
to common ancestry and biological evolution. Examples of evidence could
include similarities in DNA sequences, anatomical structures, and order of
appearance of structures in embryological development.]

HS-LS4-2. Construct an explanation based on evidence that the

process of evolution primarily results from four factors: (1) the
potential for a species to increase in number, (2) the heritable
genetic variation of individuals in a species due to mutation and
sexual reproduction, (3) competition for limited resources, and
(4) the proliferation of those organisms that are better able to
survive and reproduce in the environment. [Clarification Statement:
Emphasis is on using evidence to explain the influence that each of the four
factors has on number of organisms, behaviors, morphology, or physiology
in terms of ability to compete for limited resources and subsequent
survival of individuals and adaptation of species. Examples of evidence
could include mathematical models such as simple distribution graphs and
proportional reasoning.] [Assessment Boundary: Assessment does not include
other mechanisms of evolution, such as genetic drift, gene flow through
migration, and co-evolution.]

HS. Natural Selection and Evolution

Science and Engineering Practices
Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO INTRODUCING MORE DETAILED
STATISTICAL ANALYSIS THE COMPARISON OF DATA SETS FOR
CONSISTENCY AND THE USE OF MODELS TO GENERATE AND
ANALYZE DATA
s !PPLY CONCEPTS OF STATISTICS AND PROBABILITY
INCLUDING DETERMINING FUNCTION lTS TO DATA
SLOPE INTERCEPT AND CORRELATION COEFlCIENT FOR
LINEAR lTS TO SCIENCE AND ENGINEERING QUESTIONS
AND PROBLEMS USING DIGITAL TOOLS WHEN FEASIBLE
(3 ,3 

272

HS-LS4-3. Apply concepts of statistics and probability to

support explanations that organisms with an advantageous
heritable trait tend to increase in proportion to organisms
lacking this trait. [Clarification Statement: Emphasis is on analyzing shifts
in the numerical distribution of traits and using these shifts as evidence
to support explanations.] [Assessment Boundary: Assessment is limited to
basic statistical and graphical analysis. Assessment does not include allele
frequency calculations.]

HS-LS4-4. Construct an explanation based on evidence for how

natural selection leads to adaptation of populations. [Clarification
Statement: Emphasis is on using data to provide evidence for how specific
biotic and abiotic differences in ecosystems (such as ranges of seasonal
temperature, long-term climate change, acidity, light, geographic barriers, or
evolution of other organisms) contribute to a change in gene frequency over
time, leading to adaptation of populations.]

HS-LS4-5. Evaluate the evidence supporting claims that changes
in environmental conditions may result in (1) increases in the
number of individuals of some species, (2) the emergence of
new species over time, and (3) the extinction of other species.

[Clarification Statement: Emphasis is on determining cause and effect
relationships for how changes to the environment such as deforestation,
fishing, application of fertilizers, drought, flood, and the rate of change of
the environment affect the distribution or disappearance of traits in species.]

Disciplinary Core Ideas
LS4.A: Evidence of Common Ancestry and
Diversity
s 'ENETIC INFORMATION PROVIDES EVIDENCE OF
EVOLUTION $.! SEQUENCES VARY AMONG SPECIES
BUT THERE ARE MANY OVERLAPS IN FACT THE ONGOING
BRANCHING THAT PRODUCES MULTIPLE LINES OF DESCENT
CAN BE INFERRED BY COMPARING THE $.! SEQUENCES
OF DIFFERENT ORGANISMS 3UCH INFORMATION IS ALSO
DERIVABLE FROM THE SIMILARITIES AND DIFFERENCES IN
AMINO ACID SEQUENCES AND FROM ANATOMICAL AND
EMBRYOLOGICAL EVIDENCE (3 ,3 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics

Crosscutting Concepts
Patterns
s $IFFERENT PATTERNS MAY BE OBSERVED AT EACH OF
THE SCALES AT WHICH A SYSTEM IS STUDIED AND CAN
PROVIDE EVIDENCE FOR CAUSALITY IN EXPLANATIONS OF
PHENOMENA (3 ,3  (3 ,3 

Cause and Effect
s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 ,3 
(3 ,3  (3 ,3 

See connections to HS. Natural Selection and Evolution on page 320.
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HS. Natural Selection and Evolution (continued )

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE
THE NATURAL WORLD OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3  (3 ,3 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN  
BUILDS ON +  EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT OR
HISTORICAL EPISODES IN SCIENCE
s %VALUATE THE EVIDENCE BEHIND CURRENTLY ACCEPTED
EXPLANATIONS OR SOLUTIONS TO DETERMINE THE MERITS
OF ARGUMENTS (3 ,3 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE VALIDITY AND RELIABILITY OF
THE CLAIMS METHODS AND DESIGNS
s #OMMUNICATE SCIENTIlC INFORMATION EG ABOUT
PHENOMENA ANDOR THE PROCESS OF DEVELOPMENT
AND THE DESIGN AND PERFORMANCE OF A PROPOSED
PROCESS OR SYSTEM IN MULTIPLE FORMATS INCLUDING
ORALLY GRAPHICALLY TEXTUALLY AND MATHEMATICALLY 
(3 ,3 

See connections to HS. Natural Selection and Evolution on page 320.

Disciplinary Core Ideas

Crosscutting Concepts

LS4.B: Natural Selection
s .ATURAL SELECTION OCCURS ONLY IF THERE IS BOTH
 VARIATION IN THE GENETIC INFORMATION BETWEEN
ORGANISMS IN A POPULATION AND  VARIATION IN
THE EXPRESSION OF THAT GENETIC INFORMATIONTHAT
IS TRAIT VARIATIONTHAT LEADS TO DIFFERENCES IN
PERFORMANCE AMONG INDIVIDUALS (3 ,3 
(3 ,3 
s 4HE TRAITS THAT POSITIVELY AFFECT SURVIVAL ARE MORE
LIKELY TO BE REPRODUCED AND THUS ARE MORE COMMON
IN THE POPULATION (3 ,3 

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENTIlC KNOWLEDGE IS BASED ON THE ASSUMPTION
THAT NATURAL LAWS OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 ,3  (3 ,3 

LS4.C: Adaptation
s %VOLUTION IS A CONSEQUENCE OF THE INTERACTION
OF FOUR FACTORS  THE POTENTIAL FOR A SPECIES TO
INCREASE IN NUMBER  THE GENETIC VARIATION OF
INDIVIDUALS IN A SPECIES DUE TO MUTATION AND SEXUAL
REPRODUCTION  COMPETITION FOR AN ENVIRONMENTS
LIMITED SUPPLY OF THE RESOURCES THAT INDIVIDUALS
NEED IN ORDER TO SURVIVE AND REPRODUCE AND 
THE ENSUING PROLIFERATION OF THOSE ORGANISMS THAT
ARE BETTER ABLE TO SURVIVE AND REPRODUCE IN THAT
ENVIRONMENT (3 ,3 
s .ATURAL SELECTION LEADS TO ADAPTATION THAT IS TO
A POPULATION DOMINATED BY ORGANISMS THAT ARE
ANATOMICALLY BEHAVIORALLY AND PHYSIOLOGICALLY
WELL SUITED TO SURVIVE AND REPRODUCE IN A SPECIlC
ENVIRONMENT 4HAT IS THE DIFFERENTIAL SURVIVAL AND
REPRODUCTION OF ORGANISMS IN A POPULATION THAT
HAVE AN ADVANTAGEOUS HERITABLE TRAIT LEADS TO AN
INCREASE IN THE PROPORTION OF INDIVIDUALS IN FUTURE
GENERATIONS THAT HAVE THE TRAIT AND TO A DECREASE
IN THE PROPORTION OF INDIVIDUALS THAT DO NOT
(3 ,3  (3 ,3 
s !DAPTATION ALSO MEANS THAT THE DISTRIBUTION OF
TRAITS IN A POPULATION CAN CHANGE WHEN CONDITIONS
CHANGE (3 ,3 
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HS. Natural Selection and Evolution (continued )
Science and Engineering Practices

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena

Crosscutting Concepts

s #HANGES IN THE PHYSICAL ENVIRONMENT WHETHER
NATURALLY OCCURRING OR HUMAN INDUCED HAVE THUS
CONTRIBUTED TO THE EXPANSION OF SOME SPECIES THE
EMERGENCE OF NEW DISTINCT SPECIES AS POPULATIONS
DIVERGE UNDER DIFFERENT CONDITIONS AND THE
DECLINEAND SOMETIMES THE EXTINCTIONOF SOME
SPECIES (3 ,3 
s 3PECIES BECOME EXTINCT BECAUSE THEY CAN NO LONGER
SURVIVE AND REPRODUCE IN THEIR ALTERED ENVIRONMENT
)F MEMBERS CANNOT ADJUST TO CHANGE THAT IS TOO
FAST OR DRASTIC THE OPPORTUNITY FOR THE SPECIES
EVOLUTION IS LOST (3 ,3 

HS. Natural Selection and Evolution (continued )

s ! SCIENTIlC THEORY IS A SUBSTANTIATED EXPLANATION
OF SOME ASPECT OF THE NATURAL WORLD BASED ON A
BODY OF FACTS THAT HAVE BEEN REPEATEDLY CONlRMED
THROUGH OBSERVATION AND EXPERIMENT AND THE
SCIENCE COMMUNITY VALIDATES EACH THEORY BEFORE
IT IS ACCEPTED )F NEW EVIDENCE IS DISCOVERED THAT
A THEORY DOES NOT ACCOMMODATE THE THEORY IS
GENERALLY MODIlED IN LIGHT OF THIS NEW EVIDENCE
(3 ,3 

Disciplinary Core Ideas
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HIGH SCHOOL EARTH AND SPACE SCIENCES

The performance expectations in HS. Space Systems help students formulate answers to the questions: “What is the universe and what goes on in stars?” and “What are the predictable patterns caused
by Earth’s movement in the solar system?” Four sub-ideas from the NRC Framework are addressed in
these performance expectations: ESS1.A, ESS1.B, PS3.D, and PS4.B. High school students can examine the
processes governing the formation, evolution, and workings of the solar system and universe. Some concepts studied are fundamental to science, such as understanding how the matter of the world formed
during the Big Bang and within the cores of stars. Others concepts are practical, such as understanding
how short-term changes in the behavior of the sun directly affect humans. Engineering and technology
play a large role here in obtaining and analyzing data that support theories of the formation of the
solar system and universe. The crosscutting concepts of patterns; scale, proportion, and quantity; energy
and matter; and interdependence of science, engineering, and technology are called out as organizing
concepts for these disciplinary core ideas. In the HS. Space Systems performance expectations, students
are expected to demonstrate proficiency in developing and using models, using mathematical and computational thinking, constructing explanations, and obtaining, evaluating, and communicating information and to use these practices to demonstrate understanding of the core ideas.
The performance expectations in HS. History of Earth help students formulate answers to the questions: “How do people reconstruct and date events in Earth’s planetary history?” and “Why do the
continents move?” Four sub-ideas from the NRC Framework are addressed in these performance expectations: ESS1.C, ESS2.A, ESS2.B, and PS1.C. Students can construct explanations for the scales of time over
which Earth processes operate. An important aspect of the earth and space sciences involves making
inferences about events in Earth’s history based on a data record that is increasingly incomplete the farther one goes back in time. A mathematical analysis of radiometric dating is used to comprehend how
absolute ages are obtained for the geologic record. A key to Earth’s history is the co-evolution of the
2

Wysession, M. E., D. A. Budd, K. Campbell, M. Conklin, E. Kappel, J. Karsten, N. LaDue, G. Lewis, L. Patino, R. Raynolds, R. W. Ridky, R. M. Ross,
J. Taber, B. Tewksbury, and P. Tuddenham. 2012. Developing and Applying a Set of Earth Science Literacy Principles. Journal of Geoscience
Education 60(2):95–99.
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High School Earth and Space Sciences

Students in high school develop understanding of a wide range of topics in the earth and space science
that build on science concepts from middle school through more advanced content, practice, and crosscutting themes. There are five earth and space sciences standard topics in high school: (1) Space Systems,
(2) History of Earth, (3) Earth’s Systems, (4) Weather and Climate, and (5) Human Sustainability. The content of the performance expectations is based on current community-based geoscience literacy efforts
such as the Earth Science Literacy Principles,2 and is presented with a greater emphasis on an earth
systems science approach. There are strong connections to mathematical practices of analyzing and
interpreting data. The performance expectations strongly reflect the many societally relevant aspects
of the earth and space sciences (resources, hazards, environmental impacts) with an emphasis on using
engineering and technology concepts to design solutions to challenges facing human society. While the
performance expectations shown in high school earth and space sciences couple particular practices with
specific disciplinary core ideas, instructional decisions should include use of many practices that lead to
the performance expectations.

Next Generation Science Standards: For States, By States

biosphere with Earth’s other systems, not only in the ways that climate and environmental changes have
shaped the course of evolution but also in how emerging life forms have been responsible for changing
the planet. The crosscutting concepts of patterns and stability and change are called out as organizing
concepts for these disciplinary core ideas. In the HS. History of Earth performance expectations, students
are expected to demonstrate proficiency in developing and using models, constructing explanations, and
engaging in argument from evidence and to use these practices to demonstrate understanding of the
core ideas.
The performance expectations in HS. Earth’s Systems help students formulate answers to the questions: “How do the major Earth systems interact?” and “How do the properties and movements of water
shape Earth’s surface and affect its systems?” Six sub-ideas from the NRC Framework are addressed
in these performance expectations: ESS2.A, ESS2.B, ESS2.C, ESS2.D, ESS2.E, and PS4.A. Students can
develop models and explanations for the ways that feedbacks between different Earth systems control
the appearance of Earth’s surface. Central to this is the tension between internal systems, which are
largely responsible for creating land at Earth’s surface (e.g., volcanism and mountain building), and the
sun-driven surface systems that tear down land through weathering and erosion. Students understand
the role that water plays in affecting weather. Students understand chemical cycles such as the carbon
cycle. Students can examine the ways that human activities cause feedbacks that create changes to other
systems. The crosscutting concepts of energy and matter; structure and function; stability and change;
interdependence of science, engineering, and technology; and influence of engineering, technology,
and science on society and the natural world are called out as organizing concepts for these disciplinary
core ideas. In the HS. Earth’s Systems performance expectations, students are expected to demonstrate
proficiency in developing and using models, planning and carrying out investigations, analyzing and
interpreting data, and engaging in argument from evidence and to use these practices to demonstrate
understanding of the core ideas.

High School Earth and Space Sciences

The performance expectations in HS. Weather and Climate help students formulate an answer to
the question: “What regulates weather and climate?” Four sub-ideas from the NRC Framework are
addressed in these performance expectations: ESS1.B, ESS2.A, ESS2.D, and ESS3.D. Students understand
the system interactions that control weather and climate, with a major emphasis on the mechanisms
and implications of climate change. Students can understand the analysis and interpretation of different
kinds of geoscience data allow students to construct explanations for the many factors that drive climate
change over a wide range of timescales. The crosscutting concepts of cause and effect and stability and
change are called out as organizing concepts for these disciplinary core ideas. In the HS. Weather and
Climate performance expectations, students are expected to demonstrate proficiency in developing and
using models and analyzing and interpreting data and to use these practices to demonstrate understanding of the core ideas.
The performance expectations in HS. Human Impacts help students formulate answers to the questions: “How do humans depend on Earth’s resources?” and “How do people model and predict the
effects of human activities on Earth’s climate?” Six sub-ideas from the NRC Framework are addressed in
these performance expectations: ESS2.D, ESS3.A, ESS3.B, ESS3.C, ESS3.D, and ETS1.B. Students understand
the complex and significant interdependencies between humans and the rest of Earth’s systems through
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High School Earth and Space Sciences

the impacts of natural hazards, our dependencies on natural resources, and the environmental impacts
of human activities. The crosscutting concepts of cause and effect, systems and system models, stability
and change, and influence of engineering, technology and science on society and the natural world are
called out as organizing concepts for these disciplinary core ideas. In the HS. Human Impacts performance expectations, students are expected to demonstrate proficiency in using mathematics and computational thinking, constructing explanations and designing solutions, and engaging in argument from
evidence and to use these practices to demonstrate understanding of the core ideas.
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HS. Space Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-ESS1-1. Develop a model based on evidence to illustrate
the life span of the sun and the role of nuclear fusion in the
sun’s core to release energy that eventually reaches Earth in the
form of radiation. [Clarification Statement: Emphasis is on the energy

the Big Bang, and the observed composition of ordinary matter of the
universe, primarily found in stars and interstellar gases (from the spectra of
electromagnetic radiation from stars), which matches that predicted by the
Big Bang theory (3/4 hydrogen and 1/4 helium).]

transfer mechanisms that allow energy from nuclear fusion in the sun’s core
to reach Earth. Examples of evidence for the model include observations
of the masses and lifetimes of other stars, as well as the ways that the
sun’s radiation varies due to sudden solar flares (“space weather”), the
11-year sunspot cycle, and non-cyclic variations over centuries.] [Assessment
Boundary: Assessment does not include details of the atomic and sub-atomic
processes involved with the sun’s nuclear fusion.]

HS-ESS1-3. Communicate scientific ideas about the way stars,
over their life cycle, produce elements. [Clarification Statement:

HS-ESS1-2. Construct an explanation of the Big Bang theory

HS-ESS1-4. Use mathematical or computational representations
to predict the motion of orbiting objects in the solar system.

[Clarification Statement: Emphasis is on astronomical evidence of the red
shift of light from galaxies as an indication that the universe is currently
expanding, the cosmic microwave background as remnant radiation from

[Clarification Statement: Emphasis is on Newtonian gravitational laws
governing orbital motions, which apply to human-made satellites as well as
planets and moons.] [Assessment Boundary: Mathematical representations
for the gravitational attraction of bodies and Kepler’s Laws of orbital
motions should not deal with more than two bodies or involve calculus.]

based on astronomical evidence of light spectra, motion of
distant galaxies, and composition of matter in the universe.

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.A: The Universe and Its Stars

Scale, Proportion, and Quantity

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 %33 

s 4HE STAR CALLED THE SUN IS CHANGING AND WILL BURN
OUT OVER A LIFE SPAN OF APPROXIMATELY  BILLION
YEARS (3 %33 
s 4HE STUDY OF STARS LIGHT SPECTRA AND BRIGHTNESS IS
USED TO IDENTIFY COMPOSITIONAL ELEMENTS OF STARS
THEIR MOVEMENTS AND THEIR DISTANCES FROM %ARTH
(3 %33  (3 %33 
s 4HE "IG "ANG THEORY IS SUPPORTED BY OBSERVATIONS
OF DISTANT GALAXIES RECEDING FROM OUR OWN OF THE
MEASURED COMPOSITION OF STARS AND NON STELLAR
GASES AND OF THE MAPS OF SPECTRA OF THE PRIMORDIAL
RADIATION COSMIC MICROWAVE BACKGROUND THAT STILL
lLLS THE UNIVERSE (3 %33 

s 4HE SIGNIlCANCE OF A PHENOMENON IS DEPENDENT
ON THE SCALE PROPORTION AND QUANTITY AT WHICH IT
OCCURS (3 %33 
s !LGEBRAIC THINKING IS USED TO EXAMINE SCIENTIlC
DATA AND PREDICT THE EFFECT OF A CHANGE IN ONE
VARIABLE ON ANOTHER EG LINEAR GROWTH VS
EXPONENTIAL GROWTH  (3 %33 

Using Mathematical and Computational
Thinking

HS. Space Systems

Emphasis is on the way nucleosynthesis, and therefore the different
elements created, varies as a function of the mass of a star and the stage
of its lifetime.] [Assessment Boundary: Details of the many different
nucleosynthesis pathways for stars of differing masses are not assessed.]

-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
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Energy and Matter
s %NERGY CANNOT BE CREATED OR DESTROYEDIT ONLY
MOVED BETWEEN ONE PLACE AND ANOTHER PLACE
BETWEEN OBJECTS ANDOR lELDS OR BETWEEN SYSTEMS
(3 %33 
s )N NUCLEAR PROCESSES ATOMS ARE NOT CONSERVED
BUT THE TOTAL NUMBER OF PROTONS PLUS NEUTRONS IS
CONSERVED (3 %33 
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HS. Space Systems (continued )
Science and Engineering Practices
s 5SE MATHEMATICAL OR COMPUTATIONAL REPRESENTATIONS
OF PHENOMENA TO DESCRIBE EXPLANATIONS (3 %33 

Constructing Explanations and Designing
Solutions
#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES TO
EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY MULTIPLE
AND INDEPENDENT STUDENT GENERATED SOURCES OF EVIDENCE
CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE THE
NATURAL WORLD OPERATE TODAY AS THEY DID IN THE PAST
AND WILL CONTINUE TO DO SO IN THE FUTURE (3 %33 

Obtaining, Evaluating, and Communicating
Information
/BTAINING EVALUATING AND COMMUNICATING
INFORMATION IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO EVALUATING THE VALIDITY AND RELIABILITY OF
THE CLAIMS METHODS AND DESIGNS
s #OMMUNICATE SCIENTIlC IDEAS EG ABOUT PHENOMENA
ANDOR THE PROCESS OF DEVELOPMENT AND THE DESIGN
AND PERFORMANCE OF A PROPOSED PROCESS OR SYSTEM
IN MULTIPLE FORMATS INCLUDING ORALLY GRAPHICALLY
TEXTUALLY AND MATHEMATICALLY  (3 %33 

Disciplinary Core Ideas

Crosscutting Concepts

s /THER THAN THE HYDROGEN AND HELIUM FORMED AT
THE TIME OF THE "IG "ANG NUCLEAR FUSION WITHIN
STARS PRODUCES ALL ATOMIC NUCLEI LIGHTER THAN
AND INCLUDING IRON AND THE PROCESS RELEASES
ELECTROMAGNETIC ENERGY (EAVIER ELEMENTS ARE
PRODUCED WHEN CERTAIN MASSIVE STARS ACHIEVE
A SUPERNOVA STAGE AND EXPLODE (3 %33 
(3 %33 

ESS1.B: Earth and the Solar System
s +EPLERS ,AWS DESCRIBE COMMON FEATURES OF
THE MOTIONS OF ORBITING OBJECTS INCLUDING THEIR
ELLIPTICAL PATHS AROUND THE SUN /RBITS MAY CHANGE
DUE TO THE GRAVITATIONAL EFFECTS FROM OR COLLISIONS
WITH OTHER OBJECTS IN THE SOLAR SYSTEM (3 %33 

PS3.D: Energy in Chemical Processes and
Everyday Life
s .UCLEAR FUSION PROCESSES IN THE CENTER OF THE SUN
RELEASE THE ENERGY THAT ULTIMATELY REACHES %ARTH AS
RADIATION (secondary to HS-ESS1-1)

PS4.B Electromagnetic Radiation
s !TOMS OF EACH ELEMENT EMIT AND ABSORB
CHARACTERISTIC FREQUENCIES OF LIGHT 4HESE
CHARACTERISTICS ALLOW IDENTIlCATION OF THE PRESENCE
OF AN ELEMENT EVEN IN MICROSCOPIC QUANTITIES
(secondary to HS-ESS1-2)

#ONNECTION TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENCE AND ENGINEERING COMPLEMENT EACH OTHER
IN THE CYCLE KNOWN AS RESEARCH AND DEVELOPMENT
2$  -ANY 2$ PROJECTS MAY INVOLVE SCIENTISTS
ENGINEERS AND OTHERS WITH WIDE RANGES OF
EXPERTISE (3 %33  (3 %33 

#ONNECTION TO .ATURE OF 3CIENCE
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
s 3CIENTIlC KNOWLEDGE IS BASED ON THE ASSUMPTION
THAT NATURAL LAWS OPERATE TODAY AS THEY DID IN
THE PAST AND WILL CONTINUE TO DO SO IN THE FUTURE
(3 %33 
s 3CIENCE ASSUMES THE UNIVERSE IS A VAST SINGLE
SYSTEM IN WHICH BASIC LAWS ARE CONSISTENT
(3 %33 

HS. Space Systems (continued )

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
s ! SCIENTIlC THEORY IS A SUBSTANTIATED EXPLANATION
OF SOME ASPECT OF THE NATURAL WORLD BASED ON A
BODY OF FACTS THAT HAVE BEEN REPEATEDLY CONlRMED
THROUGH OBSERVATION AND EXPERIMENT AND THE
SCIENCE COMMUNITY VALIDATES EACH THEORY BEFORE IT
IS ACCEPTED )F NEW EVIDENCE IS DISCOVERED THAT THE
THEORY DOES NOT ACCOMMODATE THE THEORY IS GENERALLY
MODIlED IN LIGHT OF THIS NEW EVIDENCE (3 %33 
See connections to HS. Space Systems on page 321.
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HS. History of Earth
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-ESS1-5. Evaluate evidence of the past and current
movements of continental and oceanic crust and the theory of
plate tectonics to explain the ages of crustal rocks. [Clarification
Statement: Emphasis is on the ability of plate tectonics to explain the ages
of crustal rocks. Examples include evidence of the ages of oceanic crust
increasing with distance from mid-ocean ridges (a result of plate spreading)
and the ages of North American continental crust increasing with distance
away from a central ancient core (a result of past plate interactions).]

HS-ESS1-6. Apply scientific reasoning and evidence from

ancient Earth materials, meteorites, and other planetary surfaces
to construct an account of Earth’s formation and early history.
[Clarification Statement: Emphasis is on using available evidence within the
solar system to reconstruct the early history of Earth, which formed along
with the rest of the solar system 4.6 billion years ago. Examples of evidence

Science and Engineering Practices

HS-ESS2-1. Develop a model to illustrate how Earth’s internal
and surface processes operate at different spatial and temporal
scales to form continental and ocean-floor features. [Clarification
Statement: Emphasis is on how the appearance of land features (such as
mountains, valleys, and plateaus) and sea floor features (such as trenches,
ridges, and seamounts) are a result of both constructive forces (such as
volcanism, tectonic uplift, and orogeny) and destructive mechanisms (such
as weathering, mass wasting, and coastal erosion).] [Assessment Boundary:
Assessment does not include memorization of details of the formation of
specific geographic features of Earth’s surface.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.C: The History of Planet Earth

Patterns

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 %33 

s #ONTINENTAL ROCKS WHICH CAN BE OLDER THAN 
BILLION YEARS ARE GENERALLY MUCH OLDER THAN THE
ROCKS OF THE OCEAN mOOR WHICH ARE LESS THAN 
MILLION YEARS OLD (3 %33 
s !LTHOUGH ACTIVE GEOLOGIC PROCESSES SUCH AS PLATE
TECTONICS AND EROSION HAVE DESTROYED OR ALTERED
MOST OF THE VERY EARLY ROCK RECORD ON %ARTH OTHER
OBJECTS IN THE SOLAR SYSTEM SUCH AS LUNAR ROCKS
ASTEROIDS AND METEORITES HAVE CHANGED LITTLE
OVER BILLIONS OF YEARS 3TUDYING THESE OBJECTS CAN
PROVIDE INFORMATION ABOUT %ARTHS FORMATION AND
EARLY HISTORY (3 %33 

s %MPIRICAL EVIDENCE IS NEEDED TO IDENTIFY PATTERNS
(3 %33 

Constructing Explanations and Designing
Solutions

HS. History of Earth

include the absolute ages of ancient materials (obtained by radiometric
dating of meteorites, moon rocks, and Earth’s oldest minerals), the sizes and
compositions of solar system objects, and the impact cratering record of
planetary surfaces.]

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s !PPLY SCIENTIlC REASONING TO LINK EVIDENCE TO
CLAIMS TO ASSESS THE EXTENT TO WHICH THE REASONING
AND DATA SUPPORT THE EXPLANATION OR CONCLUSION
(3 %33 
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Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 %33 
s #HANGE AND RATES OF CHANGE CAN BE QUANTIlED
AND MODELED OVER VERY SHORT OR VERY LONG PERIODS
OF TIME 3OME SYSTEM CHANGES ARE IRREVERSIBLE
(3 %33 

ESS2.A: Earth Materials and Systems
s %ARTHS SYSTEMS BEING DYNAMIC AND INTERACTING
CAUSE FEEDBACK EFFECTS THAT CAN INCREASE OR
DECREASE THE ORIGINAL CHANGES (3 %33  (Note:
This Disciplinary Core Idea is also addressed by
HS-ESS2-2.)
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HS. History of Earth (continued )
Science and Engineering Practices
Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE EVIDENCE BEHIND CURRENTLY ACCEPTED
EXPLANATIONS OR SOLUTIONS TO DETERMINE THE MERITS
OF ARGUMENTS (3 %33 

Disciplinary Core Ideas

Crosscutting Concepts

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
s 0LATE TECTONICS IS THE UNIFYING THEORY THAT EXPLAINS
THE PAST AND CURRENT MOVEMENTS OF THE ROCKS AT
%ARTHS SURFACE AND PROVIDES A FRAMEWORK FOR
UNDERSTANDING ITS GEOLOGIC HISTORY (ESS2.B Grade 8
GBE), (secondary to HS-ESS1-5), (3 %33 
s 0LATE MOVEMENTS ARE RESPONSIBLE FOR MOST
CONTINENTAL AND OCEAN mOOR FEATURES AND FOR THE
DISTRIBUTION OF MOST ROCKS AND MINERALS WITHIN
%ARTHS CRUST (ESS2.B Grade 8 GBE), (3 %33 

PS1.C: Nuclear Processes

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena

HS. History of Earth (continued )

s ! SCIENTIlC THEORY IS A SUBSTANTIATED EXPLANATION
OF SOME ASPECT OF THE NATURAL WORLD BASED ON A
BODY OF FACTS THAT HAVE BEEN REPEATEDLY CONlRMED
THROUGH OBSERVATION AND EXPERIMENT AND THE
SCIENCE COMMUNITY VALIDATES EACH THEORY BEFORE
IT IS ACCEPTED )F NEW EVIDENCE IS DISCOVERED THAT
THE THEORY DOES NOT ACCOMMODATE THE THEORY IS
GENERALLY MODIlED IN LIGHT OF THIS NEW EVIDENCE
(3 %33 
s -ODELS MECHANISMS AND EXPLANATIONS COLLECTIVELY
SERVE AS TOOLS IN THE DEVELOPMENT OF A SCIENTIlC
THEORY (3 %33 

s 3PONTANEOUS RADIOACTIVE DECAYS FOLLOW A
CHARACTERISTIC EXPONENTIAL DECAY LAW .UCLEAR
LIFETIMES ALLOW RADIOMETRIC DATING TO BE USED TO
DETERMINE THE AGES OF ROCKS AND OTHER MATERIALS
(secondary to HS-ESS1-5), (secondary to
HS-ESS1-6)

See connections to HS. History of Earth on page 321.
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HS. Earth’s Systems
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-ESS2-2. Analyze geoscience data to make the claim that
one change to Earth’s surface can create feedbacks that cause
changes to other Earth systems. [Clarification Statement: Examples
should include climate feedbacks, such as how an increase in greenhouse
gases causes a rise in global temperatures that melts glacial ice, which
reduces the amount of sunlight reflected from Earth’s surface, increasing
surface temperatures and further reducing the amount of ice. Examples
could also be taken from other system interactions, such as how the loss of
ground vegetation causes an increase in water runoff and soil erosion; how
dammed rivers increase groundwater recharge, decrease sediment transport,
and increase coastal erosion; and how the loss of wetlands causes a decrease
in local humidity that further reduces the wetlands’ extent.]

HS-ESS2-3. Develop a model based on evidence of Earth’s
interior to describe the cycling of matter by thermal convection.
[Clarification Statement: Emphasis is on both a one-dimensional model of
Earth, with radial layers determined by density, and a three-dimensional
model, which is controlled by mantle convection and the resulting plate
tectonics. Examples of evidence include maps of Earth’s three-dimensional
structure obtained from seismic waves, records of the rate of change of
Earth’s magnetic field (as constraints on convection in the outer core),
and identification of the composition of Earth’s layers from high-pressure
laboratory experiments.]

HS-ESS2-5. Plan and conduct an investigation of the properties
of water and its effects on Earth materials and surface processes.
[Clarification Statement: Emphasis is on mechanical and chemical
investigations with water and a variety of solid materials to provide evidence
for the connections between the hydrologic cycle and system interactions

HS. Earth’s Systems

Science and Engineering Practices

commonly known as the rock cycle. Examples of mechanical investigations
include stream transportation and deposition using a stream table, erosion
using variations in soil moisture content, and frost wedging by the expansion
of water as it freezes. Examples of chemical investigations include chemical
weathering and recrystallization (by testing the solubility of different
materials) or melt generation (by examining how water lowers the melting
temperature of most solids).]

HS-ESS2-6. Develop a quantitative model to describe the
cycling of carbon among the hydrosphere, atmosphere,
geosphere, and biosphere. [Clarification Statement: Emphasis is on
modeling biogeochemical cycles that include the cycling of carbon through
the ocean, atmosphere, soil, and biosphere (including humans), providing
the foundation for living organisms.]

HS-ESS2-7. Construct an argument based on evidence about
the simultaneous co-evolution of Earth’s systems and life on
Earth. [Clarification Statement: Emphasis is on the dynamic causes, effects,
and feedbacks between the biosphere and Earth’s other systems, whereby
geoscience factors control the evolution of life, which in turn continuously
alters Earth’s surface. Examples include how photosynthetic life altered the
atmosphere through the production of oxygen, which in turn increased
weathering rates and allowed for the evolution of animal life; how microbial
life on land increased the formation of soil, which in turn allowed for the
evolution of land plants; and how the evolution of corals created reefs that
altered patterns of erosion and deposition along coastlines and provided
habitats for the evolution of new life forms.] [Assessment Boundary:
Assessment does not include a comprehensive understanding of the
mechanisms of how the biosphere interacts with all of Earth’s other systems.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS2.A: Earth Materials and Systems

Energy and Matter

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s $EVELOP A MODEL BASED ON EVIDENCE TO ILLUSTRATE
THE RELATIONSHIPS BETWEEN SYSTEMS OR BETWEEN
COMPONENTS OF A SYSTEM (3 %33  (3 %33 

s %ARTHS SYSTEMS BEING DYNAMIC AND INTERACTING
CAUSE FEEDBACK EFFECTS THAT CAN INCREASE OR
DECREASE THE ORIGINAL CHANGES (3 %33 

s 4HE TOTAL AMOUNT OF ENERGY AND MATTER IN CLOSED
SYSTEMS IS CONSERVED (3 %33 
s %NERGY DRIVES THE CYCLING OF MATTER WITHIN AND
BETWEEN SYSTEMS (3 %33 
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Structure and Function
s 4HE FUNCTIONS AND PROPERTIES OF NATURAL AND
DESIGNED OBJECTS AND SYSTEMS CAN BE INFERRED FROM
THEIR OVERALL STRUCTURE THE WAY THEIR COMPONENTS ARE
SHAPED AND USED AND THE MOLECULAR SUB STRUCTURES
OF THEIR VARIOUS MATERIALS (3 %33 

NEXT GENERATION SCIENCE STANDARDS — Arranged by Topics
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HS. Earth’s Systems (continued )

Planning and Carrying Out Investigations
0LANNING AND CARRYING OUT INVESTIGATIONS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO INCLUDE
INVESTIGATIONS THAT PROVIDE EVIDENCE FOR AND TEST
CONCEPTUAL MATHEMATICAL PHYSICAL AND EMPIRICAL
MODELS
s 0LAN AND CONDUCT AN INVESTIGATION INDIVIDUALLY
AND COLLABORATIVELY TO PRODUCE DATA TO SERVE AS
THE BASIS FOR EVIDENCE AND IN THE DESIGN DECIDE
ON TYPES HOW MUCH AND ACCURACY OF DATA NEEDED
TO PRODUCE RELIABLE MEASUREMENTS AND CONSIDER
LIMITATIONS ON THE PRECISION OF THE DATA EG
NUMBER OF TRIALS COST RISK TIME AND RElNE THE
DESIGN ACCORDINGLY (3 %33 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO INTRODUCING MORE DETAILED
STATISTICAL ANALYSIS THE COMPARISON OF DATA SETS FOR
CONSISTENCY AND THE USE OF MODELS TO GENERATE AND
ANALYZE DATA
s !NALYZE DATA USING TOOLS TECHNOLOGIES ANDOR
MODELS EG COMPUTATIONAL MATHEMATICAL IN
ORDER TO MAKE VALID AND RELIABLE SCIENTIlC CLAIMS OR
DETERMINE AN OPTIMAL DESIGN SOLUTION (3 %33 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s #ONSTRUCT AN ORAL AND WRITTEN ARGUMENT OR
COUNTER ARGUMENTS BASED ON DATA AND EVIDENCE
(3 %33 

See connections to HS. Earth’s Systems on page 322.

Disciplinary Core Ideas

Crosscutting Concepts

s %VIDENCE FROM DEEP PROBES AND SEISMIC
WAVES RECONSTRUCTIONS OF HISTORICAL CHANGES IN
%ARTHS SURFACE AND ITS MAGNETIC lELD AND AN
UNDERSTANDING OF PHYSICAL AND CHEMICAL PROCESSES
LEAD TO A MODEL OF %ARTH WITH A HOT BUT SOLID
INNER CORE A LIQUID OUTER CORE AND A SOLID MANTLE
AND CRUST -OTIONS OF THE MANTLE AND ITS PLATES
OCCUR PRIMARILY THROUGH THERMAL CONVECTION
WHICH INVOLVES THE CYCLING OF MATTER DUE TO THE
OUTWARD mOW OF ENERGY FROM %ARTHS INTERIOR
AND GRAVITATIONAL MOVEMENT OF DENSER MATERIALS
TOWARD THE INTERIOR (3 %33 

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
s 4HE RADIOACTIVE DECAY OF UNSTABLE ISOTOPES
CONTINUALLY GENERATES NEW ENERGY WITHIN %ARTHS
CRUST AND MANTLE PROVIDING THE PRIMARY SOURCE
OF THE HEAT THAT DRIVES MANTLE CONVECTION 0LATE
TECTONICS CAN BE VIEWED AS THE SURFACE EXPRESSION
OF MANTLE CONVECTION (3 %33 

ESS2.C: The Roles of Water in Earth’s
Surface Processes
s 4HE ABUNDANCE OF LIQUID WATER ON %ARTHS SURFACE
AND ITS UNIQUE COMBINATION OF PHYSICAL AND
CHEMICAL PROPERTIES ARE CENTRAL TO THE PLANETS
DYNAMICS 4HESE PROPERTIES INCLUDE WATERS
EXCEPTIONAL CAPACITY TO ABSORB STORE AND RELEASE
LARGE AMOUNTS OF ENERGY TRANSMIT SUNLIGHT EXPAND
UPON FREEZING DISSOLVE AND TRANSPORT MATERIALS
AND LOWER THE VISCOSITIES AND MELTING POINTS OF
ROCKS (3 %33 

Stability and Change
s -UCH OF SCIENCE DEALS WITH CONSTRUCTING
EXPLANATIONS OF HOW THINGS CHANGE AND HOW THEY
REMAIN STABLE (3 %33 
s #HANGE AND RATES OF CHANGE CAN BE QUANTIlED
AND MODELED OVER VERY SHORT OR VERY LONG PERIODS
OF TIME 3OME SYSTEM CHANGES ARE IRREVERSIBLE
(3 %33 
s &EEDBACK NEGATIVE OR POSITIVE CAN STABILIZE OR
DESTABILIZE A SYSTEM (3 %33 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Interdependence of Science, Engineering, and
Technology
s 3CIENCE AND ENGINEERING COMPLEMENT EACH OTHER
IN THE CYCLE KNOWN AS RESEARCH AND DEVELOPMENT
2$  -ANY 2$ PROJECTS MAY INVOLVE SCIENTISTS
ENGINEERS AND OTHERS WITH WIDE RANGES OF
EXPERTISE (3 %33 

Influence of Engineering, Technology, and
Science on Society and the Natural World
s .EW TECHNOLOGIES CAN HAVE DEEP IMPACTS ON
SOCIETY AND THE ENVIRONMENT INCLUDING SOME THAT
WERE NOT ANTICIPATED !NALYSIS OF COSTS AND BENElTS
IS A CRITICAL ASPECT OF DECISIONS ABOUT TECHNOLOGY
(3 %33 

HS. Earth’s Systems (continued )

Science and Engineering Practices

ESS2.D: Weather and Climate
s 4HE FOUNDATION FOR %ARTHS GLOBAL CLIMATE SYSTEMS
IS THE ELECTROMAGNETIC RADIATION FROM THE SUN
AS WELL AS ITS REmECTION ABSORPTION STORAGE AND
REDISTRIBUTION AMONG THE ATMOSPHERE OCEAN AND
LAND SYSTEMS AND THIS ENERGYS RE RADIATION INTO
SPACE (3 %33 
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HS. Earth’s Systems (continued )
Science and Engineering Practices

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Knowledge Is Based on Empirical
Evidence
s 3CIENTIlC KNOWLEDGE IS BASED ON EMPIRICAL
EVIDENCE (3 %33 
s 3CIENCE DISCIPLINES SHARE COMMON RULES OF EVIDENCE
USED TO EVALUATE EXPLANATIONS ABOUT NATURAL
SYSTEMS (3 %33 
s 3CIENCE INCLUDES THE PROCESS OF COORDINATING
PATTERNS OF EVIDENCE WITH CURRENT THEORY
(3 %33 

Disciplinary Core Ideas

Crosscutting Concepts

s 'RADUAL ATMOSPHERIC CHANGES WERE DUE TO PLANTS
AND OTHER ORGANISMS THAT CAPTURED CARBON DIOXIDE
AND RELEASED OXYGEN (3 %33  (3 %33 
s #HANGES IN THE ATMOSPHERE DUE TO HUMAN ACTIVITY
HAVE INCREASED CARBON DIOXIDE CONCENTRATIONS AND
THUS AFFECT CLIMATE (3 %33 

ESS2.E: Biogeology
s 4HE MANY DYNAMIC AND DELICATE FEEDBACKS
BETWEEN THE BIOSPHERE AND OTHER %ARTH SYSTEMS
CAUSE A CONTINUAL CO EVOLUTION OF %ARTHS SURFACE
AND THE LIFE THAT EXISTS ON IT (3 %33 

PS4.A: Wave Properties

HS. Earth’s Systems (continued )

s 'EOLOGISTS USE SEISMIC WAVES AND THEIR REmECTION
AT INTERFACES BETWEEN LAYERS TO PROBE STRUCTURES
DEEP IN THE PLANET (secondary to HS-ESS2-3)
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Next Generation Science Standards: For States, By States

HS. Weather and Climate
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-ESS2-4. Use a model to describe how variations in the flow
of energy into and out of Earth’s systems result in changes
in climate. [Clarification Statement: Examples of the causes of climate
change differ by timescale, over 1–10 years: large volcanic eruptions, ocean
circulation; 10s–100s of years: changes in human activity, ocean circulation,
solar output; 10s–100s of thousands of years: changes to Earth’s orbit and the
orientation of its axis; and 10s–100s of millions of years: long-term changes in
atmospheric composition.] [Assessment Boundary: Assessment of the results of
changes in climate is limited to changes in surface temperatures, precipitation
patterns, glacial ice volumes, sea levels, and biosphere distribution.]

of evidence, for both data and climate model outputs, are for climate
changes (such as precipitation and temperature) and their associated
impacts (such as on sea level, glacial ice volumes, and atmosphere and ocean
composition).] [Assessment Boundary: Assessment is limited to one example
of a climate change and its associated impacts.]

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models

ESS1.B: Earth and the Solar System

Cause and Effect

-ODELING IN n BUILDS ON +n EXPERIENCES AND
PROGRESSES TO USING SYNTHESIZING AND DEVELOPING
MODELS TO PREDICT AND SHOW RELATIONSHIPS AMONG
VARIABLES BETWEEN SYSTEMS AND THEIR COMPONENTS IN
THE NATURAL AND DESIGNED WORLDS 
s 5SE A MODEL TO PROVIDE MECHANISTIC ACCOUNTS OF
PHENOMENA (3 %33 

s #YCLICAL CHANGES IN THE SHAPE OF %ARTHS ORBIT
AROUND THE SUN TOGETHER WITH CHANGES IN THE TILT
OF THE PLANETS AXIS OF ROTATION BOTH OCCURRING OVER
HUNDREDS OF THOUSANDS OF YEARS HAVE ALTERED THE
INTENSITY AND DISTRIBUTION OF SUNLIGHT FALLING ON
%ARTH 4HESE PHENOMENA CAUSE A CYCLE OF ICE AGES
AND OTHER GRADUAL CLIMATE CHANGES (secondary to
HS-ESS2-4)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 %33 

Analyzing and Interpreting Data
!NALYZING DATA IN n BUILDS ON +n EXPERIENCES
AND PROGRESSES TO INTRODUCING MORE DETAILED
STATISTICAL ANALYSIS THE COMPARISON OF DATA SETS FOR
CONSISTENCY AND THE USE OF MODELS TO GENERATE AND
ANALYZE DATA
s !NALYZE DATA USING COMPUTATIONAL MODELS IN
ORDER TO MAKE VALID AND RELIABLE SCIENTIlC CLAIMS
(3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE

ESS2.A: Earth Materials and Systems

Stability and Change
s #HANGE AND RATES OF CHANGE CAN BE QUANTIlED
AND MODELED OVER VERY SHORT OR VERY LONG PERIODS
OF TIME 3OME SYSTEM CHANGES ARE IRREVERSIBLE
(3 %33 

s 4HE GEOLOGIC RECORD SHOWS THAT CHANGES TO GLOBAL
AND REGIONAL CLIMATE CAN BE CAUSED BY INTERACTIONS
AMONG CHANGES IN THE SUNS ENERGY OUTPUT OR
%ARTHS ORBIT TECTONIC EVENTS OCEAN CIRCULATION
VOLCANIC ACTIVITY GLACIERS VEGETATION AND HUMAN
ACTIVITIES 4HESE CHANGES CAN OCCUR ON A VARIETY
OF TIMESCALES FROM SUDDEN EG VOLCANIC ASH
CLOUDS TO INTERMEDIATE ICE AGES TO VERY LONG TERM
TECTONIC CYCLES (3 %33 

HS. Weather and Climate

Science and Engineering Practices

HS-ESS3-5. Analyze geoscience data and the results from global
climate models to make an evidence-based forecast of the
current rate of global or regional climate change and associated
future impacts to Earth’s systems. [Clarification Statement: Examples

ESS2.D: Weather and Climate

Scientific Investigations Use a Variety of
Methods
s 3CIENTIlC INVESTIGATIONS USE DIVERSE METHODS AND
DO NOT ALWAYS USE THE SAME SET OF PROCEDURES TO
OBTAIN DATA (3 %33 
s .EW TECHNOLOGIES ADVANCE SCIENTIlC KNOWLEDGE
(3 %33 

See connections to HS. Weather and Climate on page 323.

s 4HE FOUNDATION FOR %ARTHS GLOBAL CLIMATE SYSTEMS
IS THE ELECTROMAGNETIC RADIATION FROM THE SUN
AS WELL AS ITS REmECTION ABSORPTION STORAGE AND
REDISTRIBUTION AMONG THE ATMOSPHERE OCEAN AND
LAND SYSTEMS AND THIS ENERGYS RE RADIATION INTO
SPACE (3 %33  (secondary to HS-ESS2-2)
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HS. Weather and Climate (continued )
Science and Engineering Practices
Scientific Knowledge Is Based on Empirical
Evidence

Crosscutting Concepts

s #HANGES IN THE ATMOSPHERE DUE TO HUMAN ACTIVITY
HAVE INCREASED CARBON DIOXIDE CONCENTRATIONS AND
THUS AFFECT CLIMATE (3 %33 

ESS3.D: Global Climate Change
s 4HOUGH THE MAGNITUDES OF HUMAN IMPACTS ARE
GREATER THAN THEY HAVE EVER BEEN SO TOO ARE
HUMAN ABILITIES TO MODEL PREDICT AND MANAGE
CURRENT AND FUTURE IMPACTS (3 %33 

HS. Weather and Climate (continued )

s 3CIENTIlC KNOWLEDGE IS BASED ON EMPIRICAL
EVIDENCE (3 %33 
s 3CIENCE ARGUMENTS ARE STRENGTHENED BY MULTIPLE
LINES OF EVIDENCE SUPPORTING A SINGLE EXPLANATION
(3 %33  (3 %33 

Disciplinary Core Ideas
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HS. Human Sustainability
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

[Clarification Statement: Examples of key natural resources include access to
fresh water (such as rivers, lakes, and groundwater), regions of fertile soils
such as river deltas, and high concentrations of minerals and fossil fuels.
Examples of natural hazards can be from interior processes (such as volcanic
eruptions and earthquakes), surface processes (such as tsunamis, mass
wasting, and soil erosion), and severe weather (such as hurricanes, floods,
and droughts). Examples of the results of changes in climate that can affect
populations or drive mass migrations include changes to sea level, regional
patterns of temperature and precipitation, and the types of crops and
livestock that can be raised.]

HS-ESS3-2. Evaluate competing design solutions for developing,
managing, and utilizing energy and mineral resources based
on cost-benefit ratios.* [Clarification Statement: Emphasis is on the

conservation, recycling, and reuse of resources (such as minerals and metals)
where possible and on minimizing impacts where it is not. Examples include
developing best practices for agricultural soil use, mining (for coal, tar sands,
and oil shales), and pumping (for petroleum and natural gas). Scientific
knowledge indicates what can happen in natural systems—not what
should happen.]

HS-ESS3-3. Create a computational simulation to illustrate the
relationships among the management of natural resources, the
sustainability of human populations, and biodiversity. [Clarification
Statement: Examples of factors that affect the management of natural
resources include the costs of resource extraction and waste management,
per-capita consumption, and development of new technologies. Examples of

Science and Engineering Practices
Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS

See connections to HS. Human Sustainability on page 323.

factors that affect human sustainability include agricultural efficiency, levels
of conservation, and urban planning.] [Assessment Boundary: Assessment
for computational simulations is limited to using provided multi-parameter
programs or constructing simplified spreadsheet calculations.]

HS-ESS3-4. Evaluate or refine a technological solution that
reduces impacts of human activities on natural systems.*
[Clarification Statement: Examples of data on the impacts of human activities
could include the quantities and types of pollutants released, changes to
biomass and species diversity, or areal changes in land surface use (such
as for urban development, agriculture and livestock, or surface mining).
Examples for limiting future impacts could range from local efforts (such as
reducing, reusing, and recycling resources) to large-scale geoengineering
design solutions (such as altering global temperatures by making large
changes to the atmosphere or ocean).]

HS-ESS3-6. Use a computational representation to illustrate the
relationships among Earth systems and how those relationships
are being modified due to human activity.* [Clarification
Statement: Examples of Earth systems to be considered are the hydrosphere,
atmosphere, cryosphere, geosphere, and/or biosphere. An example of the
far-reaching impacts from a human activity is how an increase in atmospheric
carbon dioxide results in an increase in photosynthetic biomass on land and
an increase in ocean acidification, with resulting impacts on sea organism
health and marine populations.] [Assessment Boundary: Assessment does not
include running computational representations but is limited to using the
published results of scientific computational models.]
*This performance expectation integrates traditional science content with engineering
through a practice or disciplinary core idea.

Disciplinary Core Ideas

Crosscutting Concepts

ESS2.D: Weather and Climate

Cause and Effect

s #URRENT MODELS PREDICT THAT ALTHOUGH FUTURE
REGIONAL CLIMATE CHANGES WILL BE COMPLEX AND
VARIED AVERAGE GLOBAL TEMPERATURES WILL CONTINUE
TO RISE 4HE OUTCOMES PREDICTED BY GLOBAL CLIMATE
MODELS STRONGLY DEPEND ON THE AMOUNTS OF
HUMAN GENERATED GREENHOUSE GASES ADDED TO
THE ATMOSPHERE EACH YEAR AND BY THE WAYS IN
WHICH THESE GASES ARE ABSORBED BY THE OCEAN AND
BIOSPHERE (secondary to HS-ESS3-6)

s %MPIRICAL EVIDENCE IS REQUIRED TO DIFFERENTIATE
BETWEEN CAUSE AND CORRELATION AND MAKE CLAIMS
ABOUT SPECIlC CAUSES AND EFFECTS (3 %33 

HS. Human Sustainability

HS-ESS3-1. Construct an explanation based on evidence for
how the availability of natural resources, occurrence of natural
hazards, and changes in climate have influenced human activity.

Systems and System Models
s 7HEN INVESTIGATING OR DESCRIBING A SYSTEM THE
BOUNDARIES AND INITIAL CONDITIONS OF THE SYSTEM
NEED TO BE DElNED AND THEIR INPUTS AND OUTPUTS
ANALYZED AND DESCRIBED USING MODELS (3 %33 
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HS. Human Sustainability (continued )
Science and Engineering Practices
s #REATE A COMPUTATIONAL MODEL OR SIMULATION OF A
PHENOMENON DESIGNED DEVICE PROCESS OR SYSTEM
(3 %33 
s 5SE A COMPUTATIONAL REPRESENTATION OF PHENOMENA
OR DESIGN SOLUTIONS TO DESCRIBE ANDOR SUPPORT
CLAIMS ANDOR EXPLANATIONS (3 %33 

Constructing Explanations and Designing
Solutions

HS. Human Sustainability (continued )

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC KNOWLEDGE
PRINCIPLES AND THEORIES
s #ONSTRUCT AN EXPLANATION BASED ON VALID AND
RELIABLE EVIDENCE OBTAINED FROM A VARIETY OF
SOURCES INCLUDING STUDENTS OWN INVESTIGATIONS
MODELS THEORIES SIMULATIONS PEER REVIEW AND THE
ASSUMPTION THAT THEORIES AND LAWS THAT DESCRIBE THE
NATURAL WORLD OPERATE TODAY AS THEY DID IN THE PAST
AND WILL CONTINUE TO DO SO IN THE FUTURE (3 %33 
s $ESIGN OR RElNE A SOLUTION TO A COMPLEX REAL WORLD
PROBLEM BASED ON SCIENTIlC KNOWLEDGE
STUDENT GENERATED SOURCES OF EVIDENCE PRIORITIZED
CRITERIA AND TRADEOFF CONSIDERATIONS (3 %33 

Engaging in Argument from Evidence
%NGAGING IN ARGUMENT FROM EVIDENCE IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
USING APPROPRIATE AND SUFlCIENT EVIDENCE AND
SCIENTIlC REASONING TO DEFEND AND CRITIQUE CLAIMS
AND EXPLANATIONS ABOUT THE NATURAL AND DESIGNED
WORLDS  !RGUMENTS MAY ALSO COME FROM CURRENT
SCIENTIlC OR HISTORICAL EPISODES IN SCIENCE
s %VALUATE COMPETING DESIGN SOLUTIONS TO A
REAL WORLD PROBLEM BASED ON SCIENTIlC IDEAS
AND PRINCIPLES EMPIRICAL EVIDENCE AND LOGICAL
ARGUMENTS REGARDING RELEVANT FACTORS EG
ECONOMIC SOCIETAL ENVIRONMENTAL ETHICAL
CONSIDERATIONS  (3 %33 
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Disciplinary Core Ideas

Crosscutting Concepts

ESS3.A: Natural Resources

Stability and Change

s 2ESOURCE AVAILABILITY HAS GUIDED THE DEVELOPMENT
OF HUMAN SOCIETY (3 %33 
s !LL FORMS OF ENERGY PRODUCTION AND OTHER RESOURCE
EXTRACTION HAVE ASSOCIATED ECONOMIC SOCIAL
ENVIRONMENTAL AND GEOPOLITICAL COSTS AND RISKS
AS WELL AS BENElTS .EW TECHNOLOGIES AND SOCIAL
REGULATIONS CAN CHANGE THE BALANCE OF THESE
FACTORS (3 %33 

s #HANGE AND RATES OF CHANGE CAN BE QUANTIlED AND
MODELED OVER VERY SHORT OR VERY LONG PERIODS OF TIME
3OME SYSTEM CHANGES ARE IRREVERSIBLE (3 %33 
s &EEDBACK NEGATIVE OR POSITIVE CAN STABILIZE OR
DESTABILIZE A SYSTEM (3 %33 

ESS3.B: Natural Hazards

Influence of Engineering, Technology, and
Science on Society and the Natural World

s .ATURAL HAZARDS AND OTHER GEOLOGIC EVENTS
HAVE SHAPED THE COURSE OF HUMAN HISTORY THEY
HAVE SIGNIlCANTLY ALTERED THE SIZES OF HUMAN
POPULATIONS AND HAVE DRIVEN HUMAN MIGRATIONS
(3 %33 

ESS3.C: Human Impacts on Earth Systems
s 4HE SUSTAINABILITY OF HUMAN SOCIETIES AND THE
BIODIVERSITY THAT SUPPORTS THEM REQUIRE RESPONSIBLE
MANAGEMENT OF NATURAL RESOURCES (3 %33 
s 3CIENTISTS AND ENGINEERS CAN MAKE MAJOR
CONTRIBUTIONS BY DEVELOPING TECHNOLOGIES THAT
PRODUCE LESS POLLUTION AND WASTE AND THAT PRECLUDE
ECOSYSTEM DEGRADATION (3 %33 

ESS3.D: Global Climate Change
s 4HROUGH COMPUTER SIMULATIONS AND OTHER STUDIES
IMPORTANT DISCOVERIES ARE STILL BEING MADE ABOUT
HOW THE OCEAN ATMOSPHERE AND BIOSPHERE INTERACT
AND ARE MODIlED IN RESPONSE TO HUMAN ACTIVITIES
(3 %33 

ETS1.B. Developing Possible Solutions
s 7HEN EVALUATING SOLUTIONS IT IS IMPORTANT TO TAKE
INTO ACCOUNT A RANGE OF CONSTRAINTS INCLUDING
COST SAFETY RELIABILITY AND AESTHETICS AND TO
CONSIDER SOCIAL CULTURAL AND ENVIRONMENTAL
IMPACTS (secondary to HS-ESS3-2), (secondary to
HS-ESS3-4)

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE

s -ODERN CIVILIZATION DEPENDS ON MAJOR
TECHNOLOGICAL SYSTEMS (3 %33  (3 %33 
s %NGINEERS CONTINUOUSLY MODIFY THESE SYSTEMS TO
INCREASE BENElTS WHILE DECREASING COSTS AND RISKS
(3 %33  (3 %33 
s .EW TECHNOLOGIES CAN HAVE DEEP IMPACTS ON
SOCIETY AND THE ENVIRONMENT INCLUDING SOME THAT
WERE NOT ANTICIPATED (3 %33 
s !NALYSIS OF COSTS AND BENElTS IS A CRITICAL ASPECT OF
DECISIONS ABOUT TECHNOLOGY (3 %33 

#ONNECTIONS TO .ATURE OF 3CIENCE
Science Is a Human Endeavor
s 3CIENTIlC KNOWLEDGE IS A RESULT OF HUMAN
ENDEAVORS IMAGINATION AND CREATIVITY (3 %33 

Science Addresses Questions About the
Natural and Material World
s 3CIENCE AND TECHNOLOGY MAY RAISE ETHICAL ISSUES FOR
WHICH SCIENCE BY ITSELF DOES NOT PROVIDE ANSWERS
AND SOLUTIONS (3 %33 
s 3CIENTIlC KNOWLEDGE INDICATES WHAT CAN HAPPEN
IN NATURAL SYSTEMSNOT WHAT SHOULD HAPPEN 4HE
LATTER INVOLVES ETHICS VALUES AND HUMAN DECISIONS
ABOUT THE USE OF KNOWLEDGE (3 %33 
s -ANY DECISIONS ARE NOT MADE USING SCIENCE ALONE
BUT RELY ON SOCIAL AND CULTURAL CONTEXTS TO RESOLVE
ISSUES (3 %33 
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HS. Human Sustainability (continued )
Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

#ONNECTIONS TO .ATURE OF 3CIENCE
Scientific Investigations Use a Variety of
Methods
s 3CIENTIlC INVESTIGATIONS USE DIVERSE METHODS AND
DO NOT ALWAYS USE THE SAME SET OF PROCEDURES TO
OBTAIN DATA (3 %33 
s .EW TECHNOLOGIES ADVANCE SCIENTIlC KNOWLEDGE
(3 %33 
s 3CIENTIlC INQUIRY IS CHARACTERIZED BY A COMMON
SET OF VALUES THAT INCLUDE LOGICAL THINKING
PRECISION OPEN MINDEDNESS OBJECTIVITY SKEPTICISM
REPLICABILITY OF RESULTS AND HONEST AND ETHICAL
REPORTING OF lNDINGS

Scientific Knowledge Is Based on Empirical
Evidence

HS. Human Sustainability (continued )

s 3CIENTIlC KNOWLEDGE IS BASED ON EMPIRICAL
EVIDENCE (3 %33 
s 3CIENCE ARGUMENTS ARE STRENGTHENED BY MULTIPLE
LINES OF EVIDENCE SUPPORTING A SINGLE EXPLANATION
(3 %33 

See connections to HS. Human Sustainability on page 323.
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HIGH SCHOOL ENGINEERING DESIGN
At the high school level students are expected to engage with major global issues at the interface of
science, technology, society, and the environment and to bring to bear the kinds of analytical and strategic thinking that prior training and increased maturity make possible. As in prior levels, these capabilities can be thought of in three stages—defining the problem, developing possible solutions, and
improving designs.
Defining the problem at the high school level requires both qualitative and quantitative analyses.
For example, the need to provide food and fresh water for future generations comes into sharp focus
when considering the speed at which the world’s population is growing and the conditions in countries
that have experienced famine. While high school students are not expected to solve these challenges,
they are expected to begin thinking about them as problems that can be addressed, at least in part,
through engineering.
Developing possible solutions for major global problems begins by breaking them down into smaller
problems that can be tackled with engineering methods. To evaluate potential solutions, students are
expected to not only consider a wide range of criteria, but to also recognize that criteria need to be
prioritized. For example, public safety or environmental protection may be more important than cost or
even functionality. Decisions on priorities can then guide tradeoff choices.
Improving designs at the high school level may involve sophisticated methods, such as using computer simulations to model proposed solutions. Students are expected to use such methods to take into
account a range of criteria and constraints, to try to anticipate possible societal and environmental
impacts, and to test the validity of their simulations by comparison to the real world.

High School Engineering Design

Connections with other science disciplines help high school students develop these capabilities in various contexts. For example, in the life sciences students are expected to design, evaluate, and refine a
solution for reducing human impacts on the environment (HS-LS2-7) and to create or revise a simulation to test solutions for mitigating adverse impacts of human activity on biodiversity (HS-LS4-6). In the
physical sciences students solve problems by applying their engineering capabilities along with their
knowledge of conditions for chemical reactions (HS-PS1-6), forces during collisions (HS-PS2-3), and conversion of energy from one form to another (HS-PS3-3). In the earth and space sciences students apply
their engineering capabilities to reduce human impacts on Earth systems and improve social and environmental cost–benefit ratios (HS-ESS3-2 and HS-ESS3-4).
By the end of twelfth grade students are expected to achieve all four HS-ETS1 performance expectations (HS-ETS1-1, HS-ETS1-2, HS-ETS1-3, and HS-ETS1-4) related to a single problem in order to
understand the interrelated processes of engineering design. These include analyzing major global
challenges; quantifying criteria and constraints for solutions; breaking down a complex problem into
smaller, more manageable problems; evaluating alternative solutions based on prioritized criteria and
tradeoffs; and using computer simulation to model the impact of proposed solutions. While the performance expectations shown in HS-ETS1 couple particular practices with specific disciplinary core ideas,
instructional decisions should include use of many practices that lead to the performance expectations.
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HS. Engineering Design
PERFORMANCE EXPECTATIONS
Students who demonstrate understanding can:

HS-ETS1-1. Analyze a major global challenge to specify
qualitative and quantitative criteria and constraints for solutions
that account for societal needs and wants.

a range of constraints, including cost, safety, reliability, and
aesthetics, as well as possible social, cultural, and environmental
impacts.

HS-ETS1-2. Design a solution to a complex real-world problem
by breaking it down into smaller, more manageable problems
that can be solved through engineering.

HS-ETS1-4. Use a computer simulation to model the impact
of proposed solutions to a complex real-world problem with
numerous criteria and constraints on interactions within and
between systems relevant to the problem.

Science and Engineering Practices
Asking Questions and Defining Problems
!SKING QUESTIONS AND DElNING PROBLEMS IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO
FORMULATING RElNING AND EVALUATING EMPIRICALLY
TESTABLE QUESTIONS AND DESIGN PROBLEMS USING MODELS
AND SIMULATIONS
s !NALYZE COMPLEX REAL WORLD PROBLEMS BY SPECIFYING
CRITERIA AND CONSTRAINTS FOR SUCCESSFUL SOLUTIONS
(3 %43 

Using Mathematics and Computational
Thinking
-ATHEMATICAL AND COMPUTATIONAL THINKING IN n
BUILDS ON +n EXPERIENCES AND PROGRESSES TO USING
ALGEBRAIC THINKING AND ANALYSIS A RANGE OF LINEAR
AND NON LINEAR FUNCTIONS INCLUDING TRIGONOMETRIC
FUNCTIONS EXPONENTIALS AND LOGARITHMS AND
COMPUTATIONAL TOOLS FOR STATISTICAL ANALYSIS TO ANALYZE
REPRESENT AND MODEL DATA 3IMPLE COMPUTATIONAL
SIMULATIONS ARE CREATED AND USED BASED ON
MATHEMATICAL MODELS OF BASIC ASSUMPTIONS
s 5SE MATHEMATICAL MODELS ANDOR COMPUTER
SIMULATIONS TO PREDICT THE EFFECTS OF A DESIGN
SOLUTION ON SYSTEMS ANDOR THE INTERACTIONS
BETWEEN SYSTEMS (3 %43 

See connections to HS. Engineering Design on page 324.

Disciplinary Core Ideas

Crosscutting Concepts
Systems and System Models

ETS1.A: Defining and Delimiting
Engineering Problems
s #RITERIA AND CONSTRAINTS ALSO INCLUDE SATISFYING ANY
REQUIREMENTS SET BY SOCIETY SUCH AS TAKING ISSUES
OF RISK MITIGATION INTO ACCOUNT AND THEY SHOULD BE
QUANTIlED TO THE EXTENT POSSIBLE AND STATED IN SUCH
A WAY THAT ONE CAN TELL IF A GIVEN DESIGN MEETS
THEM (3 %43 
s (UMANITY FACES MAJOR GLOBAL CHALLENGES TODAY
SUCH AS THE NEED FOR SUPPLIES OF CLEAN WATER AND
FOOD OR FOR ENERGY SOURCES THAT MINIMIZE POLLUTION
WHICH CAN BE ADDRESSED THROUGH ENGINEERING
4HESE GLOBAL CHALLENGES ALSO MAY HAVE
MANIFESTATIONS IN LOCAL COMMUNITIES (3 %43 

ETS1.B: Developing Possible Solutions
s 7HEN EVALUATING SOLUTIONS IT IS IMPORTANT TO TAKE
INTO ACCOUNT A RANGE OF CONSTRAINTS INCLUDING COST
SAFETY RELIABILITY AND AESTHETICS AND TO CONSIDER
SOCIAL CULTURAL AND ENVIRONMENTAL IMPACTS
(3 %43 

s -ODELS EG PHYSICAL MATHEMATICAL
COMPUTER CAN BE USED TO SIMULATE SYSTEMS AND
INTERACTIONSINCLUDING ENERGY MATTER AND
INFORMATION mOWSWITHIN AND BETWEEN SYSTEMS
AT DIFFERENT SCALES (3 %43 

#ONNECTIONS TO %NGINEERING 4ECHNOLOGY AND
!PPLICATIONS OF 3CIENCE
Influence of Science, Engineering, and
Technology on Society and the Natural World
s .EW TECHNOLOGIES CAN HAVE DEEP IMPACTS ON
SOCIETY AND THE ENVIRONMENT INCLUDING SOME THAT
WERE NOT ANTICIPATED !NALYSIS OF COSTS AND BENElTS
IS A CRITICAL ASPECT OF DECISIONS ABOUT TECHNOLOGY
(3 %43  (3 %43 
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HS-ETS1-3. Evaluate a solution to a complex real-world problem
based on prioritized criteria and tradeoffs that account for
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HS. Engineering Design (continued )
Science and Engineering Practices
Constructing Explanations and Designing
Solutions

Crosscutting Concepts

s "OTH PHYSICAL MODELS AND COMPUTERS CAN BE USED
IN VARIOUS WAYS TO AID IN THE ENGINEERING DESIGN
PROCESS #OMPUTERS ARE USEFUL FOR A VARIETY OF
PURPOSES SUCH AS RUNNING SIMULATIONS TO TEST
DIFFERENT WAYS OF SOLVING A PROBLEM OR TO SEE
WHICH ONE IS MOST EFlCIENT OR ECONOMICAL AND IN
MAKING A PERSUASIVE PRESENTATION TO A CLIENT ABOUT
HOW A GIVEN DESIGN WILL MEET HIS OR HER NEEDS
(3 %43 

ETS1.C: Optimizing the Design Solution
s #RITERIA MAY NEED TO BE BROKEN DOWN INTO SIMPLER
ONES THAT CAN BE APPROACHED SYSTEMATICALLY AND
DECISIONS ABOUT THE PRIORITY OF CERTAIN CRITERIA OVER
OTHERS TRADEOFFS MAY BE NEEDED (3 %43 

HS. Engineering Design (continued )

#ONSTRUCTING EXPLANATIONS AND DESIGNING SOLUTIONS
IN n BUILDS ON +n EXPERIENCES AND PROGRESSES
TO EXPLANATIONS AND DESIGNS THAT ARE SUPPORTED BY
MULTIPLE AND INDEPENDENT STUDENT GENERATED SOURCES
OF EVIDENCE CONSISTENT WITH SCIENTIlC IDEAS PRINCIPLES
AND THEORIES
s $ESIGN A SOLUTION TO A COMPLEX REAL WORLD PROBLEM
BASED ON SCIENTIlC KNOWLEDGE STUDENT GENERATED
SOURCES OF EVIDENCE PRIORITIZED CRITERIA AND
TRADEOFF CONSIDERATIONS (3 %43 
s %VALUATE A SOLUTION TO A COMPLEX REAL WORLD
PROBLEM BASED ON SCIENTIlC KNOWLEDGE
STUDENT GENERATED SOURCES OF EVIDENCE PRIORITIZED
CRITERIA AND TRADEOFF CONSIDERATIONS (3 %43 

Disciplinary Core Ideas
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Connections to Standards Arranged by Topics
Connections to other DCIs in kindergarten
K-PS2-2: K.ETS1.A, K.ETS1.B
Articulation of DCIs across grade levels
K-PS2-1: 3.PS2.A, 3.PS2.B, 4.PS3.A
K-PS2-2: 2.ETS1.B, 3.PS2.A, 4.ETS1.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-PS2-1: W.K.7
K-PS2-2: RI.K.1, SL.K.3
Key
RI.K.1: With prompting and support, ask and answer questions
about Key details in a text.
W.K.7: Participate in shared research and writing projects (e.g.,
explore a number of books by a favorite author and express
opinions about them).
SL.K.3: Ask and answer questions in order to seek help, get
information, or clarify something that is not understood.
Mathematics
K-PS2-1: K.MD.A.1, K.MD.A.2, MP.2
Key
MP.2: Reason abstractly and quantitatively.
K.MD.A.1: Describe measurable attributes of objects, such as
length or weight. Describe several measurable attributes of a
single object.
K.MD.A.2: Directly compare two objects with a measurable
attribute in common, to see which object has “more of”/”less of”
the attribute and describe the difference.

K. Interdependent Relationships in Ecosystems:
Animals, Plants, and Their Environment
Connections to other DCIs in kindergarten
K-ESS3-3: K.ETS1.A
Articulation of DCIs across grade levels
K-LS1-1: 1.LS1.A, 2.LS2.A, 3.LS2.C, 3.LS4.B, 5.LS1.C, 5.LS2.A
K-ESS2-2: 4.ESS2.E, 5.ESS2.A
K-ESS3-1: 1.LS1.A, 5.LS2.A, 5.ESS2.A
K-ESS3-3: 2.ETS1.B, 4.ESS3.A, 5.ESS3.C

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-LS1-1: W.K.7
K-ESS2-2: RI.K.1, W.K.1, W.K.2
K-ESS3-1: SL.K.5
K-ESS3-3: W.K.2
Key
RI.K.1: With prompting and support, ask and answer questions
about Key details in a text.
W.K.1: Use a combination of drawing, dictating, and writing to
compose opinion pieces in which they tell a reader the topic or
the name of the book they are writing about and state an opinion
or preference about the topic or book.
W.K.2: Use a combination of drawing, dictating, and writing to
compose informative/explanatory texts in which they name what
they are writing about and supply some information about the
topic.
W.K.7: Participate in shared research and writing projects (e.g.,
explore a number of books by a favorite author and express
opinions about them).
SL.K.5: Add drawings or other visual displays to descriptions as
desired to provide additional detail.
Mathematics
K-LS1-1: K.MD.A.2
K-ESS3-1: MP.2, MP.4, K.CC
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
K.CC: Counting and Cardinality.
K.MD.A.2: Directly compare two objects with a measurable
attribute in common to see which object has “more of”/”less of”
the attribute and describe the difference.

K. Weather and Climate
Connections to other DCIs in kindergarten
K-PS3-2: K.ETS1.A, K.ETS1.B
K-ESS3-2: K.ETS1.A
Articulation of DCIs across grade levels
K-PS3-1: 1.PS4.B, 3.ESS2.D
K-PS3-2: 1.PS4.B, 2.ETS1.B, 4.ETS1.A
K-ESS2-1: 2.ESS2.A, 3.ESS2.D, 4.ESS2.A
K-ESS3-2: 2.ESS1.C, 3.ESS3.B, 4.ESS3.B
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K. Forces and Interactions: Pushes and Pulls

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics

Connections to Standards Arranged by Topics
Connections to Common Core State Standards

Connections to Common Core State Standards

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-PS3-1: W.K.7
K-PS3-2: W.K.7
K-ESS2-1: W.K.7
K-ESS3-2: RI.K.1, SL.K.3
Key
RI.K.1: With prompting and support, ask and answer questions
about Key details in a text.
W.K.7: Participate in shared research and writing projects (e.g.,
explore a number of books by a favorite author and express
opinions about them).
SL.K.3: Ask and answer questions in order to seek help, get
information, or clarify something that is not understood.

ELA/Literacy
1-PS4-1: W.1.7, W.1.8, SL.1.1
1-PS4-2: W.1.2, W.1.7, W.1.8, SL.1.1
1-PS4-3: W.1.7, W.1.8, SL.1.1
1-PS4-4: W.1.7
Key
W.1.2: Write informative/explanatory texts in which they name a
topic, supply some facts about the topic, and provide some sense
of closure.
W.1.7: Participate in shared research and writing projects (e.g.,
explore a number of “how-to” books on a given topic and use
them to write a sequence of instructions).
W.1.8: With guidance and support from adults, recall information
from experiences or gather information from provided sources to
answer a question.
SL.1.1: Participate in collaborative conversations with diverse
partners about grade 1 topics and texts with peers and adults in
small and larger groups.

Mathematics
K-PS3-1: K.MD.A.2
K-PS3-2: K.MD.A.2
K-ESS2-1: MP.2, MP.4, K.CC.A, K.MD.A.1, K.MD.B.3
K-ESS3-2: MP.4, K.CC
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
K.CC: Counting and Cardinality.
K.CC.A: Know number names and the count sequence.
K.MD.A.1: Describe measurable attributes of objects, such as
length or weight. Describe several measurable attributes of a
single object.
K.MD.A.2: Directly compare two objects with a measurable
attribute in common to see which object has “more of”/”less of”
the attribute and describe the difference.
K.MD.B.3: Classify objects into given categories; count the number
of objects in each category and sort the categories by count.

1. Structure, Function, and Information Processing
Connections to other DCIs in first grade
N/A

1. Waves: Light and Sound
Connections to other DCIs in first grade
N/A
Articulation of DCIs across grade levels
1-PS4-2: 4.PS4.B
1-PS4-3: 2.PS1.A
1-PS4-4: K.ETS1.A, 2.ETS1.B, 4.PS4.C, 4.ETS1.A
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Mathematics
1-PS4-4: MP.5, 1.MD.A.1, 1.MD.A.2
Key
MP.5: Use appropriate tools strategically.
1.MD.A.1: Order three objects by length; compare the lengths of
two objects indirectly by using a third object.
1.MD.A.2: Express the length of an object as a whole number of
length units, by layering multiple copies of a shorter object (the
length unit) end to end; understand that the length measurement
of an object is the number of same-size length units that span it
with no gaps or overlaps.

Articulation of DCIs across grade levels
1-LS1-1: K.ETS1.A, 4.LS1.A, 4.LS1.D, 4.ETS1.A
1-LS1-2: 3.LS2.D
1-LS3-1: 3.LS3.A, 3.LS3.B
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Connections to Standards Arranged by Topics
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
1-LS1-1: W.1.7
1-LS1-2: RI.1.1, RI.1.2, RI.1.10
1-LS3-1: RI.1.1, W.1.7, W.1.8
Key
RI.1.1: Ask and answer questions about Key details in a text.
RI.1.2: Identify the main topic and retell Key details of a text.
RI.1.10: With prompting and support, read informational texts
appropriately complex for grade.
W.1.7: Participate in shared research and writing projects (e.g.,
explore a number of “how-to” books on a given topic and use
them to write a sequence of instructions).
W.1.8: With guidance and support from adults, recall information
from experiences or gather information from provided sources to
answer a question.
Mathematics
1-LS1-2: 1.NBT.B.3, 1.NBT.C.4, 1.NBT.C.5, 1.NBT.C.6
1-LS3-1: MP.2, MP.5, 1.MD.A.1
Key
MP.2: Reason abstractly and quantitatively.
MP.5: Use appropriate tools strategically.
1.NBT.B.3: Compare two 2-digit numbers based on the meanings
of the tens and ones digits, recording the results of comparisons
with the symbols >, =, and <.
1.NBT.C.4: Add within 100, including adding a 2-digit number and
a 1-digit number, and adding a 2-digit number and a multiple
of 10, using concrete models or drawings and strategies based
on place value, properties of operations, and/or the relationship
between addition and subtraction; relate the strategy to a written
method and explain the reasoning uses. Understand that in
adding 2-digit numbers, one adds tens and tens, ones and ones,
and that sometimes it is necessary to compose a ten.
1.NBT.C.5: Given a 2-digit number, mentally find 10 more or 10 less
than the number, without having to count; explain the reasoning
used.
1.NBT.C.6: Subtract multiples of 10 in the range 10–90 from
multiples of 10 in the range 10–90 (positive or zero differences),
using concrete models or drawings and strategies based on place
value, properties of operations, and/or the relationship between
addition and subtraction; relate the strategy to a written method
and explain the reasoning used.
1.MD.A.1: Order three objects by length; compare the lengths of
two objects indirectly by using a third object.

1. Space Systems: Patterns and Cycles
Connections to other DCIs in first grade
N/A
Articulation of DCIs across grade levels
1-ESS1-1: 3.PS2.A, 5.PS2.B, 5-ESS1.B
1-ESS1-2: 5.PS2.B, 5-ESS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
1-ESS1-1: W.1.7, W.1.8
1-ESS1-2: W.1.7, W.1.8
Key
W.1.7: Participate in shared research and writing projects (e.g.,
explore a number of “how-to” books on a given topic and use
them to write a sequence of instructions).
W.1.8: With guidance and support from adults, recall information
from experiences or gather information from provided sources to
answer a question.
Mathematics
1-ESS1-2: MP.2, MP.4, MP.5, 1.OA.A.1, 1.MD.C.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
1.OA.A.1: Use addition and subtraction within 20 to solve word
problems involving situations of adding to, taking from, putting
together, taking apart, and comparing, with unknowns in all
positions (e.g., by using objects, drawings, and equations to
represent the problem).
1.MD.C.4: Organize, represent, and interpret data with up to
three categories; ask and answer questions about the total
number of data points, how many in each category, and how
many more or less are in one category than in another.

2. Structure and Properties of Matter
Connections to other DCIs in second grade
N/A
Articulation of DCIs across grade levels
2-PS1-1: PS1.A
2-PS1-2: PS1.A
2-PS1-3: 4.ESS2.A, PS1.A, 5.LS2.A
2-PS1-4: 5.PS1.B
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Connections to Standards Arranged by Topics

Connections to Standards Arranged by Topics
Connections to Common Core State Standards

Connections to Common Core State Standards

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy.
2-PS1-1: W.2.7, W.2.8
2-PS1-2: RI.2.8, W.2.7, W.2.8
2-PS1-3: W.2.7, W.2.8
2-PS1-4: RI.2.1, RI.2.3, RI.2.8, W.2.1
Key
RI.2.1: Ask and answer such questions as who, what, where, when,
why, and how to demonstrate understanding of Key details in a
text.
RI.2.3: Describe the connection between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text.
RI.2.8: Describe how reasons support specific points the author
makes in a text.
W.2.1: Write opinion pieces in which they introduce the topic or
book they are writing about, state an opinion, supply reasons that
support the opinion, use linking words (e.g., because, and, also) to
connect opinion and reasons, and provide a concluding statement
or section.
W.2.7: Participate in shared research and writing projects (e.g.,
read a number of books on a single topic to produce a report,
record science observations).
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.

ELA/Literacy
2-LS2-1: W.2.7, W.2.8
2-LS2-2: SL.2.5
2-LS4-1: W.2.7, W.2.8
Key
W.2.7: Participate in shared research and writing projects (e.g.,
read a number of books on a single topic to produce a report,
record science observations).
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
SL.2.5: Create audio recordings of stories or poems; add drawings
or other visual displays to stories or recounts of experiences when
appropriate to clarify ideas, thoughts, and feelings.

Mathematics
2-PS1-1: MP.4, 2.MD.D.10
2-PS1-2: MP.2, MP.4, MP.5, 2.MD.D.10
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.MD.D.10: Draw a picture graph and a bar graph (with single-unit
scale) to represent a data set with up to four categories. Solve
simple put-together, take-apart, and compare problems using
information presented in a bar graph.

2. Interdependent Relationships in Ecosystems
Connections to other DCIs in second grade
N/A
Articulation of DCIs across grade levels
2-LS2-1: K.LS1.C, K-ESS3.A, 5.LS1.C
2-LS2-2: K.ETS1.A, 5.LS2.A
2-LS4-1: 3.LS4.C, 3.LS4.D, 5.LS2.A
296

Mathematics
2-LS2-1: MP.2, MP.4, MP.5
2-LS2-2: MP.4, 2.MD.D.10
2-LS4-1: MP.2, MP.4, 2.MD.D.10
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.MD.D.10: Draw a picture graph and a bar graph (with single-unit
scale) to represent a data set with up to four categories. Solve
simple put-together, take-apart, and compare problems using
information presented in a bar graph.

2. Earth’s Systems: Processes That Shape the Earth
Connections to other DCIs in second grade
2-ESS2-3: 2.PS1.A
Articulation of DCIs across grade levels
2-ESS1-1: 3.LS2.C, 4.ESS1.C, 4.ESS2.A
2-ESS2-1: K.ETS1.A, 4.ESS2.A, 4.ETS1.A, 4.ETS1.B, 4.ETS1.C, 5.ESS2.A
2-ESS2-2: 4.ESS2.B, 5.ESS2.C
2-ESS2-3: 5.ESS2.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
2-ESS1-1: RI.2.1, RI.2.3, W.2.6, W.2.7, W.2.8, SL.2.2
2-ESS2-1: RI.2.3, RI.2.9
2-ESS2-2: SL.2.5
2-ESS2-3: W.2.6, W.2.8
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Connections to Standards Arranged by Topics

Mathematics
2-ESS1-1: MP.4, 2.NBT.A
2-ESS2-1: MP.2, MP.4, MP.5, 2.MD.B.5
2-ESS2-2: MP.2, MP.4, 2.NBT.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.NBT.A: Understand place value.
2.NBT.A.3: Read and write numbers to 1,000 using base-10
numerals, number names, and expanded form.
2.MD.B.5: Use addition and subtraction within 100 to solve word
problems involving lengths that are given in the same units (e.g.,
by using drawings [such as drawings of rulers] and equations with
a symbol for the unknown number to represent the problem).

K-2. Engineering Design
Connections to K-2-ETS1.A: Defining and Delimiting Engineering
Problems
Kindergarten: K-PS2-2, K-ESS3-2

Connections to K-2-ETS1.B: Developing Possible Solutions to
Problems
Kindergarten: K-ESS3-3
First Grade: 1-PS4-4
Second Grade: 2-LS2-2
Connections to K-2-ETS1.C: Optimizing the Design Solution
Second Grade: 2-ESS2-1
Articulation of DCIs across grade bands
K-2-ETS1-1: 3-5.ETS1.A, 3-5.ETS1.C
K-2-ETS1-2: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C
K-2-ETS1-3: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
K-2-ETS1-1: RI.2.1, W.2.6, W.2.8
K-2-ETS1-2: SL.2.5
K-2-ETS1-3: W.2.6, W.2.8
Key
RI.2.1: Ask and answer such questions as who, what, where, when,
why, and how to demonstrate understanding of Key details in a
text.
W.2.6: With guidance and support from adults, use a variety
of digital tools to produce and publish writing, including in
collaboration with peers.
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
SL.2.5: Create audio recordings of stories or poems; add drawings
or other visual displays to stories or recounts of experiences when
appropriate to clarify ideas, thoughts, and feelings.
Mathematics
K-2-ETS1-1: MP.2, MP.4, MP.5, 2.MD.D.10
K-2-ETS1-3: MP.2, MP.4, MP.5, 2.MD.D.10
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
2.MD.D.10: Draw a picture graph and a bar graph (with single-unit
scale) to represent a data set with up to four categories. Solve
simple put-together, take-apart, and compare problems using
information presented in a bar graph.
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Connections to Standards Arranged by Topics

Key
RI.2.1: Ask and answer such questions as who, what, where, when,
why, and how to demonstrate understanding of Key details in a
text.
RI.2.3: Describe the connection between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text.
RI.2.9: Compare and contrast the most important points presented
by two texts on the same topic.
W.2.6: With guidance and support from adults, use a variety
of digital tools to produce and publish writing, including in
collaboration with peers.
W.2.7: Participate in shared research and writing projects (e.g.,
read a number of books on a single topic to produce a report,
record science observations).
W.2.8: Recall information from experiences or gather information
from provided sources to answer a question.
SL.2.2: Recount or describe Key ideas or details from a text read
aloud or information presented orally or through other media.
SL.2.5: Create audio recordings of stories or poems; add drawings
or other visual displays to stories or recounts of experiences when
appropriate to clarify ideas, thoughts, and feelings.
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Connections to Standards Arranged by Topics
3. Forces and Interactions

3. Interdependent Relationships in Ecosystems

Connections to other DCIs in third grade
N/A
Articulation of DCIs across grade levels
3-PS2-1: K.PS2.A, K.PS2.B, K.PS3.C, 5.PS2.B, MS.PS2.A, MS.ESS1.B,
MS.ESS2.C
3-PS2-2: 1.ESS1.A, 4.PS4.A, MS.PS2.A, MS.ESS1.B
3-PS2-3: MS.PS2.B
3-PS2-4: K.ETS1.A, 4.ETS1.A, MS.PS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by Topics

ELA/Literacy
3-PS2-1: RI.3.1, W.3.7, W.3.8
3-PS2-2: W.3.7, W.3.8
3-PS2-3: RI.3.1, RI.3.3, RI.3.8, SL.3.3
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.3: Describe the relationship between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text, using language that pertains to time, sequence, and
cause/effect.
RI.3.8: Describe the logical connection between particular
sentences and paragraphs in a text (e.g., comparison, cause/effect,
first/second/third in a sequence).
W.3.7: Conduct short research projects that build knowledge
about a topic.
W.3.8: Recall information from experiences or gather information
from print and digital sources; take brief notes on sources and sort
evidence into provided categories.
SL.3.3: Ask and answer questions about information from a
speaker, offering appropriate elaboration and detail.
Mathematics
3-PS2-1: MP.2, MP.5, 3.MD.A.2
Key
MP.2: Reason abstractly and quantitatively.
MP.5: Use appropriate tools strategically.
3.MD.A.2: Measure and estimate liquid volumes and masses
of objects using standard units of grams (g), kilograms (kg),
and liters (l). Add, subtract, multiply, or divide to solve 1-step
word problems involving masses or volumes that are given in
the same units (e.g., by using drawings [such as a beaker with a
measurement scale] to represent the problem).
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Connections to other DCIs in third grade
3-LS4-3: 3.ESS2.D
3-LS4-4: 3.ESS3.B
Articulation of DCIs across grade levels
3-LS2-1: 1.LS1.B, MS.LS2.A
3-LS4-1: 4.ESS1.C, MS.LS2.A, MS.LS4.A, MS.ESS1.C, MS.ESS2.B
3-LS4-3: K.ESS3.A, 2.LS2.A, 2.LS4.D, MS.LS2.A, MS.LS4.B, MS.LS4.C,
MS.ESS1.C
3-LS4-4: K.ESS3.A, K.ETS1.A, 2.LS2.A, 2.LS4.D, 4.ESS3.B, 4.ETS1.A,
MS.LS2.A, MS.LS2.C, MS.LS4.C, MS.ESS1.C, MS.ESS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-LS2-1: RI.3.1, RI.3.3, W.3.1
3-LS4-1: RI.3.1, RI.3.2, RI.3.3, W.3.1, W.3.2, W.3.9
3-LS4-3: RI.3.1, RI.3.2, RI.3.3, W.3.1, W.3.2, SL.3.4
3-LS4-4: RI.3.1, RI.3.2, RI.3.3, W.3.1, W.3.2, SL.3.4
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.2: Determine the main idea of a text; recount the Key details
and explain how they support the main idea.
RI.3.3: Describe the relationship between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text, using language that pertains to time, sequence, and
cause/effect.
W.3.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons.
W.3.2: Write informative/explanatory texts to examine a topic and
convey ideas and information clearly.
W.3.9: Recall information from experiences or gather information
from print and digital sources; take brief notes on sources and sort
evidence into provided categories.
SL.3.4: Report on a topic or text, tell a story, or recount an
experience with appropriate facts and relevant, descriptive details,
speaking clearly at an understandable pace.
Mathematics
3-LS2-1: MP.4, 3.NBT
3-LS4-1: MP.2, MP.4, MP.5, 3.MD.B.4
3-LS4-3: MP.2, MP.4, 3.MD.B.3
3-LS4-4: MP.2, MP.4
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Connections to Standards Arranged by Topics

3. Inheritance and Variation of Traits: Life Cycles and
Traits
Connections to other DCIs in third grade
3-LS4-2: 3.LS4.C
Articulation of DCIs across grade levels
3-LS1-1: MS.LS1.B
3-LS3-1: 1.LS3.A, 1.LS3.B, MS.LS3.A, MS.LS3.B
3-LS3-2: MS.LS1.B
3-LS4-2: 1.LS3.A, MS.LS2.A, MS.LS3.B, MS.LS4.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-LS1-1: RI.3.7, SL.3.5
3-LS3-1: RI.3.1, RI.3.2, RI.3.3, W.3.2, SL.3.4
3-LS3-2: RI.3.1, RI.3.2, RI.3.3, W.3.2, SL.3.4
3-LS4-2: RI.3.1, RI.3.2, RI.3.3, W.3.2, SL.3.4
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
RI.3.2: Determine the main idea of a text; recount the Key details
and explain how they support the main idea.
RI.3.3: Describe the relationship between a series of historical
events, scientific ideas or concepts, or steps in technical procedures
in a text, using language that pertains to time, sequence, and
cause/effect.
RI.3.7: Use information gained from illustrations (e.g.,
maps, photographs) and the words in a text to demonstrate
understanding of the text (e.g., where, when, why, and how Key
events occur).

W.3.2: Write informative/explanatory texts to examine a topic and
convey ideas and information clearly.
SL.3.4: Report on a topic or text, tell a story, or recount an
experience with appropriate facts and relevant, descriptive details,
speaking clearly at an understandable pace.
SL.3.5: Create engaging audio recordings of stories or poems that
demonstrate fluid reading at an understandable pace; add visual
displays when appropriate to emphasize or enhance certain facts
or details.
Mathematics
3-LS1-1: MP.4, 3.NBT, 3.NF
3-LS3-1: MP.2, MP.4, 3.MD.B.4
3-LS3-2: MP.2, MP.4, 3.MD.B.4
3-LS4-2: MP.2, MP.4, 3.MD.B.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
3.NBT: Number and Operations in Base Ten.
3.NF: Number and Operations—Fractions.
3.MD.B.3: Draw a scaled picture graph and a scaled bar graph
to represent a data set with several categories. Solve 1- and
2-step “how many more” and “how many less” problems using
information presented in scaled bar graphs.
3.MD.B.4: Generate measurement data by measuring lengths
using rulers marked with halves and fourths of an inch. Show the
data by making a line plot, where the horizontal scale is marked
off in appropriate units—whole numbers, halves, or quarters.

3. Weather and Climate
Connections to other DCIs in third grade
N/A
Articulation of DCIs across grade levels
3-ESS2-1: K.ESS2.D, 4.ESS2.A, 5.ESS2.A, MS.ESS2.C, MS.ESS2.D
3-ESS2-2: MS.ESS2.C, MS.ESS2.D
3-ESS3-1: K.ESS3.B, K.ETS1.A, 4.ESS3.B, 4.ETS1.A, MS.ESS3.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-ESS2-2: RI.3.1, RI.3.9, W.3.9
3-ESS3-1: W.3.1, W.3.7
Key
RI.3.1: Ask and answer questions to demonstrate understanding of
a text, referring explicitly to the text as the basis for the answers.
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Connections to Standards Arranged by Topics

Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
3.NBT: Number and Operations in Base Ten.
3.MD.B.3: Draw a scaled picture graph and a scaled bar graph
to represent a data set with several categories. Solve 1- and
2-step “how many more” and “how many less” problems using
information presented in scaled bar graphs.
3.MD.B.4: Generate measurement data by measuring lengths
using rulers marked with halves and fourths of an inch. Show the
data by making a line plot, where the horizontal scale is marked
off in appropriate units—whole numbers, halves, or quarters.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics

Connections to Standards Arranged by Topics

RI.3.9: Compare and contrast the most important points and Key
details presented in two texts on the same topic.
W.3.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons.
W.3.7: Conduct short research projects that build knowledge
about a topic.
W.3.9: Recall information from experiences or gather information
from print and digital sources; take brief notes on sources and sort
evidence into provided categories.
Mathematics
3-ESS2-1: MP.2, MP.4, MP.5, 3.MD.A.2, 3.MD.B.3
3-ESS2-2: MP.2, MP.4
3-ESS3-1: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
3.MD.A.2: Measure and estimate liquid volumes and masses of
objects using standard units of grams (g), kilograms (kg), and liters
(l). Add, subtract, multiply, or divide to solve 1-step word problems
involving masses or volumes that are given in the same units (e.g.,
by using drawings [such as a beaker with a measurement scale] to
represent the problem).
3.MD.B.3: Draw a scaled picture graph and a scaled bar graph
to represent a data set with several categories. Solve 1- and
2-step “how many more” and “how many less” problems using
information presented in bar graphs.

4. Energy
Connections to other DCIs in fourth grade
N/A
Articulation of DCIs across grade levels
4-PS3-1: MS.PS3.A
4-PS3-2: MS.PS2.B, MS.PS3.A, MS.PS3.B, MS.PS4.B
4-PS3-3: K.PS2.B, 3.PS2.A, MS.PS2.A, MS.PS3.A, MS.PS3.B, MS.PS3.C
4-PS3-4: K.ETS1.A, 2.ETS1.B, 5.PS3.D, 5.LS1.C, MS.PS3.A, MS.PS3.B,
MS.ETS1.B, MS.ETS1.C
4-ESS3-1: 5.ESS3.C, MS.PS3.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.C,
MS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-PS3-1: RI.4.1, RI.4.3, RI.4.9, W.4.2, W.4.8, W.4.9
4-PS3-2: W.4.7, W.4.8
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4-PS3-3: W.4.7, W.4.8
4-PS3-4: W.4.7, W.4.8
4-ESS3-1: W.4.7, W.4.8, W.4.9
Key
RI.4.1: Refer to details and examples in a text when explaining
what the text says explicitly and when drawing inferences from
the text.
RI.4.3: Explain events, procedures, ideas, or concepts in a historical,
scientific, or technical text, including what happened and why,
based on specific information in the text.
RI.4.9: Integrate information from two texts on the same topic in
order to write or speak about the subject knowledgeably.
W.4.2: Write informative/explanatory texts to examine a topic and
convey ideas and information clearly.
W.4.7: Conduct short research projects that build knowledge
through investigation of different aspects of a topic.
W.4.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; take notes,
categorize information, and provide a list of sources.
W.4.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
Mathematics
4-PS3-4: 4.OA.A.3
4-ESS3-1: MP.2, MP.4, 4.OA.A.1
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
4.OA.A.1: Interpret a multiplication equation as a comparison
(e.g., interpret 35 = 5 × 7 as a statement that 35 is 5 times as many
as 7 and 7 times as many as 5). Represent verbal statements of
multiplicative comparisons as multiplication equations.
4.OA.A.3: Solve multi-step word problems posed with whole
numbers and having whole-number answers using the four
operations, including problems in which remainders must
be interpreted. Represent these problems using equations
with a letter standing for the unknown quantity. Assess the
reasonableness of answers using mental computation and
estimation strategies, including rounding.

4. Waves: Waves and Information
Connections to other DCIs in fourth grade
4-PS4-1: 4.PS3.A, 4.PS3.B
4-PS4-3: 4.ETS1.A
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Connections to Standards Arranged by Topics

Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-PS4-1: SL.4.5
4-PS4-3: RI.4.1, RI.4.9
Key
RI.4.1: Refer to details and examples in a text when explaining
what the text says explicitly and when drawing inferences from
the text.
RI.4.9: Integrate information from two texts on the same topic in
order to write or speak about the subject knowledgeably.
SL.4.5: Add audio recordings and visual displays to presentations
when appropriate to enhance the development of main ideas or
themes.
Mathematics
4-PS4-1: MP.4, 4.G.A.1
Key
MP.4: Model with Mathematics.
4.G.A.1: Draw points, lines, line segments, rays, angles (e.g., right,
acute, obtuse), and perpendicular and parallel lines. Identify these
in two-dimensional figures.

4. Structure, Function, and Information Processing
Connections to other DCIs in fourth grade
N/A
Articulation of DCIs across grade levels
4-PS4-2: 1.PS4.B, MS.PS4.B, MS.LS1.D
4-LS1-1: 1.LS1.A, 3.LS3.B, MS.LS1.A
4-LS1-2: 1.LS1.D, MS.LS1.A, MS.LS1.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-PS4-2: SL.4.5
4-LS1-1: W.4.1
4-LS1-2: SL.4.5
Key
W.4.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons and information.

SL.4.5: Add audio recordings and visual displays to presentations
when appropriate to enhance the development of main ideas or
themes.
Mathematics
4-PS4-2: MP.4, 4.G.A.1
4-LS1-1: 4.G.A.3
Key
MP.4: Model with Mathematics.
4.G.A.1: Draw points, lines, line segments, rays, angles (e.g., right,
acute, obtuse), and perpendicular and parallel lines. Identify these
in two-dimensional figures.
4.G.A.3: Recognize a line of symmetry for a two-dimensional
figure as a line across the figure such that the figure can be folded
across the line into matching parts. Identify line-symmetric figures
and draw lines of symmetry.

4. Earth’s Systems: Processes That Shape the Earth
Connections to other DCIs in fourth grade
4-ESS3-2: 4.ETS1.C
Articulation of DCIs across grade levels
4-ESS1-1: 2.ESS1.C, 3.LS4.A, MS.LS4.A, MS.ESS1.C, MS.ESS2.A,
MS.ESS2.B
4-ESS2-1: 2.ESS1.C, 2.ESS2.A, 5.ESS2.A
4-ESS2-2: 2.ESS2.B, 2.ESS2.C, 5.ESS2.C, MS.ESS1.C, MS.ESS2.A,
MS.ESS2.B
4-ESS3-2: K.ETS1.A, 2.ETS1.B, 2.ETS1.C, MS.ESS2.A, MS.ESS3.B,
MS.ETS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
4-ESS1-1: W.4.7, W.4.8, W.4.9
4-ESS2-1: W.4.7, W.4.8
4-ESS2-2: RI.4.7
4-ESS3-2: RI.4.1, RI.4.9
Key
RI.4.1: Refer to details and examples in a text when explaining
what the text says explicitly and when drawing inferences from
the text.
RI.4.7: Interpret information presented visually, orally, or
quantitatively (e.g., in charts, graphs, diagrams, time lines,
animations, or interactive elements on Web pages) and explain
how the information contributes to an understanding of the text
in which it appears.
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Connections to Standards Arranged by Topics

Articulation of DCIs across grade levels
4-PS4-1: MS.PS4.A
4-PS4-3: K.ETS1.A, 1.PS4.C, 2.ETS1.B, 2.ETS1.C, 3.PS2.A, MS.PS4.C,
MS.ETS1.B

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics

Connections to Standards Arranged by Topics

RI.4.9: Integrate information from two texts on the same topic in
order to write or speak about the subject knowledgeably.
W.4.7: Conduct short research projects that build knowledge
through investigation of different aspects of a topic.
W.4.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; take notes,
categorize information, and provide a list of sources.
W.4.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
Mathematics
4-ESS1-1: MP.2, MP.4, 4.MD.A.1
4-ESS2-1: MP.2, MP.4, MP.5, 4.MD.A.1, 4.MD.A.2
4-ESS2-2: 4.MD.A.2
4-ESS3-2: MP.2, MP.4, 4.OA.A.1
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
4.MD.A.1: Know relative sizes of measurement units within
one system of units, including km, m, and cm; kg and g; lb and
oz; l and mL; and hr, min, and sec. Within a single system of
measurement, express measurements in a larger unit in terms of
a smaller unit. Record measurement equivalents in a two-column
table.
4.MD.A.2: Use the four operations to solve word problems
involving distances, intervals of time, liquid volumes, masses of
objects, and money, including problems involving simple fractions
or decimals and problems that require expressing measurements
given in a larger unit in terms of a smaller unit. Represent
measurement quantities using diagrams such as number line
diagrams that feature a measurement scale.
4.OA.A.1: Interpret a multiplication equation as a comparison
(e.g., interpret 35 = 5 × 7 as a statement that 35 is 5 times as many
as 7 and 7 times as many as 5). Represent verbal statements of
multiplicative comparisons as multiplication equations.

5. Structure and Properties of Matter
Connections to other DCIs in fifth grade
N/A
Articulation of DCIs across grade levels
5-PS1-1: 2.PS1.A, MS.PS1.A
5-PS1-2: 2.PS1.A, 2.PS1.B, MS.PS1.A, MS.PS1.B
5-PS1-3: 2.PS1.A, MS.PS1.A
5-PS1-4: 2.PS1.B, MS.PS1.A, MS.PS1.B
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Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-PS1-1: RI.5.7
5-PS1-2: W.5.7, W.5.8, W.5.9
5-PS1-3: W.5.7, W.5.8, W.5.9
5-PS1-4: W.5.7, W.5.8, W.5.9
Key
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
W.5.7: Conduct short research projects that use several sources to
build knowledge through investigation of different aspects of a
topic.
W.5.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; summarize or
paraphrase information in notes and finished work, and provide a
list of sources.
W.5.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
Mathematics
5-PS1-1: MP.2, MP.4, 5.NBT.A.1, 5.NF.B.7, 5.MD.C.3, 5.MD.C.4
5-PS1-2: MP.2, MP.4, MP.5, 5.MD.A.1
5-PS1-3: MP.2, MP.4, MP.5
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
5.NBT.A.1: Explain patterns in the number of zeros of the product
when multiplying a number by powers of 10, and explain
patterns in the placement of the decimal point when a decimal
is multiplied or divided by a power of 10. Use whole-number
exponents to denote powers of 10.
5.NF.B.7: Apply and extend previous understanding of division to
divide unit fractions by whole numbers and whole numbers by
unit fractions.
5.MD.A.1: Convert among different-sized standard measurement
units within a given measurement system (e.g., convert 5 cm
to 0.05 m), and use these conversions in solving multi-step,
real-world problems.
5.MD.C.3: Recognize volume as an attribute of solid figures and
understand concepts of volume measurement.
5.MD.C.4: Measure volumes by counting unit cubes, using cubic
centimeters, cubic inches, cubic feet, and improvised units.
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Connections to Standards Arranged by Topics
Connections to other DCIs in fifth grade
5-LS1-1: 5.PS1.A
5-LS2-1: 5.PS1.A, 5.ESS2.A
Articulation of DCIs across grade levels
5-PS3-1: K.LS1.C, 2.LS2.A, 4.PS3.A, 4.PS3.B, 4.PS3.D, MS.PS3.D,
MS.PS4.B, MS.LS1.C, MS.LS2.B
5-LS1-1: K.LS1.C, 2.LS2.A, MS.LS1.C
5-LS2-1: 2.PS1.A, 2.LS4.D, 4.ESS2.E, MS.PS3.D, MS.LS1.C, MS.LS2.A,
MS.LS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-PS3-1: RI.5.7, SL.5.5
5-LS1-1: RI.5.1, RI.5.9, W.5.1
5-LS2-1: RI.5.7, SL.5.5
Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons and information.
SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the
development of main ideas or themes.
Mathematics
5-LS1-1: MP.2, MP.4, MP.5, 5.MD.A.1
5-LS2-1: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
5.MD.A.1: Convert among different-sized standard measurement
units within a given measurement system (e.g., convert 5 cm
to 0.05 m), and use these conversions in solving multi-step,
real-world problems.

5. Earth’s Systems
Connections to other DCIs in fifth grade
N/A
Articulation of DCIs across grade levels
5-ESS2-1: 2.ESS2.A, 3.ESS2.D, 4.ESS2.A, MS.ESS2.A, MS.ESS2.C,
MS.ESS2.D
5-ESS2-2: 2.ESS2.C, MS.ESS2.C, MS.ESS3.A
5-ESS3-1: MS.ESS3.A, MS.ESS3.C, MS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
5-ESS2-1: RI.5.7, SL.5.5
5-ESS2-2: RI.5.7, W.5.8, SL.5.5
5-ESS3-1: RI.5.1, RI.5.7, RI.5.9, W.5.8, W.5.9
Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; summarize or
paraphrase information in notes and finished work, and provide a
list of sources.
W.5.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the
development of main ideas or themes.
Mathematics
5-ESS2-1: MP.2, MP.4, 5.G.A.2
5-ESS2-2: MP.2, MP.4
5-ESS3-1: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
5.G.A.2: Represent real-world and mathematical problems by
graphing points in the first quadrant of the coordinate plane,
and interpret coordinate values of points in the context of the
situation.
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5. Matter and Energy in Organisms and Ecosystems

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics
5. Space Systems: Stars and the Solar System
Connections to other DCIs in fifth grade
N/A
Articulation of DCIs across grade levels
5-PS2-1: 3.PS2.A, 3.PS2.B, MS.PS2.B, MS.ESS1.B, MS.ESS2.C
5-ESS1-1: MS.ESS1.A, MS.ESS1.B
5-ESS1-2: 1.ESS1.A, 1.ESS1.B, 3.PS2.A, MS.ESS1.A, MS.ESS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by Topics

ELA/Literacy
5-PS2-1: RI.5.1, RI.5.9, W.5.1
5-ESS1-1: RI.5.1, RI.5.7, RI.5.8, RI.5.9, W.5.1
5-ESS1-2: SL.5.5
Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
RI.5.8: Explain how an author uses reasons and evidence to
support particular points in a text, identifying which reasons and
evidence support which point(s).
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.1: Write opinion pieces on topics or texts, supporting a point
of view with reasons and information.
SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the
development of main ideas or themes.
Mathematics
5-ESS1-1: MP.2, MP.4, 5.NBT.A.2
5-ESS1-2: MP.2, MP.4, 5.G.A.2
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
5.NBT.A.2: Explain patterns in the number of zeros of the product
when multiplying a number by powers of 10, and explain
patterns in the placement of the decimal point when a decimal
is multiplied or divided by a power of 10. Use whole-number
exponents to denote powers of 10.
5.G.A.2: Represent real-world and mathematical problems by
graphing points in the first quadrant of the coordinate plane, and
interpret coordinate values of points in the context of the situation.
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3-5. Engineering Design
Connections to 3-5-ETS1.A: Defining and Delimiting Engineering
Problems
Fourth Grade: 4-PS3-4
Connections to 3-5-ETS1.B: Designing Solutions to Engineering
Problems
Fourth Grade: 4-ESS3-2
Connections to 3-5-ETS1.C: Optimizing the Design Solution
Fourth Grade: 4-PS4-3
Articulation of DCIs across grade bands
3-5-ETS1-1: K-2.ETS1.A, MS.ETS1.A, MS.ETS1.B
3-5-ETS1-2: K-2.ETS1.A, K-2.ETS1.B, K-2.ETS1.C, MS.ETS1.B, MS.ETS1.C
3-5-ETS1-3: K-2.ETS1.A, K-2.ETS1.C, MS.ETS1.B, MS.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
3-5-ETS1-1: W.5.7, W.5.8, W.5.9
3-5-ETS1-2: RI.5.1, RI.5.7, RI.5.9
3-5-ETS1-3: W.5.7, W.5.8, W.5.9
Key
RI.5.1: Quote accurately from a text when explaining what the
text says explicitly and when drawing inferences from the text.
RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently.
RI.5.9: Integrate information from several texts on the same topic
in order to write or speak about the subject knowledgeably.
W.5.7: Conduct short research projects that use several sources to
build knowledge through investigation of different aspects of a
topic.
W.5.8: Recall relevant information from experiences or gather
relevant information from print and digital sources; summarize or
paraphrase information in notes and finished work, and provide a
list of sources.
W.5.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
Mathematics
3-5-ETS1-1: MP.2, MP.4, MP.5, 3-5.OA
3-5-ETS1-2: MP.2, MP.4, MP.5, 3-5.OA
3-5-ETS1-3: MP.2, MP.4, MP.5
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MS. Structure and Properties of Matter
Connections to other DCIs in this grade band
MS-PS1-1: MS.ESS2.C
MS-PS1-3: MS.LS2.A, MS.LS4.D, MS.ESS3.A, MS.ESS3.C
MS-PS1-4: MS.ESS2.C
Articulation across grade bands
MS-PS1-1: 5.PS1.A, HS.PS1.A, HS.ESS1.A
MS-PS1-3: HS.PS1.A, HS.LS2.A, HS.LS4.D, HS.ESS3.A
MS-PS1-4: HS.PS1.A, HS.PS1.B, HS.PS3.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-PS1-1: RST.6-8.7
MS-PS1-3: RST.6-8.1, WHST.6-8.8
MS-PS1-4: RST.6-8.7
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
WHST.6-8.8: Gather relevant information from multiple print and
digital sources, using search terms effectively; assess the credibility
and accuracy of each source; quote or paraphrase the data and
conclusions of others while avoiding plagiarism and following a
standard format for citation.
Mathematics
MS-PS1-1: MP.2, MP.4, 6.RP.A.3, 8.EE.A.3
MS-PS1-4: 6.NS.C.5
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
6.RP.A.3: Use ratio and rate reasoning to solve real-world and
mathematical problems.

6.NS.C.5: Understand that positive and negative numbers are
used together to describe quantities having opposite directions
or values (e.g., temperature above/below zero, elevation above/
below sea level, credits/debits, positive/negative electrical charge);
use positive and negative numbers to represent quantities in
real-world contexts, explaining the meaning of zero in each
situation.
8.EE.A.3: Use numbers expressed in the form of a single digit
times an integer power of 10 to estimate very large or very small
quantities and to express how many times as much one is than the
other.

MS. Chemical Reactions
Connections to other DCIs in this grade band
MS-PS1-2: MS.PS3.D, MS.LS1.C, MS.ESS2.A
MS-PS1-5: MS.LS1.C, MS.LS2.B, MS.ESS2.A
MS-PS1-6: MS.PS3.D
Articulation across grade bands
MS-PS1-2: 5.PS1.B, HS.PS1.B
MS-PS1-5: 5.PS1.B, HS.PS1.B
MS-PS1-6: HS.PS1.A, HS.PS1.B, HS.PS3.A, HS.PS3.B, HS.PS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-PS1-2: RST.6-8.1, RST.6-8.7
MS-PS1-5: RST.6-8.7
MS-PS1-6: RST.6-8.3, WHST.6-8.7
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.3: Follow precisely a multi-step procedure when carrying
out experiments, taking measurements, or performing technical
tasks.
RST.6-8.7: Integrate quantitative or technical information expressed
in words in a text with a version of that information expressed
visually (e.g., in a flowchart, diagram, model, graph, or table).
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
Mathematics
MS-PS1-2: MP.2, 6.RP.A.3, 6.SP.B.4, 6.SP.B.5
MS-PS1-5: MP.2, MP.4, 6.RP.A.3
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Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
MP.5: Use appropriate tools strategically.
3-5.OA: Operations and Algebraic Thinking.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
6.RP.A.3: Use ratio and rate reasoning to solve real-world and
mathematical problems.
6.SP.B.4: Display numerical data in plots on a number line,
including dot plots, histograms, and box plots.
6.SP.B.5: Summarize numerical data sets in relation to their
context.

MS. Forces and Interactions
Connections to other DCIs in this grade band
MS-PS2-1: MS.PS3.C
MS-PS2-2: MS.PS3.A, MS.PS3.B, MS.ESS2.C
MS-PS2-4: MS.ESS1.A, MS.ESS1.B, MS.ESS2.C
Articulation across grade bands
MS-PS2-1: 3.PS2.A, HS.PS2.A
MS-PS2-2: 3.PS2.A, HS.PS2.A, HS.PS3.B, HS.ESS1.B
MS-PS2-3: 3.PS2.B, HS.PS2.B
MS-PS2-4: 5.PS2.B, HS.PS2.B, HS.ESS1.B
MS-PS2-5: 3.PS2.B, HS.PS2.B, HS.PS3.A, HS.PS3.B, HS.PS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by Topics

ELA/Literacy
MS-PS2-1: RST.6-8.1, RST.6-8.3, WHST.6-8.7
MS-PS2-2: RST.6-8.3, WHST.6-8.7
MS-PS2-3: RST.6-8.1
MS-PS2-4: WHST.6-8.1
MS-PS2-5: RST.6-8.3, WHST.6-8.7
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.3: Follow precisely a multi-step procedure when carrying
out experiments, taking measurements, or performing technical
tasks.
WHST.6-8.1: Write arguments focused on discipline-specific
content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
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Mathematics
MS-PS2-1: MP.2, 6.NS.C.5, 6.EE.A.2, 7.EE.B.3, 7.EE.B.4
MS-PS2-2: MP.2, 6.EE.A.2, 7.EE.B.3, 7.EE.B.4
MS-PS2-3: MP.2
Key
MP.2: Reason abstractly and quantitatively.
6.NS.C.5: Understand that positive and negative numbers are
used together to describe quantities having opposite directions or
values; use positive and negative numbers to represent quantities
in real-world contexts, explaining the meaning of zero in each
situation.
6.EE.A.2: Write, read, and evaluate expressions in which letters
stand for numbers.
7.EE.B.3: Solve multi-step, real-world and mathematical problems
posed with positive and negative rational numbers in any form,
using tools strategically. Apply properties of operations to
calculate with numbers in any form; convert between forms as
appropriate; assess the reasonableness of answers using mental
computation and estimation strategies.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS. Energy
Connections to other DCIs in this grade band
MS-PS3-1: MS.PS2.A
MS-PS3-3: MS.PS1.B, MS.ESS2.A, MS.ESS2.C, MS.ESS2.D
MS-PS3-4: MS.PS1.A, MS.PS2.A, MS.ESS2.C, MS.ESS2.D, MS.ESS3.D
MS-PS3-5: MS.PS2.A
Articulation across grade bands
MS-PS3-1: 4.PS3.B, HS.PS3.A, HS.PS3.B
MS-PS3-2: HS.PS2.B, HS.PS3.B, HS.PS3.C
MS-PS3-3: 4.PS3.B, HS.PS3.B
MS-PS3-4: 4.PS3.C, HS.PS1.B, HS.PS3.A, HS.PS3.B
MS-PS3-5: 4.PS3.C, HS.PS3.A, HS.PS3.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-PS3-1: RST.6-8.1, RST.6-8.7
MS-PS3-2: SL.8.5
MS-PS3-3: RST.6-8.3, WHST.6-8.7
MS-PS3-4: RST.6-8.3, WHST.6-8.7
MS-PS3-5: RST.6-8.1, WHST.6-8.1
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Mathematics
MS-PS3-1: MP.2, 6.RP.A.1, 6.RP.A.2, 7.RP.A.2, 8.EE.A.1, 8.EE.A.2, 8.F.A.3
MS-PS3-4: MP.2, 6.SP.B.5
MS-PS3-5: MP.2, 6.RP.A.1, 7.RP.A.2, 8.F.A.3
Key
MP.2: Reason abstractly and quantitatively.
6.RP.A.1: Understand the concept of ratio, and use ratio language
to describe a ratio relationship between two quantities.
6.RP.A.2: Understand the concept of a unit rate a/b associated with
a ratio a:b with b ≠ 0, and use rate language in the context of a
ratio relationship.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
8.EE.A.1: Know and apply the properties of integer exponents to
generate equivalent numerical expressions.
8.EE.A.2: Use square- and cube-root symbols to represent solutions
to equations of the form x2 = p and x3 = p, where p is a positive
rational number. Evaluate square roots of small perfect squares
and cube roots of small perfect cubes. Know that √2 is irrational.
8.F.A.3: Interpret the equation y = mx + b as defining a linear
function, whose graph is a straight line; give examples of
functions that are not linear.
6.SP.B.5: Summarize numerical data sets in relation to their
context.

MS. Waves and Electromagnetic Radiation
Connections to other DCIs in this grade band
MS-PS4-2: MS.LS1.D
Articulation across grade bands
MS-PS4-1: 4.PS3.A, 4.PS3.B, 4.PS4.A, HS.PS4.A, HS.PS4.B
MS-PS4-2: 4.PS4.B, HS.PS4.A, HS.PS4.B, HS.ESS1.A, HS.ESS2.A,
HS.ESS2.C, HS.ESS2.D
MS-PS4-3: 4.PS4.C, HS.PS4.A, HS.PS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-PS4-1: SL.8.5
MS-PS4-2: SL.8.5
MS-PS4-3: RST.6-8.1, RST.6-8.2, RST.6-8.9, WHST.6-8.9
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.2: Determine the central ideas or conclusions of a text;
provide an accurate summary of the text distinct from prior
knowledge or opinions.
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.5: Integrate multimedia and visual displays into presentations
to clarify information, strengthen claims and evidence, and add
interest.
Mathematics
MS-PS4-1: MP.2, MP.4, 6.RP.A.1, 6.RP.A.3, 7.RP.A.2, 8.F.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
6.RP.A.3: Use ratio and rate reasoning to solve real-world and
mathematical problems.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
8.F.A.3: Interpret the equation y = mx + b as defining a linear
function, whose graph is a straight line; give examples of
functions that are not linear.
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Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.3: Follow precisely a multi-step procedure when carrying
out experiments, taking measurements, or performing technical
tasks.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
WHST.6-8.1: Write arguments focused on discipline content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
SL.8.5: Integrate multimedia and visual displays into presentations
to clarify information, strengthen claims and evidence, and add
interest.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics
MS. Structure, Function, and Information Processing
Connections to other DCIs in this grade band
MS-LS1-2: MS.LS3.A
Articulation to DCIs across grade bands
MS-LS1-1: HS.LS1.A
MS-LS1-2: 4.LS1.A, HS.LS1.A
MS-LS1-3: HS.LS1.A
MS-LS1-8: 4.LS1.D, HS.LS1.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by Topics

ELA/Literacy
MS-LS1-1: WHST.6-8.7
MS-LS1-2: SL.8.5
MS-LS1-3: RST.6-8.1, RI.6.8, WHST.6-8.1
MS-LS1-8: WHST.6-8.8
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RI.6.8: Trace and evaluate the argument and specific claims in
a text, distinguishing claims that are supported by reasons and
evidence from claims that are not.
WHST.6-8.1: Write arguments focused on discipline content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
SL.8.5: Integrate multimedia and visual displays into presentations
to clarify information, strengthen claims and evidence, and add
interest.
Mathematics
MS-LS1-1: 6.EE.C.9
MS-LS1-2: 6.EE.C.9
MS-LS1-3: 6.EE.C.9
Key
6.EE.C.9: Use variables to represent two quantities in a real-world
problem that change in relationship to one another; write an
equation to express one quantity, thought of as the dependent
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variable, in terms of the other quantity, thought of as the
independent variable. Analyze the relationship between the
dependent and independent variables using graphs and tables,
and relate these to the equation.

MS. Matter and Energy in Organisms and Ecosystems
Connections to other DCIs in this grade band
MS-LS1-6: MS.PS1.B, MS.ESS2.A
MS-LS1-7: MS.PS1.B
MS-LS2-1: MS.ESS3.A, MS.ESS3.C
MS-LS2-3: MS.PS1.B, MS.ESS2.A
MS-LS2-4: MS.LS4.C, MS.LS4.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.C
Articulation across grade bands
MS-LS1-6: 5.PS3.D, 5.LS1.C, 5.LS2.A, 5.LS2.B, HS.PS1.B, HS.LS1.C,
HS.LS2.B, HS.ESS2.D
MS-LS1-7: 5.PS3.D, 5.LS1.C, 5.LS2.B, HS.PS1.B, HS.LS1.C, HS.LS2.B
MS-LS2-1: 3.LS2.C, 3.LS4.D, 5.LS2.A, HS.LS2.A, HS.LS4.C, HS.LS4.D,
HS.ESS3.A
MS-LS2-3: 5.LS2.A, 5.LS2.B, HS.PS3.B, HS.LS1.C, HS.LS2.B, HS.ESS2.A
MS-LS2-4: 3.LS2.C, 3.LS4.D, HS.LS2.C, HS.LS4.C, HS.LS4.D, HS.ESS2.E,
HS.ESS3.B, HS.ESS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-LS1-6: RST.6-8.1, RST.6-8.2, WHST.6-8.2, WHST.6-8.9
MS-LS1-7: SL.8.5
MS-LS2-1: RST.6-8.1, RST.6-8.7
MS-LS2-3: SL.8.5
MS-LS2-4: RST.6-8.1, RI.8.8, WHST.6-8.1, WHST.6-8.9
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.2: Determine the central ideas or conclusions of a text;
provide an accurate summary of the text distinct from prior
knowledge or opinions.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
RI.8.8: Trace and evaluate the argument and specific claims in a
text, assessing whether the reasoning is sound and the evidence is
relevant and sufficient to support the claims.
WHST.6-8.1: Write arguments to support claims with clear reasons
and relevant evidence.
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Mathematics
MS-LS1-6: 6.EE.C.9
MS-LS2-3: 6.EE.C.9
Key
6.EE.C.9: Use variables to represent two quantities in a real-world
problem that change in relationship to one another; write an
equation to express one quantity, thought of as the dependent
variable, in terms of the other quantity, thought of as the
independent variable. Analyze the relationship between the
dependent and independent variables using graphs and tables,
and relate these to the equation.

MS. Interdependent Relationships in Ecosystems
Connections to other DCIs in this grade band
MS-LS2-2: MS.LS1.B
MS-LS2-5: MS.ESS3.C
Articulation across grade band
MS-LS2-2: 1.LS1.B, HS.LS2.A, HS.LS2.B, HS.LS2.D
MS-LS2-5: HS.LS2.A, HS.LS2.C, LS4.D, HS.ESS3.A, HS.ESS3.C, HS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-LS2-2: RST.6-8.1, WHST.6-8.2, WHST.6-8.9, SL.8.1, SL.8.4
MS-LS2-5: RST.6-8.8, RI.8.8
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.8: Distinguish among facts, reasoned judgment based on
research findings, and speculation in a text.
RI.8.8: Trace and evaluate the argument and specific claims in a
text, assessing whether the reasoning is sound and the evidence is
relevant and sufficient to support the claims.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.

WHST.6-8.9: Draw evidence from literary or informational texts to
support analysis, reflection, and research.
SL.8.1: Engage effectively in a range of collaborative discussions
(e.g., one-on-one, in groups, teacher-led) with diverse partners
on grade 8 topics, texts, and issues, building on others’ ideas and
expressing their own clearly.
SL.8.4: Present claims and findings, emphasizing salient points in a
focused, coherent manner with relevant evidence, sound and valid
reasoning, and well-chosen details; use appropriate eye contact,
adequate volume, and clear pronunciation.
Mathematics
MS-LS2-2: 6.SP.B.5
MS-LS2-5: MP.4, 6.RP.A.3
Key
MP.4: Model with Mathematics.
6.RP.A.3: Use ratio and rate reasoning to solve real-world and
mathematical problems.
6.SP.B.5: Summarize numerical data sets in relation to their
context.

MS. Growth, Development, and Reproduction of
Organisms
Connections to other DCIs in this grade band
MS-LS1-4: MS.LS2.A
MS-LS1-5: MS.LS2.A
MS-LS3-1: MS.LS1.A, MS.LS4.A
Articulation to DCIs across grade bands
MS-LS1-4: 3.LS1.B, HS.LS2.A, HS.LS2.D
MS-LS1-5: 3.LS1.B, 3.LS3.A, HS.LS2.A
MS-LS3-1: 3.LS3.A, 3.LS3.B, HS.LS1.A, HS.LS1.B, HS.LS3.A, HS.LS3.B
MS-LS3-2: 3.LS3.A, 3.LS3.B, HS.LS1.B, HS.LS3.A, HS.LS3.B
MS-LS4-5: HS.LS3.B, HS.LS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-LS1-4: RST.6-8.1, RI.6.8, WHST.6-8.1
MS-LS1-5: RST.6-8.1, RST.6-8.2, WHST.6-8.2, WHST.6-8.9
MS-LS3-1: RST.6-8.1, RST.6-8.4, RST.6-8.7, SL.8.5
MS-LS3-2: RST.6-8.1, RST.6-8.4, RST.6-8.7, SL.8.5
MS-LS4-5: RST.6-8.1, WHST.6-8.8
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
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WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.5: Integrate multimedia and visual displays into presentations
to clarify information, strengthen claims and evidence, and add
interest.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics

Connections to Standards Arranged by Topics
RST.6-8.2: Determine the central ideas or conclusions of a text;
provide an accurate summary of the text distinct from prior
knowledge or opinions.
RST.6-8.4: Determine the meaning of symbols, Key terms, and
other domain-specific words and phrases as they are used in a
specific scientific or technical context relevant to grades 6–8 texts
and topics.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
RI.6.8: Trace and evaluate the argument and specific claims in
a text, distinguishing claims that are supported by reasons and
evidence from claims that are not.
WHST.6-8.1: Write arguments focused on discipline content.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-LS1-4: 6.SP.A.2, 6.SP.B.4
MS-LS1-5: 6.SP.A.2, 6.SP.B.4
MS-LS3-2: MP.4, 6.SP.B.5
Key
MP.4: Model with Mathematics.
6.SP.A.2: Understand that a set of data collected to answer a
statistical question has a distribution that can be described by its
center, spread, and overall shape.
6.SP.B.4: Display numerical data in plots on a number line,
including dot plots, histograms, and box plots.
6.SP.B.5: Summarize numerical data sets in relation to their
context.

MS. Natural Selection and Adaptations
Connections to other DCIs in this grade band
MS-LS4-1: MS.ESS1.C, MS.ESS2.B
MS-LS4-2: MS.LS3.A, MS.LS3.B, MS.ESS1.C
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MS-LS4-4: MS.LS2.A, MS.LS3.A, MS.LS3.B
MS-LS4-6: MS.LS2.A, MS.LS2.C, MS.LS3.B, MS.ESS1.C
Articulation across grade bands
MS-LS4-1: 3.LS4.A, HS.LS4.A, HS.ESS1.C
MS-LS4-2: 3.LS4.A, HS.LS4.A, HS.ESS1.C
MS-LS4-3: HS.LS4.A
MS-LS4-4: 3.LS3.B, 3. LS4.B, HS.LS2.A, HS.LS3.B, HS.LS4.B, HS.LS4.C
MS-LS4-6: 3.LS4.C, HS.LS2.C, HS.LS3.B, HS.LS4.B, HS.LS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-LS4-1: RST.6-8.1, RST.6-8.7
MS-LS4-2: RST.6-8.1, WHST.6-8.2, WHST.6-8.9, SL.8.1, SL.8.4
MS-LS4-3: RST.6-8.1, RST.6-8.7, RST.6-8.9
MS-LS4-4: RST.6-8.1, RST.6-8.9, WHST.6-8.2, WHST.6-8.9, SL.8.1, SL.8.4
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.1: Engage effectively in a range of collaborative discussions
(e.g., one-on-one, in groups, teacher-led) with diverse partners
on grade 6 topics, texts, and issues, building on others’ ideas and
expressing their own clearly.
SL.8.4: Present claims and findings, emphasizing salient points in a
focused, coherent manner with relevant evidence, sound and valid
reasoning, and well-chosen details; use appropriate eye contact,
adequate volume, and clear pronunciation.
Mathematics
MS-LS4-1: 6.EE.B.6
MS-LS4-2: 6.EE.B.6
MS-LS4-4: 6.RP.A.1, 6.SP.B.5, 7.RP.A.2
MS-LS4-6: MP.4, 6.RP.A.1, 6.SP.B.5, 7.RP.A.2
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MS. Space Systems
Connections to other DCIs in this grade band
MS-ESS1-1: MS.PS2.A, MS.PS2.B
MS-ESS1-2: MS.PS2.A, MS.PS2.B
MS-ESS1-3: MS.ESS2.A
Articulation of DCIs across grade bands
MS-ESS1-1: 3.PS2.A, 5.PS2.B, 5.ESS1.B, HS.PS2.A, HS.PS2.B, HS.ESS1.B
MS-ESS1-2: 3.PS2.A, 5.PS2.B, 5.ESS1.A, 5.ESS1.B, HS.PS2.A, HS.PS2.B,
HS.ESS1.A, HS.ESS1.B
MS-ESS1-3: 5.ESS1.B, HS.ESS1.B, HS.ESS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ESS1-1: SL.8.5
MS-ESS1-2: SL.8.5
MS-ESS1-3: RST.6-8.1, RST.6-8.7
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-ESS1-1: MP.4, 6.RP.A.1, 7.RP.A.2
MS-ESS1-2: MP.4, 6.RP.A.1, 7.RP.A.2, 6.EE.B.6, 7.EE.B.4
MS-ESS1-3: MP.2, 6.RP.A.1, 7.RP.A.2

Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS. History of Earth
Connections to other DCIs in this grade band
MS-ESS1-4: MS.LS4.A, MS.LS4.C
MS-ESS2-2: MS.PS1.B, MS.LS2.B
MS-ESS2-3: MS.LS4.A
Articulation of DCIs across grade bands
MS-ESS1-4: 3.LS4.A, 3.LS4.C, 4.ESS1.C, HS.PS1.C, HS.LS4.A, HS.LS4.C,
HS.ESS1.C, HS.ESS2.A
MS-ESS2-2: 4.ESS1.C, 4.ESS2.A, 4.ESS2.E, 5.ESS2.A, HS.PS3.D, HS.LS2.B,
HS.ESS1.C, HS.ESS2.A, HS.ESS2.B, HS.ESS2.C, HS.ESS2.D, HS.ESS2.E,
HS.ESS3.D
MS-ESS2-3: 3.LS4.A, 3.ESS3.B, 4.ESS1.C, 4.ESS2.B, 4.ESS3.B, HS.LS4.A,
HS.LS4.C, HS.ESS1.C, HS.ESS2.A, HS.ESS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ESS1-4: RST.6-8.1, WHST.6-8.2
MS-ESS2-2: RST.6-8.1, WHST.6-8.2, SL.8.5
MS-ESS2-3: RST.6-8.1, RST.6-8.7, RST.6-8.9
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
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Key
MP.4: Model with Mathematics.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
6.SP.B.5: Summarize numerical data sets in relation to their
context.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-ESS1-4: 6.EE.B.6, 7.EE.B.4
MS-ESS2-2: MP.2, 6.EE.B.6, 7.EE.B.4
MS-ESS2-3: MP.2, 6.EE.B.6, 7.EE.B.4
Key
MP.2: Reason abstractly and quantitatively.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS. Earth’s Systems

Connections to Standards Arranged by Topics

Connections to other DCIs in this grade band
MS-ESS2-1: MS.PS1.A, MS.PS1.B, MS.PS3.B, MS.LS2.B, MS.LS2.C,
MS.ESS1.B, MS.ESS3.C
MS-ESS2-4: MS.PS1.A, MS.PS2.B, MS.PS3.A, MS.PS3.D
MS-ESS3-1: MS.PS1.A, MS.PS1.B, MS.ESS2.D
Articulation of DCIs across grade bands
MS-ESS2-1: 4.PS3.B, 4.ESS2.A, 5.ESS2.A, HS.PS1.B, HS.PS3.B, HS.LS1.C,
HS.LS2.B, HS.ESS2.A, HS.ESS2.C, HS.ESS2.E
MS-ESS2-4: 3.PS2.A, 4.PS3.B, 5.PS2.B, 5.ESS2.C, HS.PS2.B, HS.PS3.B,
HS.PS4.B, HS.ESS2.A, HS.ESS2.C, HS.ESS2.D
MS-ESS3-1: 4.PS3.D, 4.ESS3.A, HS.PS3.B, HS.LS1.C, HS.ESS2.A,
HS.ESS2.B, HS.ESS2.C, HS.ESS3.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ESS2-1: SL.8.5
MS-ESS3-1: RST.6-8.1, WHST.6-8.2, WHST.6-8.9
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
WHST.6-8.2: Write informative/explanatory texts to examine a
topic and convey ideas, concepts, and information through the
selection, organization, and analysis of relevant content.
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WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-ESS3-1: 6.EE.B.6, 7.EE.B.4
Key
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS. Weather and Climate
Connections to other DCIs in this grade band
MS-ESS2-5: MS.PS1.A, MS.PS2.A, MS.PS3.A, MS.PS3.B
MS-ESS2-6: MS.PS2.A, MS.PS3.B, MS.PS4.B
MS-ESS3-5: MS.PS3.A
Articulation of DCIs across grade bands
MS-ESS2-5: 3.ESS2.D, 5.ESS2.A, HS.ESS2.C, HS.ESS2.D
MS-ESS2-6: 3.PS2.A, 3.ESS2.D, 5.ESS2.A, HS.PS2.B, HS.PS3.B, HS.PS3.D,
HS.ESS1.B, HS.ESS2.A, HS.ESS2.D
MS-ESS3-5: HS.PS3.B, HS.PS4.B, HS.ESS2.A, HS.ESS2.D, HS.ESS3.C,
HS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ESS2-5: RST.6-8.1, RST.6-8.9, WHST.6-8.8
MS-ESS2-6: SL.8.5
MS-ESS3-5: RST.6-8.1
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.

NEXT GENERATION SCIENCE STANDARDS  !RRANGED BY 4OPICS #ONNECTIONS

Copyright National Academy of Sciences. All rights reserved.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics

Mathematics
MS-ESS2-5: MP.2, 6.NS.C.5
MS-ESS3-5: MP.2, 6.EE.B.6, 7.EE.B.4
Key
MP.2: Reason abstractly and quantitatively.
6.NS.C.5: Understand that positive and negative numbers are
used together to describe quantities having opposite directions
or values (e.g., temperature above/below zero, elevation above/
below sea level, credits/debits, positive/negative electrical charge);
use positive and negative numbers to represent quantities in
real-world contexts, explaining the meaning of zero in each
situation.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS. Human Impacts
Connections to other DCIs in this grade band
MS-ESS3-2: MS.PS3.C
MS-ESS3-3: MS.LS2.A, MS.LS2.C, MS.LS4.D
MS-ESS3-4: MS.LS2.A, MS.LS2.C, MS.LS4.D
Articulation of DCIs across grade bands
MS-ESS3-2: 3.ESS3.B, 4.ESS3.B, HS.ESS2.B, HS.ESS2.D, HS.ESS3.B,
HS.ESS3.D
MS-ESS3-3: 3.LS2.C, 3.LS4.D, 5.ESS3.C, HS.LS2.C, HS.LS4.C, HS.LS4.D,
HS.ESS2.C, HS.ESS2.D, HS.ESS2.E, HS.ESS3.C, HS.ESS3.D
MS-ESS3-4: 3.LS2.C, 3.LS4.D, 5.ESS3.C, HS.LS2.A, HS.LS2.C, HS.LS4.C,
HS.LS4.D, HS.ESS2.E, HS.ESS3.A, HS.ESS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
MS-ESS3-2: RST.6-8.1, RST.6-8.7
MS-ESS3-3: WHST.6-8.7, WHST.6-8.8
MS-ESS3-4: RST.6-8.1, WHST.6-8.1, WHST.6-8.9
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.

RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
WHST.6-8.1: Write arguments focused on discipline content.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
Mathematics
MS-ESS3-2: MP.2, 6.EE.B.6, 7.EE.B.4
MS-ESS3-3: 6.RP.A.1, 7.RP.A.2, 6.EE.B.6, 7.EE.B.4
MS-ESS3-4: 6.RP.A.1, 7.RP.A.2, 6.EE.B.6, 7.EE.B.4
Key
MP.2: Reason abstractly and quantitatively.
6.RP.A.1: Understand the concept of a ratio and use ratio language
to describe a ratio relationship between two quantities.
7.RP.A.2: Recognize and represent proportional relationships
between quantities.
6.EE.B.6: Use variables to represent numbers and write expressions
when solving a real-world or mathematical problem; understand
that a variable can represent an unknown number or, depending
on the purpose at hand, any number in a specified set.
7.EE.B.4: Use variables to represent quantities in a real-world
or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

MS. Engineering Design
Connections to MS-ETS1.A: Defining and Delimiting Engineering
Problems
Physical Sciences: MS-PS3-3
Connections to MS-ETS1.B: Developing Possible Solutions Problems
Physical Sciences: MS-PS1-6, MS-PS3-3
Life Sciences: MS-LS2-5
Connections to MS-ETS1.C: Optimizing the Design Solution
Physical Sciences: MS-PS1-6
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SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics
Articulation of DCIs across grade bands
MS-ETS1-1: 3-5.ETS1.A, 3-5.ETS1.C, HS.ETS1.A, HS.ETS1.B
MS-ETS1-2: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C, HS.ETS1.A, HS.ETS1.B
MS-ETS1-3: 3-5.ETS1.A, 3-5.ETS1.B, 3-5.ETS1.C, HS.ETS1.B, HS.ETS1.C
MS-ETS1-4: 3-5.ETS1.B, 3-5.ETS1.C, HS.ETS1.B, HS.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by Topics

ELA/Literacy
MS-ETS1-1: RST.6-8.1, WHST.6-8.8
MS-ETS1-2: RST.6-8.1, RST.6-8.9, WHST.6-8.7, WHST.6-8.9
MS-ETS1-3: RST.6-8.1, RST.6-8.7, RST.6-8.9
MS-ETS1-4: SL.8.5
Key
RST.6-8.1: Cite specific textual evidence to support analysis of
science and technical texts.
RST.6-8.7: Integrate quantitative or technical information
expressed in words in a text with a version of that information
expressed visually (e.g., in a flowchart, diagram, model, graph, or
table).
RST.6-8.9: Compare and contrast the information gained from
experiments, simulations, video, or multimedia sources with that
gained from reading a text on the same topic.
WHST.6-8.7: Conduct short research projects to answer a question
(including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow
for multiple avenues of exploration.
WHST.6-8.8: Gather relevant information from multiple print
and digital sources; assess the credibility of each source; quote
or paraphrase the data and conclusions of others while avoiding
plagiarism and providing basic bibliographic information for
sources.
WHST.6-8.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.8.5: Include multimedia components and visual displays in
presentations to clarify claims and findings and emphasize salient
points.
Mathematics
MS-ETS1-1: MP.2, 7.EE.B.3
MS-ETS1-2: MP.2, 7.EE.B.3
MS-ETS1-3: MP.2, 7.EE.B.3
MS-ETS1-4: MP.2, 7.SP.C.7
Key
MP.2: Reason abstractly and quantitatively.
7.EE.B.3: Solve multi-step, real-world and mathematical problems
posed with positive and negative rational numbers in any form
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(whole numbers, fractions, and decimals), using tools strategically.
Apply properties of operations to calculate with numbers in
any form; convert between forms as appropriate; assess the
reasonableness of answers using mental computation and
estimation strategies.
7.SP.C.7: Develop a probability model and use it to find
probabilities of events. Compare probabilities from a model
to observed frequencies; if the agreement is not good, explain
possible sources of the discrepancy.

HS. Structure and Properties of Matter
Connections to other DCIs in this grade band
HS-PS1-1: HS.LS1.C
HS-PS1-3: HS.ESS2.C
HS-PS1-8: HS.PS3.A, HS.PS3.B, HS.PS3.C, HS.PS3.D, HS.ESS1.A,
HS.ESS1.C
Articulation to DCIs across grade bands
HS-PS1-1: MS.PS1.A, MS.PS1.B
HS-PS1-3: MS.PS1.A, MS.PS2.B
HS-PS1-8: MS.PS1.A, MS.PS1.B, MS.PS1.C, MS.ESS2.A
HS-PS2-6: MS.PS1.A, MS.PS2.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-PS1-1: RST.9-10.7
HS-PS1-3: RST.11-12.1, WHST.9-12.7, WHST.11-12.8, WHST.9-12.9
HS-PS2-6: RST.11-12.1, WHST.9-12.2
Key
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table or chart)
and translate information expressed visually or mathematically
(e.g., in an equation) into words.
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
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Connections to Standards Arranged by Topics

Mathematics
HS-PS1-3: HSN-Q.A.1, HSN-Q.A.3
HS-PS1-8: MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS2-6: HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

HS. Chemical Reactions
Connections to other DCIs in this grade band
HS-PS1-2: HS.LS1.C, HS.ESS2.C
HS-PS1-4: HS.PS3.A, HS.PS3.B, HS.PS3.D, HS.LS1.C
HS-PS1-5: HS.PS3.A
HS-PS1-6: HS.PS3.B
HS-PS1-7: HS.PS3.B, HS.LS1.C, HS.LS2.B
Articulation to DCIs across grade bands
HS-PS1-2: MS.PS1.A, MS.PS1.B
HS-PS1-4: MS.PS1.A, MS.PS1.B, MS.PS2.B, MS.PS3.D, MS.LS1.C
HS-PS1-5: MS.PS1.A, MS.PS1.B, MS.PS2.B, MS.PS3.A, MS.PS3.B
HS-PS1-6: MS.PS1.B
HS-PS1-7: MS.PS1.A, MS.PS1.B, MS.LS1.C, MS.LS2.B, MS.ESS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-PS1-2: WHST.9-12.2, WHST.9-12.5
HS-PS1-4: SL.11-12.5
HS-PS1-5: RST.11-12.1, WHST.9-12.2
HS-PS1-6: WHST.9-12.7

Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.5: Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific
purpose and audience.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-PS1-2: HSN-Q.A.1, HSN-Q.A.3
HS-PS1-4: MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS1-5: MP.2, HSN-Q.A.1, HSN-Q.A.3
HS-PS1-7: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

HS. Forces and Interactions
Connections to other DCIs in this grade band
HS-PS2-1: HS.PS3.C, HS.ESS1.A, HS.ESS1.C, HS.ESS2.C
HS-PS2-2: HS.ESS1.A, HS.ESS1.C
HS-PS2-4: HS.PS3.A, HS.ESS1.A, HS.ESS1.B, HS.ESS1.C, HS.ESS2.C,
HS.ESS3.A
HS-PS2-5: HS.PS3.A, HS.PS4.B, HS.ESS2.A, HS.ESS3.A
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Connections to Standards Arranged by Topics

WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.

Next Generation Science Standards: For States, By States

Connections to Standards Arranged by Topics
Articulation to DCIs across grade bands
HS-PS2-1: MS.PS2.A, MS.PS3.C
HS-PS2-2: MS.PS2.A, MS.PS3.C
HS-PS2-3: MS.PS2.A, MS.PS3.C
HS-PS2-4: MS.PS2.B, MS.ESS1.B
HS-PS2-5: MS.PS2.B, MS.ESS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by Topics

ELA/Literacy
HS-PS2-1: RST.11-12.1, RST.11-12.7, WHST.9-12.9
HS-PS2-3: WHST.9-12.7
HS-PS2-5: WHST.9-12.7, WHST.11-12.8, WHST.9-12.9
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
Mathematics
HS-PS2-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-SSE.B.3, HSA-CED.A.1, HSA-CED.A.2, HSA-CED.A.4,
HSF-IF.C.7, HSS-ID.A.1
HS-PS2-2: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-CED.A.1, HSA-CED.A.2, HSA-CED.A.4
HS-PS2-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-SSE.B.3
HS-PS2-5: HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
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Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
HSA-SSE.A.1: Interpret expressions that represent a quantity in
terms of its context.
HSA-SSE.B.3: Choose and produce an equivalent form of an
expression to reveal and explain properties of the quantity
represented by the expression.
HSA-CED.A.1: Create equations and inequalities in one variable
and use them to solve problems.
HSA-CED.A.2: Create equations in two or more variables to
represent relationships between quantities; graph equations on
coordinate axes with labels and scales.
HSA-CED.A.4: Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.
HSF-IF.C.7: Graph functions expressed symbolically and show
Key features of the graph, by hand in simple cases and using
technology for more complicated cases.
HSS-ID.A.1: Represent data with plots on the real number line
(e.g., dot plots, histograms, box plots).

HS. Energy
Connections to other DCIs in this grade band
HS-PS3-1: HS.PS1.B, HS.LS2.B, HS.ESS1.A, HS.ESS2.A
HS-PS3-2: HS.PS1.A, HS.PS1.B, HS.PS2.B, HS.ESS2.A
HS-PS3-3: HS.ESS3.A
HS-PS3-4: HS.ESS1.A, HS.ESS2.A, HS.ESS2.D
HS-PS3-5: HS.PS2.B
Articulation to DCIs across grade bands
HS-PS3-1: MS.PS3.A, MS.PS3.B, MS.ESS2.A
HS-PS3-2: MS.PS1.A, MS.PS2.B, MS.PS3.A, MS.PS3.C
HS-PS3-3: MS.PS3.A, MS.PS3.B, MS.ESS2.A
HS-PS3-4: MS.PS3.B
HS-PS3-5: MS.PS2.B, MS.PS3.C
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Connections to Standards Arranged by Topics
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-PS3-1: SL.11-12.5
HS-PS3-2: SL.11-12.5
HS-PS3-3: WHST.9-12.7
HS-PS3-4: RST.11-12.1, WHST.9-12.7, WHST.11-12.8, WHST.9-12.9
HS-PS3-5: WHST.9-12.7, WHST.11-12.8, WHST.9-12.9, SL.11-12.5
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-PS3-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS3-2: MP.2, MP.4
HS-PS3-3: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-PS3-4: MP.2, MP.4
HS-PS3-5: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

HS. Waves and Electromagnetic Radiation
Connections to other DCIs in this grade band
HS-PS4-1: HS.ESS2.A
HS-PS4-3: HS.PS3.D, HS.ESS1.A, HS.ESS2.D
HS-PS4-4: HS.PS1.C, HS.PS3.A, HS.PS3.D, HS.LS1.C
HS-PS4-5: HS.PS3.A
Articulation to DCIs across grade bands
HS-PS4-1: MS.PS4.A, MS.PS4.B
HS-PS4-2: MS.PS4.A, MS.PS4.B, MS.PS4.C
HS-PS4-3: MS.PS4.B
HS-PS4-4: MS.PS3.D, MS.PS4.B, MS.LS1.C, MS.ESS2.D
HS-PS4-5: MS.PS4.A, MS.PS4.B, MS.PS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-PS4-1: RST.11-12.7
HS-PS4-2: RST.9-10.8, RST.11-12.1, RST.11-12.8
HS-PS4-3: RST.9-10.8, RST.11-12.1, RST.11-12.8
HS-PS4-4: RST.9-10.8, RST.11-12.1, RST.11-12.7, RST.11-12.8,
WHST.11-12.8
HS-PS4-5: WHST.9-12.2
Key
RST.9-10.8: Assess the extent to which the reasoning and evidence
in a text support the author’s claim or a recommendation for
solving a scientific or technical problem.
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
NEXT GENERATION SCIENCE STANDARDS  !RRANGED BY 4OPICS #ONNECTIONS

Copyright National Academy of Sciences. All rights reserved.

317

Connections to Standards Arranged by Topics

Connections to Common Core State Standards
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Connections to Standards Arranged by Topics
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
Mathematics
HS-PS4-1: MP.2, MP.4, HSA-SSE.A.1, HSA-SSE.B.3, HSA.CED.A.4
HS-PS4-3: MP.2, HSA-SSE.A.1, HSA-SSE.B.3, HSA.CED.A.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSA-SSE.A.1: Interpret expressions that represent a quantity in
terms of its context.
HSA-SSE.B.3: Choose and produce an equivalent form of an
expression to reveal and explain properties of the quantity
represented by the expression.
HSA.CED.A.4: Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.

HS. Structure and Function
Connections to other DCIs in this grade band
HS-LS1-1: HS.LS3.A

Connections to Standards Arranged by Topics

Articulation across grade bands
HS-LS1-1: MS.LS1.A, MS.LS3.A, MS.LS3.B
HS-LS1-2: MS.LS1.A
HS-LS1-3: MS.LS1.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-LS1-1: RST.11-12.1, WHST.9-12.2, WHST.9-12.9
HS-LS1-2: SL.11-12.5
HS-LS1-3: WHST.9-12.7, WHST.11-12.8
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.

318

WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.

HS. Matter and Energy in Organisms and Ecosystems
Connections to other DCIs in this grade band
HS-LS1-5: HS.PS1.B, HS.PS3.B
HS-LS1-6: HS.PS1.B
HS-LS1-7: HS.PS1.B, HS.PS2.B, HS.PS3.B
HS-LS2-3: HS.PS1.B, HS.PS3.B, HS.PS3.D, HS.ESS2.A
HS-LS2-4: HS.PS3.B, HS.PS3.D
HS-LS2-5: HS.PS1.B, HS.ESS2.D
Articulation across grade bands
HS-LS1-5: MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.LS2.B
HS-LS1-6: MS.PS1.A, MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.ESS2.E
HS-LS1-7: MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.LS2.B
HS-LS2-3: MS.PS1.B, MS.PS3.D, MS.LS1.C, MS.LS2.B
HS-LS2-4: MS.PS3.D, MS.LS1.C, MS.LS2.B
HS-LS2-5: MS.PS3.D, MS.LS1.C, MS.LS2.B, MS.ESS2.A
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-LS1-5: SL.11-12.5
HS-LS1-6: RST.11-12.1, WHST.9-12.2, WHST.9-12.5, WHST.9-12.9
HS-LS1-7: SL.11-12.5
HS-LS2-3: RST.11-12.1, WHST.9-12.2, WHST.9-12.5
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
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WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.5: Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific
purpose and audience.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-LS2-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

HS. Interdependent Relationships in Ecosystems
Connections to other DCIs in this grade band
HS-LS2-2: HS.ESS2.E, HS.ESS3.A, HS.ESS3.C, HS.ESS3.D
HS-LS2-6: HS.ESS2.E
HS-LS2-7: HS.ESS2.D, HS.ESS2.E, HS.ESS3.A, HS.ESS3.C
HS-LS4-6: HS.ESS2.D, HS.ESS2.E, HS.ESS3.A, HS.ESS3.C, HS.ESS3.D
Articulation across grade bands
HS-LS2-1: MS.LS2.A, MS.LS2.C, MS.ESS3.A, MS.ESS3.C
HS-LS2-2: MS.LS2.A, MS.LS2.C, MS.ESS3.C
HS-LS2-6: MS.LS2.A, MS.LS2.C, MS.ESS2.E, MS.ESS3.C
HS-LS2-7: MS.LS2.C, MS.ESS3.C, MS.ESS3.D
HS-LS2-8: MS.LS1.B
HS-LS4-6: MS.LS2.C, MS.ESS3.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-LS2-1: RST.11-12.1, WHST.9-12.2

HS-LS2-2: RST.11-12.1, WHST.9-12.2
HS-LS2-6: RST.9-10.8, RST.11-12.1, RST.11-12.7, RST.11-12.8
HS-LS2-7: RST.9-10.8, RST.11-12.7, RST.11-12.8, WHST.9-12.7
HS-LS2-8: RST.9-10.8, RST.11-12.1, RST.11-12.7, RST.11-12.8
HS-LS4-6: WHST.9-12.5, WHST.9-12.7
Key
RST.9-10.8: Assess the extent to which the reasoning and evidence
in a text support the author’s claim or a recommendation for
solving a scientific or technical problem.
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.5: Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific
purpose and audience.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
Mathematics
HS-LS2-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-LS2-2: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-LS2-6: MP.2, HSS-ID.A.1, HSS-IC.A.1, HSS-IC.B.6
HS-LS2-7: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
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Connections to Standards Arranged by Topics
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
HSS-ID.A.1: Represent data with plots on the real number line.
HSS-IC.A.1: Understand statistics as a process for making
inferences about population parameters based on a random
sample from that population.
HSS-IC.B.6: Evaluate reports based on data.

HS. Inheritance and Variation of Traits
Connections to other DCIs in this grade band
HS-LS3-3: HS.LS2.A, HS.LS2.C, HS.LS4.B, HS.LS4.C
Articulation across grade bands
HS-LS1-4: MS.LS1.A, MS.LS1.B, MS.LS3.A
HS-LS3-1: MS.LS3.A, MS.LS3.B
HS-LS3-2: MS.LS3.A, MS.LS3.B
HS-LS3-3: MS.LS2.A, MS.LS3.B, MS.LS4.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

Connections to Standards Arranged by Topics

ELA/Literacy
HS-LS1-4: SL.11-12.5
HS-LS3-1: RST.11-12.1, RST.11-12.9
HS-LS3-2: RST.11-12.1, WHST.9-12.1
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.9: Synthesize information from a range of sources (e.g.,
texts, experiments, simulations) into a coherent understanding
of a process, phenomenon, or concept, resolving conflicting
information when possible.
WHST.9-12.1: Write arguments focused on discipline-specific
content.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-LS1-4: MP.4, HSF-IF.C.7, HSF-BF.A.1
HS-LS3-2: MP.2
HS-LS3-3: MP.2
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
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HSF-IF.C.7: Graph functions expressed symbolically and show
Key features of the graph, by hand in simple cases and using
technology for more complicated cases.
HSF-BF.A.1: Write a function that describes a relationship between
two quantities.

HS. Natural Selection and Evolution
Connections to other DCIs in this grade band
HS-LS4-1: HS.LS3.A, HS.LS3.B, HS.ESS1.C
HS-LS4-2: HS.LS2.A, HS.LS2.D, HS.LS3.B, HS.ESS2.E, HS.ESS3.A
HS-LS4-3: HS.LS2.A, HS.LS2.D, HS.LS3.B
HS-LS4-4: HS.LS2.A, HS.LS2.D
HS-LS4-5: HS.LS2.A, HS.LS2.D, HS.LS3.B, HS.ESS2.E, HS.ESS3.A
Articulation across grade bands
HS-LS4-1: MS.LS3.A, MS.LS3.B, MS.LS4.A, MS.ESS1.C
HS-LS4-2: MS.LS2.A, MS.LS3.B, MS.LS4.B, MS.LS4.C
HS-LS4-3: MS.LS2.A, MS.LS3.B, MS.LS4.B, MS.LS4.C
HS-LS4-4: MS.LS4.B, MS.LS4.C
HS-LS4-5: MS.LS2.A, MS.LS2.C, MS.LS4.C, MS.ESS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-LS4-1: RST.11-12.1, WHST.9-12.2, WHST.9-12.9, SL.11-12.4
HS-LS4-2: RST.11-12.1, WHST.9-12.2, WHST.9-12.9, SL.11-12.4
HS-LS4-3: RST.11-12.1, WHST.9-12.2, WHST.9-12.9
HS-LS4-4: RST.11-12.1, WHST.9-12.2, WHST.9-12.9
HS-LS4-5: RST.11-12.8, WHST.9-12.9
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
WHST.9-12.9: Draw evidence from informational texts to support
analysis, reflection, and research.
SL.11-12.4: Present claims and findings, emphasizing salient points
in a focused, coherent manner with relevant evidence, sound
and valid reasoning, and well-chosen details; use appropriate eye
contact, adequate volume, and clear pronunciation.
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HS. Space Systems
Connections to other DCIs in this grade band
HS-ESS1-1: HS.PS1.C, HS.PS3.A
HS-ESS1-2: HS.PS1.A, HS.PS1.C, HS.PS3.A, HS.PS3.B, HS.PS4.A
HS-ESS1-3: HS.PS1.A, HS.PS1.C
HS-ESS1-4: HS.PS2.B
Articulation of DCIs across grade bands
HS-ESS1-1: MS.PS1.A, MS.PS4.B, MS.ESS1.A, MS.ESS2.A, MS.ESS2.D
HS-ESS1-2: MS.PS1.A, MS.PS4.B, MS.ESS1.A
HS-ESS1-3: MS.PS1.A, MS.ESS1.A
HS-ESS1-4: MS.PS2.A, MS.PS2.B, MS.ESS1.A, MS.ESS1.B
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ESS1-1: RST.11-12.1
HS-ESS1-2: RST.11-12.1, WHST.9-12.2
HS-ESS1-3: WHST.9-12.2, SL.11-12.4
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
SL.11-12.4: Present claims and findings, emphasizing salient points
in a focused, coherent manner with relevant evidence, sound
and valid reasoning, and well-chosen details; use appropriate eye
contact, adequate volume, and clear pronunciation.
Mathematics
HS-ESS1-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-CED.A.2, HSA-CED.A.4
HS-ESS1-2: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3, HSA-SSE.A.1,
HSA-CED.A.2, HSA-CED.A.4

HS-ESS1-3: MP.2
HS-ESS1-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3,
HSA-SSE.A.1, HSA-CED.A.2, HSA-CED.A.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
HSA-SSE.A.1: Interpret expressions that represent a quantity in
terms of its context.
HSA-CED.A.2: Create equations in two or more variables to
represent relationships between quantities; graph equations on
coordinate axes with labels and scales.
HSA-CED.A.4: Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.

HS. History of Earth
Connections to other DCIs in this grade band
HS-ESS1-5: HS.PS3.B, HS.ESS2.A
HS-ESS1-6: HS.PS2.A, HS.PS2.B
HS-ESS2-1: HS.PS2.B
Articulation of DCIs across grade bands
HS-ESS1-5: MS.ESS1.C, MS.ESS2.A, MS.ESS2.B
HS-ESS1-6: MS.PS2.B, MS.ESS1.B, MS.ESS1.C, MS.ESS2.A, MS.ESS2.B
HS-ESS2-1: MS.PS2.B, MS.LS2.B, MS.ESS1.C, MS.ESS2.A, MS.ESS2.B,
MS.ESS2.C, MS.ESS2.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ESS1-5: RST.11-12.1, RST.11-12.8, WHST.9-12.2
HS-ESS1-6: RST.11-12.1, RST.11-12.8, WHST.9-12.1
HS-ESS2-1: SL.11-12.5
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
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Connections to Standards Arranged by Topics

Mathematics
HS-LS4-1: MP.2
HS-LS4-2: MP.2, MP.4
HS-LS4-3: MP.2
HS-LS4-4: MP.2
HS-LS4-5: MP.2
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
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Connections to Standards Arranged by Topics

Connections to Standards Arranged by Topics

RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.1: Write arguments focused on discipline-specific
content.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-ESS1-5: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS1-6: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3, HSF-IF.B.5,
HSS-ID.B.6
HS-ESS2-1: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
HSF-IF.B.5: Relate the domain of a function to its graph and,
where applicable, to the quantitative relationship it describes.
HSS-ID.B.6: Represent data on two quantitative variables on a
scatter plot, and describe how those variables are related.

HS. Earth’s Systems
Connections to other DCIs in this grade band
HS-ESS2-2: HS.PS3.B, HS.PS4.B, HS.LS2.B, HS.LS2.C, HS.LS4.D,
HS.ESS3.C, HS.ESS3.D
HS-ESS2-3: HS.PS2.B, HS.PS3.B, HS.PS3.D
HS-ESS2-5: HS.PS1.A, HS.PS1.B, HS.PS3.B, HS.ESS3.C
HS-ESS2-6: HS.PS1.A, HS.PS1.B, HS.PS3.D, HS.LS1.C, HS.LS2.B,
HS.ESS3.C, HS.ESS3.D
HS-ESS2-7: HS.LS2.A, HS.LS2.C, HS.LS4.A, HS.LS4.B, HS.LS4.C, HS.LS4.D
Articulation of DCIs across grade bands
HS-ESS2-2: MS.PS3.D, MS.PS4.B, MS.LS2.B, MS.LS2.C, MS.LS4.C,
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MS.ESS2.A, MS.ESS2.B, MS.ESS2.C, MS.ESS2.D, MS.ESS3.C, MS.ESS3.D
HS-ESS2-3: MS.PS1.A, MS.PS1.B, MS.PS2.B, MS.PS3.A, MS.PS3.B,
MS.ESS2.A, MS.ESS2.B
HS-ESS2-5: MS.PS1.A, MS.PS4.B, MS.ESS2.A, MS.ESS2.C, MS.ESS2.D
HS-ESS2-6: MS.PS1.A, MS.PS3.D, MS.PS4.B, MS.LS2.B, MS.ESS2.A,
MS.ESS2.B, MS.ESS2.C, MS.ESS3.C, MS.ESS3.D
HS-ESS2-7: MS.LS2.A, MS.LS2.C, MS.LS4.A, MS.LS4.B, MS.LS4.C,
MS.ESS1.C, MS.ESS2.A, MS.ESS2.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ESS2-2: RST.11-12.1, RST.11-12.2
HS-ESS2-3: RST.11-12.1, SL.11-12.5
HS-ESS2-5: WHST.9-12.7
HS-ESS2-7: WHST.9-12.1
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.2: Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or information presented
in a text by paraphrasing them in simpler but still accurate terms.
WHST.9-12.1: Write arguments focused on discipline-specific
content.
WHST.9-12.7: Conduct short as well as more sustained research
projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-ESS2-2: MP.2, HSN-Q.A.1, HSN-Q.A.3
HS-ESS2-3: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS2-5: HSN-Q.A.3
HS-ESS2-6: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
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HS. Weather and Climate
Connections to other DCIs in this grade band
HS-ESS2-4: HS.PS3.A, HS.PS3.B, HS.LS2.C, HS.ESS1.C, HS.ESS3.C,
HS.ESS3.D
HS-ESS3-5: HS.PS3.B, HS.PS3.D, HS.LS1.C, HS.ESS2.D
Articulation of DCIs across grade bands
HS-ESS2-4: MS.PS3.A, MS.PS3.B, MS.PS3.D, MS.PS4.B, MS.LS1.C,
MS.LS2.B, MS.LS2.C, MS.ESS2.A, MS.ESS2.B, MS.ESS2.C, MS.ESS2.D,
MS.ESS3.C, MS.ESS3.D
HS-ESS3-5: MS.PS3.B, MS.PS3.D, MS.ESS2.A, MS.ESS2.D, MS.ESS3.B,
MS.ESS3.C, MS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ESS2-4: SL.11-12.5
HS-ESS3-5: RST.11-12.1, RST.11-12.2, RST.11-12.7
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.2: Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or information presented
in a text by paraphrasing them in simpler but still accurate terms.
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
SL.11-12.5: Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in presentations
to enhance understanding of findings, reasoning, and evidence
and to add interest.
Mathematics
HS-ESS2-4: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS3-5: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.

HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

HS. Human Sustainability
Connections to other DCIs in this grade band
HS-ESS3-2: HS.PS3.B, HS.PS3.D, HS.LS2.A, HS.LS2.B, HS.LS4.D,
HS.ESS2.A
HS-ESS3-3: HS.PS1.B, HS.LS2.A, HS.LS2.B, HS.LS2.C, HS.LS4.D,
HS.ESS2.A, HS.ESS2.E
HS-ESS3-4: HS.LS2.C, HS.LS4.D
HS-ESS3-6: HS.LS2.B, HS.LS2.C, HS.LS4.D, HS.ESS2.A
Articulation of DCIs across grade bands
HS-ESS3-1: MS.LS2.A, MS.LS4.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.B
HS-ESS3-2: MS.PS3.D, MS.LS2.A, MS.LS2.B, MS.LS4.D, MS.ESS3.A,
MS.ESS3.C
HS-ESS3-3: MS.PS1.B, MS.LS2.A, MS.LS2.B, MS.LS2.C, MS.LS4.C,
MS.LS4.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.C
HS-ESS3-4: MS.LS2.C, MS.ESS2.A, MS.ESS3.B, MS.ESS3.C, MS.ESS3.D
HS-ESS3-6: MS.LS2.C, MS.ESS2.A, MS.ESS2.C, MS.ESS3.C, MS.ESS3.D
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ESS3-1: RST.11-12.1, WHST.9-12.2
HS-ESS3-2: RST.11-12.1, RST.11-12.8
HS-ESS3-4: RST.11-12.1, RST.11-12.8
Key
RST.11-12.1: Cite specific textual evidence to support analysis of
science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
WHST.9-12.2: Write informative/explanatory texts, including the
narration of historical events, scientific procedures/experiments, or
technical processes.
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Connections to Standards Arranged by Topics

HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.
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Connections to Standards Arranged by Topics
Mathematics
HS-ESS3-1: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS3-2: MP.2
HS-ESS3-3: MP.2, MP.4
HS-ESS3-4: MP.2, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
HS-ESS3-6: MP.2, MP.4, HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.
HSN-Q.A.1: Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose of
descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to the
limitations on measurement when reporting quantities.

RST.11-12.8: Evaluate the hypotheses, data, analyses, and
conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other
sources of information.
RST.11-12.9: Synthesize information from a range of sources (e.g.,
texts, experiments, simulations) into a coherent understanding
of a process, phenomenon, or concept, resolving conflicting
information when possible.
Mathematics
HS-ETS1-1: MP.2, MP.4
HS-ETS1-2: MP.4
HS-ETS1-3: MP.2, MP.4
HS-ETS1-4: MP.2, MP.4
Key
MP.2: Reason abstractly and quantitatively.
MP.4: Model with Mathematics.

HS. Engineering Design
Connections to HS-ETS1.A: Defining and Delimiting Engineering
Problems
Physical Sciences: HS-PS2-3, HS-PS3-3

Connections to Standards Arranged by Topics

Connections to HS-ETS1.B: Designing Solutions to Engineering
Problems
Earth and Space Sciences: HS-ESS3-2, HS-ESS3-4
Life Sciences: HS-LS2-7, HS-LS4-6
Connections to HS-ETS1.C: Optimizing the Design Solution
Physical Sciences: HS-PS1-6, HS-PS2-3
Articulation of DCIs across grade bands
HS-ETS1-1: MS.ETS1.A
HS-ETS1-2: MS.ETS1.A, MS.ETS1.B, MS.ETS1.C
HS-ETS1-3: MS.ETS1.A, MS.ETS1.B
HS-ETS1-4: MS.ETS1.A, MS.ETS1.B, MS.ETS1.C
Connections to Common Core State Standards
(Note: Items appearing in italics are not pre-requisite to the successful accomplishment
of a given Performance Expectation, but may be otherwise connected to it.)

ELA/Literacy
HS-ETS1-1: RST.11-12.7, RST.11-12.8, RST.11-12.9
HS-ETS1-3: RST.11-12.7, RST.11-12.8, RST.11-12.9
Key
RST.11-12.7: Integrate and evaluate multiple sources of
information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a
question or solve a problem.
324
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PREFACE
The Next Generation Science Standards (NGSS), authored by a consortium of 26 states facilitated by Achieve, Inc.,
are the culmination of a 3-year, multi-step process jointly undertaken by the National Research Council (NRC),
the National Science Teachers Association, the American Association for the Advancement of Science, and Achieve,
Inc., with support from the Carnegie Corporation of New York.
The NRC, the operating arm of the National Academy of Sciences (NAS) and the National Academy of Engineering
(NAE), began the process by releasing A Framework for K–12 Science Education: Practices, Crosscutting Concepts,
and Core Ideas in July 2011. The Framework, authored by a committee of 18 individuals who are nationally and
internationally known in their respective fields, describes a new vision for science education rooted in scientific
evidence and outlines the knowledge and skills that all students need to learn from kindergarten through the end
of high school. It is the foundational document for the NGSS.
Following release of the Framework, the consortium of 26 lead partner states, working with a team of 41 writers
with expertise in science and science education and facilitated by Achieve, Inc., began the development of rigorous
and internationally benchmarked science standards that are faithful to the Framework. As part of the development
process, the standards underwent multiple reviews, including two public drafts, allowing anyone interested in
science education an opportunity to inform the content and organization of the standards. Thus the NGSS were
developed through collaboration between states and other stakeholders in science, science education, higher
education, business, and industry.
As partners in this endeavor, the NAS, NAE, NRC, and the National Academies Press (NAP) are deeply committed
to the NGSS initiative. While this document is not the product of an NRC expert committee, the final version of
the standards was reviewed by the NRC and was found to be consistent with the Framework. These standards,
built on the Framework, are essential for enhancing learning for all students and should enjoy the widest possible
dissemination, given the vital national importance of high-quality education. That is why we decided to publish the
NGSS through the NAP, a unit otherwise solely dedicated to publishing the work of this institution.
The NGSS represent a crucial step forward in realizing the Framework’s vision for science education in classrooms
throughout our nation. The standards alone, however, will not create high-quality learning opportunities for all
students. Numerous changes are now required at all levels of the K–12 education system so that the standards can
lead to improved science teaching and learning, including modifications to curriculum, instruction, assessment, and
professional preparation and development for teachers. The scientific and science education communities must
continue to work together to create these transformations in order to make the promise of the NGSS a reality for
all students.
Washington, DC, June 2013

RALPH J. CICERONE

CHARLES M. VEST

HARVEY V. FINEBERG

President
National Academy of Sciences
Chair
National Research Council

President
National Academy of Engineering
Vice Chair
National Research Council

President
Institute of Medicine
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NATIONAL RESEARCH COUNCIL REVIEW OF
THE NEXT GENERATION SCIENCE STANDARDS
In accordance with the procedures approved by the Executive Office of the Division of Behavioral and Social
Sciences and Education (DBASSE) at the National Research Council (NRC), the Next Generation Science Standards
(NGSS) were reviewed in early 2013 by individuals chosen for their technical expertise and familiarity with the
Research Council’s 2011 report A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core
Ideas (Framework). The purpose of the review was to evaluate whether the NGSS, as developed during a 2-year
process by 26 lead states under the guidance of Achieve, Inc., remained consistent with the Framework, which was
intended to provide the scientific consensus upon which to base new K–12 science standards. The developers of the
NGSS used the Framework as the basis for their work in terms of developing both the structure and content of the
standards. The NRC asked reviewers to direct their comments to three points:
s !RE THE .'33 CONSISTENT WITH THE VISION FOR +–12 science education presented in the Framework?
s 4O WHAT EXTENT DO THE .'33 FOLLOW THE SPECIFIC RECOMMENDATIONS FOR STANDARDS DEVELOPERS PUT FORWARD BY THE
Framework committee (see Chapter 12 of the Framework)?
s &OR CONSISTENCY WITH THE Framework, are other changes needed?
The review process determined that the NGSS, released to the public in April 2013 and published in this volume, are
consistent with the content and structure of the Framework.
The following individuals participated in the review of the NGSS: Philip Bell, Professor of the Learning Sciences,
The Geda and Phil Condit Professor of Science and Math Education, University of Washington; Rodolfo Dirzo, Bing
Professor in Ecology, Department of Biology, Stanford University; Kenji Hakuta, Professor of Education, School of
Education, Stanford University; Kim A. Kastens, Lamont Research Professor and Adjunct Full Professor, LamontDoherty Earth Observatory, Department of Earth and Environmental Sciences, Columbia University; Jonathan
Osborne, Shriram Family Professor of Science Education, Graduate School of Education, Stanford University; Brian J.
Reiser, Professor, Learning Sciences, School of Education and Social Policy, Northwestern University; Carl E. Wieman,
Professor, Department of Physics, University of British Columbia; and Lauress (Laurie) L. Wise, Principal Scientist,
Education Policy Impact Center, HumRRO, Monterey, CA.
The review of the NGSS was overseen by Patricia Morison, Associate Executive Director for Reports and
Communications for DBASSE, and Suzanne Wilson, member of the NRC Board on Science Education and Professor,
Michigan State University. Appointed by the NRC, they were responsible for making certain that an independent
examination of the NGSS was carried out in accordance with institutional procedures.
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GLOSSARY
A

Algebra (CCSS Connection)

AAAS

American Association for the Advancement of Science

AYP

annual yearly progress

BF

Building Functions (CCSS Connection)

CC

Counting and Cardinality (CCSS Connection)

CC

crosscutting concept

CCR

college and career ready

CCSS

Common Core State Standards

CCSSM Common Core State Standards for Mathematics
CED

Creating Equations (CCSS Connection)

CR

Chemical Reactions (Topic Name)

DCI

disciplinary core idea

E

Energy (Topic Name)

ED

Engineering Design (Topic Name)

EE

Expressions and Equations (CCSS Connection)

ELA

English Language Arts

ELL

English language learner

ES

Earth’s Systems (Topic Name)

ESEA

Elementary and Secondary Education Act

ESS

earth and space sciences

ETS

engineering, technology, and applications of science

F

Functions (CCSS Connection)

FB

foundation box

FI
G
GBE
vi

Forces and Interactions (Topic Name)
Geometry (CCSS Connection)
grade-band endpoint

GDRO

Growth, Development, and Reproduction of Organisms
(Topic Name)

HI

Human Impacts (Topic Name)

HS

high school

IC

Making Inferences and Justifying Conclusions (CCSS Connection)

ID

Interpret Data (CCSS Connection)

IDEA

Individuals with Disabilities Education Act

IEP

individualized education program

IF

Interpreting Functions (CCSS Connection)

IRE

Interdependent Relationships in Ecosystems (Topic Name)

IVT

Inheritance and Variation of Traits (Topic Name)

K

kindergarten

LEP

limited English proficiency

LS

life sciences

MD

Measurement and Data (CCSS Connection)

MEOE

Matter and Energy in Organisms and Ecosystems (Topic Name)

MP

Mathematical Practice (Topic Name)

MS

middle school

N

Number and Quantity (CCSS Connection)

NAE

National Academy of Engineering

NAEP

National Assessment of Educational Progress

NAGC

National Association for Gifted Children

NBT

Number and Operations in Base Ten (CCSS Connection)

NCES

National Center for Educational Statistics

NCLB

No Child Left Behind Act

NF

Number and Operations—Fractions (CCSS Connection)

GLOSSARY
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NGSS

Next Generation Science Standards

TELA

Technology and Engineering Literacy Assessment

NOS

Nature of Science

TIMSS

Trends in International Mathematics and Science Study

NRC

National Research Council

NS

The Number System (CCSS Connection)

W

Waves (Topic Name)

NSA

Natural Selection and Adaptations (Topic Name)

W

Writing (CCSS Connection)

NSE

Natural Selection and Evolution (Topic Name)

WC

Weather and Climate (Topic Name)

NSF

National Science Foundation

WER

Waves and Electromagnetic Radiation (Topic Name)

NSTA

National Science Teachers Association

WHST

Writing in History/Social Studies, Science, and Technical Subjects
(CCSS Connection)

OA

Operations and Algebraic Thinking (CCSS Connection)

PE

performance expectation

PISA

Program for International Student Assessment

PS

physical sciences

Q

Quantities (CCSS Connection)

R&D

research and development

RI

Reading Informational Text (CCSS Connection)

RL

Reading Literature (CCSS Connection)

RP

Ratios and Proportional Relationships (CCSS Connection)

RST

Reading in Science and Technical Subjects (CCSS Connection)

SEP

science and engineering practice

SF

Structure and Function (Topic Name)

SFIP

Structure, Function, and Information Processing (Topic Name)

SL

Speaking and Listening (CCSS Connection)

SP

Statistics and Probability (CCSS Connection)

SPM

Structures and Properties of Matter (Topic Name)

SS

Space Systems (Topic Name)

SSE

Seeing Structure in Expressions (CCSS Connection)

STEM

science, technology, engineering, and mathematics

STS

science, technology, and society

GLOSSARY
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APPENDIX A

CONCEPTUAL SHIFTS IN THE NEXT
GENERATION SCIENCE STANDARDS

The Next Generation Science Standards (NGSS) provide an important opportunity to improve not only science education but also
student achievement. Based on A Framework for K–12 Science
Education: Practices, Crosscutting Concepts, and Core Ideas
(Framework), the NGSS are intended to reflect a new vision for
American science education. The following conceptual shifts in
the NGSS demonstrate what is new and different about the NGSS:
1. K–12 science education should reflect the interconnected
nature of science as it is practiced and experienced in the real
world.
The framework is designed to help realize a vision for
education in the sciences and engineering in which students, over multiple years of school, actively engage in
scientific and engineering practices and apply crosscutting concepts to deepen their understanding of the core
ideas in these fields. (NRC, 2012, p. 12)
The vision represented in the Framework is new in that students
must be engaged at the nexus of the three dimensions:
s 3CIENCE AND %NGINEERING 0RACTICES
s #ROSSCUTTING #ONCEPTS AND
s $ISCIPLINARY #ORE )DEAS
Currently, most state and district standards express these dimensions as separate entities, leading to their separation in both
instruction and assessment. Given the importance of science and
engineering in the 21st century, students require a sense of contextual understanding with regard to scientific knowledge, how
it is acquired and applied, and how science is connected through
a series of concepts that help further our understanding of the
world around us. Student performance expectations have to
include a student’s ability to apply a practice to content knowledge. Performance expectations thereby focus on understanding

and application as opposed to memorization of facts devoid of
context. The Framework goes on to emphasize that
learning about science and engineering involves integration of the knowledge of scientific explanations (i.e., content knowledge) and the practices needed to engage in
scientific inquiry and engineering design. Thus the framework seeks to illustrate how knowledge and practice must
be intertwined in designing learning experiences in K–12
science education. (NRC, 2012, p. 11)
 4HE .EXT 'ENERATION 3CIENCE 3TANDARDS ARE STUDENT PERFORmance expectations—NOT curriculum.
Even though within each performance expectation Science and
Engineering Practices (SEPs) are partnered with a particular
Disciplinary Core Idea (DCI) and Crosscutting Concept (CC) in the
NGSS, these intersections do not predetermine how the three are
linked in curriculum, units, or lessons. Performance expectations
simply clarify the expectations of what students will know and
be able to do by the end of the grade or grade band. Additional
work will be needed to create coherent instructional programs
that help students achieve these standards.
As stated previously, past science standards at both the state and
district levels have treated the three dimensions of science as
separate and distinct entities, leading to preferential treatment
in assessment or instruction. It is essential to understand that the
emphasis placed on a particular Science and Engineering Practice or
Crosscutting Concept in a performance expectation is not intended
to limit instruction, but to make clear the intent of the assessments.
An example of this is illustrated in two performance expectations
in high school physical sciences that use the practice of modeling.
Models are basically used for three reasons: (1) to represent or
describe, (2) to collect data, or (3) to predict. The first use is typical
in schools because models and representations are usually synonymous. However, the use of models to collect data or to predict phenomena is new. For example:
Construct models to explain changes in nuclear energies
during the processes of fission, fusion, and radioactive
decay and the nuclear interactions that determine nuclear
stability.

1
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and
Use system models (computer or drawings) to construct
molecular-level explanations to predict the behavior of
systems where a dynamic and condition-dependent balance between a reaction and the reverse reaction determines the numbers of all types of molecules present.
In the first performance expectation, models are used with nuclear
processes to explain changes. A scientific explanation requires
evidence to support the explanation, so students will be called
on to construct a model for the purpose of gathering evidence
to explain these changes. Additionally, they will be required to
use models to both explain and predict the behavior of systems
in equilibrium. Again, the models will have to be used to collect
data, but they will be further validated in their ability to predict
the state of a system. In both cases, students will need a deep
understanding of the content, as well as proficiency in the ability
to construct and use models for various applications. The practice
of modeling will need to be taught throughout the year—and
indeed throughout the entire K–12 experience—as opposed to
during one two-week unit of instruction.
The goal of the NGSS is to be clear about which practice students
are responsible for in terms of assessment, but these practices and
crosscutting concepts should occur throughout each school year.
 4HE SCIENCE CONCEPTS IN THE .EXT 'ENERATION 3CIENCE 3TANDARDS
BUILD COHERENTLY FROM +n.
The focus on a few Disciplinary Core Ideas is a key aspect of a
coherent science education. The Framework identified a basic set
of core ideas that are meant to be understood by the time a student completes high school:
To develop a thorough understanding of scientific explanations of the world, students need sustained opportunities to work with and develop the underlying ideas and
to appreciate those ideas’ interconnections over a period
of years rather than weeks or months. . . . This sense of
development has been conceptualized in the idea of
learning progressions. . . . If mastery of a core idea in a
science discipline is the ultimate educational destination,
then well-designed learning progressions provide a map
of the routes that can be taken to reach that destination.
2

Such progressions describe both how students’ understanding of the idea matures over time and the instructional supports and experiences that are needed for them
to make progress. (NRC, 2012, p. 26)
There are two key points that are important to understand:
s &IRST FOCUS AND COHERENCE MUST BE A PRIORITY 7HAT THIS MEANS
to teachers and curriculum developers is that the same ideas
or details are not covered each year. Rather, a progression of
knowledge occurs from grade band to grade band that gives
students the opportunity to learn more complex material,
leading to an overall understanding of science by the end of
high school. Historically, science education was taught as a set
of disjointed and isolated facts. The Framework and the NGSS
provide a more coherent progression aimed at overall scientific literacy with instruction focused on a smaller set of ideas
and an eye on what students should have already learned and
what they will learn at the next level.
s 3ECOND THE PROGRESSIONS IN THE .'33 AUTOMATICALLY ASSUME
that previous material has been learned by students. Choosing
to omit content at any grade level or band will impact the success of students in understanding the core ideas and will put
additional responsibilities on teachers later in the process.
 4HE .EXT 'ENERATION 3CIENCE 3TANDARDS FOCUS ON DEEPER UNDERSTANDING OF CONTENT AS WELL AS APPLICATION OF CONTENT
The Framework identified a smaller set of Disciplinary Core Ideas
that students should know by the time they graduate from high
school, and the NGSS are written to focus on the same. It is important that teachers and curriculum/assessment developers understand
that the focus is on the core ideas—not necessarily the facts that are
associated with them. The facts and details are important evidence,
but not the sole focus of instruction. The Framework states:
The core ideas also can provide an organizational structure
for the acquisition of new knowledge. Understanding the
core ideas and engaging in the scientific and engineering
practices helps to prepare students for broader understanding, and deeper levels of scientific and engineering
investigation, later on—in high school, college, and
beyond. One rationale for organizing content around core
ideas comes from studies comparing experts and novices in
any field. Experts understand the core principles and
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theoretical constructs of their field, and they use them to
make sense of new information or tackle novel problems.
Novices, in contrast, tend to hold disconnected and even
contradictory bits of knowledge as isolated facts and
struggle to find a way to organize and integrate them. . . .
The assumption, then, is that helping students learn the
core ideas through engaging in scientific and engineering
practices will enable them to become less like novices and
more like experts. (NRC, 2012, p. 25)

From a practical standpoint, the Framework notes that engineering
and technology provide opportunities for students to deepen their
understanding of science by applying their developing scientific
knowledge to the solution of practical problems. Both positions
converge on the powerful idea that by integrating technology and
engineering into the science curriculum, teachers can empower
their students to use what they learn in their everyday lives.

 3CIENCE AND ENGINEERING ARE INTEGRATED IN THE .EXT 'ENERATION
3CIENCE 3TANDARDS FROM KINDERGARTEN THROUGH TWELFTH GRADE

There is no doubt that science and science education are central
to the lives of all Americans. Never before has our world been
so complex and science knowledge so critical to making sense of
it all. When comprehending current events, choosing and using
technology, or making informed decisions about one’s health
care, understanding science is key. Science is also at the heart of
the the ability of the United States to continue to innovate, lead,
and create the jobs of the future. All students no matter what
their future education and career path must have a solid K–12
science education in order to be prepared for college, careers,
and citizenship.

The idea of integrating technology and engineering into science
standards is not new. Chapters on the nature of technology and
the human-built world were included in Science for All Americans
(AAAS, 1989) and Benchmarks for Science Literacy (AAAS, 1993,
2008). Standards for science and technology were included for all
grade spans in the National Science Education Standards (NRC,
1996).
Despite these early efforts, however, engineering and technology have not received the same level of attention in science curricula, assessments, or the education of new science teachers as
the traditional science disciplines have. A significant difference in
the NGSS is the integration of engineering and technology into
the structure of science education. This integration is achieved by
raising engineering design to the same level as scientific inquiry in
classroom instruction when teaching science disciplines at all levels
and by giving core ideas of engineering and technology the same
status as those in other major science disciplines.
The rationale for this increased emphasis on engineering and
technology rests on two positions taken in the Framework. One
position is aspirational, the other practical.
From an aspirational standpoint, the Framework points out that
science and engineering are needed to address major world challenges such as generating sufficient clean energy, preventing and
treating diseases, maintaining supplies of food and clean water,
and solving the problems of global environmental change that
confront society today. These important challenges will motivate
many students to continue or initiate their study of science and
engineering.

 4HE .EXT 'ENERATION 3CIENCE 3TANDARDS ARE DESIGNED TO PREPARE
STUDENTS FOR COLLEGE CAREERS AND CITIZENSHIP.

 4HE .EXT 'ENERATION 3CIENCE 3TANDARDS AND #OMMON #ORE
3TATE 3TANDARDS %NGLISH ,ANGUAGE !RTS AND -ATHEMATICS ARE
ALIGNED
The timing of the release of NGSS comes as most states are implementing the Common Core State Standards (CCSS) in English
Language Arts and Mathematics. This is important to science for a
variety of reasons. First, there is an opportunity for science to be
part of a child’s comprehensive education. The NGSS are aligned
with the CCSS to ensure a symbiotic pace of learning in all content areas. The three sets of standards overlap in meaningful and
substantive ways and offer an opportunity to give all students
equitable access to learning standards.
Some important work is already in progress regarding the implications and advantages to the CCSS and NGSS. Stanford University
recently released 13 papers on a variety of issues related to language and literacy in the content areas of the CCSS and NGSS
(Stanford University, 2012).
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APPENDIX B

RESPONSES TO THE PUBLIC DRAFTS

%8%#54)6% 35--!29
Several rounds of review were built into the development process
of the Next Generation Science Standards (NGSS) to make sure
that all educators and stakeholders would have opportunities to
provide feedback. The first public draft of the NGSS was posted
online from May 11 to June 1, 2012, and the second public draft
was posted online from January 8 to January 29, 2013. The draft
received comments from more than 10,000 individuals during
each of the two public review periods, including those in lead
state review teams, school and school district discussion groups,
and scientific societies. The writers then used this feedback to
make substantial revisions to the draft standards.
Overall, the feedback received on both public drafts of the NGSS
was very positive. Almost all reviewers indicated that they liked
the pedagogical vision, the integration of the three dimensions
in the NGSS, and the structure of the NGSS itself. Most reviewers
scored the performance expectations (PEs) highly, but some also
critiqued specific issues and suggested improvements. The following themes emerged from the comments on how to improve the
first public draft:
s #ONCERN THAT THERE WAS TOO MUCH MATERIAL
s 3UGGESTIONS FOR ADDITIONAL TOPICS
s ,ACK OF LANGUAGE CLARITY
s #ONCERN ABOUT HOW ENGINEERING AND TECHNOLOGY WERE INCLUDED
and addressed
s #ONFUSION ABOUT THE ROLE OF THE ONE PRACTICE SPECIFIED IN
each PE
s ,ACK OF GUIDANCE FOR INCORPORATING CROSSCUTTING CONCEPTS
s ,ACK OF SPECIFICITY IN CONNECTIONS TO OTHER STANDARDS AND OTHER
subjects
s #ONCERN ABOUT THE ORGANIZATION OF THE STANDARDS
s #ONCERN ABOUT THE AMOUNT OF SUPPORT NEEDED FOR IMPLEMENTAtion of the standards

Based on the feedback, the following changes were made
between the first and second public drafts:
s  OF THE 0%S WERE REWRITTEN BASED ON FEEDBACK WITH MORE
specific and consistent language used
s !FTER A COLLEGE AND CAREER READINESS REVIEW SOME CONTENT WAS
removed
s 3OME CONTENT SHIFTED GRADE LEVELS IN THE ELEMENTARY GRADES
s %NGINEERING WAS INTEGRATED INTO THE TRADITIONAL SCIENCE
disciplines
s -ORE MATH EXPECTATIONS WERE ADDED TO THE 0%S
s #OURSE MODELS WERE DRAFTED FOR MIDDLE AND HIGH SCHOOL
s h.ATURE OF SCIENCEv CONCEPTS WERE HIGHLIGHTED THROUGHOUT THE
document
s 4HE PRACTICES MATRIX WAS REVISED
s ! NEW CHAPTER WAS ADDED TO DESCRIBE THE INTENT AND USE OF
crosscutting concepts
s ! NEW CHAPTER ON EQUITY WAS DRAFTED ABOUT IMPLEMENTATION OF
the NGSS with diverse student groups
s ! GLOSSARY OF TERMS WAS ADDED
s -ORE FLEXIBILITY IN VIEWING THE STANDARDS WAS PROVIDED BY
arranging the PEs according to both topic and disciplinary core
idea (DCI)
s !DDITIONAL FLEXIBILITY WAS ADDED TO THE WEBSITE ALLOWING USERS
to turn off pop up description boxes.
The feedback on the second public draft indicated that changes
had completely addressed some issues, and the percentage of
reviewers concerned about the remaining issues was greatly
reduced. Those remaining issues included:
s #ONCERN THAT THERE WAS STILL TOO MUCH MATERIAL
s 3UGGESTIONS FOR A FEW ADDITIONAL TOPICS
s ,ACK OF LANGUAGE CLARITY
s #ONCERN ABOUT INCLUDING AND ADDRESSING ENGINEERING AND
technology
s #ONFUSION ABOUT THE ROLE OF THE ONE PRACTICE SPECIFIED IN
each PE
s #ONCERN ABOUT THE AMOUNT OF SUPPORT NEEDED FOR IMPLEMENTAtion of the standards
s #ONFUSION ABOUT THE CODINGNAMING OF 0%S

5
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Based on the feedback, the following changes were made
between the second public draft and the final release of the
NGSS:
s  OF THE 0%S WERE EDITED TO INCREASE CLARITY CONSISTENCY AND
specific feedback
s ! REVIEW OF THE CENTRAL FOCUS OF EACH $#) FROM A Framework
for K–12 Science Education (Framework) resulted in the removal
OF ABOUT  OF THE 0%S AND ASSOCIATED $#)S WHILE RETAINING
the progression of DCIs across the grade bands
s 3EPARATE %43 %NGINEERING $ESIGN 0%S WERE ADDED TO EACH
grade band to supplement PEs that had integrated engineering design into the traditional science disciplines
s h3TORYLINESv WITH ESSENTIAL QUESTIONS WERE ADDED TO THE BEGINning of each grade band and section to describe the context
and rationale for the PEs
s 4HE h!LL 3TANDARDS !LL 3TUDENTSv APPENDIX WAS EXPANDED TO
include several vignettes about implementation of the NGSS
with diverse student groups
s 0% NAMES WERE CHANGED FROM LOWERCASE LETTERS TO NUMBERS TO
avoid confusion with the DCI names; for example, MS-LS1-a
became MS-LS1-1

).42/$5#4)/.
Several rounds of review were built into the development process
of the NGSS to make sure that all educators and stakeholders
would have opportunities to provide feedback. The first public
draft of the NGSS was posted online from May 11 to June 1, 2012,
and the second public draft was posted online from January 8 to
January 29, 2013. The draft received comments from more than
10,000 individuals during each of the two public review periods,
including those working together in lead state review teams,
school and school district discussion groups, and scientific society
commenters.
Feedback on the public drafts was reviewed, coded into sortable
spreadsheets, and summarized for state and writing team consideration. Where feedback was unclear or conflicting, lead state
teams engaged in additional discussions. The writers then used
this feedback, along with that of the college- and career-readiness
reviews, to make substantial revisions to the draft standards. As a
6

RESULT OF THE FIRST PUBLIC REVIEW AND SUBSEQUENT STATE REVIEW 
of the PEs were rewritten. After the second public draft review
PERIOD  OF THE 0%S WERE EDITED TO ADD CLARITY AND CONSISTENCY
across the document.
Overall, the feedback received on both public drafts of the NGSS
was overwhelmingly positive. Almost all reviewers indicated that
they liked the pedagogical vision described in the Framework, and
the integration of the three dimensions in the NGSS: Science and
Engineering Practices, Disciplinary Core Ideas, and Crosscutting
Concepts. The structure of the NGSS received high praise, including the foundation boxes that show the source of the language
and ideas in the PEs. The presence of clarification statements,
assessment boundaries, as well as connections to other standards
and the Common Core State Standards, were also almost universally approved. While these elements were applauded, some commenters suggested improvements regarding specific wording and
foundation box connections.
In addition to the overall positive feedback the first draft
received, there were critiques of specific issues. The following
themes emerged from the comments about ways to improve the
first public draft:
s #ONCERN THAT THERE WAS TOO MUCH MATERIAL
s 3UGGESTIONS FOR ADDITIONAL TOPICS
s ,ACK OF LANGUAGE CLARITY
s #ONCERN ABOUT HOW ENGINEERING AND TECHNOLOGY WERE INCLUDED
and addressed
s #ONFUSION ABOUT THE ROLE OF THE ONE PRACTICE SPECIFIED IN
each PE
s ,ACK OF GUIDANCE FOR INCORPORATING CROSSCUTTING CONCEPTS
s ,ACK OF SPECIFICITY IN CONNECTIONS TO OTHER STANDARDS AND OTHER
subjects
s #ONCERN ABOUT THE ORGANIZATION OF THE STANDARDS
s #ONCERN ABOUT THE AMOUNT OF SUPPORT NEEDED FOR IMPLEMENTAtion of the standards
Based on this feedback and on additional interim reviews of the
standards by the lead states, many changes were made to the standards between the first and second public drafts. The feedback on
the second public draft indicated that the changes to the draft had
completely addressed some of the issues and had greatly reduced
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the percentage of reviewers who had concerns about the remaining issues. Those remaining issues included:
s #ONCERNS THAT THERE WAS STILL TOO MUCH MATERIAL
s 3UGGESTIONS FOR A FEW ADDITIONAL TOPICS TO INCLUDE
s ,ACK OF LANGUAGE CLARITY
s #ONCERNS ABOUT INCLUDING AND ADDRESSING ENGINEERING AND
technology
s #ONFUSION ABOUT THE ROLE OF THE ONE PRACTICE SPECIFIED IN
each PE
s #ONCERN ABOUT THE AMOUNT OF SUPPORT THAT WILL BE NEEDED FOR
implementation of the standards
Below is a representative sampling of how each issue identified
above was addressed, after a thorough review of the feedback.

4OO -UCH -ATERIAL
The Framework and the NGSS set out to define a small set of core
ideas that build on each other coherently through the grade levels. While most reviewers of both the first and second public drafts
indicated that proficiency in the standards was sufficient for student success at the next level, they also noted that practical classroom time constraints could prevent many students from getting
to the depth of skills and knowledge required by the standards.
In the first public draft, several topics, such as nuclear processes,
were identified as being beyond the scope of knowledge necessary
for college and career readiness. These topics, for example, were
deemed important only for those students who planned to continue in science, technology, engineering, and mathematics (STEM)
career paths. Similarly, some topics in the elementary levels were
deemed more appropriate at either a higher or lower grade level.
To address these issues, the standards underwent extensive review
to ensure that all content is both necessary and sufficient for student success after high school in the 21st century. In the K–5 standards, several PEs were shifted from one grade level to the next
based on the feedback.
In June 2012, university and community college faculty met with
workforce-readiness experts to examine all of the standards in
depth. Their feedback, together with that from the first public
draft review, led to deletion of many PEs and a greater focus in
many discipline areas. In addition, reviews from cross-disciplinary

teams of higher education faculty and the Lead State Review in
September led to a further reduction in the content designated in
the DCIs.
Feedback on the January 2013 draft indicated that the previous
reductions in content were not sufficient to allow for the instruction time necessary to build student proficiency in all of the practices, core ideas, and crosscutting concepts. Therefore, additional
content was removed by deleting both the PEs and associated DCI
endpoints that covered content beyond the central focus of each
core idea. For example, the central focus of HS.LS2.B is the effect
of cell division and differentiation on growth, so the DCI endpoints that described the details of cellular differentiation were
deleted from the expectations of the standards. The teachers
on the NGSS writing team then performed a validity check with
the PEs to ensure that the scope of the expectations was practical within the realities of a typical school year. In many cases, the
deleted endpoints could serve as the beginnings of instructional
extensions when time allows.
In addition, changes were made to ensure that the practice and
core idea pairings for each PE were appropriate for all students at
each grade level. Writers ensured that all of the K–12 PEs would
be implementable within realistic timeframes. The knowledge
and skills required by particular PEs are not intended to be taught
independently of others at the same grade level and should take
into account student knowledge and skills learned at previous
grade levels. For instance, in high school physical sciences, one
would not teach chemical reactions without also addressing the
law of conservation of mass, and these skills should build on associated middle school endpoints.

3UGGESTIONS ON )NCLUSION%XCLUSION OF #ERTAIN 4OPICS
While recognizing the sizable amount of content mastery expected
of all students in the NGSS draft, many reviewers of both public
drafts voiced concerns about the omission of particular areas of
content. As writers were tasked with creating a set of standards
faithful to the Framework, many of these concerns paralleled those
raised during the Framework development process. Major themes
from the feedback on the first public draft included requests for
more ocean science context to be used in examples, for computer
Responses to the Public Drafts
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science concepts to be added, and for “nature of science” concepts
to be made more explicit.

having a separate PE requiring that all students do gram-to-gram
calculations.

One of the important components to the vision of the Framework
and the NGSS is the focus on a smaller set of core ideas that
build over time. With the practical constraints of class time availability and the commitment to remain within the scope of the
Framework, the NGSS writers were not able to add new core ideas
to the standards. They were, however, able to add more context
and examples demonstrating potential connections to ocean science and computer science between the first and second public
drafts. In addition, where nature of science connections already
existed in the standards, they were made more explicit in the
second public draft and called out in the appropriate foundation
boxes. This addition received very positive feedback from most
reviewers.

A small number of reviewers in both public draft review periods
asked that evolution not be included in the standards. However,
an understanding of evolution was identified in the Framework as
the basis for understanding all of the natural sciences. As such, it
was included in the NGSS.

In both the first and second public drafts, many reviewers
expressed concern that specific content normally included in high
school elective courses was not in the NGSS, including thermodynamics, stoichiometry, solution chemistry, and nitrogen cycles.
Much of this feedback indicated a misunderstanding of the purpose of the NGSS. In contrast to many current state standards, the
NGSS specify content and skills required of all students and are
not intended to replace high school course standards. The NGSS
are meant to specify the knowledge and skills that will provide a
thorough foundation for student success in any chosen field and
they can be supplemented with further in-depth study in particular upper-level science courses.
A key consideration with regard to missing or additional content
was its relation to college and career readiness in science. As
described, a large team of postsecondary faculty and hiring managers from across the country met to review the May draft specifically to determine if the content represented, as understood by
high school graduates, would allow for success in postsecondary
education and training. In each discipline (earth/space, biology/life,
chemistry, and physics), the outcome did not support adding additional content. In some cases, like stoichiometry, the conceptual
understanding for why chemists do stoichiometry was already in
the standards. The teams wanted to make the mathematical practice more explicit through the clarification statements, without

8

In their feedback on the first public draft, several commenters
perceived that “inquiry” was missing from the standards. A few
emphasized the importance of students’ joy and passion for learning, indicating that this should be made explicit in the standards
documents.
The concept and practice of “inquiry” has not been omitted
from the NGSS—instead, it is now specified in the eight practices
throughout every PE.
In addition, many reviewers requested more guidance for implementation with diverse student groups. A thorough discussion of
equity and diversity issues had been planned for inclusion in the
standards. A draft version was included in the second public draft
of the NGSS, and an expanded version with several vignettes is
included in the final release. Each PE and associated examples have
been reviewed for appropriateness with all student groups and for
relevance to student interests. The writers were committed to the
creation of a document that will help encourage all students to
engage in and enjoy the study of science.
Some reviewers of both public drafts requested that the standards
specify the intermediate knowledge necessary for scaffolding
toward eventual student outcomes. However, the NGSS are a set
of goals. They are PEs for the end of instruction—not a curriculum.
Many different methods and examples could be used to help support student understanding of the DCIs and science and engineering practices, and the writers did not want to prescribe any
curriculum or constrain any instruction. It is therefore outside the
scope of the standards to specify intermediate knowledge and
instructional steps. For example, MS-LS3-1 includes, as a student
outcome, some general knowledge of the role of gene mutations.
No part of the NGSS specifies the student outcome of defining a
gene—it is instead implicit that in order to demonstrate proficiency
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on MS-LS3-1, students will have to be introduced to the concept of
a gene through curriculum and instruction.

#LARITY OF ,ANGUAGE
Many reviewers of the first public draft remarked that the language in the PEs was unclear and not user friendly enough to support consistent implementation—that multiple users would have
different interpretations of the same language. More examples
and guidance for instruction, assessment, and curriculum development were requested. Requests for clarification were particularly
abundant in the feedback describing the practices; the feedback
suggested confusion about the meaning and scope of certain
practices—particularly “developing and using models.”
In early drafts of the standards, the writers purposefully did not
control for consistent language, in order to provide several different writing styles as models. Based on the public draft feedback
and additional feedback from lead states, the different writing
styles were assessed and the highest-rated writing style was then
adapted for all of the standards. All PEs were carefully reviewed for
clarity of language. Although some examples were added, the writers were careful to use language that was general enough to avoid
prescribing curriculum and to ensure that PEs could be met in multiple ways. To help clarify the meaning of each practice, a separate
chapter on the practices was added to this draft of the NGSS.
The percentage of people with concerns about language clarity
was much lower when reviewing the second public draft. Because
some concerns still remained, however, the PEs that received the
highest scores for clarity were used as models for editing most of
the other PEs. This created clearer and more consistent language,
more closely aligned to that in the Framework.

)NCLUSION OF %NGINEERING AND 4ECHNOLOGY
The initial inclusion of engineering practices and core ideas in the
May 2012 draft NGSS generated a large number of comments.
Most reviewers responded positively to the inclusion. Others indicated that engineering should not be in the science standards
because of the total amount of content already present in the
traditional disciplines and the scarcity of teachers with training

in this subject. Still others requested that additional engineering
content be added to the NGSS. Of those who liked the inclusion
of engineering, many voiced concern that having separate engineering PEs, especially in middle school and high school, would
either lead to instruction separated from science content or to an
omission of the engineering components altogether.
Upon direction from the lead states, writers integrated the ETS1
(Engineering Design) core ideas into the other disciplines for the
January 2013 draft. For example, some PEs described the outcomes from both physical sciences and core ideas and engineering
design core ideas. This integration resulted in a reduction of the
total number of PEs. In the January 2013 draft, there were two
different ways to view these same integrated PEs: listed within
the traditional disciplines and listed in separate Engineering
Design standards.
Feedback on the integration of engineering in the January 2013
draft was mixed. Reviewers enthusiastically praised the idea of
integration as a way to help ensure that engineering design core
ideas would be incorporated into science instruction, but commented that the intended engineering design core ideas were not
always explicit. The feedback indicated that the integration was
not consistently successful.
The writers therefore reintroduced a small set of separate PEs
addressing ETS1 core ideas at each grade band, to ensure that the
engineering design core ideas from the Framework would be clearly
represented. In addition, some of the successfully-integrated DCIs are
still present throughout the other disciplinary standards.
In addition to this core idea integration, the engineering, technology, and application of science (ETS) core ideas from the Framework
are included in the other two dimensions of the draft NGSS.
Engineering practices are incorporated into PEs at every grade level.
Due to their crosscutting nature, ETS2 (Links Among Engineering,
Technology, Science, and Society) core ideas have been integrated
throughout the standards in a manner similar to that of crosscutting
concepts. A thorough discussion of the inclusion of engineering in
the NGSS is provided in Appendixes I and J.

Responses to the Public Drafts
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3PECIFYING /NE 0RACTICE IN %ACH 0ERFORMANCE %XPECTATION
While the NGSS draft was widely praised for integrating practices
throughout the standards, many reviewers in both the first and
second public drafts remarked that specifying a particular practice
in each PE was too restrictive and that it would be interpreted as
prescribing instruction.

Response
The writers, upon direction from the lead states, have revised the
front matter documents to provide a more detailed explanation
of the nature of PEs—that they specify student outcomes and not
instruction. To help support student learning, all practices should be
used in instruction throughout each discipline and each year.

neering practices and concepts. Many reviewers also commented
that implementation of the standards will, in practice, be impossible
until aligned assessments are proposed.

Response
The NGSS writers recognize the differences between current
education practice and that envisioned by the Framework.
Many organizations, including the National Science Teachers
Association, are currently planning for programs and support
for teachers and states that adopt and implement the standards.
The National Research Council is now researching ways to assess
the kind of science education envisioned in the Framework.
Ultimately, the decision of what assessment to use or develop will
be up to each state choosing to adopt the NGSS.

It is important to note that the Science and Engineering Practices
are not teaching strategies—they are indicators of achievement
as well as important learning goals in their own right. As such,
the Framework and the NGSS ensure that the practices are not
treated as afterthoughts. Coupling practice with content gives the
learning context, whereas practices alone are activities and content alone is memorization. It is through integration that science
begins to make sense and allows student to apply the material.
State standards have traditionally represented practices and core
ideas as two separate entities. However, observations from science
education researchers have indicated that the result of having
these two dimensions separate is that they are either taught separately or the practices are not taught at all.

)MPLEMENTATION 3UPPORT .EEDED
Almost every reviewer in both public drafts noted that the vision
laid out in the Framework and embodied by the NGSS will likely
require additional professional development and possibly large-scale
changes in education systems to ensure that all students can meet
all of these standards. For example, it was noted that science is not
currently taught at the K–3 level in many schools and that many
students do not take chemistry, physics, and earth sciences classes
at the high school level. To help them fully understand the vision
of the NGSS, reviewers requested vignettes of classroom instruction
showing integration of the three dimensions and inclusion of engi10
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APPENDIX C

COLLEGE AND CAREER READINESS

).42/$5#4)/.
Postsecondary education is now seen as critical to ensure the
nation’s long-term economic security, to respond to the transformation in both the nature and number of current and projected
jobs, and to enable social mobility. Yet, alarmingly, the United
States has fallen from ranking 1st among industrialized nations in
both high school completion rates and the percentage of adults
with a 2- or 4-year degree, to 22nd in high school graduation
and 14th in the percentage of 25- to 34-year-olds with a 2- or
4-year degree (OECD, 2012a, p. 26). On the 30th anniversary of
the Nation at Risk report, key indicators point to our nation being
more at risk than ever (Kirwan, 2013):
s  OF 53 JOBS ARE PREDICTED TO REQUIRE SOME FORM OF POSTsecondary education by the end of the decade (Georgetown
University Center on Education and the Workforce, 2013).
s 4HE 53 $EPARTMENT OF ,ABOR NOTES THAT COMPANIES HAVE
reported more than three million job openings every month
since February 2011 because of an absence of applicants with
the skills to fill these positions (Woellert, 2012). The National
Science Foundation also reports that there are currently
between two and three million unfilled positions in the STEM
areas of science, technology, engineering, and mathematics.
s 4HE SHORTFALL IN 34%- EMPLOYEES IS LIKELY TO INCREASE 4HE
Department of Commerce shows that in the past 10 years,
STEM jobs grew at three times the rate of non-STEM jobs, a
trend likely to continue and accelerate (Langdon et al., 2011).
Postsecondary education also increases an individual student’s
chances for a decent, well-paying job. The unemployment rate
for recent high school graduates without a college degree was
MORE THAN  WHILE FOR RECENT COLLEGE GRADUATES IT WAS UNDER
 3HIERHOLTZ ET AL   !ND IN TERMS OF EARNINGS A HOLDER OF
a bachelor’s degree is likely to realize a million dollars more over

a lifetime than an individual with only a high school diploma.
More troubling is a grim reality underlying these statistics: a child
born into a family in the lowest quartile of income has a less than
 CHANCE OF EARNING A POSTSECONDARY DEGREE 4HE /RGANISATION
for Economic Co-operation and Development (OECD) observes
that children of less-educated parents in the United States have
a tougher time climbing the educational ladder than in almost
any other developed country (OECD, 2012a, p. 102). The American
dream that one’s birth circumstances do not control one’s destiny
is fast slipping away.
The last decade has seen an emerging consensus that effective
preparation for student success in postsecondary education and
careers includes a strong background in science. In particular, the
best science education seems to be one based on integrating rigorous content with the practices that scientists and engineers routinely use in their work—including application of mathematics.
The larger context, and perhaps the primary impetus for this
consensus, is the paradigm shift in our worldview of educational priorities, a direct result of the advent of the information
age and global economy. To remain economically competitive,
countries are pressed to substantially increase the number of
students who can put knowledge to use in the service of new
frontiers—discovering new knowledge, solving challenging problems, and generating innovations (NSF, 2012). Beyond the needs
of the economy, an education grounded in acquiring and applying knowledge positions students to improve their options in a
rapidly changing menu of jobs, where few students will stay in
the same job throughout their working lives. In sum, today’s new
reality demands that science and engineering become accessible
to the many, not the few. And because the needed proficiencies
are acquired over time, students must experience how science and
engineering are conducted in the workplace throughout their
K–12 schooling (NRC, 2007).
Scientists and engineers have always integrated content and practices in their work, but that has not been the case with science
instruction. As former president of the National Academy of
Sciences, Bruce Alberts, stated, “rather than learning how to think
scientifically, students are generally being told about science and
asked to remember facts” (Alberts, 2009). Traditional instruction
11
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has emphasized lectures, note-taking, reading, and assessment
that tested recall, offering little opportunity for in-depth study or
research (NRC, 2007). Laboratory activities, when offered, generally consisted of cookbook or confirmatory experiences. Research
indicates that most lab experiences do not integrate well with
other classroom instruction and infrequently include teacher and
student analysis and discussion, thereby making it difficult for
students to connect learning about science content with learning
the processes of science (NRC, 2005). This situation stands in stark
contrast to the real work of science and engineering, where new
knowledge and innovation are prized. The shift in what the
world needs and values requires that K–12 science education
undergo a huge transition, from a focus on knowledge itself to a
focus on putting that knowledge to use—a transition that in and
of itself necessitates a corresponding leap in rigor. Meeting this
challenge head-on, the Next Generation Science Standards (NGSS)
constructed each performance expectation by linking concepts
and practices that build coherently over time throughout K–12,
thereby helping to ensure that students who meet the NGSS will
be prepared to succeed in science courses in both 2- and 4-year
institutions.
The first step in developing the NGSS was the development of
A Framework for K–12 Science Education: Practices, Crosscutting
Concepts, and Core Ideas (Framework). The National Research
Council (NRC) led the undertaking in partnership with the
American Association for the Advancement of Science (AAAS),
the National Science Teachers Association (NSTA), and Achieve,
Inc. The intent of the Framework was to describe a coherent
vision of science education by (1) viewing learning as a developmental progression; (2) focusing on a limited number of core
ideas to allow for in-depth learning (both cross-disciplinary concepts with applicability across science and engineering and concepts central to each of the disciplines); and (3) emphasizing that
learning about science and engineering involves integration of
content knowledge and the practices needed to engage in scientific inquiry and engineering design (NRC, 2012a, pp. 10–11). The
NGSS kept the vision of the Framework intact by focusing on a
rigorous set of core concepts that are articulated for each grade
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band (K–2, 3–5, 6–8, 9–12) and anchored to real-world science
and engineering practices. This appendix reviews the evidence
for basing K–12 standards on rigorous content, science and engineering practices, mathematics, and the benefits of integrating
content with practices.

)-0/24!.#% /& 2)'/2/53 #/.4%.4 &/2 #/,,%'%
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The first challenge facing the developers of the Framework was
to identify the core conceptual knowledge that all students need
to know and that also provides a foundation for those who will
become the scientists, engineers, technologists, and technicians
of the future (NRC, 2012a). Not all content is equally worth learning. Some science concepts deserve the lion’s share of instruction
because they have explanatory or predictive power or provide a
framework that facilitates learning and applying new knowledge.
To that end, the NRC convened members of the scientific community and engaged them in a rigorous, 2-year iterative process of
formulating and refining the document based on multiple, critical reviews involving key organizations, distinguished scientists,
mathematicians, engineers, and science educators, as well as the
public. The resulting Framework sets forth not only the core ideas
in the major science disciplines (life, physical, and earth and space
sciences), but also the crosscutting concepts that have applicability to most fields in science and engineering. In keeping with the
idea that learning is a developmental progression, the natural and
cognitive scientists who developed the Framework further articulated what students should know by the end of each grade band.
Significantly, the Framework also embraces the core concepts and
essential practices of engineering, and in doing so, opens a window of interest and career opportunities not previously available
to most K–12 students.
Once the Framework was completed, the NGSS writing team used
the content to construct the NGSS performance expectations.
Throughout the 2-year development process, the disciplinary
core ideas (DCIs), and the related learning progressions from the
Framework, along with their incorporation into the student
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performance expectations, were reviewed multiple times by a
large group of expert reviewers (including major science, engineering, and mathematics associations), by the state teams in each
of the 26 lead states as well as some additional states, and by
the general public. In addition, Achieve convened postsecondary
faculty and business representatives on two separate occasions
to evaluate the content of the standards as being both necessary
and sufficient for college and career readiness for all students.
The comprehensive nature and thoroughness of the review process should ensure that the NGSS express the content expectations
that will allow all students to be successful in advanced science
courses and postsecondary careers.
Both the Framework and the NGSS reflect current thinking about
the need for greater depth and rigor in K–12 science schooling. College Board, for example, has had a rich history in defining college and career readiness. “In order for a student to be
college-ready in science, he or she must . . . have knowledge of the
overarching ideas in the science disciplines (i.e., earth and space
science, life science, physical science, and engineering) and how
the practices of science are situated within this content” (College
Board, 2010, p. 3). The content represented in the Framework
is also in line with the content identified in the College Board
Standards for College Success (2009), which defines the rigorous knowledge and skills students need to develop and master
in order to be ready for college and 21st-century careers. These
were developed to . . . help students successfully transition into
Advanced Placement (AP) and college-level courses. College Board
standards, like the Framework, are based on (1) overarching unifying concepts that are important across the science disciplines but
also often apply to other fields such as mathematics and technology, and (2) like the Framework, are based on the core ideas of
each science discipline (College Board, 2009). For students pursuing postsecondary coursework in science, core content clearly
plays a key role. By virtue of being based on the content from the
Framework, the NGSS provide a strong foundation for students to
be successful in advanced science coursework.
ACT takes a similar, though not identical, stance as College Board
with respect to core content. The ACT assessment assumes “that

students are in the process of taking the core science course of
study (three years or more of science in high school) that will prepare them for college-level work, and have completed a course in
Biology and a course in Physical Science and/or Earth Science by
the time they take the ACT” (ACT, 2011, p. 20). Based on their available data, ACT builds the case that students are better prepared for
postsecondary work when the practices are used over 3 years of
science in high school. ACT concludes [sic]: “Postsecondary expectations clearly state the process and inquiry skill in science are
critical as well as rigorous understanding of fundamental (not
advanced) science topics” (ACT, 2011, p. 9). However, while both
ACT and College Board argue for winnowing content, ACT goes
further, making the case that studying advanced content is not a
quality predictor of postsecondary success. ACT goes on to state,
“Therefore, for example, including a great deal of advanced science
topics among the Next Generation standards would conflict with
available empirical evidence” (ACT, 2011, p. 9). Postsecondary
faculty report that a firm grasp of core concepts is more important than a weak grasp of advanced topics. Thus, a few components originally included in the Framework and early drafts of
the NGSS were eliminated over time, based on the reviews of
faculty in 2- and 4-year institutions in NGSS lead states, as well
as on the ACT research.
ACT is not alone in arguing for a more limited coverage of content. Recent research examining the relationship between the performance of college students in introductory science courses and
the amount of content covered in their high school courses concluded that “students who reported covering at least one major
topic in depth, for a month or longer, in high school were found
to earn higher grades in college science than did students who
reported no coverage in depth. Students reporting breadth in
their high school course, covering all major topics, did not appear
to have any advantage in Chemistry or Physics and a significant
disadvantage in Biology” (Schwartz et al., 2009, p. 1). Additional
research supports limiting coverage, but offers little in the way of
advising standards or policy developers what content should be
eliminated. In fact, little empirical evidence exists on the content
alignment between high school science and postsecondary
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expectations beyond ACT’s data. Given the lack of empirical evidence in the field, the most fruitful path to support college and
career readiness in science is to involve postsecondary faculty
working with high school faculty to align content expectations.
From an international perspective, science content plays a prominent role in preparing K–12 students. In its international science
benchmarking study of 10 countries (Canada [Ontario], Chinese
Taipei, England, Finland, Hong Kong, Hungary, Ireland, Japan,
Singapore, and South Korea) Achieve found evidence of strong
science content, including far more attention to physical science
concepts in primary and lower secondary grades than is typical of
most states in the United States (Achieve, 2010, p. 59). However,
the presentation of content is different than in the United States.
Standards in 7 of the 10 countries present integrated science content (content drawn from the major disciplines) each year from
primary through grade 10, allowing students to specialize later in
high school (Achieve, 2010, p. 42). These countries clearly see that
a minimum amount of science knowledge is necessary for all students to become scientifically literate. Requiring that all students
study integrated science content through grade 10 before enrolling in discipline-specific courses is a significant departure from the
current structures in most U.S. states. Importantly, an integrated
program through grade 10 also speaks to the possibility of capitalizing on student interest. Students could choose to pursue a course
of study later in high school that fully prepares them for postsecondary careers, such as entry-level positions in health-related
fields. Singapore has pursued this approach to great advantage.
In making recommendations to the Carnegie’s Commission on
Mathematics and Science Education, mathematics expert Phillip
Daro observed that Singapore’s educational system “illustrates
how it is possible to design multiple pathways to college entrance
while still serving more specialized interests in the student population” (Carnegie Corporation of New York, 2009, p. 25).
Students need to be able to make sense of the world and
approach problems not previously encountered—new situations,
new phenomena, and new information. To achieve this level
of proficiency students need a solid grasp of key science concepts and the ability to relate that knowledge across disciplines.
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Finally, as seen in the next section, students will need to be
able to apply and communicate that knowledge flexibly across
various disciplines, proficiencies they can acquire through the
continual exploration of DCIs, science and engineering practices,
and crosscutting concepts.
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Empirical data and related research show direct support for students engaging in, and being held accountable for, proficiency
in the science and engineering practices. The NRC has published
a great deal of research in the recent past that supports the
need for students to engage in science and engineering practices as they learn content. While no one document prior to the
Framework includes all eight of the science and engineering practices described in the Framework, they are clear in the literature
as a whole. Documents supporting the practices in the Framework
include Taking Science to School; Ready, Set, SCIENCE!; and
America’s Lab Report. Findings from Taking Science to School (NRC,
2007, p. 342) show that students learn science more effectively
when they actively engage in the practices of science. Linn and Hsi
(2000) (as cited in the NRC’s America’s Lab Report [2005]) found
that a quality integrated experience with practice and content led
not only to greater mastery, but importantly, also more interest in
science.
Streamlining the overwhelming amount of science content to target
essential key ideas was the first but not the only challenge in building the Framework. In identifying and characterizing science and
engineering practices, developers had to confront common classroom instructional practices where students are told that there is “a
scientific method,” typically presented as a fixed linear sequence of
steps that students apply in a superficial or scripted way.
This approach often obscures or distorts the processes of
inquiry as they are practiced by scientists. Practices, such
as reasoning carefully about the implications of models
and theories; framing questions and hypotheses so that
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they can be productively investigated; systematically analyzing and integrating data to serve as evidence to evaluate claims; and communicating and critiquing ideas in a
scientific community are vital parts of inquiry. However,
they tend to be missed when students are taught a
scripted procedure designed to obtain a particular result
in a decontextualized investigation. Furthermore, these
higher-level reasoning and problem-solving practices
require a reasonable depth of familiarity with the content of a given scientific topic if students are to engage
in them in a meaningful way. Debates over content versus process are not in step with the current views of the
nature of science. . . . Science is seen as a fundamentally
social enterprise that is aimed at advancing knowledge
through the development of theories and models that
have explanatory and predictive power and that are
grounded in evidence. In practice this means that content
and process are deeply intertwined. (NRC, 2012b, p. 127)
Historically, College Board emphasized content in its advanced
placement science examinations, but is now giving increased
attention to the practices that scientists routinely use. To wit:
“Central to science is the goal of establishing lines of evidence
and using that evidence to develop and refine testable explanations and make predictions about natural phenomena. Standards
documents must reflect this goal of science by focusing on
developing, in all students, the competencies necessary for
constructing testable, evidence-based explanations and predictions” (College Board, 2010, p. 4). The new Advanced Placement
(AP) Biology Exam and the relatively new Standards for College
Success (SCS) reflect the new perspective in that both utilize scientific practices extensively. Both the AP redesign and the SCS
identify performance expectations requiring practice and content to be in context of one another. Given the research that led
College Board to make these decisions, the NRC utilized these
two projects as a basis for the development of the Framework.
College Board work and now the NGSS focus on understanding
rather than memorization because greater understanding has
been found to positively influence college performance (Tai et
al., 2005, 2006). College Board states: “In order for a student to

be college-ready in science, he or she must: (1) have knowledge
of the overarching ideas in the science disciplines (i.e., earth and
space science, life science, physical science, and engineering) and
how the practices of science are situated within this content;
(2) have a rich understanding of the nature and epistemology
of science, scientific discourse, and the integration of science,
technology, and society; (3) have metacognitive skills and selfefficacy related to the practices of science” (College Board, 2010,
p. 3). This definition and the underlying research leave no doubt
as to science practices being a critical component of readiness.
ACT’s evidence for incorporating science practices derives from
extensive years of collecting and analyzing data with regard
to judging the preparedness of high school graduates for postsecondary science courses. ACT conducts a national curriculum
survey every 3 years that compares expectations of introductory
level postsecondary instructors with what is actually taught by
middle and high school teachers and uses the results to update
teacher information and the ACT assessments. The past two surveys have shown that postsecondary instructors greatly value the
use of process or inquiry skills (science and engineering practices
in the language of NGSS), and, in fact, value these skills equally
to content. ACT notes [sic]: “Postsecondary expectations clearly
state the process and inquiry skill in science are critical as well as
rigorous understanding of fundamental (not advanced) science
topics” (ACT, 2011, p. 9). In their college placement services ACT
also uses empirical data derived from the performance of college
students to set the ACT College Readiness Benchmarks. Students
who meet a benchmark on the ACT test or ACT Compass have
APPROXIMATELY A  CHANCE OF RECEIVING A " OR BETTER IN THEIR
introductory level Biology course (ACT, 2013).
While ACT’s position on college and career readiness in science
acknowledges the need for students to pursue a rigorous program
of science courses in high school, ACT also calls for integrating
practices, based on their survey results. Notably, the ACT assessment focuses more on skill application than content. ACT (2011)
states, “The Science Test, on the EXPLORE, PLAN, and ACT tests,
measures the student’s interpretation, analysis, evaluation, reasoning, and problem-solving skills required in the natural sci-
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ences. The test assumes that students are in the process of taking the core science course of study (three years or more of science in high school) that will prepare them for college-level
work, and have completed a course in Biology and a course in
Physical Science and/or Earth Science by the time they take the
ACT” (p. 20). The ACT’s WorkKeys Applied Technology Assessment
also values these skills and empirically affirms that knowledge
and usage of these skills better prepares students for career
options than content knowledge alone.
College Board’s and ACT’s position with regard to the critical role
of practices in preparing students for success in college-level
science is echoed by David Conley in his book College Knowledge
(2005). He identified students’ ability to conduct meaningful
research and use practices that lead toward quality research
as a college- and career-ready indicator, stating that successful
students:
s &ORMULATE RESEARCH QUESTIONS AND DEVELOP A PLAN FOR RESEARCH
s 5SE RESEARCH TO SUPPORT AND DEVELOP THEIR OWN OPINIONS
s )DENTIFY CLAIMS IN THEIR WORK THAT REQUIRE OUTSIDE SUPPORT OR
validation.
Science and engineering practices are also receiving increased
attention in higher education. For example, recent “studies are
converging on a view of engineering education that not only
requires students to develop a grasp of traditional engineering
fundamentals, such as mechanics, dynamics, mathematics, and
technology, but also to develop the skills associated with learning
to imbed this knowledge in real-world situations. This not only
demands skills of creativity, teamwork, and design, but in global
collaboration, communication, management, economics, and ethics. Furthermore, the rapid pace of change of technology seems
fated to continue for many decades to come. This will require the
engineers we are training today to learn to be lifelong learners
and to learn to develop adaptive expertise” (Hatano and Inagaki,
1986; Pellegrino, 2006; Redish and Smith, 2008, p. 2).
The AP science curricula, the AAAS publication Vision and
Change, and the Scientific Foundations for Future Physicians
identify overlapping science practices that are in line with the
Framework. For example, the importance of modeling emerges in
16

the life science documents and is used as an exemplar in Redish
and Smith’s (2008) work on skill development in engineering,
noted above. Modeling is also built into both the Common Core
State Standards (CCSS) for Mathematics and the Framework.
As noted earlier, making science accessible to a far greater number of students than is now the case is a critical issue. A growing
body of evidence suggests that student engagement in practices
helps reduce achievement gaps (Barton et al., 2008; Brotman and
Moore, 2008; Enfield et al., 2008; Lee et al., 2005; Page, 2007).
Specifically, one study found no significant difference in performance between subgroups (gender, ethnicity, or economically
disadvantaged) when inquiry was used in instruction, as opposed
to traditional classroom instruction where a significant achievement gap between subgroups of students was found (Wilson
et al., 2010). In addition, Lee and colleagues (2006) found that
while student achievement increased overall with inquiry-focused
instruction, students from non-mainstreamed or less privileged
backgrounds showed much higher gains than their mainstreamed, more privileged counterparts (Lee et al., 2006).
From an international perspective, science and engineering practices are seen as necessary for literacy as well as proficiency. The
OECD’s Programme for International Student Assessment 2015
Scientific Literacy Assessment Framework (2012) states that a
scientifically literate person is able to engage in discourse by
explaining phenomena scientifically, evaluate and design scientific enquiry, and interpret data and evidence scientifically. It is
worth noting that in Japan, a nation whose students outscore
U.S. students on both PISA and TIMSS, classroom activity patterns
are quite different than those characteristic of U.S. classrooms.
Japanese students contribute their ideas in solving problems collectively and critically discuss alternative solutions to problems.
Students in classroom environments like these come to expect
that these public, social acts of reasoning and dialogue are a
regular part of classroom life and learning across the disciplines
(Linn, 2000; Stigler and Hiebert, 1999).
At the other end of the educational spectrum, Coles conducted
research on the science content knowledge and skills necessary for
both higher education and the workforce in the United Kingdom
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by interviewing groups from each sector. He found that employers
and higher education professionals have more in common than
not in their views of what science skills makes one qualified for
their specific sector, noting: “[t]he number of components common to employers and higher education tutors is about twice the
number of components specific to employers and about twice
the number of components specific to tutors in higher education.” Young and Glanfield (1998) add support to this finding,
stating, “under the impact of information technology, the skills
needed in different occupational sectors are converging as more
and more jobs demand generic and abstract rather than sectorspecific skills” (p. 7).
Graduates of 2- and 4-year colleges have as their goal securing
employment and being successful on the job. Listening to what
employers seek in candidates is critical because the skills employers seek need to be learned over the course of a K–postsecondary
education. A number of recent reports point to gaps in preparation for work. One study earmarked five assets that are important
to employers but hardest to find in candidates: These, in rank
order, are Communication Skills, Positive Attitude, Adaptable to
Change, Teamwork Skills, and Strategic Thinking and Analytics
(Millennial Branding and Experience Inc., 2012). Another study
asked employers to rate the importance of candidate skills/
qualities. The results resonate with the previous study as employers cited, in rank order, the following top five abilities: work in
a team structure, verbally communicate with persons inside and
outside the organization, make decisions and solve problems,
obtain and process information, plan, and organize and prioritize work (National Association of Colleges and Employers, 2012).
3TILL ANOTHER STUDY FOUND THAT  OF ALL EMPLOYERS SURVEYED
say they give hiring preference to graduates with skills that will
enable them to contribute to innovation in the workplace, reflecting concern for the nation’s continuing ability to compete (The
Association of American Colleges and Universities, 2013). These
skills are likely to be acquired when students engage in projects
based on the science and engineering practices and core content
described in the Framework and prescribed in the performance
expectations of the NGSS.
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The Framework calls out mathematical thinking as a specific
practice for good reason. “Mathematics is the bedrock of science,
engineering and technology—it is the ability to quantitatively
describe and measure objects, events, and processes that makes
science so powerful in extending human knowledge. Moreover,
because of the rapid and almost unimaginable increase in the
power of computers, advances in science now depend routinely
on techniques of mathematical models, remote imaging, data
mining, and probabilistic calculations that were unthinkable a
decade ago” (Achieve, 2010, p. 53).
Complementing the research supporting the integration of practices and disciplinary content in science education, research on
math education suggests that instruction should not only emphasize core ideas, but also emphasize inquiry, relevance, and a
multilayered vision of proficiency (Carnegie Corporation of New
York, 2009).
From the international perspective, the lack of inclusion of mathematics explicitly in science standards was found to be a shortcoming in the countries studied (Achieve, 2010). In a review of
the top performing countries based on PISA, reviewers found
that mathematics integration was left to mathematics standards
and curriculum documents. It is important to be aware that the
math-science connection is not obvious to students. How science
standards address and incorporate mathematics can make a difference in how easily students develop quantitative habits of mind.
As a result, in developing the NGSS, explicit steps were taken to
include mathematics in the development of the standards to help
ensure students would receive a coherent education in two mutually supportive content areas. In fact the NGSS identify related
Common Core State Standards for Mathematics for each science
standard.
In addition to the inclusion of mathematics in the practices, there
is evidence that mathematics is a key predictor of success in college science. While there is limited empirical data about the
exact boundaries of college and career readiness in science, there
College and Career Readiness
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has been data that supports a direct correlation between mathematics and success in college course work, or even the likelihood
of successfully graduating with a 4-year degree. Proficiency in
mathematics is a critical component of high school preparation
leading to college success: “the highest level of mathematics
reached in high school continues to be a key marker in precollegiate momentum, with the tipping point of momentum toward a
bachelor’s degree now firmly above Algebra 2” (Adelman, 2006,
p. xix).
Sadler and Tai (2007) found that the number of years of mathematics was a significant predictor of college success across all
college science subjects. Further, they found that more advanced
mathematics in high school was a “pillar” that supports success
in college science coursework. In like vein, Conley found collegeand career-ready graduates had a firm grasp on mathematics
and the ability to apply it across other disciplines. In addition,
he found in surveys with college faculty that mathematics was
considered an even better predictor of college science than high
school science courses. Beyond success in postsecondary science,
“there is a strong correlation between preparedness for college
mathematics and the actual completion of a college degree.
Students who need remediation in mathematics are considered
at risk for academic failure and for retention and perseverance
in their post-secondary education” (Ali and Jenkins, 2002, p. 11).
The combination of the CCSS and the NGSS provide all students
the opportunity for advanced studies in mathematics and science.
The NGSS were developed specifically taking into account the
new mathematics expectations described in the CCSS.
Experts at home and abroad understand that mathematics is
key to understanding and communicating scientific ideas. In
the words of mathematician and educator Sol Garfunkel on the
future of American students, “We know that their future will
involve many different jobs and the need to master current and
future technologies. We know that they will need creativity, independence, imagination, and problem-solving abilities in addition
to skills proficiency. In other words, students will increasingly
need mathematical understanding and awareness of the tools
mathematics provides in order to achieve their career goals”
(Garfunkel, 2009).
18

It is easy to see why mathematics is, and will continue to be,
a quality indicator of success. If there are any prerequisites to
postsecondary science courses, it is usually a mathematics requirement. Students who are prepared for postsecondary education
will be able to exhibit evidence of the effective transfer of
mathematics and disciplinary literacy skills to science. As the
NGSS move into adoption and implementation, work to develop
specific examples of the further integration of mathematics and
science will be critical.
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Neither rigorous content nor science and engineering practices
alone are sufficient for success in postsecondary institutions and
careers. Rather it is the linking of the practices to core content
that increases student learning, as the Framework underscores:
“Learning is defined as the combination of both knowledge and
practice, not separate content and process learning goals” (p. 254).
Additional research backs up the NRC’s assertion. While practices
are found in literature to be important predictors of achievement
in science (Conley, 2005; Redish and Smith, 2008; von Secker, 2002;
Wilson et al., 2010), it is also clear that students should use them in
the context of quality and rigorous content.
One often overlooked aspect of combining demanding practices
with strong content in standards is the effect on rigor. Even the
most demanding of content is diluted if the expected student performance is basically dependent on rote memorization, i.e., calls
for students to “describe,” “identify,” “recall,” “define,” “state,”
or “recognize.” It is also well to keep in mind that calling for
application of mathematics in a performance generally raises the
level of rigor.
An instructive illustration is a learning outcome from Kansas’s previous Science Education Standards (Kansas adopted the NGSS as its
new state science education standards in June 2013) as compared
with a related NGSS performance expectation.
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Kansas 2007 Science Education
Standards, Grades 8–11, Chemistry,
HS.2A.2.2

NGSS Physical Sciences Grades 9–12,
HS-PS1-1

”The student understands the periodic
table lists elements according to
increasing atomic number. This table
organizes physical and chemical trends
by groups, periods, and sub-categories.”

”Use the periodic table as a model to
predict the relative properties of elements
based on the patterns of electrons in the
outermost energy level of atoms.”

While the organization of the periodic table is addressed by both
sets of standards, it is clear that the NGSS raise the level of rigor
by calling for a more demanding performance than does this
example from the 2007 Kansas standards.
Another illustration can be found in Kansas’s previous Biology
standards:
Kansas 2007 Science Education
Standards, Grades 8–11, Biology,
HS.3.3.4

NGSS Life Sciences Grades 9–12,
HS-LS3-3

”The student understands organisms
vary widely within and between
populations. Variation allows for
natural selection to occur.”

”Apply concepts of statistics and
probability to explain the variation and
distribution of expressed traits in a
population.”

Calling for students to apply math concepts in explaining trait
variation, as the NGSS do, bumps up the rigor of the expected
student performance. Incorporating practices with content seems
to have a positive effect on ensuring all students learn content
at a deep level. Researchers found that students in project-based
science classrooms performed better than comparison students on
designing fair tests, justifying claims with evidence, and generating explanations. They also exhibited more negotiation and collaboration in their group work and a greater tendency to monitor
and evaluate their work (Kolodner et al., 2003). In addition,
von Secker (2002) found a greater content mastery and retention when teachers use inquiry-oriented practices. Results from
the 2011 National Assessment of Educational Progress (NAEP) in
science corroborate the positive effect on learning content when

science practices are used in conjunction with content. On the
eighth-grade teacher questionnaire, teachers reported how
often their students engaged in hands-on activities or investigations in science by selecting one of four responses: “never or hardly ever,” “once or twice a month,” “once or twice a week,” or
“every day or almost every day.” Students who did hands-on projects every day or almost every day scored higher on average than
those who did hands-on projects less frequently (NCES, 2011, p.
10). Furthermore, among higher-achieving grade 8 students who
SCORED ABOVE THE TH PERCENTILE  HAD TEACHERS WHO REPORTED
that their students engage in hands-on activities once a week or
more (NCES, 2011, p. 11).
The research regarding the value of integrating practices with
content is compelling: preparedness for postsecondary work
should be rooted in a student’s ability to use science and engineering practices in the context of rigorous content. Using the
practices in absence of content is akin to asking students to learn
the steps in the so-called scientific method. That will not result
in preparedness but rather is likely to result in students continuing to have a disjointed view of science and a lack of ability to
pursue their own interests or research today’s problems. Students
proficient in applying the practices in context will be able to
apply a blend of science and engineering practices, crosscutting
concepts, and DCIs to make sense of the world and approach
problems not previously encountered, engage in self-directed
planning, monitoring, and evaluation, and employ valid and reliable research strategies.
Prior to the release of the NGSS, most U.S. states had standards
that did not clearly integrate inquiry and content. This integration of science process skills and domain-specific knowledge is still
often missing from the classroom. Many standards, curriculum
documents, and textbooks have separate sections on inquiry and
science practices, and research indicates that many teachers follow
the lead of these resources by teaching practices separately from
conceptual content (NRC, 2007). Often, when students engage
in science and engineering practices through laboratory experiments, these experiences have been isolated from the flow of
classroom instruction and lacking in clear learning goals tied
to content knowledge (NRC, 2005). Standards that balance and
College and Career Readiness
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integrate inquiry and content can enhance student learning and
better prepare them for success in postsecondary institutions and
careers. As research has repeatedly shown that standards can
have a large influence on curriculum, instruction, and assessment
(Berland and McNeill, 2010; Krajcik et al., 2008; NRC, 2007), it
is important for standards to specify the learning outcomes we
expect from students, including that they can use practices to
demonstrate knowledge of core ideas.

#/.#,53)/.
Economic and education statistics make it clear that the United
States is not educating enough students who can succeed in a
global information economy fueled by advances and innovation
in science, engineering, and technology. Research findings indicate that our current system of science education, which places
more value on science as a knowledge base than as a way of
thinking, is ineffective. Too few students are experiencing success in postsecondary institutions and therefore lack the wherewithal to qualify for gainful employment, including STEM fields,
where the nation is seeing the most growth in jobs. They are, in
effect, being closed out of middle class opportunities. However,
as the research studies referenced in this appendix indicate there
is a more productive path to follow in science education that
entails linking important core content to the practices that
scientists and engineers use as they go about their work. This
shift in emphasis requires that we control the amount and kind
of content, giving priority to powerful concepts that have currency because of their utility in explaining phenomena, predicting outcomes or displaying broad applicability in many fields,
and that we use the practices in conjunction with core content
throughout the grades.
The Framework identifies the content students are expected
to know in order to be scientifically literate and to have an
adequate foundation for further study and that content was
deemed appropriate for success in college and career by science
education experts and postsecondary instructors and employers. The Framework also describes the practices that characterize
science and engineering work and explains what they look like
20

in primary, upper elementary, and in middle and high school
classrooms.
To reiterate, during the development of the NGSS, states
remained focused on the vision of the Framework from the NRC,
staying true to the cornerstones of rigorous core content, science
and engineering practices, and links to mathematics. To ensure
fidelity to that vision, teams of postsecondary faculty and business professionals from across the 26 lead states were convened
to review the standards in terms of practice and content. Like
the NRC, these groups confirmed that the design and development of the NGSS were guided by the best available evidence to
ensure that students who meet the standards have the knowledge and skills to succeed in entry level science courses in technical training programs and in 2- and 4-year colleges. The evidence
indicates this can best be accomplished through an approach
that promotes in-depth understanding of a focused set of core
concepts and interdisciplinary ideas, integrated with the regular
application of those understandings through the practices of
scientific inquiry.
Benchmarking has become a central concept in improving systems. And many countries are looking to Singapore as a model.
Singapore’s Educational System is recognized today as “world
class,” but that is a relatively recent turn of events. In just a
slightly longer time period than it took the United States to
relinquish its leadership role in terms of percent of students
earning high school diplomas and postsecondary degrees,
Singapore went from an impoverished nation with a largely
illiterate population to being a model in education, a major
telecommunications hub, and a leader in consumer electronics,
pharmaceuticals, financial services, and information technology. Singapore’s metamorphosis is attributed to its exemplary
program of ensuring that most students are educated to take
advantage of growing opportunities for employment in STEM
fields. Because of the differences in size, scope, and complexity,
it is difficult to imagine the United States fully implementing
Singapore’s system. However, much of education in the United
States is controlled by states, and they could individually use
Singapore’s model to good advantage.
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It is worth noting that as part of the education policy shift, “the
government developed in 2004 the ‘Teach Less, Learn More
Initiative,’ which moved instruction further away from rote
memorization and repetitive tasks on which it had originally
focused to deeper conceptual understanding and problem-based
learning” (CIEB, 2012). Instruction has shifted toward one that
includes active engagement with science practices (CIEB, 2012).
This stance certainly resonates with that taken by the Framework
and the NGSS.
In closing, when it comes to developing standards, rigorous content is an important indicator of student readiness for success
in postsecondary education and careers, but it is not enough.
Proficiency with science and engineering practices is also an indicator of readiness, but it is not sufficient in the absence of rigorous content. In the end, as the research shows, it is the science
and engineering practices learned in conjunction with rigorous
content that best prepares students for success in postsecondary education and careers. More research is needed around
the alignment of high school and postsecondary expectations,
course pathways, and flexible options that engage students’
interests and best prepare students for postsecondary and career
opportunities.
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APPENDIX D

“ALL STANDARDS, ALL STUDENTS”:
MAKING THE NEXT GENERATION SCIENCE
STANDARDS ACCESSIBLE TO ALL
STUDENTS

The Next Generation Science Standards (NGSS) are being developed at a historic time when major changes in education are
occurring at the national level. On one hand, student demographics across the nation are changing rapidly, as teachers have
seen the steady increase of student diversity in the classrooms.
Yet, achievement gaps in science and other key academic indicators among demographic subgroups have persisted. On the
other hand, national initiatives are emerging for a new wave of
standards through the NGSS as well as the Common Core State
Standards (CCSS) for English language arts and literacy and for
mathematics. As these new standards are cognitively demanding,
teachers must make instructional shifts to enable all students to
be college and career ready.
The NGSS are building on the National Research Council’s consensus reports in recent years, including Taking Science to School
(2007) and its companion report for practitioners, Ready, Set,
SCIENCE! (2008), Learning Science in Informal Environments
(2009), and most notably A Framework for K–12 Science
Education (2012). These reports consistently highlight that when
provided with equitable learning opportunities, students from
diverse backgrounds are capable of engaging in scientific practices and constructing meaning in both science classrooms and
informal settings.
This Appendix, accompanied by seven case studies of diverse student groups, addresses what classroom teachers can do to ensure
that the NGSS are accessible to all students; hence the title: All
Standards, All Students. Successful application of science and engineering practices (e.g., constructing explanations, engaging in
argument from evidence) and understanding of how crosscutting
concepts (e.g., patterns, structure and function) play out across a

range of disciplinary core ideas (e.g., structure and properties of
matter, earth materials and systems) will demand increased cognitive expectations of all students. Making such connections has
typically been expected only of “advanced,” “gifted,” or “honors”
students. The NGSS are intended to provide a foundation for all
students, including those who can and should surpass the NGSS
performance expectations. At the same time, the NGSS make it
clear that these increased expectations apply to those students
who have traditionally struggled to demonstrate mastery even in
the previous generation of less cognitively demanding standards.
The goal of the chapter and the case studies is to demonstrate
that NGSS are extended to all students.
Throughout this chapter and the case studies, the terms “dominant” and “non-dominant” groups are used with reference to
student diversity (Gutiérrez and Rogoff, 2003). The dominant
group(s) does not refer to numerical majority, but rather to social
prestige and institutionalized privilege. This is particularly the case
now as student diversity is increasing in the nation’s classrooms.
Even where the dominant group(s) is the numerical minority, the
privileging of its academic backgrounds persists. In contrast, nondominant groups have traditionally been underserved by the education system. Thus, the term “non-dominant” highlights a call to
action that the education system meets the learning needs of the
nation’s increasingly diverse student population.
The chapter highlights the practicality and utility of implementation strategies that are grounded in theoretical or conceptual
frameworks. It consists of three parts. First, it discusses both learning opportunities and challenges that the NGSS present to student
groups that have traditionally been underserved in science classrooms. Second, it describes effective strategies for implementation of the NGSS in classrooms, schools, homes, and communities.
Finally, it provides the context of student diversity by addressing
changing demographics, persistent science achievement gaps, and
education policies affecting non-dominant student groups.
The seven case studies (available at: www.nextgenscience.org)
illustrate science teaching and learning of non-dominant student
groups as they engage in the NGSS. Several caveats are offered to
understand the purpose of the case studies. First, the case studies
are not intended to prescribe science instruction, but to illustrate
an example or prototype for implementation of effective classroom
25
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strategies with diverse student groups. Given the vast range of
student diversity across varied educational settings, teachers and
schools will implement the NGSS to meet the learning needs of
specific student groups in local contexts. Second, each case study
highlights one identified group (e.g., economically disadvantaged
students, English language learners [ELLs]). In reality, however,
students could belong to multiple categories of diversity (e.g., ELLs
who are racial and ethnic minorities from economically disadvantaged backgrounds). Third, as there is wide variability among students within each group, “essentializing” on the basis of a group
label must be avoided. For example, ELLs form a heterogeneous
group with differences in ethnic backgrounds, proficiency level in
home language and English, socioeconomic status, immigration
history, quality of prior schooling, parents’ education level, etc.
In identifying student diversity, the case studies address the four
accountability groups defined in No Child Left Behind (NCLB)
Act of 2001 and the reauthorized Elementary and Secondary
Education Act (ESEA), Section 1111(b)(2)(C)(v):
s ECONOMICALLY DISADVANTAGED STUDENTS
s STUDENTS FROM MAJOR RACIAL AND ETHNIC GROUPS
s STUDENTS WITH DISABILITIES AND
s STUDENTS WITH LIMITED %NGLISH PROFICIENCY
Further, student diversity is extended by adding three groups:
• girls,
• students in alternative education programs, and
• gifted and talented students.
Each of the seven case studies consists of three parts that parallel the chapter. Each case study starts with a vignette of science
instruction to illustrate learning opportunities as well as use of
effective classroom strategies connections to the NGSS and the
CCSS for English language arts and mathematics. The vignette
emphasizes what teachers can do to successfully engage students
in learning the NGSS. Then each case study provides a brief summary of the research literature on effective classroom strategies for the student group highlighted. Each case study ends
with the context for the student group—demographics, science
achievement, and education policy. The contextual information
relies heavily on government reports addressing student diversity broadly, including the ESEA, U.S. Census, National Center
for Education Statistics (including the National Assessment of
26

Educational Progress), and Common Core of Data. The contextual information also comes from government reports addressing
specific student groups such as students in alternative education
programs or gifted and talented students.
The case studies were written by members of the NGSS Diversity
and Equity Team with expertise on specific student groups. In
working on their case studies, many members piloted the NGSS in
their own science instruction. The case studies represent science
disciplines across grade levels:
• economically disadvantaged students—ninth grade chemistry
• students from major racial and ethnic groups—eighth grade
life sciences
• students with disabilities—sixth grade space sciences
• students with limited English proficiency—second grade earth
sciences
• girls—third grade engineering
• students in alternative education programs—tenth and eleventh grade chemistry
• gifted and talented students—fourth grade life sciences
Collectively, this chapter and the seven case studies make contributions in several ways. First, they focus on issues of student
diversity and equity in relation to the NGSS specifically as the
NGSS present both learning opportunities and challenges to all
students, particularly non-dominant student groups. Second,
they are intended for education policies as they highlight emerging national initiatives through the NGSS as well as the CCSS for
English language arts and mathematics. Third, they are intended
for classroom practice as the case studies were written by members of the NGSS Diversity and Equity Team who are themselves
teachers working with diverse student groups. Fourth, they
highlight key findings in research literature on student diversity
and equity for seven demographic groups of students in science
education. This is noteworthy because research for each student
group tends to exist independently from the others. Finally, for
each student group, the case studies provide context in terms of
demographics, science achievement, and education policy.
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The NGSS offer a clear vision of rigorous science standards by
blending science and engineering practices with disciplinary core
ideas and crosscutting concepts across K–12. In addition, the NGSS
make connections to the CCSS for English language arts and literacy and for mathematics. For the student groups that have traditionally been underserved in science education, the NGSS offer
both learning opportunities and challenges. Instead of making
a long list of opportunities and challenges, major considerations
are discussed below. Then, learning opportunities and challenges
are illustrated in the seven case studies for economically disadvantaged students, racial or ethnic minority students, students with
disabilities, English language learners, girls, students in alternative
education programs, and gifted and talented students.

.'33 #ONNECTIONS TO ##33 FOR %NGLISH ,ANGUAGE !RTS AND
-ATHEMATICS
The NGSS make connections across school curricula. For example,
students understand the crosscutting concept of patterns not
only across science disciplines but also across other subject areas
of language arts, mathematics, social studies, etc. Likewise, the
crosscutting concept of cause and effect can be used to explain
phenomena in the earth sciences as well as to examine character
or plot development in literature. Thus, students develop mastery
of crosscutting concepts through repeated and contrastive experiences across school curricula.
The requirements and norms for classroom discourse are shared
across all the science disciplines and indeed across all the subject
areas. The convergence of disciplinary practices across the CCSS
for English language arts and literacy, the CCSS for mathematics, and the NGSS is highlighted in Figure D-1. For example, students are expected to engage in argumentation from evidence;
construct explanations; obtain, synthesize, evaluate, and communicate information; and build a knowledge base through
content-rich texts across the three subject areas. Such convergence
is particularly beneficial for students from non-dominant groups
who are pressed for instructional time to develop literacy and
numeracy at the cost of other subjects, including science.

The integration of subject areas strengthens science learning for
all students, particularly students who have traditionally been
underserved. In the current climate of accountability policies which
are dominated by reading and mathematics, science tends to be
de-emphasized. This is due to the perceived urgency of developing basic literacy and numeracy for students in low-performing
schools, including, but not limited to, ELLs and students with
limited literacy development. Thus, allocation and utilization of
instructional time across subject areas will benefit these students.
Furthermore, the convergence of core ideas, practices, and crosscutting concepts across subject areas offers multiple entry points to
build and deepen understanding for these students.
Initiatives are emerging to identify language demands and opportunities as ELLs engage in the NGSS as well as the CCSS for English
language arts and literacy and for mathematics. For example, the
Understanding Language Initiative (ell.stanford.edu) is aimed at
heightening educator awareness of the critical role that language
plays in the CCSS and the NGSS. Its long-term goal is to help educators understand that the new standards cannot be achieved
without providing specific attention to the language demands
inherent to each subject area. This initiative seeks to improve academic outcomes for ELLs by drawing attention to critical aspects
of instructional practices and by advocating for necessary policy
supports at the state and local levels.

)NCLUSION OF %NGINEERING
The inclusion of engineering along with science in the NGSS has
major implications for non-dominant student groups. First, from
an epistemological perspective, the NGSS reinterpret a traditional
view of epistemology and the history of science. For example,
Science for All Americans stated:
The recommendations in this chapter focus on the development of science, mathematics, and technology in Western
culture, but not on how that development drew from
earlier Egyptian, Chinese, Greek, and Arabic cultures. The
sciences accounted for in this book are largely part of a tradition of thought that happened to develop in Europe during the last 500 years—a tradition to which most people
from all cultures contribute today. (AAAS, 1989, p. 136)
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Math

Science
S2. Develop and use models
M4. Model with mathematics

M1. Make sense of
S1. Ask questions and
S5. Use mathematics and
problems and persevere
define problems
computational thinking
in solving them
S3. Plan and carry out
M6. Attend to precision
investigations
M7. Look for and make
S4. Analyze and interpret
use of structure
data
E2. Build a strong base of knowledge
M8. Look for and
through content-rich texts
express regularity
in repeated
E5. Read, write, and speak grounded in evidence
reasoning
M2. Reason abstractly and quantitatively
M3 and F4. Construct viable arguments and critique
reasoning of others
S7. Engage in argument from evidence
S6. Construct explanations and design solutions
S8. Obtain, evaluate, and communicate information
E3. Obtain, synthesize, and report findings clearly and
effectively in response to task and purpose
M5. Use appropriate tools strategically
E6. Use technology and digital media strategically
and capably
E1. Demonstrate independence in reading complex
texts and writing and speaking about them
E7. Come to understand other perspectives and
cultures through reading, listening, and
collaborations

ELA

FIGURE D-1 Relationships and convergences found in the CCSS for Mathematics (practices), CCSS for English Language Arts and Literacy (student portraits),
and the Framework (science and engineering practices).
NOTE: The letter and number set preceding each phrase denotes the discipline and number designated by the content standards. The Framework was used to
guide the development of the NGSS.
SOURCE: We acknowledge Tina Cheuk for developing Figure D-1 as part of the Understanding Language initiative at Stanford University (ell.stanford.edu).
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At that time, although the goal of Science for All Americans
was visionary, the definition of science in terms of Western science while ignoring historical contributions from other cultures
presented a limited or distorted view of science. The NGSS, by
emphasizing engineering, recognize the contributions of other
cultures historically. This (re)defines the epistemology of science
or what counts as science, which, in turn, defines or determines
school science curriculum.
Second, from a pedagogical perspective, engineering has the
potential to be inclusive of students who have traditionally been
marginalized in the science classroom and do not see science
as being relevant to their lives or future. By solving problems
through engineering in local contexts (e.g., gardening, improving
air quality, cleaning water pollution in the community), students
gain knowledge of science content, view science as relevant to
their lives and future, and engage in science in socially relevant
and transformative ways (Rodriguez and Berryman, 2002).

of how scientists study the natural world” (p. 23). In the NGSS,
“inquiry-based science” is refined and deepened by the explicit
definition of the set of eight science and engineering practices,
which have major implications for non-dominant student groups
(for details, see Lee et al., 2013, Quinn et al., 2012).
Engagement in any of the science and engineering practices
involves both scientific sense-making and language use (see
Figure D-1). Students engage in these practices for the scientific
sense-making process, as they transition from their naïve conceptions of the world to more scientifically based conceptions.
Engagement in these practices is also language intensive and
requires students to participate in classroom science discourse.
Students must read, write, and visually represent as they develop
models and construct explanations. They speak and listen as they
present their ideas or engage in reasoned argumentation with
others to refine their ideas and reach shared conclusions.

Finally, from a global perspective, engineering offers opportunities for “innovation” and “creativity” at the K–12 level.
Engineering is a field that is critical to innovation, and exposure
to engineering activities (e.g., robotics and invention competitions) can spark interest in the study of science, technology, engineering, and mathematics or future careers (NSF, 2010). Although
exposure to engineering at the pre-collegiate level is currently
rare (NAE and NRC, 2009), the NGSS make exposure to engineering at the pre-collegiate level no longer a rarity, but a necessity.
This opportunity is particularly important for students who traditionally have not recognized science as relevant to their lives or
future and for students who come from multiple languages and
cultures in this global community.

These science and engineering practices offer rich opportunities
and demands for language learning while they support science
learning for all students, especially English language learners, students with language processing difficulties, students with limited
literacy development, and students who are speakers of social
or regional varieties of English that are generally referred to as
“non-standard English.” When supported appropriately, these
students are capable of learning science through their emerging
language and by comprehending and carrying out sophisticated
language functions (e.g., arguing from evidence, constructing
explanations, developing models) using less-than-perfect English.
By engaging in such practices, moreover, they simultaneously
build on their understanding of science and their language proficiency (i.e., capacity to do more with language).

&OCUS ON 0RACTICES

#ROSSCUTTING #ONCEPTS

The ways we describe student engagement in science have
evolved over time. Terms such as “hands-on” and “minds-on”
have traditionally been used to describe when students engage in
science. Then, National Science Education Standards (NRC, 1996,
2000) highlighted “scientific inquiry” as the core of science teaching and learning through which students “develop knowledge
and understanding of scientific ideas, as well as an understanding

Crosscutting concepts are overarching scientific themes that
emerge across all scientific disciplines. These themes provide the
context for new disciplinary core ideas and enable students to
“develop a cumulative, coherent, and useable understanding of
science and engineering” (NRC, 2012, p. 83). Thus, crosscutting
concepts bridge the engineering, physical, life, and earth/space
sciences and offer increased rigor across science disciplines over
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K–12. Although Science for All Americans (AAAS, 1989) identified “common themes” and National Science Education Standards
(NRC, 1996) identified “unifying concepts and processes,” the
NGSS bring crosscutting concepts to the forefront as one of three
dimensions of science learning.
Crosscutting concepts offers frameworks to conceptualize disciplinary core ideas. In this way, students think of science learning
not as memorization of isolated or disconnected facts, but as integrated and interrelated concepts. This is a fundamental understanding of science that is often implied as background knowledge for students in “gifted,” “honors,” or “advanced” programs.
Through the NGSS, explicit teaching of crosscutting concepts
enables less privileged students, most from non-dominant groups,
to make connections among big ideas that cut across science disciplines. This could result in leveling the playing field for students
who otherwise might not have exposure to such opportunities.

)-0,%-%.4!4)/. /& %&&%#4)6% 342!4%')%3
To make the NGSS accessible to all students, implementation of
effective strategies capitalizes on learning opportunities while
being aware of the demands that the NGSS present to nondominant student groups, as described in the previous section.
Unfortunately, existing research literature does not address students’ performance expectations as envisioned in the NGSS based
on the mastery of science and engineering practices, crosscutting
concepts, and disciplinary core ideas. Furthermore, the existing
research literature addresses non-dominant student groups separately. For example, research on race or ethnicity, research on
English language learners, research on students with disabilities,
and research on gender comprise distinct research traditions (for
effective strategies for non-dominant groups in science classrooms,
see Special Issue in Theory Into Practice, 2013; for a discussion of
classroom strategies and policy issues, see Lee and Buxton, 2010).
There seem to be common themes that unite these distinct research
areas. In describing “equitable learning opportunities” for nondominant student groups, Lee and Buxton (2010) highlight the
following themes: (1) value and respect the experiences that all
students bring from their backgrounds (e.g., homes or communities), (2) articulate students’ background knowledge (e.g., cultural
30

or linguistic knowledge) with disciplinary knowledge, and (3) offer
sufficient school resources to support student learning.
First, to value and respect the experiences that all students bring
from their backgrounds, it is important to make diversity visible. In the process of making diversity visible, there are both
connections and disconnections between home/community and
classroom/school. Effective teachers understand how disconnections may vary among different student groups, as well as how to
capitalize on connections. These teachers bridge diverse students’
background knowledge and experiences to scientific knowledge
and practices.
Second, to articulate students’ background knowledge with disciplinary knowledge of science, it is important to capitalize on
“funds of knowledge” (González et al., 2005). Funds of knowledge
are culturally based understandings and abilities that develop over
time in family and neighborhood contexts, and the social and intellectual resources contained in families and communities can serve
as resources for academic learning. Effective teachers ask questions
that elicit students’ funds of knowledge related to science topics.
They also use cultural artifacts and community resources in ways
that are academically meaningful and culturally relevant.
Finally, school resources constitute essential elements of a school’s
organizational context for teaching and learning. School resources
to support student learning involve material resources, human
resources (or capital), and social resources (or capital). School
resources are likely to have a greater impact on the learning
opportunities of non-dominant students who have traditionally
been underserved in science education. In schools and classrooms
where non-dominant students reside, resources are often scarce,
forcing allocations of the limited resources for some areas (e.g.,
reading and mathematics) and not others (e.g., science and other
non-tested subject areas).
Below, each of these themes is described as it relates to classroom strategies, home and community connections, and school
resources—all of which can enable non-dominant student groups
to engage in the NGSS.
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%FFECTIVE #LASSROOM 3TRATEGIES

in their classrooms: (1) differentiated instruction and (2) Universal
Design for Learning.

Key features of effective classroom strategies from the research
literature on each of the non-dominant groups are summarized
below. In recognition of the fact that each area of research literature has been developing as an independent body of knowledge,
the description of strategies is provided for each group. Yet, it is
noted that while some strategies are unique to a particular group
(e.g., home language use with ELLs, accommodations or modifications for students with disabilities), other strategies apply to all
students broadly (e.g., multiple modes of representation). More
detailed descriptions are provided in each of the seven case studies, including the four accountability groups defined in ESEA and
three additional groups. While effective science instruction of the
NGSS will be based on the existing research literature, the NGSS
will also stimulate new directions for research to actualize the
standards’ vision for all students.
%CONOMICALLY DISADVANTAGED STUDENTS Strategies to support
economically disadvantaged students include (1) connecting science education to students’ sense of “place” as physical, historical, and sociocultural dimensions; (2) applying students’ funds of
knowledge and cultural practices; (3) using project-based science
learning as a form of connected science; and (4) providing school
resources and funding for science instruction.
3TUDENTS FROM MAJOR RACIAL AND ETHNIC GROUPS Effective strategies
for students from major racial and ethnic groups fall into the following categories: (1) culturally relevant pedagogy, (2) community
involvement and social activism, (3) multiple representation and
multimodal experiences, and (4) school support systems, including
role models and mentors of similar racial or ethnic backgrounds.
3TUDENTS WITH DISABILITIES Students with disabilities have their
Individualized Education Programs (IEPs), specific to each individual that mandate the accommodations and modifications that
teachers must provide to support student learning in the regular
education classroom. By definition, accommodations allow students to overcome or work around their disabilities with the same
performance expectations of their peers, whereas modifications
generally change the curriculum or performance expectations for
a specific student. Two approaches for providing accommodations
and modifications are widely used by general education teachers

3TUDENTS WITH LIMITED %NGLISH PROFICIENCY The research literature
indicates five areas where teachers can support both science and
language learning for English language learners: (1) literacy strategies for all students, (2) language support strategies with ELLs,
(3) discourse strategies with ELLs, (4) home language support, and
(5) home culture connections.
Girls. The research literature points to three main areas where
schools can positively impact girls’ achievement, confidence, and
affinity with science and engineering: (1) instructional strategies to increase girls’ science achievement and their intentions to
continue studies in science, (2) curricula to improve girls’ achievement and confidence in science by promoting images of successful
females in science, and (3) classrooms’ and schools’ organizational
structure in ways that benefit girls in science (e.g., after-school
clubs, summer camps, and mentoring programs).
3TUDENTS IN ALTERNATIVE EDUCATION PROGRAMS The research literature
focuses on school-wide approaches to promote increased attendance and high school graduation. Specific factors, taken collectively, correspond with alienation from school prior to dropping out.
Public alternative schools employ strategies to counteract these factors and increase student engagement: (1) structured after-school
opportunities, (2) family outreach, (3) life skills training, (4) safe
learning environment, and (5) individualized academic support.
Gifted and talented students. Gifted and talented students may
have such characteristics as intense interests, rapid learning, motivation and commitment, curiosity, and questioning skills. Teachers
can employ effective differentiation strategies to promote the
science learning of gifted and talented students in four domains:
(1) fast pacing, (2) level of challenge (including differentiation
of content), (3) opportunities for self-direction, and (4) strategic
grouping.

(OME AND #OMMUNITY #ONNECTIONS TO 3CHOOL 3CIENCE
While it has long been recognized that building home-school connections is important for the academic success of non-dominant
student groups, in practice this is rarely done in an effective manner. There are tensions as parents and families want their children
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to maintain the cultural and linguistic practices of their heritage
while also wanting their children to participate fully in the dominant school culture. A challenge facing schools is the perceived
disconnect between school science practices and home and community practices of non-dominant student groups. Traditionally,
research on home-school connections looked at how the family and home environments of non-dominant student groups
measured up to the expectations and practices of the dominant
group. The results were interpreted in terms of deficits in students’ family and home environments, as compared to their dominant counterparts. In contrast, more recent research has identified
resources and strengths in the family and home environments
of non-dominant student groups (Calabrese Barton et al., 2004).
Students bring to the science classroom funds of knowledge from
their homes and communities that can serve as resources for academic learning and teachers should understand and find ways
to activate this prior knowledge (González et al., 2005). Science
learning builds on tasks and activities that occur in the social contexts of day-to-day living, whether or not the school chooses to
recognize this.
Through the NGSS, students can engage in science and engineering
practices, crosscutting concepts, and disciplinary core ideas by connecting school science to their out-of-school experiences in home
and community contexts. Several approaches build connections
between home/community and school science: (1) increase parent
involvement in their children’s science classroom by encouraging
parents’ roles as partners in science learning, (2) engage students in
defining problems and designing solutions of community projects in
their neighborhoods (typically engineering), and (3) focus on science
learning in informal environments.
0ARENT INVOLVEMENT IN SCHOOL SCIENCE Concerted efforts should be
made to support and encourage parent involvement in promoting
positive engagement and achievement of non-dominant student
groups in science classrooms. Siblings and peers can serve as role
models on academic achievement. Parents without academic background in science can still be partners in their children’s science
education by setting high expectations for academic success and
higher education. Teachers can form partnerships with parents,
facilitating dialogue to solicit their help with homework and their
attendance at science-related events in the school.
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To promote parents’ involvement in school science, schools can
play a part to address parents’ needs from the school and remove
roadblocks to participation. Schools may need to individually
invite underserved families on science-related field trips, making
certain that particular concerns are met (e.g., child care, translation, transportation) so that the parents are able to attend.
Teachers can create homework assignments that invite joint participation of the child and parent to complete a task together
(e.g., observe the phases of the moon, record water use in the
house). A non-evaluative survey related to science content can
generate classroom discussions that bridge home and school.
Homework assignments can encourage dialogue, increase interest
among both parents and students, and solicit home language support for science learning.
Parents from non-dominant backgrounds feel comfortable with the
school when they perceive the school as reflecting their values, and
such parents, in turn, are most likely to partner with the school. For
example, a science camp focused on African American achievement
had high parental participation because its goals highlighted issues
related to African American identity and culture (Simpson and
Parsons, 2008). Teachers can also increase parent involvement by
relating after-school and summer school themes around values that
are important to the families and communities.
3TUDENT ENGAGEMENT WITH SCHOOL SCIENCE IN COMMUNITY CONTEXTS
Strategies that involve the community underscore the importance
of connecting the school science curriculum to the students’ lives
and the community in which they live. It is through these connections that students who have traditionally been alienated from
science recognize science as relevant to their lives and future,
deepen their understanding of science concepts, develop agency
in science, and consider careers in science.
Science learning in community contexts may take different
approaches. First, both disciplinary and informal education experts
underscore the connection between science and the neighborhood
that the students reside in. Effective approaches can include engaging in outdoor exploration (e.g., bird surveys, weather journal) and
analyzing local natural resources (e.g., landforms in the neighborhood, soil composition).
Second, the community context for science education capitalizes on
the community resources and funds of knowledge to make science
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more culturally, linguistically, and socially relevant for diverse student groups (González et al., 2005). For example, a teacher could
tap into the community as a resource by recruiting a community
member(s) to assist an upper elementary class, as students investigate the pollution along a river near the school. By bringing the
neighborhood and community into the science classroom, students
learn that science is not only applicable to events in the classroom,
but it also extends to what they experience in their homes and
what they observe in their communities.
Finally, “place-based” science education is consistent with culturally relevant pedagogy (Ladson-Billings, 1995). Through social
activism, students develop critical consciousness of social inequities, especially as such inequities exist in their communities. When
youth find science education to be empowering and transformative, they are likely to embrace and further investigate what they
are learning, instead of being resistant to learning science. Thus,
school science should be reconceptualized to give a more central
role to students’ lived experiences and identities.
3CIENCE LEARNING IN INFORMAL ENVIRONMENTS Informal environments
for science learning (e.g., museums, nature centers, zoos, etc.) have
the potential to broaden participation in science and engineering
for youth from non-dominant communities. Informal environments
may also include non-institutional opportunities that are not traditionally recognized by school systems (e.g., community gardens,
woodlots, campgrounds). However, informal institutions face challenges in reaching and serving non-dominant groups, as reflected
in low attendance patterns. Although research on how to structure science learning opportunities to better serve non-dominant
groups in informal environments is sparse, it highlights two promising insights and practices (NRC, 2009).
First, informal environments for science learning should be developed and implemented with the interests and concerns of particular cultural groups and communities in mind. Project goals should
be mutually determined by educators and the communities and
cultural groups being served. It is also important to develop strategies that help learners identify with science in personally meaningful ways. Having community-based contacts that are familiar
and safe can be critical in engaging families in science explorations and conversations and even, at a more basic level, in helping

non-dominant groups see museums as worthwhile destinations
for their families.
Second, environments should be developed in ways that expressly
draw upon participants’ cultural practices, including everyday language, linguistic practices, and cultural experiences. In designed
environments, such as museums, bilingual or multilingual labels
provide access to the specific content and facilitate conversations
and sense-making among participants. Developing peer networks
may be particularly important to foster sustained participation of
non-dominant groups. Designed spaces that serve families should
consider visits by extended families. Members of diverse cultural
groups can play a critical role in the development and implementation of programs, serving as designers, advisers, front-line educators, and evaluators of such efforts.

3CHOOL 2ESOURCES FOR 3CIENCE )NSTRUCTION
School resources to support student learning generally fall into
three categories (Gamoran et al., 2003; Penuel et al., 2009). First,
material resources include time available for teaching, professional development, and collaboration among teachers. Material
resources also include curricular materials, equipment, supplies,
and expenditures for school personnel and other purposes related
to teaching and learning. Second, human capital includes individual knowledge, skills, and expertise that might become a part
of the stock of resources available in an organization. In schools,
human capital involves teachers’ knowledge, including content
knowledge, pedagogical knowledge, and pedagogical content
knowledge, as well as principal leadership. Finally, social capital
concerns the relationships among individuals in a group or organization, including such norms as trust, collaboration, common
values, shared responsibility, a sense of obligation, and collective
decision making.
School resources are likely to have a greater impact on the learning opportunities of non-dominant student groups. This is because
the dominant student group is more likely to have the benefits of
other supports for their learning, such as better-equipped schools,
more material resources at home, and highly educated parents. In
contrast, the academic success of non-dominant students depends
more heavily on the quality of their school environment; yet, it is
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these students who are less likely to have access to high-quality
learning environments. Thus, inequitable resources are a central
concern. The NGSS present both opportunities and challenges to
reconceptualize the allocation and utilization of school resources.
-ATERIAL RESOURCES Science receives less instructional time (a
form of material resources) than language arts and mathematics,
which are both considered to be basic skills. Particularly, science
instruction in low-performing schools is often limited and tightly
regulated due to the urgency of developing basic literacy and
numeracy. In addition, under the demands of accountability policies, schools devote extended time and attention to the heavily
tested subjects of language arts and mathematics, leaving limited
time for science.
The NGSS capitalize on the synergy with the CCSS for English language arts and literacy and for mathematics. The standards across
the three subject areas share common shifts to focus on core
concepts and practices that build coherently across K–12. Science
and engineering practices in the NGSS (e.g., argumentation from
evidence) share commonalities with those of the CCSS for English
language arts and for mathematics (see Figure D-1). Furthermore,
the CCSS for literacy require strong content knowledge, informational texts, and text complexity across subject areas, including
science. In a similar manner, the NGSS make connections to the
CCSS. Such synergy will help effective use of instructional time
among English language arts, mathematics, and science.
(UMAN CAPITAL While all students deserve access to highly qualified
teachers, schools serving non-dominant student groups require the
most effective teachers to enable students to overcome achievement gaps (Marx and Harris, 2006). The NGSS require science teachers who possess knowledge of disciplinary core ideas, science and
engineering practices, and crosscutting concepts. For non-dominant
student groups, teachers should also be able to connect science to
students’ home and community experiences as the students engage
in the NGSS. Such expectations present both opportunities and
challenges to teacher preparation and professional development
for urban or low-performing schools where non-dominant student
groups tend to be concentrated.
The NGSS are built on continuity of learning progressions across
grade levels. This presents both opportunities and challenges to
students who are highly mobile or transient. On one hand, the
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nationwide purview of the NGSS may help these students by
providing them with consistent standards among states, districts,
and schools. On the other hand, this assumption may impede the
ability of new immigrant students to catch up as they are unable
to draw from a base of years of shared experiences. Likewise, students who miss school because of homelessness or other reasons
for mobility may struggle to fill gaps in understanding.
3OCIAL CAPITAL The conditions of urban or low-performing schools
are not conducive to building social resources in the form of trust,
collaboration, and high expectations collectively. Urban settings
present challenges, including overcrowding, management issues,
and emotional concerns related to conditions of poverty in students’ homes.
The NGSS reinforce the need for collaboration among teachers of
different specializations and subject areas beyond the traditional
forms of collaboration. Science teachers need to work with special education teachers and teachers of ELLs in order to foster a
deeper understanding of science. In addition, science, math, and
English language arts teachers need to work together in order to
address both the opportunities and demands for meaningful connections among these subject areas. Furthermore, collaboration
needs to involve the entire school personnel, including teachers,
administrators, counselors, etc. Utilization and development of
social capital among school personnel is key to effective implementation of the NGSS with all students, particularly students
from non-dominant groups.

#/.4%84
To engage all students in learning the NGSS, it is important to
understand the context that influences science learning by diverse
student groups. This section briefly describes student demographics, science achievement, and education policies affecting nondominant student groups. More details are presented in each of
the seven case studies in terms of economically disadvantaged students, racial or ethnic minority students, students with disabilities,
English language learners, girls, students in alternative education
programs, and gifted and talented students.
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3TUDENT $EMOGRAPHICS
The student population in the United States is increasingly more
diverse:
• %CONOMICALLY DISADVANTAGED STUDENTS The American
Community Survey report from the U.S. Census Bureau summarized the poverty data (U.S. Census Bureau, 2012). Overall,
 OF CHILDREN IN THE 5NITED 3TATES LIVE IN POVERTY THE HIGHest poverty rate since the poverty survey began in 2001. The
POVERTY RATE WAS THE HIGHEST FOR BLACKS AT  AND (ISPANICS
AT  COMPARED TO WHITES AT  AND !SIANS AT 
According to the Common Core of Data REPORT  OF STUdents were eligible for free or reduced-price lunches in 2010–
2011. A greater number of students live in poverty in the cities
compared to suburban areas, towns, and rural areas.
• 3TUDENTS FROM MAJOR RACIAL OR ETHNIC MINORITY GROUPS The
student population in the United States is increasingly more
diverse racially and ethnically. According to the 2010 U.S.
#ENSUS  OF THE 53 POPULATION IS COMPOSED OF RACIAL
MINORITIES INCLUDING  (ISPANICS  BLACKS  !SIANS
AND  !MERICAN )NDIAN OR .ATIVE !LASKANS 53 #ENSUS
Bureau, 2012). Among the school-age population under
 YEARS OLD IN   WERE MINORITIES )T IS PROJECTED THAT
the year 2022 will be the turning point when minorities will
become the majority in terms of percentage of the school-age
population.
• 3TUDENTS WITH DISABILITIES The number of children and youth
ages 3–21 receiving special education services under the
Individuals with Disabilities Education Act (IDEA) rose from
4.1 million to 6.7 million between 1980 and 2005, or from
 TO  OF THE STUDENT ENROLLMENT .ATIONAL #ENTER FOR
Education Statistics [NCES], 2011). That number decreased to
 MILLION OR  OF STUDENT ENROLLMENT BY 
• 3TUDENTS WITH LIMITED %NGLISH PROFICIENCY More than 1 in 5
STUDENTS  SPEAK A LANGUAGE OTHER THAN %NGLISH AT HOME
and Limited English Proficient (LEP) students (the federal term)
HAVE MORE THAN DOUBLED FROM  IN  TO  IN  4HE
 OF ,%0 STUDENTS DOES NOT COUNT THOSE WHO WERE CLASSIFIED
as LEP when younger but who are now considered proficient in
English or during a monitoring period.

• 3TUDENTS IN ALTERNATIVE EDUCATION PROGRAMS Reporting the
demographics of students in alternative education is difficult
due to wide inconsistencies in definitions across the nation. A
significant proportion of students who attend public alternative schools specifically targeting dropout prevention are economically disadvantaged students, racial and ethnic minorities,
and English language learners (NCES, 2012).
• Gifted and talented students. Reporting the demographics of
gifted and talented students is difficult due to wide inconsistencies in definitions, assessments to identify these students,
and funding for programs across the nation. The National
Association for Gifted Children (NAGC, 2012) defines giftedness
as “those who demonstrate outstanding levels of aptitude or
competence in one or more domains” and estimates that this
definition describes approximately three million or roughly
 OF ALL STUDENTS IN +n
Several caveats are made with regard to student diversity. First,
each demographic subgroup is not a homogenous or monolithic
group, and there is a great deal of variability among members
of a group. For example, categories of disabilities include specific
learning disabilities, speech and language impairments, other
health impairments, intellectual disability, emotional disturbance,
developmental delay, autism, multiple disabilities, hearing impairment, visual impairment, orthopedic impairment, deaf-blindness,
and traumatic brain injury. These categories could be classified
as cognitive, emotional, and physical disabilities. Such variability
among members of a group cautions that essentializing should be
avoided.
Second, there is a significant overlap among non-dominant student groups. For example, most ELLs are racial or ethnic minoriTIES )N ADDITION  OF ECONOMICALLY DISADVANTAGED STUDENTS
including large proportions of racial or ethnic minorities and ELLs,
live in cities (NCES, 2012). As a result, these students face multiple
challenges in achieving academic success.
Finally, specific student groups are either overrepresented or
underrepresented in education programs. For example, females
are underrepresented in engineering and physics (NSF, 2012).
Racial or ethnic minority students, economically disadvantaged
students, and ELLs are underrepresented in gifted and talented
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programs, whereas they are overrepresented in special education
programs (Harry and Klingner, 2006).

3CIENCE !CHIEVEMENT
While the student population in the United States is becoming
more diverse, science achievement gaps persist by demographic
subgroups. The results of international and national science
assessments indicate the need for a two-pronged approach to
enhancing student science outcomes. Achievement gaps must
be closed among demographic subgroups of students, while
improved science outcomes should be promoted for all students.
In the report Preparing the Next Generation of STEM Innovators,
the National Science Board states, “In America, it should be possible, even essential, to elevate the achievement of low-performing
at-risk groups while simultaneously lifting the ceiling of achievement for our future innovators” (NSF, 2010, p. 16).
U.S. students have not ranked favorably on international comparisons of science achievement as measured by the Trends in
International Mathematics and Science Study (TIMSS) and the
Program for International Student Assessment (PISA). Although
TIMSS science results for U.S. fourth and eighth graders showed
positive trends since its first administration in 1995 through the
latest administration in 2007, PISA results for 15-year-olds did not
corroborate trends indicated by TIMSS. When it comes to applying science in meaningful ways (e.g., using scientific evidence,
identifying scientific issues, and explaining phenomena scientifically) as measured by PISA, U.S. students performed in the bottom
half of the international comparison and did not show significant
improvements since its first administration in 2000 through its latest administration in 2009.
At the national level, the National Assessment of Educational
Progress (NAEP) provides data for U.S. students’ science performance over time. Focusing only on more recent NAEP science
assessments in 1996, 2000, 2005, 2009, and 2011, achievement
gaps persist among demographic subgroups of students across
grades 4, 8, and 12. Results are reported by family income level
(based on eligibility for the National School Lunch Program),
race or ethnicity, students with disabilities, English language
learners, gender, and type of school (public or private). It is
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noted that these subgroups represent the accountability groups
defined in ESEA.
The framework for NAEP science involves science content in three
areas (physical sciences, life sciences, and earth and space sciences)
and four science practices (identifying science principles, using
science principles, using scientific inquiry, and using technological
design). Two developments are noteworthy in relation to the NGSS.
First, the 2009 NAEP science assessment included interactive computer and hands-on tasks to measure how well students were able
to reason through complex problems and apply science to real-life
situations. This approach could pave a way for assessment of
science and engineering practices in NGSS. Second, the first-ever
NAEP Technology and Engineering Literacy Assessment (TELA) is
currently under development. The initial assessment, planned for
2014, will be a probe—a smaller-scale, focused assessment on a
timely topic that explores a particular question or issue. This
approach could be used for assessment of engineering in the NGSS.
A clear understanding of science achievement gaps should take
into account certain methodological limitations in how these gaps
are measured and reported. Science achievement is typically measured by standardized tests administered to national and international student samples. A strength of these measures is that
they provide access to large data sets that allow for the use of
powerful statistical analyses. However, these measures also present limitations.
First, standardized tests provide only a general picture of how
demographic variables relate to science achievement. For example, “Hispanic” is likely to be treated as a single category of race
or ethnicity, masking potentially important differences in performance among Mexican Americans, Puerto Ricans, and Cuban
Americans. Similarly, the group of students with disabilities (SDs)
is generic, referring to students who usually have IEPs and could
include both learning disabled (LD) or emotionally disturbed
(ED). Thus, achievement data are generally lumped together for
very different disabilities. Such overgeneralization hinders more
nuanced understanding of achievement gaps, thereby limiting
the potential effectiveness of educational interventions aimed at
reducing these gaps.
Second, standardized tests have the potential to reinforce stereotypes, both positive and negative, of certain demographic groups
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(Rodriguez, 1998). For example, the “model minority” stereotype
of Asian American students as strong performers in mathematics and science may well be supported by generalized test data
for the racial category of Asian American. However, such a result
masks great disparities within this group, such as Southeast Asian
refugees with limited literacy development in their homes or communities. These students are less likely to have their needs met in
equitable ways if teachers presume that they “naturally” learn
science and mathematics with little trouble. In contrast, highachieving Hispanic or African American students may be disadvantaged by teachers or counselors who underestimate them and set
low expectations of their academic success.
Finally, standardized tests do not analyze or report interactions
between demographic variables. For example, as racial/ethnic
minority students are disproportionately represented in free or
reduced-price lunch programs, science achievement gaps between
race/ethnicity and socioeconomic status are confounded. In a similar manner, science achievement gaps between race/ethnicity and
gender are confounded.

%DUCATIONAL 0OLICIES
Passage of the NCLB Act of 2001 (the reauthorized ESEA) ushered
in a new era of high-stakes testing and accountability policies.
Districts and schools are accountable for making an adequate level
of achievement gain each year, referred to as annual yearly progress (AYP). The theory behind ESEA (NCLB) assumes that states,
districts, and schools will allocate resources to best facilitate the
attainment of AYP. Decisions concerning resources and practices
are determined largely by test scores on state assessments.
Although ESEA is most often associated with accountability systems, there is a second property of ESEA that has also been a
focus of attention. ESEA mandates that each state report AYP disaggregated for demographic subgroups of students. Mandating
this disaggregated reporting of AYP results in potentially desirable outcomes: (a) each of the groups is publicly monitored to
examine achievement and progress; (b) resources are allocated
differentially to these groups to enhance the likelihood that they
meet AYP; and (c) if AYP is not met for these groups in schools
receiving Title I funding, students are provided with additional

academic assistance through Supplemental Educational Services
(e.g., tutoring) and the right to transfer to another public school.
Schools, districts, and states cannot hide historically underperforming demographic groups, because ESEA forces the states to
publicly monitor these groups and to be accountable for their
performance. On the undesirable side, however, all of the added
attention to high-stakes testing does not necessarily result in
improved teaching. In fact, the increased emphasis on testing
could detract from academically rigorous learning opportunities
that are often lacking with students from certain demographic
subgroups. Similarly, calling more public attention to the failures
of schools to adequately meet the needs of these students does
little to ensure that they will receive instruction that is more
engaging, more intellectually challenging, or more culturally or
socially relevant.
Although ESEA mandates reporting of AYP for reading and mathematics, the same is not true for science. With respect to science,
ESEA only requires that by the 2007–2008 school year each state
would have science assessments to be administered and reported
for formative purposes at least once during grades 3–5, grades
6–9, and grades 10–12. However, it is up to each state to decide
whether to include high-stakes science testing in state accountability systems or AYP reporting. Although science accountability policies affect all students, the impact is far greater for student groups
that have traditionally been underserved in the education system.
Separate from federal and state policies that apply to all students,
specific policies apply to specific student groups. According to the
ESEA:
• Title I is the largest federally funded educational program
intended for “improving the academic achievement of the
disadvantaged” in order to meet “the educational needs of
low-achieving children in our Nation's highest-poverty schools,
limited English proficient children, migratory children, children
with disabilities, Indian children, neglected or delinquent children, and young children in need of reading assistance.”
• Title I, Part H, states that the Dropout Prevention Act aims “to
provide for school dropout prevention and reentry and to raise
academic achievement levels by providing grants that (1) challenge all children to attain their highest academic potential;
and (2) ensure that all students have substantial and ongoing
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opportunities to attain their highest academic potential
through school-wide programs proven effective in school dropout prevention and reentry.”
Title III addresses “language instruction for limited English proficient and immigrant students.”
Title VII is designed for “Indian, Native Hawaiian, and Alaska
Native education.”
Title IX prevents gender-based discrimination within federally
funded educational programs. Title IX states, “No person in
the United States shall, on the basis of sex, be excluded from
participation in, be denied the benefits of, or be subjected to
discrimination under any education program or activity receiving
federal financial assistance” (Public Law No. 92318, 86 Stat. 235).
Title IX, Part A, SEC. 9101 (22), provides a federal definition
and federal research funding for gifted and talented students:
“The term gifted and talented, when used with respect to students, children, or youth, means students, children, or youth
who give evidence of high achievement capability in areas
such as intellectual, creative, artistic, or leadership capacity, or
in specific academic fields, and who need services or activities
not ordinarily provided by the school in order to fully develop
those capabilities.”
The Individuals with Disabilities Education Act (IDEA) is a law
ensuring services to children with disabilities.

#/.#,53)/.3 !.$ )-0,)#!4)/.3
The NGSS offer a vision of science teaching and learning that presents both learning opportunities and demands for all students,
particularly student groups that have traditionally been underrepresented in the science classroom. Furthermore, the NGSS are
connected to the CCSS for English language arts and mathematics.
Changes in the new standards occur as student demographics in
the nation become increasingly diverse while science achievement
gaps persist among demographic subgroups.
The academic rigor and expectations of the NGSS are less familiar to many science teachers than conventional or traditional
teaching practices and require shifts for science teaching, which
are consistent with shifts for teaching CCSS for English language
arts and mathematics (see Figure D-1). Science teachers need
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to acquire effective strategies to include all students regardless
of racial, ethnic, cultural, linguistic, socioeconomic, and gender
backgrounds. While effective classroom strategies that enable students to engage in the NGSS will draw from the existing research
literature, the NGSS will also stimulate new research agenda. For
example, future research may identify ways to make connections
between school science and home/community for non-dominant
student groups as they engage in the NGSS. Future research may
explore how to utilize and allocate school resources to support
student learning in terms of material resources, human capital,
and social capital in relation to the NGSS.
Effective implementation of the NGSS for all students, including
non-dominant student groups, will require shifts in the education
support system. Key components of the support system include
teacher preparation and professional development, principal
support and leadership, public-private-community partnerships,
formal and informal classroom experiences that require considerable coordination among community stakeholders, technological
capabilities, network infrastructure, cyber-learning opportunities, access to digital resources, online learning communities, and
virtual laboratories. As the NGSS implementation takes root over
time, these components of the education system will also evolve
and change accordingly.
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APPENDIX E

DISCIPLINARY CORE IDEA PROGRESSIONS
IN THE NEXT GENERATION SCIENCE
STANDARDS

and the practices needed to engage in scientific inquiry and
engineering design. Thus the framework seeks to illustrate
how knowledge and practice must be intertwined in
designing learning experiences in K–12 science education.
(NRC, 2012)

$)3#)0,).!29 #/2% )$%! 02/'2%33)/.
Following the vision of A Framework for K–12 Science Education
(Framework), the Next Generation Science Standards (NGSS) are
intended to increase coherence in K–12 science education. The
following excerpt from the Framework explains the approach in
more detail:
First, it is built on the notion of learning as a developmental progression. It is designed to help children continually build on and revise their knowledge and abilities,
starting from their curiosity about what they see around
them and their initial conceptions about how the world
works. The goal is to guide their knowledge toward a
more scientifically based and coherent view of the natural
sciences and engineering, as well as of the ways in which
they are pursued and their results can be used.
Second, the framework focuses on a limited number of
core ideas in science and engineering both within and
across the disciplines. The committee made this choice in
order to avoid the shallow coverage of a large number of
topics and to allow more time for teachers and students
to explore each idea in greater depth. Reduction of the
sheer sum of details to be mastered is intended to give
time for students to engage in scientific investigations
and argumentation and to achieve depth of understanding of the core ideas presented. Delimiting what is to be
learned about each core idea within each grade band also
helps clarify what is most important to spend time on,
and avoid the proliferation of detail to be learned with
no conceptual grounding.

The Framework describes the progression of disciplinary core
ideas in the grade-band endpoints. The progressions are summarized in this section of the NGSS appendixes, which describe the
content that occurs at each grade band. Some of the sub-ideas
within the disciplinary core ideas overlap significantly. Readers will
notice there is not always a clear division between those ideas, so
several progressions are divided among more than one sub-idea.
The purpose of these diagrams is to briefly describe the content at
each grade band for each disciplinary core idea across K–12. This
progression is for reference only. The full progressions can be seen
in the Framework. In addition, the NGSS show the integration of
the three dimensions. This document in no way endorses separating the disciplinary core ideas from the other two dimensions.

2%&%2%.#%
NRC (National Research Council). (2012). A framework for K–12 science
education: Practices, crosscutting concepts, and core ideas.
Washington, DC: The National Academies Press.

Third, the framework emphasizes that learning about
science and engineering involves integration of the knowledge of scientific explanations (i.e., content knowledge)
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Physical Sciences Progression
INCREASING SOPHISTICATION OF STUDENT THINKING
K–2

3–5

6–8

9–12

PS1.A
Structure of matter
(includes PS1.C Nuclear processes)

Matter exists as different
substances that have observable
different properties. Different
properties are suited to different
purposes. Objects can be built
up from smaller parts.

Matter exists as particles that are
too small to see, and so matter is
always conserved even if it seems to
disappear. Measurements of a variety
of observable properties can be used
to identify particular materials.

The fact that matter is composed
of atoms and molecules can be
used to explain the properties of
substances, diversity of materials,
states of matter, phase changes, and
conservation of matter.

The sub-atomic structural model
and interactions between electrical
charges at the atomic scale can be
used to explain the structure and
interactions of matter, including
chemical reactions and nuclear
processes. Repeating patterns of
the periodic table reflect patterns of
outer electrons. A stable molecule
has less energy than the same set of
atoms separated; one must provide
at least this energy to take the
molecule apart.

PS1.B
Chemical reactions

Heating and cooling of
substances cause changes that
are sometimes reversible and
sometimes not.

Chemical reactions that occur
when substances are mixed can
be identified by the emergence of
substances with different properties;
the total mass remains the same.

Reacting substances rearrange to
form different molecules, but the
number of atoms is conserved. Some
reactions release energy and others
absorb energy.

Chemical processes are understood
in terms of collisions of molecules,
rearrangement of atoms, and
changes in energy as determined by
properties of the elements involved.

The role of the mass of an object
must be qualitatively accounted for
in any change of motion due to the
application of a force.

Newton’s Second Law of Motion
(F = ma) and the conservation
of momentum can be used to
predict changes in the motion of
macroscopic objects.

Forces that act at a distance involve
fields that can be mapped by their
relative strength and effect on an
object.

Forces at a distance are explained by
fields that can transfer energy and
that can be described in terms of the
arrangement and properties of the
interacting objects and the distance
between them. These forces can be
used to describe the relationship
between electrical and magnetic
fields.

N/A

N/A

PS2.A
Forces and motion

PS2.B
Types of interactions

PS2.C
Stability and instability in physical
systems

Pushes and pulls can have
different strengths and
directions, and can change the
speed or direction of an object’s
motion or start or stop it.

The effect of unbalanced forces on
an object results in a change of
motion. Patterns of motion can be
used to predict future motion. Some
forces act through contact; some
forces act even when the objects
are not in contact. The gravitational
force of Earth acting on an object
near Earth’s surface pulls that object
toward the planet’s center.

N/A

N/A
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(Continued)
K–2

3–5

6–8

9–12

PS3.A
Definitions of energy

N/A

PS3.B
Conservation of energy and energy
transfer

[Content found in PS3.D]

Moving objects contain energy. The
faster an object moves, the more
energy it has. Energy can be moved
from place to place by moving
objects or through sound, light, or
electrical currents. Energy can be
converted from one form to another.

Kinetic energy can be distinguished
from the various forms of potential
energy. Energy changes to and from
each type can be tracked through
physical or chemical interactions.
The relationship between the
temperature and the total energy
of a system depends on the types,
states, and amounts of matter.

The total energy within a system is
conserved. Energy transfer within
and between systems can be
described and predicted in terms
of the energy associated with the
motion or configuration of particles
(objects).
------------------------------------------Systems move toward stable states.

PS3.C
Relationship between energy and
forces

Bigger pushes and pulls cause
bigger changes in an object’s
motion or shape.

When objects collide, contact forces
transfer energy so as to change the
objects’ motions.

When two objects interact, each
exerts a force on the other, and these
forces can transfer energy between
them.

A field contains energy that depends
on the arrangement of the objects in
the field.

Energy can be “produced,” “used,”
or “released” by converting stored
energy. Plants capture energy from
sunlight, which can later be used as
fuel or food.

Sunlight is captured by plants and
used in a reaction to produce sugar
molecules, which can be reversed by
burning those molecules to release
energy.

Photosynthesis is the primary
biological means of capturing
radiation from the sun. Energy
cannot be destroyed; it can be
converted to less useful forms.

Waves are regular patterns of
motion, which can be made in water
by disturbing the surface. Waves of
the same type can differ in amplitude
and wavelength. Waves can make
objects move.

A simple wave model has a
repeating pattern with a specific
wavelength, frequency, and
amplitude, and mechanical waves
need a medium through which they
are transmitted. This model can
explain many phenomena, including
sound and light. Waves can transmit
energy.

The wavelength and frequency of
a wave are related to one another
by the speed of the wave, which
depends on the type of wave and the
medium through which it is passing.
Waves can be used to transmit
information and energy.

The construct of a wave is used
to model how light interacts with
objects.

Both an electromagnetic wave model
and a photon model explain features
of electromagnetic radiation broadly
and describe common applications of
electromagnetic radiation.

Waves can be used to transmit
digital information. Digitized
information is comprised of a pattern
of ones and zeros.

Large amounts of information can
be stored and shipped around as a
result of being digitized.

PS3.D
Energy in chemical processes and
everyday life

Sunlight warms Earth’s surface.

PS4.A
Wave properties

Sound can make matter vibrate,
and vibrating matter can make
sound.

PS4.B
Electromagnetic radiation

Objects can be seen only when
light is available to illuminate
them.

PS4.C
Information technologies and
instrumentation

People use devices to send and
receive information.
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An object can be seen when light
reflected from its surface enters our
eyes.
-------------------------------------Patterns can encode, send, receive,
and decode information.
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Life Sciences Progression
INCREASING SOPHISTICATION OF STUDENT THINKING
K–2

3–5

6–8

9–12

LS1.A
Structure and function

All organisms have
external parts that they
use to perform daily
functions.

Organisms have both internal and
external macroscopic structures
that allow for growth, survival,
behavior, and reproduction.

All living things are made up of cells. In
organisms, cells work together to form
tissues and organs that are specialized
for particular body functions.

Systems of specialized cells within organisms
help perform essential functions of life.
Any one system in an organism is made up
of numerous parts. Feedback mechanisms
maintain an organism’s internal conditions
within certain limits and mediate behaviors.

LS1.B
Growth and development of
organisms

Parents and offspring
often engage in behaviors
that help the offspring
survive.

Reproduction is essential to every
kind of organism. Organisms have
unique and diverse life cycles.

Animals engage in behaviors that
increase the odds of reproduction. An
organism’s growth is affected by both
genetic and environmental factors.

Growth and division of cells in organisms
occur by mitosis and differentiation for
specific cell types.

LS1.C
Organization for matter and
energy flow in organisms

Animals obtain food they
need from plants or other
animals. Plants need
water and light.

Food provides animals with the
materials and energy they need for
body repair, growth, warmth, and
motion. Plants acquire material for
growth chiefly from air, water, and
process matter and obtain energy
from sunlight, which is used to
maintain conditions necessary for
survival.

Plants use the energy from light to make
sugars through photosynthesis. Within
individual organisms, food is broken
down through a series of chemical
reactions that rearrange molecules and
release energy.

The hydrocarbon backbones of sugars
produced through photosynthesis are used
to make amino acids and other molecules
that can be assembled into proteins or DNA.
Through cellular respiration, matter and
energy flow through different organizational
levels of an organism as elements are
recombined to form different products and
transfer energy.

LS1.D
Information processing

Animals sense and
communicate information
and respond to inputs
with behaviors that help
them grow and survive.

Different sense receptors are
specialized for particular kinds
of information; animals use their
perceptions and memories to guide
their actions.

Each sense receptor responds to
different inputs, transmitting them as
signals that travel along nerve cells to
the brain; the signals are then processed
in the brain, resulting in immediate
behavior or memories.

N/A

Plants depend on water
and light to grow and on
animals for pollination
or to move their seeds
around.

The food of almost any animal
can be traced back to plants.
Organisms are related in food
webs in which some animals eat
plants for food and other animals
eat the animals that eat plants,
while decomposers restore some
materials to the soil.

Organisms and populations are
dependent on their environmental
interactions with both other living things
and non-living factors, any of which
can limit their growth. Competitive,
predatory, and mutually beneficial
interactions vary across ecosystems, but
the patterns are shared.

Ecosystems have carrying capacities
resulting from biotic and abiotic factors.
The fundamental tension between resource
availability and organism populations affects
the abundance of species in any given
ecosystem.

LS2.A
Interdependent relationships in
ecosystems

Disciplinary Core Idea Progressions in the Next Generation Science Standards
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(Continued)
K–2

LS2.B
Cycles of matter and energy
transfer in ecosystems

LS2.C
Ecosystem dynamics, functioning,
and resilience

LS2.D
Social interactions and group
behavior

3–5

6–8

9–12

[Content found in LS1.C
and ESS3.A]

Matter cycles between the air and
soil and among organisms as they
live and die.

The atoms that make up the organisms
in an ecosystem are cycled repeatedly
between the living and non-living parts
of the ecosystem. Food webs model
how matter and energy are transferred
among producers, consumers, and
decomposers as the three groups
interact within an ecosystem.

Photosynthesis and cellular respiration
provide most of the energy for life processes.
Only a fraction of matter consumed at the
lower level of a food web is transferred up,
resulting in fewer organisms at higher levels.
At each link in an ecosystem elements are
combined in different ways and matter and
energy are conserved. Photosynthesis and
cellular respiration are key components of
the global carbon cycle.

N/A

When the environment changes
some organisms survive and
reproduce, some move to new
locations, some move into the
transformed environment, and
some die.

Ecosystem characteristics vary over
time. Disruptions to any part of an
ecosystem can lead to shifts in all of
its populations. The completeness or
integrity of an ecosystem’s biodiversity
is often used as a measure of its health.

If a biological or physical disturbance to an
ecosystem occurs, including one induced by
human activity, the ecosystem may return
to its more or less original state or become
a very different ecosystem, depending on
the complex set of interactions within the
ecosystem.

N/A

Being part of a group helps
animals obtain food, defend
themselves, and cope with
changes.

N/A

Group behavior has evolved because
membership can increase the chances of
survival for individuals and their genetic
relatives.

Genes chiefly regulate specific proteins,
which affect an individual’s traits.

DNA carries instructions for forming species’
characteristics. Each cell in an organism
has the same genetic content, but genes
expressed by cells can differ.

In sexual reproduction each parent
contributes half the genes acquired
by the offspring, resulting in variation
between parent and offspring. Genetic
information can be altered because
of mutations, which may result in
beneficial, negative, or no change to
proteins in or traits of an organism.

The variation and distribution of traits
in a population depend on genetic and
environmental factors. Genetic variation
can result from mutations caused by
environmental factors or errors in DNA
replication or from chromosomes swapping
sections during meiosis.

LS3.A
Inheritance of traits

LS3.B
Variation of traits

44

Young organisms are very
much, but not exactly,
like their parents and also
resemble other organisms
of the same kind.

Different organisms vary in how
they look and function because
they have different inherited
information; the environment also
affects the traits that an organism
develops.

NEXT GENERATION SCIENCE STANDARDS

Copyright National Academy of Sciences. All rights reserved.

Next Generation Science Standards: For States, By States

(Continued)

LS4.A
Evidence of common ancestry and
diversity

LS4.B
Natural selection

LS4.C
Adaptation

K–2

3–5

6–8

9–12

N/A

Some living organisms resemble
organisms that once lived on
Earth. Fossils provide evidence
about the types of organisms and
environments that existed long
ago.

The fossil record documents the
existence, diversity, extinction, and
change of many life forms and their
environments through Earth’s history.
The fossil record and comparisons
of anatomical similarities between
organisms enable the inference of lines
of evolutionary descent.

The ongoing branching that produces
multiple lines of descent can be inferred
by comparing DNA sequences, amino
acid sequences, and anatomical and
embryological evidence of different
organisms.

N/A

Differences in characteristics
between individuals of the same
species provide advantages in
survival and reproduction.

Both natural and artificial selection
result from certain traits giving some
individuals an advantage in survival and
reproduction, leading to predominance
of certain traits in a population.

Natural selection occurs only if there is
variation in the genes and traits of organisms
in a population. Traits that positively affect
survival can become more common in a
population.

Species can change over time in
response to changes in environmental
conditions through adaptation
by natural selection acting over
generations. Traits that support
successful survival and reproduction
in the new environment become more
common.

Evolution results primarily from genetic
variation of individuals in a species,
competition for resources, and proliferation
of organisms better able to survive and
reproduce. Adaptation means that the
distribution of traits in a population, as
well as species’ expansion, emergence, or
extinction, can change when conditions
change.

Changes in biodiversity can influence
humans’ resources and the ecosystem
services they rely on.

Biodiversity is increased by the formation
of new species and reduced by extinction.
Humans depend on biodiversity but also have
adverse impacts on it. Sustaining biodiversity
is essential to supporting life on Earth.

Particular organisms can survive
only in particular environments.

N/A

-----------------------------------------

LS4.D
Biodiversity and humans

A range of different
organisms lives in
different places.

Populations of organisms live in a
variety of habitats. Change in those
habitats affects the organisms
living there.

Disciplinary Core Idea Progressions in the Next Generation Science Standards
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Earth and Space Sciences Progression
INCREASING SOPHISTICATION OF STUDENT THINKING
K–2

3–5

6–8

Stars range greatly in size and
distance from Earth, and this can
explain their relative brightness.
-----------------------------------------

ESS1.A
The universe and its stars
Patterns of movement of the
sun, moon, and stars as seen
from Earth can be observed,
described, and predicted.

----------------------------------------The solar system is part of the Milky
Way, which is one of many billions
of galaxies.

9–12
Light spectra from stars are used
to determine their characteristics,
processes, and life cycles. Solar
activity creates the elements through
nuclear fusion. The development
of technologies has provided
astronomical data that provide
empirical evidence for the Big Bang
theory.

Earth’s orbit and rotation and the
orbit of the moon around Earth
cause observable patterns.

The solar system contains many
varied objects held together by
gravity. Solar system models explain
and predict eclipses, lunar phases,
and seasons.

Kepler’s Laws describe common
features of the motions of orbiting
objects. Observations from astronomy
and space probes provide evidence
for explanations of solar system
formation. Changes in Earth’s tilt and
orbit cause climate changes such as
ice ages.

Some events on Earth occur
very quickly; others can occur
very slowly.

Certain features on Earth can be
used to order events that have
occurred in a landscape.

Rock strata and the fossil record
can be used as evidence to organize
the relative occurrence of major
historical events in Earth’s history.

The rock record resulting from
tectonic and other geoscience
processes as well as objects from the
solar system can provide evidence of
Earth’s early history and the relative
ages of major geologic formations.

ESS2.A
Earth’s materials and systems

Wind and water change the
shape of the land.

Four major Earth systems interact.
Rainfall helps to shape the land and
affects the types of living things
found in a region. Water, ice, wind,
organisms, and gravity break rocks,
soils, and sediments into smaller
pieces and move them around.

Energy flows and matter cycles
within and among Earth’s systems,
including the sun and Earth’s interior
as primary energy sources. Plate
tectonics is one result of these
processes.

ESS2.B
Plate tectonics and large-scale
system interactions

Maps show where things are
located. The shapes and kinds of
land and water in any area can
be mapped.

Earth’s physical features occur in
patterns, as do earthquakes and
volcanoes. Maps can be used to
locate features and determine
patterns in those events.

Plate tectonics is the unifying theory
that explains the movements of
rocks at Earth’s surface and geologic
history. Maps are used to display
evidence of plate movement.

ESS1.B
Earth and the solar system

ESS1.C
The history of planet Earth

46

NEXT GENERATION SCIENCE STANDARDS

Copyright National Academy of Sciences. All rights reserved.

Feedback effects exist within and
among Earth’s systems.

Radioactive decay within Earth’s
interior contributes to thermal
convection in the mantle.
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(Continued)
K–2

3–5

ESS2.C
The roles of water in Earth’s surface
processes

Water is found in many types
of places and in different forms
on Earth.

Most of Earth’s water is in the ocean
and much of Earth’s fresh water is in
glaciers or underground.

ESS2.D
Weather and climate

Weather is the combination of
sunlight, wind, snow or rain,
and temperature in a particular
region and time. People record
weather patterns over time.

ESS2.E
Biogeology

ESS3.A
Natural resources

ESS3.B
Natural hazards

ESS3.C
Human impacts on Earth systems

ESS3.D
Global climate change

6–8

Climate describes patterns of typical
weather conditions over different
scales and variations. Historical
weather patterns can be analyzed.

Water cycles among land, ocean,
and atmosphere and is propelled
by sunlight and gravity. Density
variations of sea water drive
interconnected ocean currents.
Water movement causes weathering
and erosion, changing landscape
features.
----------------------------------------Complex interactions determine
local weather patterns and influence
climate, including the role of the
ocean.

9–12
The planet’s dynamics are greatly
influenced by water’s unique
chemical and physical properties.
The role of radiation from the
sun and its interactions with the
atmosphere, ocean, and land are the
foundation for the global climate
system. Global climate models are
used to predict future changes,
including changes influenced by
human behavior and natural factors.

Living things can affect the physical
characteristics of their environment.

[Content found in LS4.A and LS4.D]

The biosphere and Earth’s other
systems have many interconnections
that cause a continual co-evolution
of Earth’s surface and life on it

Energy and fuels that humans use
are derived from natural sources and
their use affects the environment.
Some resources are renewable over
time, others are not.

Humans depend on Earth’s land,
ocean, atmosphere, and biosphere
for different resources, many of
which are limited or not renewable.
Resources are distributed unevenly
around the planet as a result of past
geologic processes.

Resource availability has guided
the development of human society
and the use of natural resources has
associated costs, risks, and benefits.

In a region some kinds of
severe weather are more likely
than others. Forecasts allow
communities to prepare for
severe weather.

A variety of hazards result from
natural processes; humans cannot
eliminate hazards but can reduce
their impacts.

Some natural hazards can be
predicted by mapping the history of
those natural hazards in a region
and understanding related geologic
forces.

Things people do can affect the
environment, but they can make
choices to reduce their impacts.

Societal activities have had major
effects on land, ocean, atmosphere,
and even outer space. Societal
activities can also help protect
Earth’s resources and environments.

Human activities have altered the
biosphere, sometimes damaging it,
although changes to environments
can have different impacts for
different living things. Activities and
technologies can be engineered to
reduce people’s impacts on Earth.

Sustainability of human societies and
of the biodiversity that supports them
requires responsible management
of natural resources, including the
development of technologies.

N/A

Human activities affect global
warming. Decisions to reduce the
impact of global warming depend
on understanding climate science,
engineering capabilities, and social
dynamics.

Global climate models used to
predict changes continue to be
improved, although discoveries
about the global climate system are
ongoing and continually needed.

Plants and animals can change
their local environment.
-------------------------------------Living things need water, air,
and resources from the land,
and they live in places that have
the things they need. Humans
use natural resources for
everything they do.

N/A

Natural hazards and other geologic
events have shaped the course of
human history at local, regional, and
global scales.
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APPENDIX F

SCIENCE AND ENGINEERING PRACTICES
IN THE NEXT GENERATION SCIENCE
STANDARDS

A Framework for K–12 Science Education (Framework) provides the
blueprint for developing the Next Generation Science Standards
(NGSS). The Framework expresses a vision in science education that
requires students to operate at the nexus of three dimensions of
learning: Science and Engineering Practices, Disciplinary Core Ideas,
and Crosscutting Concepts. The Framework identified a small number of disciplinary core ideas that all students should learn with
increasing depth and sophistication, from kindergarten through
twelfth grade. Key to the vision expressed in the Framework is for
students to learn these disciplinary core ideas in the context of science and engineering practices. The importance of combining science and engineering practices and disciplinary core ideas is stated
in the Framework as follows:
Standards and performance expectations that are aligned
to the framework must take into account that students
cannot fully understand scientific and engineering ideas
without engaging in the practices of inquiry and the discourses by which such ideas are developed and refined. At
the same time, they cannot learn or show competence in
practices except in the context of specific content. (NRC,
2012, p. 218)
The Framework specifies that each performance expectation must
combine a relevant practice of science or engineering, with a
core disciplinary idea and crosscutting concept, appropriate for
students of the designated grade level. That guideline is perhaps
the most significant way in which the NGSS differs from prior
standards documents. In the future, science assessments will not
assess students’ understanding of core ideas separately from their
abilities to use the practices of science and engineering. These
two dimensions of learning will be assessed together, showing
students not only “know” science concepts, but also that students

can use their understanding to investigate the natural world
through the practices of science inquiry, and can solve meaningful problems through the practices of engineering design. The
Framework uses the term “practices,” rather than “science processes” or “inquiry” skills, for a specific reason:
We use the term “practices” instead of a term such as
“skills” to emphasize that engaging in scientific investigation requires not only skill but also knowledge that is
specific to each practice. (NRC, 2012, p. 30)
The eight practices of science and engineering that the
Framework identifies as essential for all students to learn, and
describes in detail, are listed below:
1. Asking questions (for science) and defining problems (for
engineering)
2. Developing and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations (for science) and designing solutions
(for engineering)
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communicating information

2!4)/.!,%
Chapter 3 of the Framework describes each of the eight practices
of science and engineering and presents the following rationale
for why they are essential:
Engaging in the practices of science helps students understand how scientific knowledge develops; such direct
involvement gives them an appreciation of the wide
range of approaches that are used to investigate, model,
and explain the world. Engaging in the practices of engineering likewise helps students understand the work of
engineers, as well as the links between engineering and
science. Participation in these practices also helps students
form an understanding of the crosscutting concepts and
disciplinary ideas of science and engineering; moreover,
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it makes students’ knowledge more meaningful and
embeds it more deeply into their worldview.
The actual doing of science or engineering can also pique
students’ curiosity, capture their interest, and motivate
their continued study; the insights thus gained help them
recognize that the work of scientists and engineers is a
creative endeavor—one that has deeply affected the
world they live in. Students may then recognize that
science and engineering can contribute to meeting
many of the major challenges that confront society
today, such as generating sufficient energy, preventing
and treating disease, maintaining supplies of fresh water
and food, and addressing climate change.
Any education that focuses predominantly on the detailed
products of scientific labor—the facts of science—without
developing an understanding of how those facts were
established or that ignores the many important applications of science in the world misrepresents science and
marginalizes the importance of engineering. (NRC, 2012,
pp. 42–43)
As suggested in the rationale above, Chapter 3 derives the eight
practices based on an analysis of what professional scientists and
engineers do. It is recommended that users of the NGSS read that
chapter carefully, as it provides valuable insights into the nature
of science and engineering, as well as the connections between
these two closely allied fields. The intent of this section of the
NGSS appendixes is more limited—to describe what each of these
eight practices implies about what students can do. Its purpose is
to enable readers to better understand the performance expectations. A “practices matrix” is included, which lists the specific
capabilities included in each practice for each grade band (K–2,
3–5, 6–8, 9–12).

'5)$).' 02).#)0,%3
The development process of the standards provided insights into
science and engineering practices. These insights are shared in the
following guiding principles:

3TUDENTS IN GRADES +n SHOULD ENGAGE IN ALL EIGHT
PRACTICES OVER EACH GRADE BAND All eight practices are
accessible at some level to young children; students’
abilities to use the practices grow over time. However,
the NGSS only identify the capabilities that students are
expected to acquire by the end of each grade band (K–2,
3–5, 6–8, and 9–12). Curriculum developers and teachers
determine strategies that advance students’ abilities to
use the practices.
0RACTICES GROW IN COMPLEXITY AND SOPHISTICATION ACROSS
THE GRADES The Framework suggests how students’ capabilities to use each of the practices should progress as they
mature and engage in science learning. For example, the
practice of “planning and carrying out investigations”
begins at the kindergarten level with guided situations in
which students have assistance in identifying phenomena
to be investigated and how to observe, measure, and
record outcomes. By upper elementary school, students
should be able to plan their own investigations. The
nature of investigations that students should be able to
plan and carry out is also expected to increase as students
mature, including the complexity of questions to be
studied; the ability to determine what kind of investigation is needed to answer different kinds of questions;
whether or not variables need to be controlled and if so,
which are most important; and at the high school level,
how to take measurement error into account. As listed
in the tables in this chapter, each of the eight practices
has its own progression, from kindergarten to grade 12.
While these progressions are derived from Chapter 3 of
the Framework, they are refined based on experiences in
crafting the NGSS and feedback received from reviewers.
%ACH PRACTICE MAY REFLECT SCIENCE OR ENGINEERING Each of
the eight practices can be used in the service of scientific
inquiry or engineering design. The best way to ensure a
practice is being used for science or engineering is to ask
about the goal of the activity. Is the goal to answer a
question? If so, students are doing science. Is the purpose
to define and solve a problem? If so, students are doing
engineering. Box 3-2 in Framework provides a side-by-side
Science and Engineering Practices in the Next Generation Science Standards
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comparison of how scientists and engineers use these practices. This chapter briefly summarizes what it “looks like” for
a student to use each practice for science or engineering.
0RACTICES REPRESENT WHAT STUDENTS ARE EXPECTED TO DO AND
ARE NOT TEACHING METHODS OR CURRICULUM The Framework
occasionally offers suggestions for instruction, such as how
a science unit might begin with a scientific investigation,
which then leads to the solution of an engineering problem. The NGSS avoid such suggestions because the goal is
to describe what students should be able to do, rather than
how they should be taught. For example, it was suggested
that the NGSS to recommend certain teaching strategies
such as using biomimicry—the application of biological
features to solve engineering design problems. Although
instructional units that make use of biomimicry seem well
aligned with the spirit of the Framework to encourage
integration of core ideas and practices, biomimicry and
similar teaching approaches are more closely related to
curriculum and instruction than to assessment. Hence, the
decision was made not to include biomimicry in the NGSS.
4HE EIGHT PRACTICES ARE NOT SEPARATE THEY INTENTIONALLY
overlap and interconnect. As explained by Bell et al. (2012),
the eight practices do not operate in isolation. Rather, they
tend to unfold sequentially, and even overlap. For example,
the practice of “asking questions” may lead to the practice
of “modeling” or “planning and carrying out an investigation,” which in turn may lead to “analyzing and interpreting data.” The practice of “mathematical and computational thinking” may include some aspects of “analyzing
and interpreting data.” Just as it is important for students
to carry out each of the individual practices, it is important
for them to see the connections among the eight practices.
0ERFORMANCE EXPECTATIONS FOCUS ON SOME BUT NOT ALL
capabilities associated with a practice. The Framework
identifies a number of features or components of each
practice. The practices matrix described in this section lists
the components of each practice as a bulleted list within
each grade band. As the performance expectations were
developed, it became clear that it is too much to expect
each performance to reflect all components of a given
50

practice. The most appropriate aspect of the practice is
identified for each performance expectation.
%NGAGEMENT IN PRACTICES IS LANGUAGE INTENSIVE AND
requires students to participate in classroom science
discourse. The practices offer rich opportunities and
demands for language learning while advancing science
learning for all students (Lee et al., in press). English
language learners, students with disabilities that involve
language processing, students with limited literacy development, and students who are speakers of social or
regional varieties of English that are generally referred
to as “non-standard English” stand to gain from science
learning that involves language-intensive scientific and
engineering practices. When supported appropriately,
these students are capable of learning science through
their emerging language and of comprehending and carrying out sophisticated language functions (e.g., arguing
from evidence, providing explanations, developing models) using less-than-perfect English. By engaging in such
practices, moreover, they simultaneously build on their
understanding of science and their language proficiency
(i.e., capacity to do more with language).
On the following pages, each of the eight practices is briefly
described. Each description ends with a table illustrating the components of the practice that students are expected to master at
the end of each grade band. All eight tables comprise the practices
matrix. During development of the NGSS, the practices matrix was
revised several times to reflect improved understanding of how
the practices connect with the disciplinary core ideas.
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Students at any grade level should be able to ask questions
of each other about the texts they read, the features of the
phenomena they observe, and the conclusions they draw
from their models or scientific investigations. For engineering, they should ask questions to define the problem to be
solved and to elicit ideas that lead to the constraints and
specifications for its solution. (NRC, 2012, p. 56)
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0RACTICE  !SKING 1UESTIONS AND $ElNING 0ROBLEMS
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Asking questions and defining problems
in K–2 builds on prior experiences
and progresses to simple descriptive
questions that can be tested.
s !SK QUESTIONS BASED ON OBSERVATIONS
to find more information about the
natural and/or designed world(s).
s !SK ANDOR IDENTIFY QUESTIONS THAT CAN
be answered by an investigation.
s $ElNE A SIMPLE PROBLEM THAT CAN BE
solved through the development of a
new or improved object or tool.

Asking questions and defining problems
in 3–5 builds on K–2 experiences and
progresses to specifying qualitative
relationships.
s !SK QUESTIONS ABOUT WHAT WOULD
happen if a variable is changed.
s )DENTIFY SCIENTIlC TESTABLE AND NON
scientific (non-testable) questions.
s !SK QUESTIONS THAT CAN BE INVESTIGATED
and predict reasonable outcomes
based on patterns such as cause and
effect relationships.
s 5SE PRIOR KNOWLEDGE TO DESCRIBE
problems that can be solved.
s $ElNE A SIMPLE DESIGN PROBLEM
that can be solved through the
development of an object, tool,
process, or system and includes
several criteria for success and
constraints on materials, time, or cost.

Asking questions and defining problems
in 6–8 builds on K–5 experiences and
progresses to specifying relationships
between variables and clarifying
arguments and models.
s !SK QUESTIONS
o that arise from careful observation
of phenomena, models, or
unexpected results, to clarify and/or
seek additional information.
o to identify and/or clarify evidence
and/or the premise(s) of an
argument.
o to determine relationships between
independent and dependent
variables and relationships in
models.
o to clarify and/or refine a model,
an explanation, or an engineering
problem.
o that require sufficient and
appropriate empirical evidence to
answer.
o that can be investigated within the
scope of the classroom, outdoor
environment, and museums and
other public facilities with available
resources and, when appropriate,
frame a hypothesis based on
observations and scientific
principles.
o that challenge the premise(s) of an
argument or the interpretation of a
data set.
s $ElNE A DESIGN PROBLEM THAT CAN BE
solved through the development of
an object, tool, process, or system
and includes multiple criteria and
constraints, including scientific
knowledge that may limit possible
solutions.

Asking questions and defining problems
in 9–12 builds on K–8 experiences and
progresses to formulating, refining, and
evaluating empirically testable questions
and design problems using models and
simulations.
s !SK QUESTIONS
o that arise from careful observation of
phenomena, or unexpected results,
to clarify and/or seek additional
information.
o that arise from examining models
or a theory, to clarify and/or
seek additional information and
relationships.
o to determine relationships, including
quantitative relationships, between
independent and dependent variables.
o to clarify and refine a model, an
explanation, or an engineering
problem.
s %VALUATE A QUESTION TO DETERMINE IF IT IS
testable and relevant.
s !SK QUESTIONS THAT CAN BE INVESTIGATED
within the scope of the school laboratory,
research facilities, or field (e.g., outdoor
environment) with available resources
and, when appropriate, frame a
hypothesis based on a model or theory.
s !SK ANDOR EVALUATE QUESTIONS THAT
challenge the premise(s) of an argument,
the interpretation of a data set, or the
suitability of a design.
s $ElNE A DESIGN PROBLEM THAT INVOLVES
the development of a process or system
with interacting components and
criteria and constraints that may include
social, technical, and/or environmental
considerations.
s !NALYZE COMPLEX REAL WORLD PROBLEMS
by specifying criteria and constraints for
successful solutions.
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Scientific questions arise in a variety of ways. They can be driven
by curiosity about the world, inspired by the predictions of a
model, theory, or findings from previous investigations, or they
can be stimulated by the need to solve a problem. Scientific questions are distinguished from other types of questions in that the
answers lie in explanations supported by empirical evidence,
including evidence gathered by others or through investigation.
While science begins with questions, engineering begins with
defining a problem to solve. However, engineering may also
involve asking questions to define a problem, such as: What is the
need or desire that underlies the problem? What are the criteria
for a successful solution? Other questions arise when generating
ideas, or testing possible solutions, such as: What are the possible
tradeoffs? What evidence is necessary to determine which solution is best?
Asking questions and defining problems also involves asking questions about data, claims that are made, and proposed designs. It is
important to realize that asking a question also leads to involvement in another practice. A student can ask a question about data
that will lead to further analysis and interpretation. Or a student
might ask a question that leads to planning and design, an investigation, or the refinement of a design.
Whether engaged in science or engineering, the ability to ask
good questions and clearly define problems is essential for everyone. The following progression of Practice 1 summarizes what
students should be able to do by the end of each grade band.
Each of the examples of asking questions below leads to students
engaging in other scientific practices.
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Modeling can begin in the earliest grades, with students’
models progressing from concrete “pictures” and/or
physical scale models (e.g., a toy car) to more abstract representations of relevant relationships in later grades, such
as a diagram representing forces on a particular object in
a system. (NRC, 2012, p. 58)
Models include diagrams, physical replicas, mathematical representations, analogies, and computer simulations. Although models
do not correspond exactly to the real world, they bring certain
features into focus while obscuring others. All models contain
approximations and assumptions that limit the range of validity
and predictive power, so it is important for students to recognize
their limitations.
In science, models are used to represent a system (or parts of
a system) under study, to aid in the development of questions
and explanations, to generate data that can be used to make
predictions, and to communicate ideas to others. Students can
be expected to evaluate and refine models through an iterative cycle of comparing their predictions with the real world and
then adjusting them to gain insights into the phenomenon being
modeled. As such, models are based on evidence. When new evidence is uncovered that the models cannot explain, models are
modified.
In engineering, models may be used to analyze a system to see
where or under what conditions flaws might develop or to test
possible solutions to a problem. Models can also be used to visualize and refine a design, to communicate a design’s features to
others, and as prototypes for testing design performance.

NEXT GENERATION SCIENCE STANDARDS

Copyright National Academy of Sciences. All rights reserved.

Next Generation Science Standards: For States, By States

0RACTICE  $EVELOPING AND 5SING -ODELS
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Modeling in K–2 builds on prior
experiences and progresses to include
using and developing models (i.e.,
diagram, drawing, physical replica,
diorama, dramatization, or storyboard)
that represent concrete events or design
solutions.
s $ISTINGUISH BETWEEN A MODEL AND THE
actual object, process, and/or events
the model represents.
s #OMPARE MODELS TO IDENTIFY COMMON
features and differences.
s $EVELOP ANDOR USE A MODEL TO
represent amounts, relationships,
relative scales (bigger, smaller), and/or
patterns in the natural and designed
world(s).
s $EVELOP A SIMPLE MODEL BASED ON
evidence to represent a proposed
object or tool.

Modeling in 3–5 builds on K–2
experiences and progresses to building
and revising simple models and using
models to represent events and design
solutions.
s )DENTIFY LIMITATIONS OF MODELS
s #OLLABORATIVELY DEVELOP ANDOR
revise a model based on evidence
that shows the relationships among
variables for frequent and regular
occurring events.
s $EVELOP A MODEL USING AN ANALOGY
example, or abstract representation to
describe a scientific principle or design
solution.
s $EVELOP ANDOR USE MODELS TO DESCRIBE
and/or predict phenomena.
s $EVELOP A DIAGRAM OR SIMPLE PHYSICAL
prototype to convey a proposed
object, tool, or process.
s 5SE A MODEL TO TEST CAUSE AND
effect relationships or interactions
concerning the functioning of a
natural or designed system.

Modeling in 6–8 builds on K–5
experiences and progresses to
developing, using, and revising models to
describe, test, and predict more abstract
phenomena and design systems.
s %VALUATE LIMITATIONS OF A MODEL FOR A
proposed object or tool.
s $EVELOP OR MODIFY A MODELBASED ON
EVIDENCETO MATCH WHAT HAPPENS IF
a variable or component of a system is
changed.
s 5SE ANDOR DEVELOP A MODEL OF SIMPLE
systems with uncertain and less
predictable factors.
s $EVELOP ANDOR REVISE A MODEL
to show the relationships among
variables, including those that are
not observable but predict observable
phenomena.
s $EVELOP ANDOR USE A MODEL TO PREDICT
and/or describe phenomena.
s $EVELOP A MODEL TO DESCRIBE
unobservable mechanisms.
s $EVELOP ANDOR USE A MODEL TO
generate data to test ideas about
phenomena in natural or designed
systems, including those representing
inputs and outputs and those at
unobservable scales.

Modeling in 9–12 builds on K–8 experiences
and progresses to using, synthesizing, and
developing models to predict and show
relationships among variables between
systems and their components in the natural
and designed world(s).
• Evaluate merits and limitations of two
different models of the same proposed
tool, process, mechanism, or system in
order to select or revise a model that best
fits the evidence or design criteria.
• Design a test of a model to ascertain its
reliability.
• Develop, revise, and/or use a model based
on evidence to illustrate and/or predict the
relationships between systems or between
components of a system.
• Develop and/or use multiple types of
models to provide mechanistic accounts
and/or predict phenomena, and move
flexibly between model types based on
merits and limitations.
• Develop a complex model that allows for
manipulation and testing of a proposed
process or system.
• Develop and/or use a model (including
mathematical and computational) to
generate data to support explanations,
predict phenomena, analyze systems, and/
or solve problems.
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Students should have opportunities to plan and carry out
several different kinds of investigations during their K–12
years. At all levels, they should engage in investigations
that range from those structured by the teacher—in order
to expose an issue or question that they would be unlikely
to explore on their own (e.g., measuring specific properties of materials)—to those that emerge from students’
own questions. (NRC, 2012, p. 61)
Scientific investigations may be undertaken to describe a phenomenon or to test a theory or model for how the world works. The
purpose of engineering investigations might be to find out how
to fix or improve the functioning of a technological system or to
compare different solutions to see which best solves a problem.
Whether students are doing science or engineering, it is always
important for them to state the goal of an investigation, predict
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outcomes, and plan a course of action that will provide the best
evidence to support their conclusions. Students should design
investigations that generate data to provide evidence to support
claims they make about phenomena. Data are not evidence until
used in the process of supporting a claim. Students should use
reasoning and scientific ideas, principles, and theories to show
why data can be considered evidence.
Over time, students are expected to become more systematic and
careful in their methods. In laboratory experiments, students are
expected to decide which variables should be treated as results
or outputs, which should be treated as inputs and intentionally
varied from trial to trial, and which should be controlled, or kept
the same across trials. In the case of field observations, planning
involves deciding how to collect different samples of data under
different conditions, even though not all conditions are under the
direct control of the investigator. Planning and carrying out investigations may include elements of all of the other practices.
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0RACTICE  0LANNING AND #ARRYING /UT )NVESTIGATIONS
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Planning and carrying out investigations
to answer questions or test solutions
to problems in K–2 builds on prior
experiences and progresses to simple
investigations, based on fair tests, which
provide data to support explanations or
design solutions.
s 7ITH GUIDANCE PLAN AND CONDUCT AN
investigation in collaboration with
peers (for K).
s 0LAN AND CONDUCT AN INVESTIGATION
collaboratively to produce data to
serve as the basis for evidence to
answer a question.
s %VALUATE DIFFERENT WAYS OF OBSERVING
and/or measuring a phenomenon to
determine which way can answer a
question.
s -AKE OBSERVATIONS lRSTHAND OR FROM
media) and/or measurements to
collect data that can be used to make
comparisons.
s -AKE OBSERVATIONS lRSTHAND OR FROM
media) and/or measurements of a
proposed object, tool, or solution to
determine if it solves a problem or
meets a goal.
s -AKE PREDICTIONS BASED ON PRIOR
experiences.

Planning and carrying out investigations
to answer questions or test solutions
to problems in 3–5 builds on K–2
experiences and progresses to include
investigations that control variables and
provide evidence to support explanations
or design solutions.
s 0LAN AND CONDUCT AN INVESTIGATION
collaboratively to produce data to
serve as the basis for evidence, using
fair tests in which variables are
controlled and the number of trials is
considered.
s %VALUATE APPROPRIATE METHODS ANDOR
tools for collecting data.
s -AKE OBSERVATIONS ANDOR
measurements to produce data to
serve as the basis for evidence for an
explanation of a phenomenon or to
test a design solution.
s -AKE PREDICTIONS ABOUT WHAT WOULD
happen if a variable changes.
s 4EST TWO DIFFERENT MODELS OF THE SAME
proposed object, tool, or process to
determine which better meets criteria
for success.

Planning and carrying out investigations
in 6–8 builds on K–5 experiences and
progresses to include investigations
that use multiple variables and provide
evidence to support explanations or
solutions.
s 0LAN AN INVESTIGATION INDIVIDUALLY
and collaboratively, and in the design
identify independent and dependent
variables and controls, what tools
are needed to do the gathering, how
measurements will be recorded, and
how many data are needed to support
a claim.
s #ONDUCT AN INVESTIGATION AND
or evaluate and/or revise the
experimental design to produce data
to serve as the basis for evidence that
meet the goals of the investigation.
s %VALUATE THE ACCURACY OF VARIOUS
methods for collecting data.
s #OLLECT DATA TO PRODUCE DATA TO SERVE
as the basis for evidence to answer
scientific questions or to test design
solutions under a range of conditions.
s #OLLECT DATA ABOUT THE PERFORMANCE
of a proposed object, tool, process, or
system under a range of conditions.

Planning and carrying out investigations
in 9–12 builds on K–8 experiences and
progresses to include investigations that
provide evidence for and test conceptual,
mathematical, physical, and empirical
models.
s 0LAN AN INVESTIGATION OR TEST A DESIGN
individually and collaboratively to produce
data to serve as the basis for evidence
as part of building and revising models,
supporting explanations for phenomena,
or testing solutions to problems. Consider
possible confounding variables or effects
and evaluate the investigation’s design to
ensure variables are controlled.
s 0LAN AND CONDUCT AN INVESTIGATION
individually and collaboratively to produce
data to serve as the basis for evidence,
and in the design decide on types, how
much, and accuracy of data needed to
produce reliable measurements and
consider limitations on the precision of
the data (e.g., number of trials, cost, risk,
time), and refine the design accordingly.
s 0LAN AND CONDUCT AN INVESTIGATION OR
test a design solution in a safe and
ethical manner, including considerations
of environmental, social, and personal
impacts.
s 3ELECT APPROPRIATE TOOLS TO COLLECT RECORD
analyze, and evaluate data.
s -AKE DIRECTIONAL HYPOTHESES THAT
specify what happens to a dependent
variable when an independent variable is
manipulated.
s -ANIPULATE VARIABLES AND COLLECT DATA
about a complex model of a proposed
process or system to identify failure points
or improve performance relative to criteria
for success or other variables.
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Once collected, data must be presented in a form that
can reveal any patterns and relationships and that allows
results to be communicated to others. Because raw data
as such have little meaning, a major practice of scientists
is to organize and interpret data through tabulating,
graphing, or statistical analysis. Such analysis can bring
out the meaning of data—and their relevance—so that
they may be used as evidence.

As students mature, they are expected to expand their capabilities
to use a range of tools for tabulation, graphical representation,
visualization, and statistical analysis. Students are also expected to
improve their abilities to interpret data by identifying significant
features and patterns, use mathematics to represent relationships
between variables, and take into account sources of error. When
possible and feasible, students should use digital tools to analyze
and interpret data. Whether analyzing data for the purpose of
science or engineering, it is important that students present data
as evidence to support their conclusions.

Engineers, too, make decisions based on evidence that a
given design will work; they rarely rely on trial and error.
Engineers often analyze a design by creating a model or
prototype and collecting extensive data on how it performs, including under extreme conditions. Analysis of
this kind of data not only informs design decisions and
enables the prediction or assessment of performance but
also helps define or clarify problems, determine economic
feasibility, evaluate alternatives, and investigate failures.
(NRC, 2012, pp. 61–62)
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0RACTICE  !NALYZING AND )NTERPRETING $ATA
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Analyzing data in K–2 builds on prior
experiences and progresses to collecting,
recording, and sharing observations.
s 2ECORD INFORMATION OBSERVATIONS
thoughts, and ideas).
s 5SE AND SHARE PICTURES DRAWINGS AND
or writings of observations.
s 5SE OBSERVATIONS lRSTHAND OR FROM
media) to describe patterns and/
or relationships in the natural
and designed world(s) in order to
answer scientific questions and solve
problems.
s #OMPARE PREDICTIONS BASED ON
prior experiences) to what occurred
(observable events).
s !NALYZE DATA FROM TESTS OF AN OBJECT
or tool to determine if it works as
intended.

Analyzing data in 3–5 builds on
K–2 experiences and progresses to
introducing quantitative approaches to
collecting data and conducting multiple
trials of qualitative observations. When
possible and feasible, digital tools should
be used.
s 2EPRESENT DATA IN TABLES AND
or various graphical displays (bar
graphs, pictographs, and/or pie charts)
to reveal patterns that indicate
relationships.
s !NALYZE AND INTERPRET DATA TO MAKE
sense of phenomena, using logical
reasoning, mathematics, and/or
computation.
s #OMPARE AND CONTRAST DATA COLLECTED
by different groups in order to discuss
similarities and differences in their
findings.
s !NALYZE DATA TO RElNE A PROBLEM
statement or the design of a proposed
object, tool, or process.
s 5SE DATA TO EVALUATE AND RElNE DESIGN
solutions.

Analyzing data in 6–8 builds on K–5
experiences and progresses to extending
quantitative analysis to investigations,
distinguishing between correlation
and causation, and basic statistical
techniques of data and error analysis.
s #ONSTRUCT ANALYZE ANDOR INTERPRET
graphical displays of data and/or
large data sets to identify linear and
non-linear relationships.
s 5SE GRAPHICAL DISPLAYS EG MAPS
charts, graphs, and/or tables) of large
data sets to identify temporal and
spatial relationships.
s $ISTINGUISH BETWEEN CAUSAL AND
correlational relationships in data.
s !NALYZE AND INTERPRET DATA TO PROVIDE
evidence for phenomena.
s !PPLY CONCEPTS OF STATISTICS AND
probability (including mean, median,
mode, and variability) to analyze and
characterize data, using digital tools
when feasible.
s #ONSIDER LIMITATIONS OF DATA ANALYSIS
(e.g., measurement error) and/or seek
to improve precision and accuracy of
data with better technological tools
and methods (e.g., multiple trials).
s !NALYZE AND INTERPRET DATA TO
determine similarities and differences
in findings.
s !NALYZE DATA TO DElNE AN OPTIMAL
operational range for a proposed
object, tool, process, or system that
best meets criteria for success.

Analyzing data in 9–12 builds on K–8
experiences and progresses to introducing
more detailed statistical analysis, the
comparison of data sets for consistency, and
the use of models to generate and analyze
data.
s !NALYZE DATA USING TOOLS TECHNOLOGIES
and/or models (e.g., computational,
mathematical) in order to make valid and
reliable scientific claims or determine an
optimal design solution.
s !PPLY CONCEPTS OF STATISTICS AND PROBABILITY
(including determining function fits to data,
slope, intercept, and correlation coefficient
for linear fits) to scientific and engineering
questions and problems, using digital tools
when feasible.
s #ONSIDER LIMITATIONS OF DATA ANALYSIS EG
measurement error, sample selection) when
analyzing and interpreting data.
s #OMPARE AND CONTRAST VARIOUS TYPES OF
data sets (e.g., self-generated, archival) to
examine consistency of measurements and
observations.
s %VALUATE THE IMPACT OF NEW DATA ON A
working explanation and/or model of a
proposed process or system.
s !NALYZE DATA TO IDENTIFY DESIGN FEATURES
or characteristics of the components of a
proposed process or system to optimize it
relative to criteria for success.
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Although there are differences in how mathematics and
computational thinking are applied in science and in
engineering, mathematics often brings these two fields
together by enabling engineers to apply the mathematical form of scientific theories and by enabling scientists to
use powerful information technologies designed by engineers. Both kinds of professionals can thereby accomplish
investigations and analyses and build complex models,
which might otherwise be out of the question. (NRC,
2012, p. 65)
Students are expected to use mathematics to represent physical
variables and their relationships and to make quantitative predictions. Other applications of mathematics in science and engineering include logic, geometry, and at the highest levels,
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calculus. Computers and digital tools can enhance the power
of mathematics by automating calculations, approximating
solutions to problems that cannot be calculated precisely, and
analyzing large data sets available to identify meaningful patterns. Students are expected to use laboratory tools connected
to computers for observing, measuring, recording, and processing data. Students are also expected to engage in computational
thinking, which involves strategies for organizing and searching data, creating sequences of steps called algorithms, and
using and developing new simulations of natural and designed
systems. Mathematics is a tool that is key to understanding science. As such, classroom instruction must include critical skills
of mathematics. The NGSS display many of those skills through
the performance expectations, but classroom instruction should
enhance all of science through the use of quality mathematical
and computational thinking.
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0RACTICE  5SING -ATHEMATICS AND #OMPUTATIONAL 4HINKING
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Mathematical and computational
thinking in K–2 builds on prior
experience and progresses to recognizing
that mathematics can be used to describe
the natural and designed world(s).
s $ECIDE WHEN TO USE QUALITATIVE VS
quantitative data.
s 5SE COUNTING AND NUMBERS TO IDENTIFY
and describe patterns in the natural
and designed world(s).
s $ESCRIBE MEASURE ANDOR COMPARE
quantitative attributes of different
objects and display the data using
simple graphs.
s 5SE QUANTITATIVE DATA TO COMPARE TWO
alternative solutions to a problem.

Mathematical and computational thinking
in 3–5 builds on K–2 experiences and
progresses to extending quantitative
measurements to a variety of physical
properties and using computation and
mathematics to analyze data and compare
alternative design solutions.
s $ECIDE IF QUALITATIVE OR QUANTITATIVE DATA
are best to determine whether a proposed
object or tool meets criteria for success.
s /RGANIZE SIMPLE DATA SETS TO REVEAL
patterns that suggest relationships.
s $ESCRIBE MEASURE ESTIMATE ANDOR GRAPH
quantities (e.g., area, volume, weight,
time) to address scientific and engineering
questions and problems.
s #REATE ANDOR USE GRAPHS ANDOR CHARTS
generated from simple algorithms to
compare alternative solutions to an
engineering problem.

Mathematical and computational thinking
in 6–8 builds on K–5 experiences and
progresses to identifying patterns in large
data sets and using mathematical concepts
to support explanations and arguments.
s 5SE DIGITAL TOOLS EG COMPUTERS TO
analyze very large data sets for patterns
and trends.
s 5SE MATHEMATICAL REPRESENTATIONS
to describe and/or support scientific
conclusions and design solutions.
s #REATE ALGORITHMS A SERIES OF ORDERED
steps) to solve a problem.
s !PPLY MATHEMATICAL CONCEPTS ANDOR
processes (e.g., ratio, rate, percent, basic
operations, simple algebra) to scientific
and engineering questions and problems.
s 5SE DIGITAL TOOLS ANDOR MATHEMATICAL
concepts and arguments to test and
compare proposed solutions to an
engineering design problem.

Mathematical and computational thinking
in 9–12 builds on K–8 experiences and
progresses to using algebraic thinking
and analysis, a range of linear and nonlinear functions, including trigonometric
functions, exponentials and logarithms, and
computational tools for statistical analysis to
analyze, represent, and model data. Simple
computational simulations are created and
used based on mathematical models of basic
assumptions.
s #REATE ANDOR REVISE A COMPUTATIONAL
model or simulation of a phenomenon,
designed device, process, or system.
s 5SE MATHEMATICAL COMPUTATIONAL ANDOR
algorithmic representations of phenomena
or design solutions to describe and/or
support claims and/or explanations.
s !PPLY TECHNIQUES OF ALGEBRA AND FUNCTIONS
to represent and solve scientific and
engineering problems.
s 5SE SIMPLE LIMIT CASES TO TEST
mathematical expressions, computer
programs, algorithms, or simulations of
a process or system to see if a model
“makes sense” by comparing the
outcomes with what is known about the
real world.
s !PPLY RATIOS RATES PERCENTAGES AND UNIT
conversions in the context of complicated
measurement problems involving
quantities with derived or compound units
(such as mg/mL, kg/m3, acre-feet, etc.).
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The goal of science is to construct explanations for the causes of
phenomena. Students are expected to construct their own explanations, as well as apply standard explanations they learn about
from their teachers or reading. The Framework states the following about explanations:
The goal of science is the construction of theories that
provide explanatory accounts of the world. A theory
becomes accepted when it has multiple lines of empirical
evidence and greater explanatory power of phenomena
than previous theories. (NRC, 2012, p. 52)
An explanation includes a claim that relates how a variable or
variables relate to another variable or a set of variables. A claim
is often made in response to a question and in the process of
answering the question, scientists often design investigations to
generate data.
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The goal of engineering is to solve problems. Designing solutions
to problems is a systematic process that involves defining the
problem, then generating, testing, and improving solutions. This
practice is described in the Framework as follows:
Asking students to demonstrate their own understanding of the implications of a scientific idea by developing
their own explanations of phenomena, whether based on
observations they have made or models they have developed, engages them in an essential part of the process by
which conceptual change can occur.
In engineering, the goal is a design rather than an explanation. The process of developing a design is iterative and
systematic, as is the process of developing an explanation
or a theory in science. Engineers’ activities, however, have
elements that are distinct from those of scientists. These
elements include specifying constraints and criteria for
desired qualities of the solution, developing a design
plan, producing and testing models or prototypes, selecting among alternative design features to optimize the
achievement of design criteria, and refining design ideas
based on the performance of a prototype or simulation.
(NRC, 2012, pp. 68–69)
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0RACTICE  #ONSTRUCTING %XPLANATIONS AND $ESIGNING 3OLUTIONS
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Constructing explanations and designing
solutions in K–2 builds on prior experiences
and progresses to the use of evidence
and ideas in constructing evidence-based
accounts of natural phenomena and
designing solutions.
s -AKE OBSERVATIONS lRSTHAND OR FROM
media) to construct an evidence-based
account for natural phenomena.
s 5SE TOOLS ANDOR MATERIALS TO DESIGN AND
or build a device that solves a specific
problem or a solution to a specific
problem.
s 'ENERATE ANDOR COMPARE MULTIPLE
solutions to a problem.

Constructing explanations and designing
solutions in 3–5 builds on K–2 experiences
and progresses to the use of evidence in
constructing explanations that specify
variables that describe and predict
phenomena and in designing multiple
solutions to design problems.
s #ONSTRUCT AN EXPLANATION OF OBSERVED
relationships (e.g., the distribution of
plants in the backyard).
s 5SE EVIDENCE EG MEASUREMENTS
observations, patterns) to construct
or support an explanation or design a
solution to a problem.
s )DENTIFY THE EVIDENCE THAT SUPPORTS
particular points in an explanation.
s !PPLY SCIENTIlC IDEAS TO SOLVE DESIGN
problems.
s 'ENERATE AND COMPARE MULTIPLE SOLUTIONS
to a problem based on how well they meet
the criteria and constraints of the design
solution.

Constructing explanations and designing
solutions in 6–8 builds on K–5 experiences
and progresses to include constructing
explanations and designing solutions
supported by multiple sources of evidence
consistent with scientific ideas, principles,
and theories.
s #ONSTRUCT AN EXPLANATION THAT INCLUDES
qualitative or quantitative relationships
between variables that predicts and/or
describes phenomena.
s #ONSTRUCT AN EXPLANATION USING MODELS OR
representations.
s #ONSTRUCT A SCIENTIlC EXPLANATION BASED
on valid and reliable evidence obtained
from sources (including students’ own
experiments) and the assumption that
theories and laws that describe the natural
world operate today as they did in the
past and will continue to do so in the
future.
s !PPLY SCIENTIlC IDEAS PRINCIPLES ANDOR
evidence to construct, revise, and/or use
an explanation for real-world phenomena,
examples, or events.
s !PPLY SCIENTIlC REASONING TO SHOW WHY
the data or evidence is adequate for the
explanation or conclusion.
s !PPLY SCIENTIlC IDEAS OR PRINCIPLES TO
design, construct, and/or test a design of
an object, tool, process, or system.
s 5NDERTAKE A DESIGN PROJECT ENGAGING
in the design cycle, to construct and/or
implement a solution that meets specific
design criteria and constraints.
s /PTIMIZE PERFORMANCE OF A DESIGN BY
prioritizing criteria, making tradeoffs,
testing, revising, and re-testing.

Constructing explanations and designing
solutions in 9–12 builds on K–8 experiences
and progresses to explanations and
designs that are supported by multiple and
independent student-generated sources of
evidence consistent with scientific ideas,
principles, and theories.
s -AKE A QUANTITATIVE ANDOR QUALITATIVE
claim regarding the relationship between
dependent and independent variables.
s #ONSTRUCT AND REVISE AN EXPLANATION BASED
on valid and reliable evidence obtained
from a variety of sources (including
students’ own investigations, models,
theories, simulations, peer review) and the
assumption that theories and laws that
describe the natural world operate today
as they did in the past and will continue to
do so in the future.
s !PPLY SCIENTIlC IDEAS PRINCIPLES AND
or evidence to provide an explanation of
phenomena and solve design problems,
taking into account possible unanticipated
effects.
s !PPLY SCIENTIlC REASONING THEORY ANDOR
models to link evidence to the claims to
assess the extent to which the reasoning
and data support the explanation or
conclusion.
s $ESIGN EVALUATE ANDOR RElNE A SOLUTION
to a complex real-world problem, based on
scientific knowledge, student-generated
sources of evidence, prioritized criteria,
and tradeoff considerations.
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The study of science and engineering should produce a
sense of the process of argument necessary for advancing
and defending a new idea or an explanation of a phenomenon and the norms for conducting such arguments.
In that spirit, students should argue for the explanations
they construct, defend their interpretations of the associated data, and advocate for the designs they propose.
(NRC, 2012, p. 73)
Argumentation is a process for reaching agreements about explanations and design solutions. In science, reasoning and argument
based on evidence are essential in identifying the best explanation for a natural phenomenon. In engineering, reasoning and
argument are needed to identify the best solution to a design
problem. Student engagement in scientific argumentation is critical if students are to understand the culture in which scientists
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live and how to apply science and engineering for the benefit
of society. As such, argument is a process based on evidence and
reasoning that leads to explanations acceptable by the scientific
community and design solutions acceptable by the engineering
community.
Argument in science goes beyond reaching agreements in explanations and design solutions. Whether investigating a phenomenon, testing a design, or constructing a model to provide a mechanism for an explanation, students are expected to use argumentation to listen to, compare, and evaluate competing ideas and
methods based on their merits. Scientists and engineers engage
in argumentation when investigating a phenomenon, testing a
design solution, resolving questions about measurements, building data models, and using evidence to evaluate claims.
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0RACTICE  %NGAGING IN !RGUMENT FROM %VIDENCE
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Engaging in argument from evidence in K–2
builds on prior experiences and progresses to
comparing ideas and representations about
the natural and designed world(s).
s )DENTIFY ARGUMENTS THAT ARE SUPPORTED BY
evidence.
s $ISTINGUISH BETWEEN EXPLANATIONS THAT
account for all gathered evidence and
those that do not.
s !NALYZE WHY SOME EVIDENCE IS RELEVANT TO
a scientific question and some is not.
s $ISTINGUISH BETWEEN OPINIONS AND
evidence in one’s own explanations.
s ,ISTEN ACTIVELY TO ARGUMENTS TO INDICATE
agreement or disagreement based on
evidence, and/or to retell the main points
of the argument.
s #ONSTRUCT AN ARGUMENT WITH EVIDENCE TO
support a claim.
s -AKE A CLAIM ABOUT THE EFFECTIVENESS OF AN
object, tool, or solution that is supported
by relevant evidence.

Engaging in argument from evidence in 3–5
builds on K–2 experiences and progresses
to critiquing the scientific explanations or
solutions proposed by peers by citing relevant
evidence about the natural and designed
world(s).
s #OMPARE AND RElNE ARGUMENTS BASED ON
an evaluation of the evidence presented.
s $ISTINGUISH AMONG FACTS REASONED
judgment based on research findings, and
speculation in an explanation.
s 2ESPECTFULLY PROVIDE AND RECEIVE CRITIQUES
from peers about a proposed procedure,
explanation, or model by citing relevant
evidence and posing specific questions.
s #ONSTRUCT ANDOR SUPPORT AN ARGUMENT
with evidence, data, and/or a model.
s 5SE DATA TO EVALUATE CLAIMS ABOUT CAUSE
and effect.
s -AKE A CLAIM ABOUT THE MERIT OF A SOLUTION
to a problem by citing relevant evidence
about how it meets the criteria and
constraints of the problem.

Engaging in argument from evidence in 6–8
builds on K–5 experiences and progresses
to constructing a convincing argument
that supports or refutes claims for either
explanations or solutions about the natural
and designed world(s).
s #OMPARE AND CRITIQUE TWO ARGUMENTS ON
the same topic and analyze whether they
emphasize similar or different evidence
and/or interpretations of facts.
s 2ESPECTFULLY PROVIDE AND RECEIVE CRITIQUES
about one’s explanations, procedures,
models, and questions by citing relevant
evidence and posing and responding to
questions that elicit pertinent elaboration
and detail.
s #ONSTRUCT USE ANDOR PRESENT AN ORAL AND
written argument supported by empirical
evidence and scientific reasoning to
support or refute an explanation or a
model for a phenomenon or a solution to
a problem.
s -AKE AN ORAL OR WRITTEN ARGUMENT
that supports or refutes the advertised
performance of a device, process, or
system based on empirical evidence
concerning whether or not the technology
meets relevant criteria and constraints.
s %VALUATE COMPETING DESIGN SOLUTIONS
based on jointly developed and agreedupon design criteria.

Engaging in argument from evidence in 9–12
builds on K–8 experiences and progresses to
using appropriate and sufficient evidence and
scientific reasoning to defend and critique
claims and explanations about the natural
and designed world(s). Arguments may also
come from current scientific or historical
episodes in science.
s #OMPARE AND EVALUATE COMPETING
arguments or design solutions in light
of currently accepted explanations, new
evidence, limitations (e.g., tradeoffs),
constraints, and ethical issues.
s %VALUATE THE CLAIMS EVIDENCE ANDOR
reasoning behind currently accepted
explanations or solutions to determine the
merits of arguments.
s 2ESPECTFULLY PROVIDE ANDOR RECEIVE
critiques on scientific arguments by
probing reasoning and evidence,
challenging ideas and conclusions,
responding thoughtfully to diverse
perspectives, and determining additional
information required to resolve
contradictions.
s #ONSTRUCT USE ANDOR PRESENT AN ORAL AND
written argument or counter-arguments
based on data and evidence.
s -AKE AND DEFEND A CLAIM BASED ON
evidence about the natural world or the
effectiveness of a design solution that
reflects scientific knowledge and studentgenerated evidence.
s %VALUATE COMPETING DESIGN SOLUTIONS TO
a real-world problem based on scientific
ideas and principles, empirical evidence,
and/or logical arguments regarding
relevant factors (e.g., economic, societal,
environmental, ethical considerations).
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Any education in science and engineering needs to
develop students’ ability to read and produce domainspecific text. As such, every science or engineering lesson
is in part a language lesson, particularly reading and
producing the genres of texts that are intrinsic to science
and engineering. (NRC, 2012, p. 76)
Being able to read, interpret, and produce scientific and technical text is a fundamental practice of science and engineering, as
is the ability to communicate clearly and persuasively. Being a
critical consumer of information about science and engineering
requires the ability to read or view reports of scientific or
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technological advances or applications (whether found in the
press, on the Internet, or in a town meeting) and to recognize
the salient ideas, identify sources of errors and methodological
flaws, and distinguish observations from inferences, arguments
from explanations, and claims from evidence. Scientists and engineers employ multiple sources to obtain information used to
evaluate the merit and validity of claims, methods, and designs.
Communicating information, evidence, and ideas can be done in
multiple ways: using tables, diagrams, graphs, models, interactive
displays, and equations as well as orally, in writing, and through
extended discussions.
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0RACTICE  /BTAINING %VALUATING AND #OMMUNICATING )NFORMATION
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Obtaining, evaluating, and communicating
information in K–2 builds on prior
experiences and uses observations and texts
to communicate new information.
s 2EAD GRADE APPROPRIATE TEXTS ANDOR USE
media to obtain scientific and/or technical
information to determine patterns in
and/or evidence about the natural and
designed world(s).
s $ESCRIBE HOW SPECIlC IMAGES EG A
diagram showing how a machine works)
support a scientific or engineering idea.
s /BTAIN INFORMATION USING VARIOUS TEXTS
text features (e.g., headings, tables of
contents, glossaries, electronic menus,
icons), and other media that will be useful
in answering a scientific question and/or
supporting a scientific claim.
s #OMMUNICATE INFORMATION OR DESIGN IDEAS
and/or solutions with others in oral and/
or written forms using models, drawings,
writing, or numbers that provide detail
about scientific ideas, practices, and/or
design ideas.

Obtaining, evaluating, and communicating
information in 3–5 builds on K–2 experiences
and progresses to evaluating the merit and
accuracy of ideas and methods.
s 2EAD AND COMPREHEND GRADE APPROPRIATE
complex texts and/or other reliable media
to summarize and obtain scientific and
technical ideas and describe how they are
supported by evidence.
s #OMPARE ANDOR COMBINE ACROSS COMPLEX
texts and/or other reliable media to
support the engagement in other scientific
and/or engineering practices.
s #OMBINE INFORMATION IN WRITTEN TEXT WITH
that contained in corresponding tables,
diagrams, and/or charts to support the
engagement in other scientific and/or
engineering practices.
s /BTAIN AND COMBINE INFORMATION FROM
books and/or other reliable media to
explain phenomena or solutions to a
design problem.
s #OMMUNICATE SCIENTIlC ANDOR TECHNICAL
information orally and/or in written
formats, including various forms of media
as well as tables, diagrams, and charts.

Obtaining, evaluating, and communicating
information in 6–8 builds on K–5 experiences
and progresses to evaluating the merit and
validity of ideas and methods.
s #RITICALLY READ SCIENTIlC TEXTS ADAPTED FOR
classroom use to determine the central
ideas and/or obtain scientific and/or
technical information to describe patterns
in and/or evidence about the natural and
designed world(s).
s )NTEGRATE QUALITATIVE ANDOR QUANTITATIVE
scientific and/or technical information in
written text with that contained in media
and visual displays to clarify claims and
findings.
s 'ATHER READ AND SYNTHESIZE INFORMATION
from multiple appropriate sources and
assess the credibility, accuracy, and
possible bias of each publication and
methods used, and describe how they are
supported or not supported by evidence.
s %VALUATE DATA HYPOTHESES ANDOR
conclusions in scientific and technical
texts in light of competing information or
accounts.
s #OMMUNICATE SCIENTIlC ANDOR TECHNICAL
information (e.g., about a proposed object,
tool, process, system) in writing and/or
through oral presentations.

Obtaining, evaluating, and communicating
information in 9–12 builds on K–8
experiences and progresses to evaluating the
validity and reliability of the claims, methods,
and designs.
s #RITICALLY READ SCIENTIlC LITERATURE ADAPTED
for classroom use to determine the central
ideas or conclusions and/or to obtain
scientific and/or technical information to
summarize complex evidence, concepts,
processes, or information presented in a
text by paraphrasing them in simpler but
still accurate terms.
s #OMPARE INTEGRATE AND EVALUATE
sources of information presented in
different media or formats (e.g., visually,
quantitatively) as well as in words in order
to address a scientific question or solve a
problem.
s 'ATHER READ AND EVALUATE SCIENTIlC AND
or technical information from multiple
authoritative sources, assessing the
evidence and usefulness of each source.
s %VALUATE THE VALIDITY AND RELIABILITY OF AND
or synthesize, multiple claims, methods,
and/or designs that appear in scientific
and technical texts or media reports,
verifying the data when possible.
s #OMMUNICATE SCIENTIlC ANDOR
technical information or ideas (e.g.,
about phenomena and/or the process
of development and the design and
performance of a proposed process or
system) in multiple formats (i.e., orally,
graphically, textually, mathematically).
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Engaging students in the practices of science and engineering
outlined in this section is not sufficient for science literacy. It is
also important for students to stand back and reflect on how
these practices have contributed to their own development and to
the accumulation of scientific knowledge and engineering accomplishments over the ages. Accomplishing this is a matter for curriculum and instruction, rather than standards, so specific guidelines
are not provided in this document. Nonetheless, this section
would not be complete without an acknowledgment that reflection is essential if students are to become aware of themselves as
competent and confident learners and doers in the realms of
science and engineering.
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!LTERNATE !RRANGEMENT OF THE 0RACTICES -ATRIX
3CIENCE AND %NGINEERING
0RACTICES

Asking Questions and
Defining Problems
A practice of science is to
ask and refine questions
that lead to descriptions
and explanations of how
the natural and designed
world(s) works and which
can be empirically tested.

+n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

Asking questions and defining
problems in K–2 builds on prior
experiences and progresses to
simple descriptive questions that
can be tested.

Asking questions and defining
problems in 3–5 builds on K–2
experiences and progresses
to specifying qualitative
relationships.

Asking questions and defining
problems in 6–8 builds on K–5
experiences and progresses to
specifying relationships between
variables and clarifying arguments
and models.

•

Ask questions based on
observations to find more
information about the natural
and/or designed world(s).

•

Ask questions about what
would happen if a variable is
changed.

•

•

Ask and/or identify questions
that can be answered by an
investigation.

•

Identify scientific (testable) and
non-scientific (non-testable)
questions.
• Ask questions that can be
investigated and predict
reasonable outcomes based
on patterns such as cause and
effect relationships.

•

n #ONDENSED 0RACTICES
Asking questions and defining
problems in 9–12 builds on K–8
experiences and progresses
to formulating, refining, and
evaluating empirically testable
questions and design problems
using models and simulations.

Ask questions
o that arise from careful
observation of phenomena,
models, or unexpected
results, to clarify and/or seek
additional information.
o to identify and/or clarify
evidence and/or the
premise(s) of an argument.
o to determine relationships
between independent and
dependent variables and
relationships in models.
o to clarify and/or refine a
model, an explanation, or an
engineering problem.

•

Ask questions that require
sufficient and appropriate
empirical evidence to answer.
• Ask questions that can be
investigated within the scope
of the classroom, outdoor
environment, and museums
and other public facilities with
available resources and, when
appropriate, frame a hypothesis
based on observations and
scientific principles.

•

Engineering questions clarify
problems to determine
criteria for successful
solutions and identify
constraints to solve problems
about the designed world.
Both scientists and engineers
also ask questions to clarify
ideas.

•

Ask questions that challenge
the premise(s) of an argument
or the interpretation of a data
set.

Ask questions
o that arise from careful
observation of phenomena,
or unexpected results, to
clarify and/or seek additional
information.
o that arise from examining
models or a theory,
to clarify and/or seek
additional information and
relationships.
o to determine relationships,
including quantitative
relationships, between
independent and dependent
variables.
o to clarify and refine a model,
an explanation, or an
engineering problem.

Evaluate a question to
determine if it is testable and
relevant.
• Ask questions that can be
investigated within the scope
of the school laboratory,
research facilities, or field (e.g.,
outdoor environment) with
available resources and, when
appropriate, frame a hypothesis
based on a model or theory.
•

Ask and/or evaluate questions
that challenge the premise(s) of
an argument, the interpretation
of a data set, or the suitability
of a design.
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!LTERNATE !RRANGEMENT OF THE 0RACTICES -ATRIX
3CIENCE AND %NGINEERING
0RACTICES

Asking Questions and
Defining Problems
(continued)

Developing and Using
Models
A practice of both science
and engineering is to use
and construct models as
helpful tools for representing
ideas and explanations.
These tools include
diagrams, drawings, physical
replicas, mathematical
representations, analogies,
and computer simulations.

+n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

•

Use prior knowledge to
describe problems that can be
solved.
• Define a simple design problem
that can be solved through the
development of an object, tool,
process, or system and includes
several criteria for success and
constraints on materials, time,
or cost.

•

Modeling in K–2 builds on prior
experiences and progresses to
include using and developing
models (i.e., diagram, drawing,
physical replica, diorama,
dramatization, or storyboard)
that represent concrete events or
design solutions.

Modeling in 3–5 builds on K–2
experiences and progresses to
building and revising simple
models and using models to
represent events and design
solutions.

Modeling in 6–8 builds on K–5
experiences and progresses to
developing, using, and revising
models to describe, test, and
predict more abstract phenomena
and design systems.

Modeling in 9–12 builds on K–8
experiences and progresses to
using, synthesizing, and developing
models to predict and show
relationships among variables
between systems and their
components in the natural and
designed world(s).

s $ISTINGUISH BETWEEN A MODEL
and the actual object, process,
and/or events the model
represents.
s #OMPARE MODELS TO IDENTIFY
common features and
differences.

s )DENTIFY LIMITATIONS OF MODELS

s %VALUATE LIMITATIONS OF A MODEL
for a proposed object or tool.

s %VALUATE MERITS AND LIMITATIONS
of two different models of the
same proposed tool, process,
mechanism, or system in order
to select or revise a model that
best fits the evidence or design
criteria.
s $ESIGN A TEST OF A MODEL TO
ascertain its reliability.

•

Define a simple problem that
can be solved through the
development of a new or
improved object or tool.

Define a design problem that
can be solved through the
development of an object,
tool, process, or system and
includes multiple criteria and
constraints, including scientific
knowledge that may limit
possible solutions.

Modeling tools are used
to develop questions,
predictions, and
explanations; analyze and
identify flaws in systems;
and communicate ideas.
Models are used to build and
revise scientific explanations
and proposed engineered
systems. Measurements and
observations are used to
revise models and designs.
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Define a design problem that
involves the development
of a process or system with
interacting components and
criteria and constraints that
may include social, technical,
and/or environmental
considerations.
• Analyze complex real-world
problems by specifying criteria
and constraints for successful
solutions.
•
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!LTERNATE !RRANGEMENT OF THE 0RACTICES -ATRIX
3CIENCE AND %NGINEERING
0RACTICES

Developing and Using
Models

+n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

s $EVELOP ANDOR USE A MODEL
to represent amounts,
relationships, relative scales
(bigger, smaller), and/or
patterns in the natural and
designed world(s).

s #OLLABORATIVELY DEVELOP AND
or revise a model based on
evidence that shows the
relationships among variables
for frequent and regular
occurring events.
s $EVELOP A MODEL USING AN
analogy, example, or abstract
representation to describe a
scientific principle or design
solution.
s $EVELOP ANDOR USE MODELS
to describe and/or predict
phenomena.

s $EVELOP OR MODIFY A MODEL
BASED ON EVIDENCETO MATCH
what happens if a variable
or component of a system is
changed.
s 5SE ANDOR DEVELOP A MODEL OF
simple systems with uncertain
and less predictable factors.
s $EVELOP ANDOR REVISE A MODEL
to show the relationships
among variables, including
those that are not observable
but predict observable
phenomena.
s $EVELOP ANDOR USE A MODEL
to predict and/or describe
phenomena.
s $EVELOP A MODEL TO DESCRIBE
unobservable mechanisms.

s $EVELOP REVISE ANDOR USE A
model based on evidence to
illustrate and/or predict the
relationships between systems
or between components of a
system.
s $EVELOP ANDOR USE MULTIPLE
types of models to provide
mechanistic accounts and/or
predict phenomena, and move
flexibly between model types
based on merits and limitations.

s $EVELOP A SIMPLE MODEL BASED
on evidence to represent a
proposed object or tool.

s $EVELOP A DIAGRAM OR SIMPLE
physical prototype to convey
a proposed object, tool, or
process.
s 5SE A MODEL TO TEST CAUSE
and effect relationships or
interactions concerning the
functioning of a natural or
designed system.

s $EVELOP ANDOR USE A MODEL
to generate data to test ideas
about phenomena in natural
or designed systems, including
those representing inputs
and outputs, and those at
unobservable scales.

s $EVELOP A COMPLEX MODEL THAT
allows for manipulation and
testing of a proposed process or
system.
s $EVELOP ANDOR USE A MODEL
(including mathematical and
computational) to generate data
to support explanations, predict
phenomena, analyze systems,
and/or solve problems.
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Planning and Carrying Out
Investigations
Scientists and engineers plan
and carry out investigations
in the field or laboratory,
working collaboratively as
well as individually. Their
investigations are systematic
and require clarifying
what counts as data and
identifying variables or
parameters.
Engineering investigations
identify the effectiveness,
efficiency, and durability
of designs under different
conditions.

+n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

Planning and carrying out
investigations to answer
questions or test solutions to
problems in K–2 builds on prior
experiences and progresses to
simple investigations, based on
fair tests, which provide data to
support explanations or design
solutions.

Planning and carrying out
investigations to answer
questions or test solutions to
problems in 3–5 builds on K–2
experiences and progresses to
include investigations that control
variables and provide evidence to
support explanations or design
solutions.

Planning and carrying out
investigations in 6–8 builds on
K–5 experiences and progresses
to include investigations that use
multiple variables and provide
evidence to support explanations
or solutions.

Planning and carrying out
investigations in 9–12 builds on
K–8 experiences and progresses to
include investigations that provide
evidence for and test conceptual,
mathematical, physical, and
empirical models.

With guidance, plan and
conduct an investigation in
collaboration with peers (for K).
• Plan and conduct an
investigation collaboratively to
produce data to serve as the
basis for evidence to answer a
question.

•

Plan and conduct an
investigation collaboratively to
produce data to serve as the
basis for evidence, using fair
tests in which variables are
controlled and the number of
trials is considered.

Plan an investigation individually
and collaboratively, and in the
design identify independent and
dependent variables and controls,
what tools are needed to do the
gathering, how measurements
will be recorded, and how many
data are needed to support a
claim.

•

•

Conduct an investigation and/
or evaluate and/or revise the
experimental design to produce
data to serve as the basis for
evidence that meet the goals of
the investigation.

•
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Evaluate different ways of
observing and/or measuring
a phenomenon to determine
which way can answer a
question.

•

Evaluate appropriate methods
and/or tools for collecting data.

•

Evaluate the accuracy of
various methods for collecting
data.
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Plan an investigation or test
a design individually and
collaboratively to produce data
to serve as the basis for evidence
as part of building and revising
models, supporting explanations
for phenomena, or testing
solutions to problems. Consider
possible confounding variables
or effects and evaluate the
investigation’s design to ensure
variables are controlled.
• Plan and conduct an
investigation individually and
collaboratively to produce
data to serve as the basis for
evidence, and in the design
decide on types, how much,
and accuracy of data needed to
produce reliable measurements
and consider limitations on
the precision of the data (e.g.,
number of trials, cost, risk, time),
and refine the design accordingly.
• Plan and conduct an
investigation or test a design
solution in a safe and ethical
manner, including considerations
of environmental, social, and
personal impacts.
•

Select appropriate tools to
collect, record, analyze, and
evaluate data.
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Planning and Carrying Out
Investigations

•

Make observations (firsthand
or from media) and/or
measurements to collect data
that can be used to make
comparisons.
• Make observations (firsthand
or from media) and/or
measurements of a proposed
object, tool, or solution to
determine if it solves a problem
or meets a goal.
• Make predictions based on
prior experiences.

•

Make observations and/or
measurements to produce
data to serve as the basis for
evidence for an explanation
of a phenomenon or to test a
design solution.
• Make predictions about what
would happen if a variable
changes.
• Test two different models of
the same proposed object,
tool, or process to determine
which better meets criteria for
success.

•

Collect data to produce data to
serve as the basis for evidence
to answer scientific questions
or test design solutions under a
range of conditions.
• Collect data about the
performance of a proposed
object, tool, process, or system
under a range of conditions.

•

Analyzing and
Interpreting Data

Analyzing data in K–2 builds on
prior experiences and progresses
to collecting, recording, and
sharing observations.

Analyzing data in 3–5 builds on
K–2 experiences and progresses
to introducing quantitative
approaches to collecting data
and conducting multiple trials of
qualitative observations.
When possible and feasible,
digital tools should be used.

Analyzing data in 6–8 builds on
K–5 experiences and progresses
to extending quantitative analysis
to investigations, distinguishing
between correlation and
causation, and basic statistical
techniques of data and error
analysis.

Analyzing data in 9–12 builds on
K–8 experiences and progresses to
introducing more detailed statistical
analysis, the comparison of data
sets for consistency, and the use
of models to generate and analyze
data.

Scientific investigations
produce data that must
be analyzed in order to
derive meaning. Because
data patterns and trends
are not always obvious,
scientists use a range of
TOOLSINCLUDING TABULATION
graphical interpretation,
visualization, and statistical
ANALYSISTO IDENTIFY
the significant features
and patterns in the data.
Scientists identify sources of
error in the investigations
and calculate the degree
of certainty in the results.
Modern technology makes
the collection of large data
sets much easier, providing
secondary sources for
analysis.

Make directional hypotheses
that specify what happens to
a dependent variable when
an independent variable is
manipulated.
• Manipulate variables and collect
data about a complex model of
a proposed process or system to
identify failure points or improve
performance relative to criteria
for success or other variables.
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Analyzing and
Interpreting Data
(continued)

Engineering investigations
include analysis of data
collected in the tests
of designs. This allows
comparison of different
solutions and determines
how well each meets specific
DESIGN CRITERIATHAT IS
which design best solves
the problem within given
constraints. Like scientists,
engineers require a range
of tools to identify patterns
within data and interpret the
results. Advances in science
make analysis of proposed
solutions more efficient and
effective.

+n #ONDENSED 0RACTICES
Record information
(observations, thoughts, and
ideas).
• Use and share pictures,
drawings, and/or writings of
observations.
• Use observations (firsthand
or from media) to describe
patterns and/or relationships
in the natural and designed
world(s) in order to answer
scientific questions and solve
problems.
• Compare predictions (based
on prior experiences) to what
occurred (observable events).
•

n #ONDENSED 0RACTICES
•

Represent data in tables and/or
various graphical displays (bar
graphs, pictographs, and/or pie
charts) to reveal patterns that
indicate relationships.

•

•

Analyze and interpret data to
make sense of phenomena,
using logical reasoning,
mathematics, and/or
computation.

•

•

•
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Compare and contrast data
collected by different groups in
order to discuss similarities and
differences in their findings.

Construct, analyze, and/or
interpret graphical displays of
data and/or large data sets to
identify linear and nonlinear
relationships.
• Use graphical displays (e.g.,
maps, charts, graphs, and/or
tables) of large data sets to
identify temporal and spatial
relationships.
• Distinguish between causal
and correlational relationships
in data.
• Analyze and interpret data
to provide evidence for
phenomena.

n #ONDENSED 0RACTICES
•

Analyze data using tools,
technologies, and/or models (e.g.,
computational, mathematical) in
order to make valid and reliable
scientific claims or determine an
optimal design solution.

Apply concepts of statistics and
probability (including mean,
median, mode, and variability)
to analyze and characterize
data, using digital tools when
feasible.

•

Apply concepts of statistics
and probability (including
determining function fits to
data, slope, intercept, and
correlation coefficient for linear
fits) to scientific and engineering
questions and problems, using
digital tools when feasible.

Consider limitations of data
analysis (e.g., measurement
error) and/or seek to improve
precision and accuracy of data
with better technological tools
and methods (e.g., multiple
trials).

•

Consider limitations of data
analysis (e.g., measurement
error, sample selection) when
analyzing and interpreting data.

•

Compare and contrast various
types of data sets (e.g., selfgenerated, archival) to examine
consistency of measurements
and observations.

s Analyze and interpret data
to determine similarities and
differences in findings.
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Analyzing and
Interpreting Data

•

Using Mathematics and
Computational Thinking

Mathematical and computational
thinking in K–2 builds on prior
experience and progresses to
recognizing that mathematics can
be used to describe the natural
and designed world(s).

In both science and
engineering, mathematics
and computation are
fundamental tools for
representing physical
variables and their
relationships. They are used
for a range of tasks such as
constructing simulations;
solving equations exactly
or approximately; and
recognizing, expressing,
and applying quantitative
relationships.
Mathematical and
computational approaches
enable scientists and
engineers to predict the
behavior of systems and
test the validity of such
predictions.

Analyze data from tests of an
object or tool to determine if it
works as intended.

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

•

Analyze data to refine a
problem statement or the
design of a proposed object,
tool, or process.
• Use data to evaluate and refine
design solutions.

•

Mathematical and computational
thinking in 3–5 builds on K–2
experiences and progresses
to extending quantitative
measurements to a variety of
physical properties and using
computation and mathematics
to analyze data and compare
alternative design solutions.

Mathematical and computational
thinking in 6–8 builds on K–5
experiences and progresses to
identifying patterns in large data
sets and using mathematical
concepts to support explanations
and arguments.

Analyze data to define an
optimal operational range for a
proposed object, tool, process,
or system that best meets
criteria for success.

n #ONDENSED 0RACTICES
Evaluate the impact of new data
on a working explanation and/
or model of a proposed process
or system.
• Analyze data to identify design
features or characteristics of
the components of a proposed
process or system to optimize it
relative to criteria for success.
•

Mathematical and computational
thinking in 9–12 builds on K–8
and experiences and progresses
to using algebraic thinking and
analysis, a range of linear and
non-linear functions, including
trigonometric functions,
exponentials and logarithms, and
computational tools for statistical
analysis to analyze, represent, and
model data. Simple computational
simulations are created and used
based on mathematical models of
basic assumptions.

•

Decide when to use qualitative
vs. quantitative data.

•

Decide if qualitative or
quantitative data are best to
determine whether a proposed
object or tool meets criteria for
success.

•

Use counting and numbers to
identify and describe patterns
in the natural and designed
world(s).

•

Organize simple data sets to
reveal patterns that suggest
relationships.

•

Use digital tools (e.g.,
computers) to analyze very
large data sets for patterns and
trends.

•

Create and/or revise a
computational model or
simulation of a phenomenon,
designed device, process, or
system.

•

Describe, measure, and/or
compare quantitative attributes
of different objects and display
the data using simple graphs.

•

Describe, measure, estimate,
and/or graph quantities such
as area, volume, weight, and
time to address scientific and
engineering questions and
problems.

•

Use mathematical
representations to describe
and/or support scientific
conclusions and design
solutions.

•

Use mathematical,
computational, and/or
algorithmic representations of
phenomena or design solutions
to describe and/or support claims
and/or explanations.
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Using Mathematics and
Computational Thinking
(continued)

Constructing Explanations
and Designing Solutions
The end products of science
are explanations, and the
end products of engineering
are solutions.

+n #ONDENSED 0RACTICES
•

Use quantitative data to
compare two alternative
solutions to a problem.

Constructing explanations and
designing solutions in K–2
builds on prior experiences and
progresses to the use of evidence
and ideas in constructing
evidence-based accounts of
natural phenomena and designing
solutions.

n #ONDENSED 0RACTICES
•

Create and/or use graphs
and/or charts generated from
simple algorithms to compare
alternative solutions to an
engineering problem.

Constructing explanations and
designing solutions in 3–5
builds on K–2 experiences and
progresses to the use of evidence
in constructing explanations that
specify variables that describe
and predict phenomena and in
designing multiple solutions to
design problems.

n #ONDENSED 0RACTICES
•

Create algorithms (a series
of ordered steps) to solve a
problem.
• Apply mathematical concepts
and/or processes (such as
ratio, rate, percent, basic
operations, and simple algebra)
to scientific and engineering
questions and problems.
• Use digital tools and/or
mathematical concepts and
arguments to test and compare
proposed solutions to an
engineering design problem.

•

Constructing explanations and
designing solutions in 6–8
builds on K–5 experiences and
progresses to include constructing
explanations and designing
solutions supported by multiple
sources of evidence consistent
with scientific ideas, principles,
and theories.

Constructing explanations and
designing solutions in 9–12 builds
on K–8 experiences and progresses
to explanations and designs that
are supported by multiple and
independent student-generated
sources of evidence consistent
with scientific ideas, principles, and
theories.

The goal of science is the
construction of theories
that provide explanatory
accounts of the world. A
theory becomes accepted
when it has multiple lines
of empirical evidence and
greater explanatory power
of phenomena than previous
theories.
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Apply techniques of algebra
and functions to represent and
solve scientific and engineering
problems.
• Use simple limit cases to test
mathematical expressions,
computer programs, algorithms,
or simulations of a process
or system to see if a model
“makes sense” by comparing the
outcomes with what is known
about the real world.
• Apply ratios, rates, percentages,
and unit conversions in
the context of complicated
measurement problems involving
quantities with derived or
compound units (such as mg/mL,
kg/m3, acre-feet, etc.).
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Constructing Explanations
and Designing Solutions

+n #ONDENSED 0RACTICES
•

Use information from
observations (firsthand and
from media) to construct an
evidence-based account for
natural phenomena.

The goal of engineering
design is to find a systematic
solution to problems that
is based on scientific
knowledge and models of
the material world. Each
proposed solution results
from a process of balancing
competing criteria of
desired functions, technical
feasibility, cost, safety,
aesthetics, and compliance
with legal requirements.
The optimal choice depends
on how well the proposed
solutions meet criteria and
constraints.

Use tools and/or materials to
design and/or build a device
that solves a specific problem
or a solution to a specific
problem.
• Generate and/or compare
multiple solutions to a
problem.
•

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

n #ONDENSED 0RACTICES

•

Construct an explanation of
observed relationships (e.g.,
the distribution of plants in a
backyard).

•

Construct an explanation
that includes qualitative or
quantitative relationships
between variables that
predict(s) and/or describe(s)
phenomena.
• Construct an explanation using
models or representations.

•

•

Use evidence (e.g.,
measurements, observations,
patterns) to construct or
support an explanation or
design a solution to a problem.

•

Construct a scientific
explanation based on valid and
reliable evidence obtained from
sources (including students’
own experiments) and the
assumption that theories
and laws that describe the
natural world operate today
as they did in the past and will
continue to do so in the future.
• Apply scientific ideas,
principles, and/or evidence to
construct, revise, and/or use
an explanation for real-world
phenomena, examples, or
events.

•

•

Identify evidence that supports
particular points in an
explanation.

•

Apply scientific reasoning to
show why the data or evidence
is adequate for the explanation
or conclusion.

•

Apply scientific reasoning, theory,
and/or models to link evidence
to claims to assess the extent
to which the reasoning and
data support the explanation or
conclusion.

Apply scientific ideas to solve
design problems.
• Generate and compare
multiple solutions to a problem
based on how well they meet
the criteria and constraints of
the design solution.

•

Apply scientific ideas or
principles to design, construct,
and/or test a design of an
object, tool, process, or system.
• Undertake a design project,
engaging in the design cycle,
to construct and/or implement
a solution that meets specific
design criteria and constraints.
• Optimize performance of a
design by prioritizing criteria,
making tradeoffs, testing,
revising, and re-testing.

•

Design, evaluate, and/or refine
a solution to a complex realworld problem, based on
scientific knowledge, studentgenerated sources of evidence,
prioritized criteria, and tradeoff
considerations.

•

Make a quantitative and/or
qualitative claim regarding the
relationship between dependent
and independent variables.

Construct and revise an
explanation based on valid and
reliable evidence obtained from
a variety of sources (including
students’ own investigations,
models, theories, simulations,
peer review) and the assumption
that theories and laws that
describe the natural world
operate today as they did in the
past and will continue to do so in
the future.
• Apply scientific ideas, principles,
and/or evidence to provide an
explanation of phenomena
and solve design problems,
taking into account possible
unanticipated effects.
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Engaging in Argument
from Evidence
Argumentation is the
process by which evidencebased conclusions and
solutions are reached.
In science and engineering,
reasoning and argument
based on evidence are
essential to identifying
the best explanation for a
natural phenomenon or the
best solution to a design
problem.
Scientists and engineers
use argumentation to listen
to, compare, and evaluate
competing ideas and
methods based on merits.
Scientists and engineers
engage in argumentation
when investigating a
phenomenon, testing
a design solution,
resolving questions about
measurements, building data
models, and using evidence
to evaluate claims.
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Engaging in argument from
evidence in K–2 builds on prior
experiences and progresses
to comparing ideas and
representations about the natural
and designed world(s).

Engaging in argument from
evidence in 3–5 builds on K–2
experiences and progresses
to critiquing the scientific
explanations or solutions
proposed by peers by citing
relevant evidence about the
natural and designed world(s).

Engaging in argument from
evidence in 6–8 builds on K–5
experiences and progresses
to constructing a convincing
argument that supports or refutes
claims for either explanations or
solutions about the natural and
designed world(s).

Engaging in argument from
evidence in 9–12 builds on K–8
experiences and progresses to
using appropriate and sufficient
evidence and scientific reasoning
to defend and critique claims and
explanations about the natural and
designed world(s). Arguments may
also come from current scientific or
historical episodes in science.

Identify arguments that are
supported by evidence.
• Distinguish between
explanations that account
for all gathered evidence and
those that do not.
• Analyze why some evidence is
relevant to a scientific question
and some is not.
• Distinguish between opinions
and evidence in one’s own
explanations.

•

Compare and refine arguments
based on an evaluation of the
evidence presented.
• Distinguish among facts,
reasoned judgment based
on research findings, and
speculation in an explanation.

•

Compare and critique two
arguments on the same topic
and analyze whether they
emphasize similar or different
evidence and/or interpretations
of facts.

•

•

Listen actively to arguments
to indicate agreement or
disagreement based on
evidence and/or to retell the
main points of the argument.

•

Respectfully provide and
receive critiques from peers
about a proposed procedure,
explanation, or model by citing
relevant evidence and posing
specific questions.

•

Respectfully provide and
receive critiques about one’s
explanations, procedures,
models, and questions by
citing relevant evidence and
posing and responding to
questions that elicit pertinent
elaboration and detail.

•

Respectfully provide and/or
receive critiques on scientific
arguments by probing reasoning
and evidence and challenging
ideas and conclusions,
responding thoughtfully to
diverse perspectives, and
determining what additional
information is required to
resolve contradictions.

•

Construct an argument with
evidence to support a claim.

•

Construct and/or support an
argument with evidence, data,
and/or a model.
• Use data to evaluate claims
about cause and effect.

•

Construct, use, and/or present
an oral and written argument
supported by empirical
evidence and scientific
reasoning to support or refute
an explanation or a model for
a phenomenon or a solution to
a problem.

•

Construct, use, and/or present
an oral and written argument
or counter-arguments based on
data and evidence.

•
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Compare and evaluate
competing arguments or design
solutions in light of currently
accepted explanations, new
evidence, limitations (e.g., tradeoffs), constraints, and ethical
issues.
• Evaluate the claims, evidence,
and/or reasoning behind
currently accepted explanations
or solutions to determine the
merits of arguments.
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Engaging in Argument
from Evidence

•

Obtaining, Evaluating,
and Communicating
Information

Obtaining, evaluating, and
communicating information in
K–2 builds on prior experiences
and uses observations and texts
to communicate new information.

Scientists and engineers
must be able to
communicate clearly
and persuasively the
ideas and methods they
generate. Critiquing and
communicating ideas
individually and in groups
is a critical professional
activity.

Make a claim about the
effectiveness of an object, tool,
or solution that is supported by
relevant evidence.

n #ONDENSED 0RACTICES
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•

Make an oral or written
argument that supports
or refutes the advertised
performance of a device,
process, or system, based on
empirical evidence concerning
whether or not the technology
meets relevant criteria and
constraints.
• Evaluate competing design
solutions based on jointly
developed and agreed-upon
design criteria.

•

Obtaining, evaluating, and
communicating information in
3–5 builds on K–2 experiences
and progresses to evaluating the
merit and accuracy of ideas and
methods.

Obtaining, evaluating, and
communicating information in
6–8 builds on K–5 experiences
and progresses to evaluating the
merit and validity of ideas and
methods.

Obtaining, evaluating, and
communicating information in
9–12 builds on K–8 experiences
and progresses to evaluating the
validity and reliability of claims,
methods, and designs.

Read and comprehend gradeappropriate complex texts
and/or other reliable media
to summarize and obtain
scientific and technical
ideas and describe how they
are supported by evidence.
• Compare and/or combine
across complex texts and/or
other reliable media to support
the engagement in other
scientific and/or engineering
practices.

•

Critically read scientific texts
adapted for classroom use to
determine the central ideas
and/or obtain scientific and/
or technical information to
describe patterns in and/or
evidence about the natural
and designed world(s).

•

Critically read scientific literature
adapted for classroom use to
determine the central ideas or
conclusions and/or to obtain
scientific and/or technical
information to summarize
complex evidence, concepts,
processes, or information
presented in a text by
paraphrasing them in simpler
but still accurate terms.

Combine information in
written text with that
contained in corresponding
tables, diagrams, and/or charts
to support the engagement
in other scientific and/or
engineering practices.

•

Integrate qualitative and/or
quantitative scientific and/
or technical information
in written text with that
contained in media and visual
displays to clarify claims and
findings.

•

Compare, integrate, and
evaluate sources of information
presented in different media
or formats (e. g., visually,
quantitatively) and in words
in order to address a scientific
question or solve a problem.

•

•

Read grade-appropriate texts
and/or use media to obtain
scientific and/or technical
information to determine
patterns in and/or evidence
about the natural and
designed world(s).

•

•

Describe how specific images
(e.g., a diagram showing how
a machine works) support a
scientific or engineering idea.

•

Make a claim about the merit
of a solution to a problem by
citing relevant evidence about
how it meets the criteria and
constraints of the problem.

Make and defend a claim based
on evidence about the natural
world or the effectiveness of
a design solution that reflects
scientific knowledge and
student-generated evidence.
• Evaluate competing design
solutions to a real-world
problem based on scientific
ideas and principles, empirical
evidence, and/or logical
arguments regarding relevant
factors (e.g., economic,
societal, environmental, ethical
considerations).
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Obtaining, Evaluating,
and Communicating
Information
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Gather, read, and synthesize
information from multiple
appropriate sources and
assess the credibility, accuracy,
and possible bias of each
publication and the methods
used, and describe how they
are supported or not supported
by evidence.
• Evaluate data, hypotheses,
and/or conclusions in scientific
and technical texts in light
of competing information or
accounts.

•

•

Obtain information using
various texts, text features
(e.g., headings, tables of
contents, glossaries, electronic
menus, icons), and other
media that will be useful in
answering a scientific question
and/or supporting a scientific
claim.

•

Obtain and combine
information from books and/or
other reliable media to explain
phenomena or solutions to a
design problem.

•

•

Communicate information or
design ideas and/or solutions
with others in oral and/or
written forms using models,
drawings, writing, or numbers
that provide detail about
scientific ideas, practices, and/
or design ideas.

•

Communicate scientific and/
or technical information orally
and/or in written formats,
including various forms of
media as well as tables,
diagrams, and charts.

•

(continued)

Communicating information
and ideas can be done
in multiple ways: using
tables, diagrams, graphs,
models, and equations as
well as orally, in writing,
and through extended
discussions. Scientists
and engineers employ
multiple sources to obtain
information that is used
to evaluate the merit and
validity of claims, methods,
and designs.

n #ONDENSED 0RACTICES

Communicate scientific and/
or technical information (e.g.,
about a proposed object,
tool, process, system) in
writing and/or through oral
presentations.
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Gather, read, and evaluate
scientific and/or technical
information from multiple
authoritative sources, assessing
the evidence and usefulness of
each source.
• Evaluate the validity and
reliability of and/or synthesize
multiple claims, methods, and/or
designs that appear in scientific
and technical texts or media
reports, verifying the data when
possible.
•

Communicate scientific and/or
technical information or ideas
(e.g., about phenomena and/or
the process of development and
the design and performance of
a proposed process or system)
in multiple formats (including
orally, graphically, textually, and
mathematically).
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APPENDIX G

CROSSCUTTING CONCEPTS IN THE
NEXT GENERATION SCIENCE STANDARDS

Crosscutting concepts have value because they provide
students with connections and intellectual tools that are
related across the differing areas of disciplinary content
and can enrich their application of practices and their
understanding of core ideas. (NRC, 2012, p. 233)
A Framework for K–12 Science Education: Practices, Crosscutting
Concepts, and Core Ideas (Framework) recommends science education in grades K–12 be built around three major dimensions:
science and engineering practices, crosscutting concepts that
unify the study of science and engineering through their common
application across fields, and core ideas in the major disciplines
of natural science. The purpose of this appendix is to describe the
second dimension—crosscutting concepts—and to explain its role
in the Next Generation Science Standards (NGSS).
The Framework identifies seven crosscutting concepts that bridge
disciplinary boundaries, uniting core ideas throughout the fields
of science and engineering. Their purpose is to help students
deepen their understanding of the disciplinary core ideas (pp. 2
and 8) and develop a coherent and scientifically based view of
the world (p. 83). The seven crosscutting concepts presented in
Chapter 4 of the Framework are as follows:
1. Patterns. Observed patterns of forms and events guide
organization and classification, and they prompt questions
about relationships and the factors that influence them.
2. Cause and effect: Mechanism and explanation. Events have
causes, sometimes simple, sometimes multi-faceted. A major
activity of science is investigating and explaining causal relationships and the mechanisms by which they are mediated.
Such mechanisms can then be tested across given contexts and
used to predict and explain events in new contexts.

3. Scale, proportion, and quantity. In considering phenomena,
it is critical to recognize what is relevant at different measures
of size, time, and energy and to recognize how changes in
scale, proportion, or quantity affect a system’s structure or
performance.
4. Systems and system models. Defining the system under
study—specifying its boundaries and making explicit a model
of that system—provides tools for understanding and testing
ideas that are applicable throughout science and engineering.
5. Energy and matter: Flows, cycles, and conservation.
Tracking fluxes of energy and matter into, out of, and within
systems helps one understand the systems’ possibilities and
limitations.
6. Structure and function. The way in which an object or living thing is shaped and its substructure determine many of its
properties and functions.
7. Stability and change. For natural and built systems alike,
conditions of stability and determinants of rates of change or
evolution of a system are critical elements of study.
The Framework notes that crosscutting concepts have been featured prominently for the past two decades in other documents
about what all students should learn about science. These have
been called “themes” in Science for All Americans (AAAS, 1989)
and Benchmarks for Science Literacy (1993), “unifying principles” in National Science Education Standards (NRC, 1996), and
“crosscutting ideas” the National Science Teachers Association’s
Science Anchors Project (NSTA, 2010). Although these ideas have
been consistently included in previous standards documents, the
Framework recognizes that “students have often been expected
to build such knowledge without any explicit instructional support. Hence the purpose of highlighting them as Dimension 2
of the Framework is to elevate their role in the development of
standards, curricula, instruction, and assessments” (p. 83). The
NGSS writing team has continued this commitment by weaving
crosscutting concepts into the performance expectations for all
students—so they cannot be left out.
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The Framework recommends crosscutting concepts be embedded
in the science curriculum beginning in the earliest years of schooling and suggests a number of guiding principles for how they
should be used. The development process of the standards provides
insights into the crosscutting concepts. These insights are shared in
the following guiding principles.
#ROSSCUTTING CONCEPTS CAN HELP STUDENTS BETTER UNDERSTAND CORE
IDEAS IN SCIENCE AND ENGINEERING When students encounter
new phenomena, whether in a science lab, on a field trip, or on
their own, they need mental tools to help engage in and come
to understand the phenomena from a scientific point of view.
Familiarity with crosscutting concepts can provide that perspective. For example, when approaching a complex phenomenon
(either a natural phenomenon or a machine), an approach that
makes sense is to begin by observing and characterizing the phenomenon in terms of patterns. A next step might be to simplify
the phenomenon by thinking of it as a system and modeling its
components and how they interact. In some cases it would be
useful to study how energy and matter flow through the system or how structure affects function (or malfunction). These
preliminary studies may suggest explanations for the phenomena, which could be checked by predicting patterns that might
emerge if the explanation is correct, and matching those predictions with those observed in the real world.
#ROSSCUTTING CONCEPTS CAN HELP STUDENTS BETTER UNDERSTAND SCIENCE AND ENGINEERING PRACTICES Because the crosscutting concepts
address the fundamental aspects of nature, they also inform the
way humans attempt to understand it. Different crosscutting
concepts align with different practices, and when students carry
out these practices, they are often addressing one of these crosscutting concepts. For example, when students analyze and interpret data, they are often looking for patterns in observations,
mathematical or visual. The practice of planning and carrying out
an investigation is often aimed at identifying cause and effect
relationships: If you poke or prod something, what will happen?
The crosscutting concept of “systems and system models” is clearly
related to the practice of developing and using models.
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2EPETITION IN DIFFERENT CONTEXTS WILL BE NECESSARY TO BUILD
FAMILIARITY Repetition is counter to the guiding principles the
NGSS writing team used in creating performance expectations
to reflect the core ideas in the science disciplines. In order to
reduce the total amount of material students are held accountable to learn, repetition was reduced whenever possible.
However, crosscutting concepts are repeated within grades at
the elementary level and grade bands at the middle and high
school levels so that these concepts “become common and familiar touchstones across the disciplines and grade levels” (p. 83).
#ROSSCUTTING CONCEPTS SHOULD GROW IN COMPLEXITY AND SOPHISTICATION ACROSS THE GRADES Repetition alone is not sufficient.
As students grow in their understanding of the science disciplines, depth of understanding crosscutting concepts should
grow as well. The writing team adapted and added to the ideas
expressed in the Framework in developing a matrix for use in
crafting performance expectations that describe student understanding of the crosscutting concepts. The matrix is found at the
end of this section.
#ROSSCUTTING CONCEPTS CAN PROVIDE A COMMON VOCABULARY FOR
SCIENCE AND ENGINEERING The practices, disciplinary core ideas,
and crosscutting concepts are the same in science and engineering. What is different is how and why they are used—to
explain natural phenomena in science and to solve a problem
or accomplish a goal in engineering. Students need both types
of experiences to develop a deep and flexible understanding of
how these terms are applied in each of these closely allied fields.
As crosscutting concepts are encountered repeatedly across academic disciplines, familiar vocabulary can enhance engagement
and understanding for English language learners, students with
language processing difficulties, and students with limited literacy development.
#ROSSCUTTING CONCEPTS SHOULD NOT BE ASSESSED SEPARATELY FROM
practices or core ideas. Students should not be assessed on their
ability to define “pattern,” “system,” or any other crosscutting
concepts as a separate vocabulary word. To capture the vision in
the Framework, students should be assessed on the extent to
which they have achieved a coherent scientific worldview by
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recognizing similarities among core ideas in science or engineering that may at first seem very different, but are united through
crosscutting concepts.
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0ERFORMANCE EXPECTATIONS FOCUS ON SOME BUT NOT ALL CAPABILITIES
ASSOCIATED WITH A CROSSCUTTING CONCEPT As core ideas grow in
complexity and sophistication across the grades, it becomes more
and more difficult to express them fully in performance expectations. Consequently, most performance expectations reflect
only some aspects of a crosscutting concept. These aspects are
indicated in the right-hand foundation box in each standard. All
aspects of each core idea considered by the writing team can be
found in the matrix at the end of this section.

Following is a brief summary of how each crosscutting concept
increases in complexity and sophistication across the grades as
envisioned in the Framework. Examples of performance expectations illustrate how these ideas play out in the NGSS.

#ROSSCUTTING CONCEPTS ARE FOR ALL STUDENTS Crosscutting concepts
raise the bar for students who have not achieved at high levels
in academic subjects and who are often assigned to classes that
emphasize the “basics,” which in science may be taken to provide primarily factual information and lower-order thinking skills.
Consequently, it is essential that all students engage in using
crosscutting concepts, which could result in leveling the playing
field and promoting deeper understanding for all students.

While there are many patterns in nature, they are not the norm
because there is a tendency for disorder to increase (e.g., it is
far more likely for a broken glass to scatter than for scattered
bits to assemble themselves into a whole glass). In some cases,
order seems to emerge from chaos, as when a plant sprouts
or a tornado appears amid scattered storm clouds. It is in such
examples that patterns exist and the beauty of nature is found.
“Noticing patterns is often a first step to organizing phenomena
and asking scientific questions about why and how the patterns
occur” (p. 85).

)NCLUSION OF NATURE OF SCIENCE AND ENGINEERING CONCEPTS
Sometimes included in the crosscutting concept foundation
boxes are concepts related to materials from the “Nature of
Science” or “Science, Technology, Society, and the Environment.”
These are not to be confused with the “Crosscutting Concepts,”
but rather represent an organizational structure of the NGSS
that recognizes concepts from both the Nature of Science and
Science, Technology, Society, and the Environment that extend
across all of the sciences. Readers should review Appendixes H
and J for further information on these ideas.

1. “0ATTERNS exist everywhere—in regularly occurring shapes
or structures and in repeating events and relationships. For
example, patterns are discernible in the symmetry of flowers and
snowflakes, the cycling of the seasons, and the repeated base
pairs of DNA” (p. 85).

“Once patterns and variations have been noted, they lead to
questions; scientists seek explanations for observed patterns and
for the similarity and diversity within them. Engineers often look
for and analyze patterns, too. For example, they may diagnose
patterns of failure of a designed system under test in order to
improve the design, or they may analyze patterns of daily and
seasonal use of power to design a system that can meet the fluctuating needs” (pp. 85–86).
Patterns figure prominently in the science and engineering
practice of “Analyzing and Interpreting Data.” Recognizing
patterns is a large part of working with data. Students might
look at geographical patterns on a map, plot data values on a
chart or graph, or visually inspect the appearance of an organism or mineral. The crosscutting concept of patterns is also
strongly associated with the practice of “Using Mathematics
and Computational Thinking.” It is often the case that patterns

Crosscutting Concepts in the Next Generation Science Standards
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#ROSSCUTTING #ONCEPTS 0ATTERNS
0ROGRESSION !CROSS THE 'RADES

0ERFORMANCE %XPECTATION FROM THE .'33

In grades K–2, children recognize that patterns in the natural and human designed
world can be observed, used to describe phenomena, and used as evidence.

1-ESS1-1. Use observations of the sun, moon, and stars to describe patterns that can be
predicted.

In grades 3–5, students identify similarities and differences in order to sort and
classify natural objects and designed products. They identify patterns related to
time, including simple rates of change and cycles, and use these patterns to make
predictions.

4-PS4-1. Develop a model of waves to describe patterns in terms of amplitude and
wavelength and that waves can cause objects to move.

In grades 6–8, students recognize that macroscopic patterns are related to the
nature of microscopic and atomic-level structure. They identify patterns in rates of
change and other numerical relationships that provide information about natural and
human designed systems. They use patterns to identify cause and effect relationships,
and use graphs and charts to identify patterns in data.

MS-LS4-1. Analyze and interpret data for patterns in the fossil record that document the
existence, diversity, extinction, and change of life forms throughout the history of life on
Earth under the assumption that natural laws operate today as in the past.

In grades 9–12, students observe patterns in systems at different scales and
cite patterns as empirical evidence for causality in supporting their explanations
of phenomena. They recognize that classifications or explanations used at one
scale may not be useful or may need revision using a different scale, thus requiring
improved investigations and experiments. They use mathematical representations to
identify certain patterns and analyze patterns of performance in order to reengineer
and improve a designed system.

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical
reaction based on the outermost electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

are identified best by using mathematical concepts. As Richard
Feynman said, “To those who do not know mathematics it is difficult to get across a real feeling as to the beauty, the deepest
beauty, of nature. If you want to learn about nature, to appreciate nature, it is necessary to understand the language that she
speaks in.”
The human brain is remarkably adept at identifying patterns,
and students progressively build on this innate ability throughout their school experiences. The following table lists the guidelines used by the writing team for how this progression plays out
across K–12, with examples of performance expectations drawn
from the NGSS.
2. #AUSE AND %FFECT is often the next step in science, after a discovery of patterns or events that occur together with regularity.
A search for the underlying cause of a phenomenon has sparked
some of the most compelling and productive scientific investigations. “Any tentative answer, or ‘hypothesis,’ that A causes B
requires a model or mechanism for the chain of interactions that
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connect A and B. For example, the notion that diseases can be
transmitted by a person’s touch was initially treated with skepticism by the medical profession for lack of a plausible mechanism.
Today infectious diseases are well understood as being transmitted by the passing of microscopic organisms (bacteria or viruses)
between an infected person and another. A major activity of
science is to uncover such causal connections, often with the
hope that understanding the mechanisms will enable predictions and, in the case of infectious diseases, the design of preventive measures, treatments, and cures” (p. 87).
“In engineering, the goal is to design a system to cause a desired
effect, so cause-and-effect relationships are as much a part of
engineering as of science. Indeed, the process of design is a
good place to help students begin to think in terms of cause
and effect, because they must understand the underlying causal
relationships in order to devise and explain a design that can
achieve a specified objective” (p. 88).
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#ROSSCUTTING #ONCEPTS #AUSE AND %FFECT
0ROGRESSION !CROSS THE 'RADES

0ERFORMANCE %XPECTATION FROM THE .'33

In grades K–2, students learn that events have causes that generate observable
patterns. They design simple tests to gather evidence to support or refute their
own ideas about causes.

1-PS4-3. Plan and conduct an investigation to determine the effect of placing objects
made with different materials in the path of a beam of light.

In grades 3–5, students routinely identify and test causal relationships and use
these relationships to explain change. They understand events that occur together
with regularity might or might not signify a cause and effect relationship.

4-ESS2-1. Make observations and/or measurements to provide evidence of the effects of
weathering or the rate of erosion by water, ice, wind, or vegetation.

In grades 6–8, students classify relationships as causal or correlational, and
recognize that correlation does not necessarily imply causation. They use cause
and effect relationships to predict phenomena in natural or designed systems. They
also understand that phenomena may have more than one cause, and some cause
and effect relationships in systems can only be described using probability.

MS-PS1-4. Develop a model that predicts and describes changes in particle motion,
temperature, and state of a pure substance when thermal energy is added or removed.

In grades 9–12, students understand that empirical evidence is required to
differentiate between cause and correlation and to make claims about specific
causes and effects. They suggest cause and effect relationships to explain and
predict behaviors in complex natural and designed systems. They also propose
causal relationships by examining what is known about smaller-scale mechanisms
within the system. They recognize changes in systems may have various causes
that may not have equal effects.

HS-LS3-2. Make and defend a claim based on evidence that inheritable genetic variations
may result from (1) new genetic combinations through meiosis, (2) viable errors occurring
during replication, and/or (3) mutations caused by environmental factors.

When students perform the practice of “Planning and Carrying
Out Investigations,” they often address cause and effect. At early
ages, this involves “doing” something to the system of study and
then watching to see what happens. At later ages, experiments
are set up to test the sensitivity of the parameters involved, and
this is accomplished by making a change (cause) to a single component of a system and examining, and often quantifying, the
result (effect). Cause and effect is also closely associated with the
practice of “Engaging in Argument from Evidence.” In scientific

practice, deducing the cause of an effect is often difficult, so
multiple hypotheses may coexist. For example, though the occurrence (effect) of historical mass extinctions of organisms, such as
the dinosaurs, is well established, the reason or reasons for the
extinctions (cause) are still debated, and scientists develop and
debate their arguments based on different forms of evidence.
When students engage in scientific argumentation, it is often
centered about identifying the causes of an effect.

Crosscutting Concepts in the Next Generation Science Standards
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#ROSSCUTTING #ONCEPTS 3CALE 0ROPORTION AND 1UANTITY
0ROGRESSION !CROSS THE 'RADES

0ERFORMANCE %XPECTATION FROM THE .'33

In grades K–2, students use relative scales (e.g., bigger and smaller; hotter and
colder; faster and slower) to describe objects. They use standard units to measure
length.
In grades 3–5, students recognize that natural objects and observable phenomena
exist from the very small to the immensely large. They use standard units to measure
and describe physical quantities such as weight, time, temperature, and volume.

5-ESS1-1. Support an argument that the apparent brightness of the sun and stars is due
to their relative distances from Earth.

In grades 6–8, students observe time, space, and energy phenomena at various
scales using models to study systems that are too large or too small. They
understand phenomena observed at one scale may not be observable at another
scale and that the function of natural and designed systems may change with scale.
They use proportional relationships (e.g., speed as the ratio of distance traveled to
time taken) to gather information about the magnitude of properties and processes.
They represent scientific relationships through the use of algebraic expressions and
equations.

MS-LS1-1. Conduct an investigation to provide evidence that living things are made of
cells; either one cell or many different numbers and types of cells.

In grades 9–12, students understand that the significance of a phenomenon is
dependent on the scale, proportion, and quantity at which it occurs. They recognize
that patterns observable at one scale may not be observable or exist at other scales
and that some systems can only be studied indirectly as they are too small, too
large, too fast, or too slow to observe directly. Students use orders of magnitude to
understand how a model at one scale relates to a model at another scale. They use
algebraic thinking to examine scientific data and predict the effect of a change in
one variable on another (e.g., linear growth vs. exponential growth).

HS-ESS1-4. Use mathematical or computational representations to predict the motion of
orbiting objects in the solar system.

3. 3CALE 0ROPORTION AND 1UANTITY are important in both science
and engineering. These are fundamental assessments of dimension
that form the foundation of observations about nature. Before an
analysis of function or process can be made (the how or why), it
is necessary to identify the what. These concepts are the starting
point for scientific understanding, whether it is of a total system
or its individual components. Any student who has ever played the
game “20 questions” understands this inherently, asking questions
such as, “Is it bigger than a bread box?” in order to first determine
the object’s size.

how much bigger or smaller—a student must appreciate the units
used to measure it and develop a feel for quantity” (p. 90).

An understanding of scale involves not only understanding that systems and processes vary in size, time span, and energy, but also that
different mechanisms operate at different scales. In engineering,
“no structure could be conceived, much less constructed, without
the engineer’s precise sense of scale. . . . At a basic level, in order to
identify something as bigger or smaller than something else—and
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“The ideas of ratio and proportionality as used in science can
extend and challenge students’ mathematical understanding of
these concepts. To appreciate the relative magnitude of some
properties or processes, it may be necessary to grasp the relationships among different types of quantities—for example, speed as
the ratio of distance traveled to time taken, density as a ratio of
mass to volume. This use of ratio is quite different than a ratio of
numbers describing fractions of a pie. Recognition of such relationships among different quantities is a key step in forming mathematical models that interpret scientific data” (p. 90).
The crosscutting concept of scale, proportion, and quantity figures prominently in the practices of “Using Mathematics and
Computational Thinking” and “Analyzing and Interpreting Data.”
This concept addresses taking measurements of structures and
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#ROSSCUTTING #ONCEPTS 3YSTEMS AND 3YSTEM -ODELS
0ROGRESSION !CROSS THE 'RADES

0ERFORMANCE %XPECTATION FROM THE .'33

In grades K–2, students understand that objects and organisms can be described
in terms of their parts and that systems in the natural and designed world have
parts that work together.

K-ESS3-1. Use a model to represent the relationship between the needs of different plants
or animals (including humans) and the places they live.

In grades 3–5, students understand that a system is a group of related parts that
make up a whole and can carry out functions its individual parts cannot. They can
also describe a system in terms of its components and their interactions.

3-LS4-4. Make a claim about the merit of a solution to a problem caused when the
environment changes and the types of plants and animals that live there may change.

In grades 6–8, students understand that systems may interact with other
systems; they may have sub-systems and be a part of larger complex systems.
4HEY CAN USE MODELS TO REPRESENT SYSTEMS AND THEIR INTERACTIONSSUCH AS INPUTS
PROCESSES AND OUTPUTSAND ENERGY MATTER AND INFORMATION mOWS WITHIN
systems. They also learn that models are limited in that they only represent certain
aspects of the system under study.

MS-PS2-4. Construct and present arguments using evidence to support the claim that
gravitational interactions are attractive and depend on the masses of interacting objects.

In grades 9–12, students investigate or analyze a system by defining its
boundaries and initial conditions, as well as its inputs and outputs. They use
models (e.g., physical, mathematical, computer models) to simulate the flow of
energy, matter, and interactions within and between systems at different scales.
They also use models and simulations to predict the behavior of a system and
recognize that these predictions have limited precision and reliability due to the
assumptions and approximations inherent in the models. They also design systems
to do specific tasks.

HS-LS2-5. Develop a model to illustrate the role of photosynthesis and cellular respiration
in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere.

phenomena, and these fundamental observations are usually
obtained, analyzed, and interpreted quantitatively. This crosscutting concept also figures prominently in the practice of
“Developing and Using Models.” Scale and proportion are often
best understood using models. For example, the relative scales of
objects in the solar system or of the components of an atom are
difficult to comprehend mathematically (because the numbers
involved are either so large or so small), but visual or conceptual
models make them much more understandable (e.g., if the solar
system were the size of a penny, the Milky Way galaxy would be
the size of Texas).
4. 3YSTEMS AND 3YSTEM -ODELS are useful in science and engineering because the world is complex, so it is helpful to isolate a single
system and construct a simplified model of it. “To do this, scientists and engineers imagine an artificial boundary between the
system in question and everything else. They then examine the
system in detail while treating the effects of things outside the
boundary as either forces acting on the system or flows of matter

and energy across it—for example, the gravitational force due to
Earth on a book lying on a table or the carbon dioxide expelled
by an organism. Consideration of flows into and out of the system
is a crucial element of system design. In the laboratory or even in
field research, the extent to which a system under study can be
physically isolated or external conditions controlled is an important element of the design of an investigation and interpretation
of results. . . . The properties and behavior of the whole system
can be very different from those of any of its parts, and large systems may have emergent properties, such as the shape of a tree,
that cannot be predicted in detail from knowledge about the
components and their interactions” (p. 92).
“Models can be valuable in predicting a system’s behaviors or in
diagnosing problems or failures in its functioning, regardless of
what type of system is being examined. . . . In a simple mechanical system, interactions among the parts are describable in terms
of forces among them that cause changes in motion or physical
stresses. In more complex systems, it is not always possible or useful
Crosscutting Concepts in the Next Generation Science Standards
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#ROSSCUTTING #ONCEPTS %NERGY AND -ATTER
0ROGRESSION !CROSS THE 'RADES

0ERFORMANCE %XPECTATION FROM THE .'33

In grades K–2, students observe that objects may break into smaller pieces, be
put together into larger pieces, or change shapes.

2-PS1-3. Make observations to construct an evidence-based account of how an object
made of a small set of pieces can be disassembled and made into a new object.

In grades 3–5, students learn matter is made of particles and that energy can be
transferred in various ways and between objects. Students observe the conservation
of matter by tracking matter flows and cycles before and after processes and by
recognizing that the total weight of substances does not change.

5-LS1-1. Support an argument that plants get the materials they need for growth chiefly
from air and water.

In grades 6–8, students learn that matter is conserved because atoms are
conserved in physical and chemical processes. They also learn within a natural or
designed system, the transfer of energy drives the motion and/or cycling of matter.
Energy may take different forms (e.g., energy in fields, thermal energy, energy of
motion). The transfer of energy can be tracked as energy flows through a designed
or natural system.

MS-ESS2-4. Develop a model to describe the cycling of water through Earth’s systems
driven by energy from the sun and the force of gravity.

In grades 9–12, students learn that the total amount of energy and matter in
closed systems is conserved. They can describe changes of energy and matter in a
system in terms of energy and matter flows into, out of, and within that system.
They also learn that energy cannot be created or destroyed. It only moves between
one place and another place, between objects and/or fields, or between systems.
Energy drives the cycling of matter within and between systems. In nuclear
processes, atoms are not conserved, but the total number of protons plus neutrons
is conserved.

HS-PS1-8. Develop models to illustrate changes in the composition of the nucleus of an
atom and the energy released during the processes of fission, fusion, and radioactive
decay.

to consider interactions at this detailed mechanical level, yet it is
equally important to ask what interactions are occurring (e.g.,
predator-prey relationships in an ecosystem) and to recognize
that they all involve transfers of energy, matter, and (in some
cases) information among parts of the system. . . . Any model of
a system incorporates assumptions and approximations; the key
is to be aware of what they are and how they affect the model’s
reliability and precision. Predictions may be reliable but not precise or, worse, precise but not reliable; the degree of reliability
and precision needed depends on the use to which the model
will be put” (p. 93).
5. %NERGY AND -ATTER are essential concepts in all disciplines of
science and engineering, often in connection with systems. “The
supply of energy and of each needed chemical element restricts a
system’s operation—for example, without inputs of energy (sunlight) and matter (carbon dioxide and water), a plant cannot
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grow. Hence, it is very informative to track the transfers of matter
and energy within, into, or out of any system under study.
“In many systems there also are cycles of various types. In some
cases, the most readily observable cycling may be of matter—for
example, water going back and forth between Earth’s atmosphere
and its surface and subsurface reservoirs. Any such cycle of matter
also involves associated energy transfers at each stage, so to fully
understand the water cycle, one must model not only how water
moves between parts of the system but also the energy transfer
mechanisms that are critical for that motion.
“Consideration of energy and matter inputs, outputs, and flows
or transfers within a system or process are equally important for
engineering. A major goal in design is to maximize certain types
of energy output while minimizing others, in order to minimize
the energy inputs needed to achieve a desired task” (p. 95).
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#ROSSCUTTING #ONCEPTS 3TRUCTURE AND &UNCTION
0ROGRESSION !CROSS THE 'RADES

0ERFORMANCE %XPECTATION FROM THE .'33

In grades K–2, students observe that the shape and stability of structures of
natural and designed objects are related to their function(s).

2-LS2-2. Develop a simple model that mimics the function of an animal in dispersing
seeds or pollinating plants.

In grades 3–5, students learn that different materials have different substructures,
which can sometimes be observed, and substructures have shapes and parts that
serve functions.
In grades 6–8, students model complex and microscopic structures and systems
and visualize how their function depends on the shapes, composition, and
relationships among its parts. They analyze many complex natural and designed
structures and systems to determine how they function. They design structures to
serve particular functions by taking into account properties of different materials
and how materials can be shaped and used.

MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or
transmitted through various materials.

In grades 9–12, students investigate systems by examining the properties
of different materials, the structures of different components, and their
interconnections to reveal a system’s function and/or solve a problem. They infer
the functions and properties of natural and designed objects and systems from their
overall structure, the way their components are shaped and used, and the molecular
substructures of their various materials.

HS-ESS2-5. Plan and conduct an investigation of the properties of water and its effects
on Earth materials and surface processes.

6. 3TRUCTURE AND &UNCTION are complementary properties. “The
shape and stability of structures of natural and designed objects
are related to their function(s). The functioning of natural and
built systems alike depends on the shapes and relationships of
certain key parts as well as on the properties of the materials
from which they are made. A sense of scale is necessary in order
to know what properties and what aspects of shape or material
are relevant at a particular magnitude or in investigating particular phenomena—that is, the selection of an appropriate scale
depends on the question being asked. For example, the substructures of molecules are not particularly important in understanding
the phenomenon of pressure, but they are relevant to understanding why the ratio between temperature and pressure at constant volume is different for different substances.
“Similarly, understanding how a bicycle works is best addressed by
examining the structures and their functions at the scale of, say,
the frame, wheels, and pedals. However, building a lighter bicycle

may require knowledge of the properties (such as rigidity and
hardness) of the materials needed for specific parts of the bicycle.
In that way, the builder can seek less dense materials with appropriate properties; this pursuit may lead in turn to an examination
of the atomic-scale structure of candidate materials. As a result,
new parts with the desired properties, possibly made of new
materials, can be designed and fabricated” (pp. 96–97).
7. 3TABILITY AND #HANGE are the primary concerns of many, if not
most, scientific and engineering endeavors. “Stability denotes a
condition in which some aspects of a system are unchanging, at
least at the scale of observation. Stability means that a small disturbance will fade away—that is, the system will stay in, or
return to, the stable condition. Such stability can take different
forms, with the simplest being a static equilibrium, such as a ladder leaning on a wall. By contrast, a system with steady inflows
and outflows (i.e., constant conditions) is said to be in dynamic
equilibrium. For example, a dam may be at a constant level with
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#ROSSCUTTING #ONCEPTS 3TABILITY AND #HANGE
0ROGRESSION !CROSS THE 'RADES

0ERFORMANCE %XPECTATION FROM THE .'33

In grades K–2, students observe that some things stay the same while other
things change and that things may change slowly or rapidly.

2-ESS2-1. Compare multiple solutions designed to slow or prevent wind or water from
changing the shape of the land.

In grades 3–5, students measure change in terms of differences over time
and observe that change may occur at different rates. Students learn that some
systems appear stable, but over long periods of time they will eventually change.
In grades 6–8, students explain stability and change in natural or designed
systems by examining changes over time and considering forces at different scales,
including the atomic scale. Students learn that changes in one part of a system
might cause large changes in another part, systems in dynamic equilibrium are
stable due to a balance of feedback mechanisms, and stability might be disturbed
by either sudden events or gradual changes that accumulate over time.

MS-LS2-4. Construct an argument supported by empirical evidence that changes to
physical or biological components of an ecosystem affect populations.

In grades 9–12, students understand that much of science deals with
constructing explanations of how things change and how they remain stable. They
quantify and model changes in systems over very short or very long periods of
time. They see that some changes are irreversible and that negative feedback can
stabilize a system, while positive feedback can destabilize it. They recognize that
systems can be designed for greater or lesser stability.

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions
that would produce increased amounts of products at equilibrium.

steady quantities of water coming in and out. . . . A repeating
pattern of cyclic change—such as the moon orbiting Earth—can
also be seen as a stable situation, even though it is clearly not
static.
“An understanding of dynamic equilibrium is crucial to understanding the major issues in any complex system—for example,
population dynamics in an ecosystem or the relationship between
the level of atmospheric carbon dioxide and Earth’s average temperature. Dynamic equilibrium is an equally important concept
for understanding the physical forces in matter. Stable matter is a
system of atoms in dynamic equilibrium.
“In designing systems for stable operation, the mechanisms of
external controls and internal ‘feedback’ loops are important
design elements; feedback is important to understanding natural
systems as well. A feedback loop is any mechanism in which a
condition triggers some action that causes a change in that same
condition, such as the temperature of a room triggering the thermostatic control that turns the room’s heater on or off.

88

“A system can be stable on a small time scale, but on a larger time
scale it may be seen to be changing. For example, when looking
at a living organism over the course of an hour or a day, it may
maintain stability; over longer periods, the organism grows, ages,
and eventually dies. For the development of larger systems, such as
the variety of living species inhabiting Earth or the formation of a
galaxy, the relevant time scales may be very long indeed; such processes occur over millions or even billions of years” (pp. 99–100).

(/7 !2% 4(% #2/33#544).' #/.#%043
#/..%#4%$
Although each of the seven crosscutting concepts can be used
to help students recognize deep connections between seemingly
disparate topics, it can sometimes be helpful to think of how they
are connected to each other. The connections can be envisioned
in many different ways. The following is one way to think about
their interconnections.

NEXT GENERATION SCIENCE STANDARDS
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0ATTERNS
0ATTERNS stand alone because patterns are a pervasive aspect of
all fields of science and engineering. When first exploring a new
phenomenon, children will notice similarities and differences
leading to ideas for how they might be classified. The existence
of patterns naturally suggests an underlying cause for the pattern. For example, observing that snowflakes are all versions
of six-sided symmetrical shapes suggests something about how
molecules pack together when water freezes, or when repairing
a device, a technician would look for a certain pattern of failures
suggesting an underlying cause. Patterns are also helpful when
interpreting data, which may supply valuable evidence in support
of an explanation or a particular solution to a problem.

#AUSALITY
#AUSE AND EFFECt lies at the heart of science. Often the objective
of a scientific investigation is to find the cause that underlies a
phenomenon, first identified by noticing a pattern. Later, the
development of a theory allows for predictions of new patterns,
which then provides evidence in support of the theory. For example, Galileo’s observation that a ball rolling down an incline gathers speed at a constant rate eventually led to Newton’s Second
Law of Motion, which in turn provided predictions about regular
patterns of planetary motion and a means to guide space probes
to their destinations.
3TRUCTURE AND FUNCTION can be thought of as a special case of
cause and effect. Whether the structures in question are living
tissue or molecules in the atmosphere, understanding their structure is essential to making causal inferences. Engineers make such
inferences when examining structures in nature as inspirations for
designs to meet people’s needs.

3CALE PROPORTION AND QUANTITY are essential considerations when
deciding how to model a phenomenon. For example, when testing a scale model of a new airplane wing in a wind tunnel, it is
essential to get the proportions right and measure accurately or
the results will not be valid. When using a computer simulation of
an ecosystem, it is important to use informed estimates of population sizes to make reasonably accurate predictions. Mathematics is
essential in both science and engineering.
%NERGY AND MATTER are basic to any systems model, whether of a
natural or a designed system. Systems are described in terms of
matter and energy. Often the focus of an investigation is to determine how energy or matter flows through a system or, in the case
of engineering, to modify a system, so that a given energy input
results in a more useful energy output.
3TABILITY AND CHANGE are ways of describing how a system functions. Whether studying ecosystems or engineered systems, the
question is often to determine how the system is changing over
time and which factors are causing the system to become unstable.

#/.#,53)/.
The purpose of this appendix is to explain the rationale behind
integrating crosscutting concepts into the K–12 science curriculum
and to illustrate how the seven crosscutting concepts from the
Framework are integrated into the performance expectations within the NGSS. The crosscutting concepts’ utility will be realized when
curriculum developers and teachers develop lessons, units, and
courses using the crosscutting concepts to tie together the broad
diversity of science and engineering core ideas in the curriculum to
realize the clear and coherent vision of the Framework.

3YSTEMS
3YSTEMS AND SYSTEM MODELS are used by scientists and engineers to
investigate natural and designed systems. The purpose of an investigation might be to explore how the system functions or what
may be going wrong. Sometimes investigations are too dangerous
or expensive to try out without first experimenting with a model.
Crosscutting Concepts in the Next Generation Science Standards
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0ERFORMANCE %XPECTATIONS #ODED TO #ROSSCUTTING #ONCEPTS
Grades K–2

Grades 3–5

Grades 6–8

Grades 9–12

Patterns

K-LS1-1, K-ESS2-1, 1-LS1-2, 1-LS3-1,
1-ESS1-1, 1-ESS1-2, 2-PS1-1,
2-ESS2-2, 2-ESS2-3

3-PS2-2, 3-LS1-1, 3-LS3-1, 3-ESS2-1,
3-ESS2-2, 4-PS4-1, 4-PS4-3,
4-ESS1-1, 4-ESS2-2, 5-ESS1-2

MS-PS1-2, MS-PS4-1, MS-LS2-2,
MS-LS4-1, MS-LS4-2, MS-LS4-3,
MS-ESS1-1, MS-ESS2-3, MS-ESS3-2

HS-PS1-1, HS-PS1-2, HS-PS1-3,
HS-PS1-5, HS-PS2-4, HS-LS4-1,
HS-LS4-3, HS-ESS1-5

Cause and Effect

K-PS2-1, K-PS2-2, K-PS3-1, K-PS3-2,
K-ESS3-2, K-ESS3-3, 1-PS4-1,
1-PS4-2, 1-PS4-3, 2-PS1-1, 2-LS2-1

3-PS2-1, 3-PS2-3, 3-LS2-1, 3-LS3-2,
3-LS4-2, 3-LS4-3, 3-ESS3-1, 4-PS4-2,
4-ESS2-1, 4-ESS3-1, 4-ESS3-2,
5-PS1-4, 5-PS2-1

MS-PS1-4, MS-PS2-3, MS-PS2-5,
MS-LS1-4, MS-LS1-5, MS-LS2-1,
MS-LS3-2, LS4-4, MS-LS4-5,
MS-LS4-6, MS-ESS2-5, MS-ESS3-1,
MS-ESS3-3, MS-ESS3-4

HS-PS2-4, HS-PS3-5, HS-PS4-1,
HS-PS4-4, HS-PS4-5, HS-LS2-8,
HS-LS3-1, HS-LS3-2, HS-LS4-2,
HS-LS4-4, HS-LS4-5, HS-LS4-6,
HS-ESS2-4, HS-ESS3-1

3-LS4-1, 5-PS1-1, 5-PS2-2, 5-PS1-3,
5-ESS1-1, 5-ESS2-2

MS-PS1-1, MS-PS3-1, MS-PS3-4,
MS-LS1-1, MS-ESS1-3, MS-ESS1-4,
MS-ESS2-2

HS-LS2-1, HS-LS2-2, HS-LS3-3,
HS-ESS1-1, HS-ESS1-4

Scale, Proportion, and Quantity

Systems and System Models

K-ESS3-1, K-ESS2-2

3-LS4-4, 4-LS1-1, 5-LS2-1, 5-ESS2-1,
5-ESS3-1

MS-PS2-1, MS-PS2-4, MS-PS3-2,
MS-LS1-3, MS-ESS1-2, MS-ESS2-6

HS-PS2-2, HS-PS3-1, HS-PS3-4,
HS-PS4-3, HS-LS1-2, HS-LS1-4,
HS-LS2-5, HS-ESS3-6

Energy and Matter

2-PS1-3

4-PS3-1, 4-PS3-2, 4-PS3-3, 4-PS3-4,
5-PS3-1, 5-LS1-1

MS-PS1-5, MS-PS1-6, MS-PS3-3,
MS-PS3-5, MS-LS1-6, MS-LS1-k,
MS-LS1-7, MS-LS2-3, MS-ESS2-4

HS-PS1-4, HS-PS1-7, HS-PS1-8,
HS-PS3-2, HS-PS3-3, HS-LS1-5,
HS-LS1-6, HS-LS1-7, HS-LS2-3,
HS-ESS1-2, HS-ESS1-3, HS-ESS2-3,
HS-ESS2-6

Structure and Function

1-LS1-1, 2-LS2-2, K-2-ETS1-2

MS-PS1-5, MS-PS1-6, MS-PS4-a,
MS-PS4-2, MS-PS4-3, MS-LS1-6,
MS-LS1-7, MS-LS3-1

HS-PS2-6, HS-LS1-1, HS-ESS2-5

Stability and Change

2-ESS1-1, 2-ESS2-1

MS-PS2-2, MS-LS2-4, MS-LS2-5,
MS-ESS2-1, MS-ESS3-5

HS-PS1-6, HS-PS4-2, HS-LS1-3,
HS-LS2-6, HS-LS2-7, HS-ESS1-6,
HS-ESS2-1, HS-ESS2-2, HS-ESS2-7,
HS-ESS3-3, HS-ESS3-4, HS-ESS3-5

Crosscutting Concepts in the Next Generation Science Standards
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.'33 #ROSSCUTTING #ONCEPTS
3ECTION  #ROSSCUTTING #ONCEPTS -ATRIX
+n #ROSSCUTTING 3TATEMENTS

n #ROSSCUTTING 3TATEMENTS

n #ROSSCUTTING 3TATEMENTS

n #ROSSCUTTING 3TATEMENTS

1. Patterns/BSERVED PATTERNS IN NATURE GUIDE ORGANIZATION AND CLASSIlCATION AND PROMPT QUESTIONS ABOUT RELATIONSHIPS AND CAUSES UNDERLYING THEM
s Patterns in the natural and human
designed world can be observed, used
to describe phenomena, and used as
evidence.

s Similarities and differences in
patterns can be used to sort, classify,
communicate, and analyze simple rates
of change for natural phenomena and
designed products.
s Patterns of change can be used to make
predictions.
s Patterns can be used as evidence to
support an explanation.

s Macroscopic patterns are related to the
nature of microscopic and atomic-level
structure.
s Patterns in rates of change and other
numerical relationships can provide
information about natural and human
designed systems.
s Patterns can be used to identify cause
and effect relationships.
s Graphs, charts, and images can be used
to identify patterns in data.

s Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
s Classifications or explanations used at
one scale may fail or need revision when
information from smaller or larger scales
is introduced, thus requiring improved
investigations and experiments.
s Patterns of performance of designed
systems can be analyzed and interpreted
to reengineer and improve the system.
s Mathematical representations are needed
to identify some patterns.
s Empirical evidence is needed to identify
patterns.

2. Cause and Effect: Mechanism and Prediction—Events have causes, sometimes simple, sometimes multi-faceted. Deciphering causal relationships, and the mechanisms by
which they are mediated, is a major activity of science and engineering.
s Events have causes that generate
observable patterns.
s Simple tests can be designed to gather
evidence to support or refute student
ideas about causes.

s Cause and effect relationships are
routinely identified, tested, and used to
explain change.
s Events that occur together with regularity
might or might not be a cause and effect
relationship.

s Relationships can be classified as causal
or correlational, and correlation does not
necessarily imply causation.
s Cause and effect relationships may be
used to predict phenomena in natural or
designed systems.
s Phenomena may have more than one
cause, and some cause and effect
relationships in systems can only be
described using probability.

s Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects.
s Cause and effect relationships can be
suggested and predicted for complex
natural and human designed systems by
examining what is known about smallerscale mechanisms within the system.
s Systems can be designed to cause a
desired effect.
s Changes in systems may have various
causes that may not have equal effects.

* Adapted from National Research Council. (2012). A framework for K–12 science education: Practices, crosscutting concepts, and core ideas. Washington, DC: The National Academies Press.
Chapter 4: Crosscutting Concepts.
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3. 3CALE 0ROPORTION AND 1UANTITY)N CONSIDERING PHENOMENA IT IS CRITICAL TO RECOGNIZE WHAT IS RELEVANT AT DIFFERENT SIZE TIME AND ENERGY SCALES AND THE PROPORTIONAL RELATIONSHIPS
between different quantities as scales change.
s Relative scales allow objects and events
to be compared and described (e.g.,
bigger and smaller, hotter and colder,
faster and slower).
s Standard units are used to measure
length.

s Natural objects and/or observable
phenomena exist from the very small to
the immensely large or from very short to
very long time periods.
s Standard units are used to measure
and describe physical quantities such as
weight, time, temperature, and volume.

s Time, space, and energy phenomena
can be observed at various scales using
models to study systems that are too
large or too small.
s The observed function of natural and
designed systems may change with scale.
s Proportional relationships (e.g., speed
as the ratio of distance traveled to
time taken) among different types of
quantities provide information about the
magnitude of properties and processes.
s Scientific relationships can be represented
through the use of algebraic expressions
and equations.
s Phenomena that can be observed at one
scale may not be observable at another
scale.

s The significance of a phenomenon is
dependent on the scale, proportion, and
quantity at which it occurs.
s Some systems can only be studied
indirectly as they are too small, too large,
too fast, or too slow to observe directly.
s Patterns observable at one scale may not
be observable or exist at other scales.
s Using the concept of orders of magnitude
allows one to understand how a model
at one scale relates to a model at another
scale.
s Algebraic thinking is used to examine
scientific data and predict the effect of a
change in one variable on another (e.g.,
linear growth vs. exponential growth).

4. 3YSTEMS AND 3YSTEM -ODELS! SYSTEM IS AN ORGANIZED GROUP OF RELATED OBJECTS OR COMPONENTS MODELS CAN BE USED FOR UNDERSTANDING AND PREDICTING THE BEHAVIOR OF SYSTEMS
s Objects and organisms can be described
in terms of their parts.
s Systems in the natural and designed
world have parts that work together.

s A system is a group of related parts
that make up a whole and can carry out
functions its individual parts cannot.
s A system can be described in terms of its
components and their interactions.

s Systems may interact with other systems;
they may have sub-systems and be a part
of larger complex systems.
s Models can be used to represent systems
AND THEIR INTERACTIONSSUCH AS INPUTS
PROCESSES AND OUTPUTSAND ENERGY
matter, and information flows within
systems.
s Models are limited in that they only
represent certain aspects of the system
under study.

s Systems can be designed to do specific
tasks.
s When investigating or describing a
system, the boundaries and initial
conditions of the system need to be
defined and their inputs and outputs
analyzed and described using models.
s Models (e.g., physical, mathematical,
computer models) can be used to
SIMULATE SYSTEMS AND INTERACTIONS
including energy, matter, and information
mOWSWITHIN AND BETWEEN SYSTEMS AT
different scales.
s Models can be used to predict the
behavior of a system, but these
predictions have limited precision and
reliability due to the assumptions and
approximations inherent in models.

Crosscutting Concepts in the Next Generation Science Standards
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5. %NERGY AND -ATTER &LOWS #YCLES AND #ONSERVATION4RACKING ENERGY AND MATTER mOWS INTO OUT OF AND WITHIN SYSTEMS HELPS ONE UNDERSTAND THE SYSTEMS BEHAVIOR
s Objects may break into smaller pieces, be
put together into larger pieces, or change
shapes.

s Matter is made of particles.
s Matter flows and cycles can be tracked
in terms of the weight of the substances
before and after a process occurs. The
total weight of the substances does
not change. This is what is meant
by conservation of matter. Matter is
transported into, out of, and within
systems.
s Energy can be transferred in various ways
and between objects.

s Matter is conserved because atoms
are conserved in physical and chemical
processes.
s Within a natural or designed system, the
transfer of energy drives the motion and/
or cycling of matter.
s Energy may take different forms (e.g.,
energy in fields, thermal energy, energy of
motion).
s The transfer of energy can be tracked
as energy flows through a designed or
natural system.

s The total amount of energy and matter in
closed systems is conserved.
s Changes of energy and matter in a
system can be described in terms of
energy and matter flows into, out of, and
within that system.
s %NERGY CANNOT BE CREATED OR DESTROYED
it only moves between one place and
another place, between objects and/or
fields, or between systems.
s Energy drives the cycling of matter within
and between systems.
s In nuclear processes, atoms are not
conserved, but the total number of
protons plus neutrons is conserved.

6. 3TRUCTURE AND &UNCTION4HE WAY AN OBJECT IS SHAPED OR STRUCTURED DETERMINES MANY OF ITS PROPERTIES AND FUNCTIONS
s The shape and stability of structures of
natural and designed objects are related
to their function(s).

94

s Different materials have different
substructures, which can sometimes be
observed.
s Substructures have shapes and parts that
serve functions.

s Complex and microscopic structures
and systems can be visualized, modeled,
and used to describe how their function
depends on the shapes, composition, and
relationships among its parts; therefore,
complex natural and designed structures/
systems can be analyzed to determine
how they function.
s Structures can be designed to serve
particular functions by taking into
account properties of different materials,
and how materials can be shaped and
used.

NEXT GENERATION SCIENCE STANDARDS
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s Investigating or designing new systems or
structures requires a detailed examination
of the properties of different materials,
the structures of different components,
and connections of components to reveal
their function and/or solve a problem.
s The functions and properties of natural
and designed objects and systems can be
inferred from their overall structure, the
way their components are shaped and
used, and the molecular substructures of
their various materials.
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7. 3TABILITY AND #HANGE&OR BOTH DESIGNED AND NATURAL SYSTEMS CONDITIONS THAT AFFECT STABILITY AND FACTORS THAT CONTROL RATES OF CHANGE ARE CRITICAL ELEMENTS TO CONSIDER AND UNDERSTAND
s Some things stay the same while other
things change.
s Things may change slowly or rapidly.

s Change is measured in terms of
differences over time and may occur at
different rates.
s Some systems appear stable, but over
long periods of time will eventually
change.

s Explanations of stability and change
in natural or designed systems can
be constructed by examining changes
over time and forces at different scales,
including the atomic scale.
s Small changes in one part of a system
might cause large changes in another
part.
s Stability might be disturbed either by
sudden events or gradual changes that
accumulate over time.
s Systems in dynamic equilibrium are
stable due to a balance of feedback
mechanisms.

s Much of science deals with constructing
explanations of how things change and
how they remain stable.
s Change and rates of change can be
quantified and modeled over very short
or very long periods of time. Some system
changes are irreversible.
s Feedback (negative or positive) can
stabilize or destabilize a system.
s Systems can be designed for greater or
lesser stability.

Crosscutting Concepts in the Next Generation Science Standards
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APPENDIX H

UNDERSTANDING THE SCIENTIFIC
ENTERPRISE: THE NATURE OF SCIENCE
IN THE NEXT GENERATION SCIENCE
STANDARDS

Scientists and science teachers agree that science is a way of
explaining the natural world. In common parlance, science is both
a set of practices and the historical accumulation of knowledge.
An essential part of science education is learning science and
engineering practices and developing knowledge of the concepts
that are foundational to science disciplines. Further, students
should develop an understanding of the enterprise of science as a
whole—the wondering, investigating, questioning, data collecting, and analyzing. This final statement establishes a connection
between the Next Generation Science Standards (NGSS) and the
nature of science. Public comments on previous drafts of the NGSS
called for more explicit discussion of how students can learn
about the nature of science.
This chapter presents perspectives, a rationale, and research supporting an emphasis on the nature of science in the context of
the NGSS. Additionally, eight understandings with appropriate
grade-level outcomes are included as extensions of the science
and engineering practices and crosscutting concepts, not as a
fourth dimension of standards. Finally, this chapter discusses how
to emphasize the nature of science in school programs.

4(% &2!-%7/2+ &/2 +n 3#)%.#% %$5#!4)/.
A Framework for K–12 Science Education: Practices, Crosscutting
Concepts, and Core Ideas (Framework) (NRC, 2012) acknowledged
the importance of the nature of science in the statement “there
is a strong consensus about characteristics of the scientific enterprise that should be understood by an educated citizen” (p. 78).
The Framework reflected on the practices of science and returned

to the nature of science in the following statement: “Epistemic
knowledge is knowledge of the constructs and values that are
intrinsic to science. Students need to understand what is meant,
for example, by an observation, a hypothesis, an inference, a
model, a theory, or a claim and be able to distinguish among
them” (p. 79). This quotation presents a series of concepts and
activities important to understanding the nature of science as a
complement to the practices imbedded in investigations, field
studies, and experiments.

4(% .!452% /& 3#)%.#%
! 0%230%#4)6% &/2 4(% .'33
The integration of science and engineering practices, disciplinary
core ideas, and crosscutting concepts sets the stage for teaching
and learning about the nature of science. That said, learning about
the nature of science requires more than engaging in activities and
conducting investigations.
When the three dimensions of the science standards are combined,
one can ask what is central to the intersection of the science and
engineering practices, disciplinary core ideas, and crosscutting concepts? Or, what is the relationship among the three basic elements
of the Framework? Humans have a need to know and understand
the world around them. And they have the need to change their
environment using technology in order to accommodate what they
understand or desire. In some cases, the need to know originates in
satisfying basic needs in the face of potential danger. Sometimes it is
a natural curiosity and, in other cases, the promise of a better, more
comfortable life. Science is the pursuit of explanations of the natural world, and technology and engineering are means of accommodating human needs, intellectual curiosity, and aspirations.
One fundamental goal for K–12 science education is a scientifically literate person who can understand the nature of
scientific knowledge. Indeed, the only consistent characteristic
of scientific knowledge across the disciplines is that scientific
knowledge itself is open to revision in light of new evidence.
In K–12 classrooms the issue is how to explain both the natural
world and what constitutes the formation of adequate, evidencebased scientific explanations. To be clear, this perspective
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complements but is distinct from students engaging in science and
engineering practices in order to enhance their knowledge and
understanding of the natural world.

! 2!4)/.!,% !.$ 2%3%!2#(
Addressing the need for students to understand both the concepts
and practices of science and the nature of science is not new in
American education. For example, the writings of James B. Conant
in the 1940s and 1950s argue for a greater understanding of
science by citizens (Conant, 1947). In Science and Common Senses,
Conant (1951) discusses the “bewilderment of laymen” when it
comes to understanding what science can and cannot accomplish,
in both the detailed context of investigations and the larger perspective of understanding science. Conant says: “The remedy does
not lie in a greater dissemination of scientific information among
non-scientists. Being well informed about science is not the same
thing as understanding science, though the two propositions are
not antithetical. What is needed are methods for importing some
knowledge of the tactics and strategy of science to those who are
not scientists” (Conant, 1951, p. 4). In the context of the discussion
here, tactics are analogous to science and engineering practices, as
well as to the nature of scientific explanations.
The present discussion recommends the aforementioned “tactics
of science and engineering practices and crosscutting concepts”
to develop students’ understanding of the larger strategies of
the scientific enterprise—the nature of scientific explanations. It
should be noted that Conant and colleagues went on to develop
Harvard Cases in History of Science (available at: http://library.wur.nl/
WebQuery/clc/382832), a historical approach to understanding
science. An extension of the nature of science as a learning goal
for education soon followed the original work at Harvard. In the
late 1950s, Leo Klopfer adapted the Harvard Cases for use in high
schools (Klopfer and Cooley, 1963). Work on the nature of science
has continued with lines of research by Duschl (1990, 2000, 2008),
Lederman (1992), and Lederman and colleagues (2002). One
aspect of this research base addresses the teaching of the nature
of science (see, e.g., Duschl, 1990; Duschl and Grandy, 2008; Flick
and Lederman, 2004; Lederman and Lederman, 2004; McComas,
1998; Osborne et al., 2003).

Further support for teaching about the nature of science can be
seen in 40 years of position statements from the National Science
Teachers Association. Science for All Americans (Rutherford and
Ahlgren, 1989), the policy statement Benchmarks for Science
Literacy (AAAS, 1993), and National Science Education Standards
(NRC, 1996) clearly set understanding the nature of science as a
learning outcome in science education.
Recently, discussions of the Framework (NRC, 2012) and implications
for teaching science have provided background for instructional strategies that connect specific practices and the nature of scientific explanations (Duschl, 2012; Krajcik and Merritt, 2012; Reiser et al., 2012).

4(% .!452% /& 3#)%.#% !.$ 4(% .'33
The nature of science is included in the NGSS. Here is presented
the Nature of Science (NOS) Matrix. The basic understandings
about the nature of science are:
s 3CIENTIFIC )NVESTIGATIONS 5SE A 6ARIETY OF -ETHODS
s 3CIENTIFIC +NOWLEDGE )S "ASED ON %MPIRICAL %VIDENCE
s 3CIENTIFIC +NOWLEDGE )S /PEN TO 2EVISION IN ,IGHT OF .EW %VIDENCE
s 3CIENTIFIC -ODELS ,AWS -ECHANISMS AND 4HEORIES %XPLAIN
Natural Phenomena
s 3CIENCE )S A 7AY OF +NOWING
s 3CIENTIFIC +NOWLEDGE !SSUMES AN /RDER AND #ONSISTENCY IN
Natural Systems
s 3CIENCE )S A (UMAN %NDEAVOR
s 3CIENCE !DDRESSES 1UESTIONS !BOUT THE .ATURAL AND -ATERIAL 7ORLD
The first four of these understandings are closely associated with
practices and the second four with crosscutting concepts. The NOS
Matrix presents specific content for K–2, 3–5, middle school, and
high school. Appropriate learning outcomes for the nature of
science are expressed in the performance expectations and are presented in either the foundations column for practices or the crosscutting concepts of the disciplinary core ideas standards pages.
Again, it should be noted that inclusion of the nature of science
in the NGSS does not constitute a fourth dimension of standards.
Rather, the grade-level representations of the eight understandings
have been incorporated in the practices and crosscutting concepts,
as seen in the performance expectations and represented in the
foundation boxes.
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Overview
One goal of science education is to help students understand the nature of scientific knowledge. This matrix presents eight major themes and grade-level understandings about
the nature of science. Four themes extend the science and engineering practices and four themes extend the crosscutting concepts. The eight themes are presented in the left
column. The matrix describes learning outcomes for the themes at grade bands for K–2, 3–5, middle school, and high school. Appropriate learning outcomes are expressed in
select performance expectations and are presented in the foundation boxes throughout the standards.
Nature of science understandings most closely associated with practices.
Nature of science understandings most closely associated with crosscutting concepts.

5NDERSTANDINGS !BOUT THE .ATURE OF 3CIENCE
#ATEGORIES

K–2

3–5

-IDDLE 3CHOOL

(IGH 3CHOOL

Scientific Investigations
Use a Variety of Methods

s Scientific
investigations begin
with a question.
s Scientists use different
ways to study the
world.

s Scientific methods are
determined by questions.
s Scientific investigations
use a variety of methods,
tools, and techniques.

s Scientific investigations use a variety
of methods and tools to make
measurements and observations.
s Scientific investigations are guided
by a set of values to ensure accuracy
of measurements, observations, and
objectivity of findings.
s Science depends on evaluating proposed
explanations.
s Scientific values function as criteria in
distinguishing between science and nonscience.

s Scientific investigations use diverse methods
and do not always use the same set of
procedures to obtain data.
s New technologies advance scientific
knowledge.
s Scientific inquiry is characterized by a
common set of values that include logical
thinking, precision, open-mindedness,
objectivity, skepticism, replicability of results,
and honest and ethical reporting of findings.
s The discourse practices of science are
organized around disciplinary domains
that share exemplars for making decisions
regarding the values, instruments, methods,
models, and evidence to adopt and use.
s Scientific investigations use a variety of
methods, tools, and techniques to revise and
produce new knowledge.

Scientific Knowledge
Is Based on Empirical
Evidence

s Scientists look
for patterns and
order when making
observations about the
world.

s Scientific findings are
based on recognizing
patterns.
s Scientists use tools and
technologies to make
accurate measurements
and observations.

s Scientific knowledge is based on logical
and conceptual connections between
evidence and explanations.
s Science disciplines share common rules
of obtaining and evaluating empirical
evidence.

s Scientific knowledge is based on empirical
evidence.
s Science disciplines share common rules of
evidence used to evaluate explanations about
natural systems.
s Science includes the process of coordinating
patterns of evidence with current theory.
s Scientific arguments are strengthened by
multiple lines of evidence supporting a single
explanation.

98

NEXT GENERATION SCIENCE STANDARDS

Copyright National Academy of Sciences. All rights reserved.

Next Generation Science Standards: For States, By States

5NDERSTANDINGS !BOUT THE .ATURE OF 3CIENCE
#ATEGORIES

K–2

s Scientific knowledge
Scientific Knowledge Is
can change when new
Open to Revision in Light
information is found.
of New Evidence

Science Models, Laws,
Mechanisms, and
Theories Explain Natural
Phenomena

3–5

-IDDLE 3CHOOL

(IGH 3CHOOL

s Scientific explanations
can change based on new
evidence.

s Scientific explanations are subject to
revision and improvement in light of new
evidence.
s The certainty and durability of scientific
findings vary.
s Scientific findings are frequently revised
and/or reinterpreted based on new
evidence.

s Scientific explanations can be probabilistic.
s Most scientific knowledge is quite durable
but, in principle, is subject to change based
on new evidence and/or reinterpretation of
existing evidence.
s Scientific argumentation is a mode of logical
discourse used to clarify the strength of
relationships between ideas and evidence that
may result in revision of an explanation.

s Theories are explanations for observable
phenomena.
s Scientific theories are based on a body of
evidence developed over time.
s Laws are regularities or mathematical
descriptions of natural phenomena.
s A hypothesis is used by scientists as
an idea that may contribute important
new knowledge for the evaluation of a
scientific theory.
s The term “theory” as used in science
is very different from the common use
outside science.

s Theories and laws provide explanations in
science, but theories do not with time become
laws or facts.
s A scientific theory is a substantiated
explanation of some aspect of the natural
world, based on a body of facts that has been
repeatedly confirmed through observation
and experiment. The science community
validates each theory before it is accepted. If
new evidence is discovered that a theory does
not accommodate, the theory is generally
modified in light of new evidence.
s Models, mechanisms, and explanations
collectively serve as tools in the development
of a scientific theory.
s Laws are statements or descriptions of the
relationships among observable phenomena.
s Scientists often use hypotheses to develop
and test theories and explanations.

s Scientific theories are
s Scientists use
based on a body of
drawings, sketches, and
evidence and many tests.
models as a way to
s Scientific explanations
communicate ideas.
describe the mechanisms
s Scientists search
for natural events.
for cause and effect
relationships to explain
natural events.
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5NDERSTANDINGS !BOUT THE .ATURE OF 3CIENCE
#ATEGORIES

K–2

3–5

-IDDLE 3CHOOL

(IGH 3CHOOL

Science Is a Way of
Knowing

s Scientific knowledge
informs us about the
world.

s Science is both a body of
knowledge and processes
that add new knowledge.
s Science is a way of
knowing that is used by
many people.

s Science is both a body of knowledge and
the processes and practices used to add
to that body of knowledge.
s Scientific knowledge is cumulative and
many people from many generations and
nations have contributed to scientific
knowledge.
s Science is a way of knowing used by
many people, not just scientists.

s Science is both a body of knowledge that
represents a current understanding of natural
systems and the processes used to refine,
elaborate, revise, and extend this knowledge.
s Science is a unique way of knowing, and there
are other ways of knowing.
s Science distinguishes itself from other ways
of knowing through the use of empirical
standards, logical arguments, and skeptical
review.
s Scientific knowledge has a history that
includes refinement of, and changes to,
theories, ideas, and beliefs over time.

Scientific Knowledge
Assumes an Order and
Consistency in Natural
Systems

s Science assumes
natural events
happen today as they
happened in the past.
s Many events are
repeated.

s Science assumes consistent s Science assumes that objects and events s Scientific knowledge is based on the
assumption that natural laws operate today
in natural systems occur in consistent
patterns in natural systems.
as they did in the past and will continue to do
patterns that are understandable through
s Basic laws of nature are
so in the future.
measurement and observation.
the same everywhere in
s Science carefully considers and evaluates s Science assumes the universe is a vast single
the universe.
system in which basic laws are consistent.
anomalies in data and evidence.

Science Is a Human
Endeavor

s Men and women from different social,
s People have practiced s Men and women from all
cultural, and ethnic backgrounds work as
cultures and backgrounds
science for a long time.
scientists and engineers.
choose careers as scientists
s Men and women of
s Scientists and engineers rely on human
and engineers.
diverse backgrounds
qualities such as persistence, precision,
s Most scientists and
are scientists and
reasoning, logic, imagination, and
engineers work in teams.
engineers.
creativity.
s Science affects everyday
s Scientists and engineers are guided
life.
by habits of mind, such as intellectual
s Creativity and imagination
honesty, tolerance of ambiguity,
are important to science.
skepticism, and openness to new ideas.
s Advances in technology influence the
progress of science, and science has
influenced advances in technology.

s Scientific knowledge is a result of human
endeavor, imagination, and creativity.
s Individuals and teams from many nations and
cultures have contributed to science and to
advances in engineering.
s Scientists’ backgrounds, theoretical
commitments, and fields of endeavor
influence the nature of their findings.
s Technological advances have influenced
the progress of science, and science has
influenced advances in technology.
s Science and engineering are influenced by
society, and society is influenced by science
and engineering.

Science Addresses
Questions About the
Natural and Material
World

s Scientists study the
natural and material
world.

s Scientific knowledge is constrained
by human capacity, technology, and
materials.
s Science limits its explanations to systems
that lend themselves to observation and
empirical evidence.
s Scientific knowledge can describe
consequences of actions but is not
responsible for society’s decisions.

s Not all questions can be answered by science.
s Science and technology may raise ethical
issues for which science, by itself, does not
provide answers and solutions.
s Scientific knowledge indicates what can
HAPPEN IN NATURAL SYSTEMSNOT WHAT SHOULD
happen. The latter involves ethics, values, and
human decisions about the use of knowledge.
s Many decisions are not made using science
alone, but rely on social and cultural contexts
to resolve issues.
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s Scientific findings are
limited to what can be
answered with empirical
evidence.
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Now, the science teacher’s question: How do I put the elements
of practices and crosscutting concepts together to help students
understand the nature of science? Suppose students observe the
moon’s movements in the sky, changes in seasons, phase changes
in water, or life cycles of organisms. One can have them observe
patterns and propose explanations of cause and effect. Then, students can develop a model of a system based on their proposed
explanation. Next, they design an investigation to test the model.
In designing the investigation, they must gather and analyze data.
Next, they construct an explanation using an evidence-based argument. These experiences allow students to use their knowledge of
the practices and crosscutting concepts to understand the nature of
science. This is possible when students have instruction that emphasizes why explanations are based on evidence, that the phenomena
they observe are consistent with the way the entire universe continues to operate, and that multiple ways can be used to investigate these phenomena.
The Framework emphasizes that students must have the opportunity to stand back and reflect on how the practices contribute to
the accumulation of scientific knowledge. This means, for example,
that when students carry out an investigation, develop models,
articulate questions, or engage in arguments, they should have
opportunities to think about what they have done and why. They
should be given opportunities to compare their own approaches to
those of other students or professional scientists. Through this kind
of reflection they come to understand the importance of each practice and develop a nuanced appreciation of the nature of science.
Using examples from the history of science is another method for
presenting the nature of science. It is one thing to develop the
practices and crosscutting concepts in the context of core disciplinary ideas; it is another aim to develop an understanding of the
nature of science within those contexts. The use of case studies
from the history of science provides contexts in which to develop
students’ understanding of the nature of science. In the middle and
high school grades, for example, case studies on the following topics might be used to broaden and deepen understanding about the
nature of science:

s
s
s
s
s
s

#OPERNICAN 2EVOLUTION
.EWTONIAN -ECHANICS
,YELLS 3TUDY OF 0ATTERNS OF 2OCKS AND &OSSILS
0ROGRESSION FROM #ONTINENTAL $RIFT TO 0LATE 4ECTONICS
,AVOISIERn$ALTON AND !TOMIC 3TRUCTURE
$ARWINS 4HEORY OF "IOLOGICAL %VOLUTION AND THE -ODERN
Synthesis
s 0ASTEUR AND THE 'ERM 4HEORY OF $ISEASE
s 7ATSON AND #RICK AND THE -OLECULAR -ODEL OF 'ENETICS
These explanations could be supplemented with other cases from
history. The point is to provide an instructional context that bridges
tactics and strategies with practices and the nature of science,
through understanding the role of systems, models, patterns, cause
and effect, the analysis and interpretation of data, the importance
of evidence with scientific arguments, and the construction of scientific explanations of the natural world. Through the use of historical and contemporary case studies, students can understand the
nature of explanations in the larger context of scientific models,
laws, mechanisms, and theories.
In designing instruction, deliberate choices will need to be made
about when it is sufficient to build students’ understanding of the
scientific enterprise through reflection on their own investigations
and when it is necessary and productive to have students analyze
historical case studies.

#/.#,53)/.
This discussion addressed how to support the development of an
understanding of the nature of science in the context of the NGSS.
The approach centered on eight understandings for the nature of
science and the intersection of those understandings with science
and engineering practices, disciplinary core ideas, and crosscutting concepts. The nature of the scientific explanations is an idea
central to standards-based science programs. Beginning with the
practices, disciplinary core ideas, and crosscutting concepts, science
teachers can progress to the regularities of laws, the importance
of evidence, and the formulation of theories in science. With the
addition of historical examples, the nature of scientific explanations assumes a human face and is recognized as an ever-changing
enterprise.
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APPENDIX I

ENGINEERING DESIGN IN THE NEXT
GENERATION SCIENCE STANDARDS

The Next Generation Science Standards (NGSS) represent a commitment to integrate engineering design into the structure of
science education by raising engineering design to the same level
as scientific inquiry when teaching science disciplines at all levels,
from kindergarten to twelfth grade. There are both practical and
inspirational reasons for including engineering design as an essential element of science education.
We anticipate that the insights gained and interests
provoked from studying and engaging in the practices
of science and engineering during their K–12 schooling
should help students see how science and engineering
are instrumental in addressing major challenges that confront society today, such as generating sufficient energy,
preventing and treating diseases, maintaining supplies of
clean water and food, and solving the problems of global
environmental change. (NRC, 2012, p. 9)
Providing students a foundation in engineering design allows
them to better engage in and aspire to solve the major societal
and environmental challenges they will face in the decades ahead.

+%9 $%&).)4)/.3
One of the problems of prior standards has been the lack of clear
and consistent definitions of the terms “science,” “engineering,” and “technology.” A Framework for K–12 Science Education
(Framework) defines these terms as follows:
In the K–12 context, “science” is generally taken to mean
the traditional natural sciences: physics, chemistry, biology,
and (more recently) earth, space, and environmental
sciences. . . . We use the term “engineering” in a very broad
sense to mean any engagement in a systematic practice of

design to achieve solutions to particular human problems.
Likewise, we broadly use the term “technology” to include
all types of human-made systems and processes—not in
the limited sense often used in schools that equates technology with modern computational and communications
devices. Technologies result when engineers apply their
understanding of the natural world and of human behavior to design ways to satisfy human needs and wants. (NRC,
2012, pp. 11–12)
The Framework’s definitions address two common misconceptions.
The first is that engineering design is not just applied science. As
described in Appendix F: Science and Engineering Practices in the
Next Generation Science Standards, the practices of engineering
have much in common with the practices of science, although
engineering design has a different purpose and product than
scientific inquiry. The second misconception is that technology
describes all the ways that people have modified the natural
world to meet their needs and wants. Technology does not refer
to just computers or electronic devices.
The purpose of defining “engineering” more broadly in the
Framework and the NGSS is to emphasize engineering design
practices that all citizens should learn. For example, students are
expected to be able to define problems—situations that people
wish to change—by specifying criteria and constraints for acceptable solutions, generating and evaluating multiple solutions,
building and testing prototypes, and optimizing a solution. These
practices have not been explicitly included in science standards
until now.

%.').%%2).' $%3)'. ). 4(% FRAMEWORK
The term “engineering design” has replaced the older term “technological design,” consistent with the definition of engineering
as a systematic practice for solving problems, and technology as
the result of that practice. According to the Framework: “From
a teaching and learning point of view, it is the iterative cycle of
design that offers the greatest potential for applying science
knowledge in the classroom and engaging in engineering practices” (NRC, 2012, pp. 201–202). The Framework recommends that
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students explicitly learn how to engage in engineering design
practices to solve problems.
The Framework also projects a vision of engineering design in
the science curriculum and of what students can accomplish from
early school years to high school:
In some ways, children are natural engineers. They spontaneously build sand castles, dollhouses, and hamster
enclosures, and they use a variety of tools and materials
for their own playful purposes. . . . Children’s capabilities to design structures can then be enhanced by having
them pay attention to points of failure and asking them
to create and test redesigns of the bridge so that it is
stronger. (NRC, 2012, p. 70)
By the time these students leave high school, they can “undertake more complex engineering design projects related to major
global, national, or local issues” (NRC, 2012, p. 71). The core idea
of engineering design includes three component ideas:
A. Defining and delimiting engineering problems involves stating
the problem to be solved as clearly as possible in terms of criteria for success and constraints or limits.
B. Designing solutions to engineering problems begins with generating a number of different possible solutions, then evaluating potential solutions to see which ones best meet the criteria
and constraints of the problem.
C. Optimizing the design solution involves a process in which solutions are systematically tested and refined and the final design
is improved by trading off less important features for those
that are more important.
It is important to point out that these component ideas do not always
follow in order, any more than do the “steps” of scientific inquiry. At
any stage, a problem solver can redefine the problem or generate
new solutions to replace an idea that is just not working out.

%.').%%2).' $%3)'. ). 2%,!4)/. 4/
345$%.4 $)6%23)49
The NGSS inclusion of engineering with science has major implications for non-dominant student groups. From a pedagogical
perspective, the focus on engineering is inclusive of students who
104

may have traditionally been marginalized in the science classroom or experienced science as not being relevant to their lives
or future. By asking questions and solving meaningful problems
through engineering in local contexts (e.g., watershed planning,
medical equipment, instruments for communication for the deaf),
diverse students deepen their science knowledge, come to view
science as relevant to their lives and future, and engage in science
in socially relevant and transformative ways.
From a global perspective, engineering offers opportunities for
“innovation” and “creativity” at the K–12 level. Engineering is
a field that is critical to undertaking the world’s challenges, and
exposure to engineering activities (e.g., robotics and invention
competitions) can spark interest in the study of science, technology, engineering, and mathematics and future careers (NSF, 2010).
This early engagement is particularly important for students who
have traditionally not considered science as a possible career
choice, including females and students from multiple languages
and cultures.

%.').%%2).' $%3)'. ). 4(%
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In the NGSS, engineering design is integrated throughout the
document. First, a fair number of standards in the three disciplinary areas of life, physical, and earth and space sciences begin with
an engineering practice. In these standards, students demonstrate
their understanding of science through the application of engineering practices. Second, the NGSS also include separate standards for engineering design at the K–2, 3–5, 6–8, and 9–12 grade
levels. This multi-pronged approach, including engineering design
both as a set of practices and as a set of core ideas, is consistent
with the original intention of the Framework.
It is important to point out that the NGSS do not put forward a
full set of standards for engineering education, but rather include
only practices and ideas about engineering design that are considered necessary for literate citizens. The standards for engineering
design reflect the three component ideas of the Framework and
progress at each grade span.
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Define

Engineering design in the earliest grades introduces students to
“problems” as situations that people want to change. They can
use tools and materials to solve simple problems, use different
representations to convey solutions, and compare different solutions to a problem and determine which is best. Students in all
grade levels are not expected to come up with original solutions,
although original solutions are always welcome. Emphasis is on
thinking through the needs or goals that need to be met and on
which solutions best meet those needs and goals.

Identify situations
that people want
to change as
problems that can
be solved through
engineering

Develop
solutions

Optimize

Compare
solutions, test
them, and
evaluate each

Convey possible
solutions through
visual or physical
representations

'2!$%3 n

Define

At the upper elementary grades, engineering design engages
students in more formalized problem solving. Students define a
problem using criteria for success and constraints or limits of possible solutions. Students research and consider multiple possible
solutions to a given problem. Generating and testing solutions
also becomes more rigorous as students learn to optimize solutions by revising them several times to obtain the best possible
design.

Specify criteria
and constraints
that a possible
solution to a
simple problem
must meet

Optimize

Improve a
solution based on
results of simple
tests, including
failure points

Develop
solutions

Research and
explore multiple
possible solutions
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Define

Attend to
precision of
criteria and
constraints and
considerations
likely to limit
possible solutions

Develop
solutions

Optimize

Use systematic
processes to
iteratively test
and refine a
solution

Combine parts of
different solutions
to create new
solutions

'2!$%3 n

Define

Attend to a broad
range of
considerations in
criteria and
constraints for
problems of social
and global
significance

Optimize

Prioritize criteria,
consider trade-offs,
and assess social
and environmental
impacts as a
complex solution
is tested and
refined
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At the middle school level, students learn to sharpen the focus of
problems by precisely specifying criteria and constraints of successful solutions, taking into account not only what needs the
problem is intended to meet, but also the larger context within
which the problem is defined, including limits to possible solutions. Students can identify elements of different solutions and
combine them to create new solutions. Students at this level are
expected to use systematic methods to compare different solutions to see which best meet criteria and constraints, and to test
and revise solutions a number of times in order to arrive at an
optimal design.

Develop
solutions

Break a major
problem into
smaller problems
that can be solved
separately

Engineering design at the high school level engages students in
complex problems that include issues of social and global significance. Such problems need to be broken down into simpler
problems to be tackled one at a time. Students are also expected
to quantify criteria and constraints so that it will be possible to
use quantitative methods to compare the potential of different
solutions. While creativity in solving problems is valued, emphasis is on identifying the best solution to a problem, which often
involves researching how others have solved it before. Students
are expected to use mathematics and/or computer simulations to
test solutions under different conditions, prioritize criteria, consider tradeoffs, and assess social and environmental impacts.
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The inclusion of engineering design within the fabric of the NGSS
has profound implications for curriculum, teaching, and assessment.
All students need opportunities to acquire engineering design practices and concepts alongside the practices and concepts of science.
The decision to integrate engineering design into the science disciplines is not intended either to encourage or discourage development of engineering courses. In recent years, many middle and
high schools have introduced engineering courses that build students’ engineering skill, engage them in experiences using a variety
of technologies, and provide information on a range of engineering careers. The engineering design standards included in the NGSS

could certainly be a component of such courses but most likely
do not represent the full scope of such courses or an engineering
pathway. Rather, the purpose of the NGSS is to emphasize the key
knowledge and skills that all students need in order to engage fully
as workers, consumers, and citizens in 21st-century society.

2%&%2%.#%3
NRC (National Research Council). (2012). A framework for K–12 science
education: Practices, crosscutting concepts, and core ideas.
Washington, DC: The National Academies Press.
NSF (National Science Foundation). (2010). Preparing the next generation of STEM innovators: Identifying and developing our nation’s
human capital. Washington, DC: NSF.

0ERFORMANCE %XPECTATIONS 4HAT )NCORPORATE %NGINEERING 0RACTICES
Grade

0HYSICAL 3CIENCES

K

K-PS2-2
K-PS3-2

,IFE 3CIENCES

%ARTH AND 3PACE 3CIENCES

%NGINEERING

K-ESS3-2
K-ESS3-3

K-2-ETS1-1
K-2-ETS1-2
K-2-ETS1-3

1

1-PS4-4

1-LS1-1

2

2-PS1-2

2-LS2-2

2-ESS2-1

3

3-PS2-4

3-LS4-4

3-ESS3-1

4

4-PS3-4
4-PS4-3

4-ESS3-2

3-5-ETS1-1
3-5-ETS1-2
3-5-ETS1-3

5
6–8

MS-PS1-6
MS-PS2-1
MS-PS3-3

MS-LS2-5

9–12

HS-PS1-6
HS-PS2-3
HS-PS2-6
HS-PS3-3
HS-PS4-5

HS-LS2-7
HS-LS4-6

MS-ETS1-1
MS-ETS1-2
MS-ETS1-3
MS-ETS1-4
HS-ESS3-2
HS-ESS3-4

HS-ETS1-1
HS-ETS1-2
HS-ETS1-3
HS-ETS1-4

Engineering Design in the Next Generation Science Standards
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APPENDIX J

SCIENCE, TECHNOLOGY, SOCIETY,
AND THE ENVIRONMENT

The goal that all students should learn about the relationships
among science, technology, and society (known by the abbreviation STS) came to prominence in the United Kingdom and
the United States in the early 1980s. The individual most closely
associated with this movement is Robert Yager, who has written
extensively on the topic (e.g., Yager, 1996). A study of state standards (Koehler et al., 2007) has shown that STS became common
in state science education standards during the first decade of
the new millennium, with an increasing focus on environmental
issues. Consequently, the core ideas that relate science and technology to society and the natural environment in Chapter 8 of A
Framework for K–12 Science Education (Framework) are consistent
with efforts in science education for the past three decades.

). 4(% FRAMEWORK

can be applied through engineering to produce advances
in technology. Advances in technology, in turn, provide
scientists with new capabilities to probe the natural
world at larger or smaller scales; to record, manage, and
analyze data; and to model ever more complex systems
with greater precision. In addition, engineers’ efforts to
develop or improve technologies often raise new questions for scientists’ investigations. (NRC, 2012, p. 203)
The interdependence of science—with its resulting discoveries and
principles—and engineering—with its resulting technologies—
includes a number of ideas about how the fields of science and
engineering interrelate. One is the idea that scientific discoveries
enable engineers to do their work. For example, the discoveries of
early explorers of electricity enabled engineers to create a world
linked by vast power grids that illuminate cities, enable communications, and accomplish thousands of other tasks. Engineering
accomplishments also enable the work of scientists. For example,
the development of the Hubble Space Telescope and very sensitive
light sensors have made it possible for astronomers to discover our
place in the universe, noticing previously unobserved planets and
getting even further insight into the origin of stars and galaxies.
The vision projected by the Framework is that science and engineering continuously interact and move each other forward, as
expressed in the following statement:

The Framework specifies two core ideas that relate science, technology, society, and the environment: the interdependence of science, engineering, and technology and the influence of science,
engineering, and technology on society and the natural world.

New insights from science often catalyze the emergence
of new technologies and their applications, which are
developed using engineering design. In turn, new technologies open opportunities for new scientific investigations. (NRC, 2012, p. 210)

4(% ).4%2$%0%.$%.#% /& 3#)%.#%
%.').%%2).' !.$ 4%#(./,/'9

This reflects the key roles both science and engineering play in
driving each other forward in the research and development cycle.

The first core idea is that scientific inquiry, engineering design,
and technological development are interdependent:
The fields of science and engineering are mutually supportive, and scientists and engineers often work together
in teams, especially in fields at the borders of science and
engineering. Advances in science offer new capabilities,
new materials, or new understanding of processes that

4(% ).&,5%.#% /& %.').%%2).'
4%#(./,/'9 !.$ 3#)%.#% /. 3/#)%49
!.$ 4(% .!452!, 7/2,$
The second core idea focuses on the more traditional STS—theme
that scientific and technological advances can have a profound
effect on society and the environment.
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Together, advances in science, engineering, and technology can have—and indeed have had—profound effects
on human society, in such areas as agriculture, transportation, health care, and communication, and on the natural
environment. Each system can change significantly when
new technologies are introduced, with both desired
effects and unexpected outcomes. (NRC, 2012, p. 210).

communications and trade networks. In 1960 the world population was 3 billion. Today it is more than 6 billion, and thanks to
advances in medicine and public health, people are living longer.
Additionally, the growth of industrialization around the world
has increased the rate at which natural resources are being
extracted, well beyond what might be expected from a doubling
of world population alone.

This idea has two complementary parts. The first is that scientific
discoveries and technological decisions affect human society and
the natural environment. The second is that people make decisions
for social and environmental reasons that ultimately guide the
work of scientists and engineers. As expressed in the Framework:

The second paragraph emphasizes the limits to growth imposed by
human society and by the environment, which has limited supplies
of certain non-renewable resources. Together, these paragraphs
point the way to new science education standards that will help
today’s children prepare for a world in which technological change,
and the consequent impact on society and natural resources, will
continue to accelerate.

From the earliest forms of agriculture to the latest
technologies, all human activity has drawn on natural
resources and has had both short- and long-term consequences, positive as well negative, for the health of both
people and the natural environment. These consequences
have grown stronger in recent human history. Society
has changed dramatically, and human populations and
longevity have increased, as advances in science and engineering have influenced the ways in which people interact with one another and with their surrounding natural
environment.
Not only do science and engineering affect society; society’s decisions (whether made through market forces or
political processes) influence the work of scientists and
engineers. These decisions sometimes establish goals and
priorities for improving or replacing technologies; at other
times they set limits, such as in regulating the extraction
of raw materials or in setting allowable levels of pollution
from mining, farming, and industry. (NRC, 2012, p. 212)
The first paragraph above refers to the central role that technological changes have had on society and the natural environment.
For example, the development of new systems for growing,
processing, and distributing food made possible the transition
from widely dispersed hunter-gatherer groups to villages and
eventually cities. While that change took place over thousands
of years, in just the past generation there has been vast growth
in the size of cities along with the establishment of new global

(/-% !.$ #/--5.)49 #/..%#4)/.3 4/
3#(//, 3#)%.#% &/2 345$%.4 $)6%23)49
While it has long been recognized that building home-school connections is important for the academic success of non-dominant
student groups, in practice this is rarely done in an effective manner. There is a perceived disconnect between the science practices
taught in schools and the science supported in the homes and
communities of non-dominant student groups. Recent research has
identified resources and strengths in the family and home environments of non-dominant student groups (NRC, 2009). Students bring
to the science classroom “funds of knowledge” that can serve as
resources for academic learning when teachers find ways to validate and activate this prior knowledge (González et al., 2005).
Several approaches build connections between home/community
and school science: (1) increasing parental involvement in their
children’s science classrooms and encouraging parents’ roles as partners in science learning, (2) engaging students in defining problems
and designing solutions of community projects in their neighborhoods (typically engineering), and (3) focusing on science learning
in informal environments.

Science, Technology, Society, and the Environment
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There is a broad consensus that these two core ideas belong in
the NGSS, but a majority of state teams recommended that these
ideas could best be illustrated through their connections to the
natural sciences disciplines. There are a number of performance
expectations that require students to demonstrate not only their
understanding of a core idea in natural science, but also how that

idea is supported by evidence derived from certain technological
advances. The connection between these core ideas and specific
performance expectations is shown in the crosscutting concept
foundation box.
The following matrix summarizes how the two core ideas discussed in this appendix progress across the grade levels.

3CIENCE 4ECHNOLOGY 3OCIETY AND THE %NVIRONMENT #ONNECTIONS -ATRIX
1. Interdependence of Science, Engineering, and Technology
K–2 Connections Statements

3–5 Connections Statements

6–8 Connections Statements

9–12 Connections Statements

s 3CIENCE AND ENGINEERING INVOLVE THE USE OF
tools to observe and measure things.

s 3CIENCE AND TECHNOLOGY SUPPORT EACH
other.
s 4OOLS AND INSTRUMENTS ARE USED TO ANSWER
scientific questions, while scientific
discoveries lead to the development of
new technologies.

s %NGINEERING ADVANCES HAVE LED TO
important discoveries in virtually every
field of science, and scientific discoveries
have led to the development of entire
industries and engineered systems.
s 3CIENCE AND TECHNOLOGY DRIVE EACH OTHER
forward.

s 3CIENCE AND ENGINEERING COMPLEMENT EACH
other in the cycle known as research and
development (R&D).
s -ANY 2$ PROJECTS MAY INVOLVE SCIENTISTS
engineers, and others with wide ranges of
expertise.

2. Influence of Engineering, Technology, and Science on Society and the Natural World
K–2 Connections Statements

3–5 Connections Statements

6–8 Connections Statements

9–12 Connections Statements

s %VERY HUMAN MADE PRODUCT IS DESIGNED
by applying some knowledge of the
natural world and is built by using natural
materials.
s 4AKING NATURAL MATERIALS TO MAKE THINGS
impacts the environment.

s 0EOPLES NEEDS AND WANTS CHANGE OVER
time, as do their demands for new and
improved technologies.
s %NGINEERS IMPROVE EXISTING TECHNOLOGIES
or develop new ones to increase their
benefits, decrease known risks, and meet
societal demands.
s 7HEN NEW TECHNOLOGIES BECOME AVAILABLE
they can bring about changes in the way
people live and interact with one another.

s !LL HUMAN ACTIVITY DRAWS ON NATURAL
resources and has both short- and longterm consequences, positive as well as
negative, for the health of people and the
natural environment.
s 4HE USES OF TECHNOLOGIES AND ANY
limitation on their use are driven by
individual or societal needs, desires,
and values; by the findings of scientific
research; and by differences in such
factors as climate, natural resources, and
economic conditions. Thus, technology use
varies from region to region over time.

s -ODERN CIVILIZATION DEPENDS ON MAJOR
technological systems, such as agriculture,
health, water, energy, transportation,
manufacturing, construction, and
communications.
s %NGINEERS CONTINUOUSLY MODIFY THESE
systems to increase benefits while
decreasing costs and risks.
s .EW TECHNOLOGIES CAN HAVE DEEP IMPACTS
on society and the environment, including
some that were not anticipated.
s !NALYSIS OF COSTS AND BENElTS IS A CRITICAL
aspect of decisions about technology.
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0ERFORMANCE %XPECTATIONS 2ELATED TO THE )NTERDEPENDENCE OF 3CIENCE %NGINEERING AND 4ECHNOLOGY
Grade

Physical Sciences

Life Sciences

K

Earth and Space Sciences

Engineering

K-ESS3-2

1
2
3

3-PS2-4

4

4-PS4-3

3-LS4-3
4-ESS3-1

5
6–8

MS-PS1-3

9–12

HS-PS4-5

MS-LS1-1
MS-LS4-5

MS-ESS1-3
HS-ESS1-2
HS-ESS1-4
HS-ESS2-3

0ERFORMANCE %XPECTATIONS 2ELATED TO THE )NmUENCE OF %NGINEERING 4ECHNOLOGY AND 3CIENCE ON 3OCIETY
AND THE .ATURAL 7ORLD
Grade

Physical Sciences

Life Sciences

K

Engineering

K-ESS3-2

1

1-PS4-4

2

2-PS1-2

1-LS1-1
2-ESS2-1

3
4

Earth and Space Sciences

3-ESS3-1
4-PS3-4

4-ESS3-1
4-ESS3-2

3-5-ETS1-1
3-5-ETS1-2

5
6–8

MS-PS1-3
MS-PS2-1
MS-PS4-3

9–12

HS-PS3-3
HS-PS4-2
HS-PS4-5

MS-LS2-5

MS-ESS3-3
MS-ESS3-4

MS-ETS1-1

HS-ESS2-2
HS-ESS3-1
HS-ESS3-2
HS-ESS3-3
HS-ESS3-4

HS-ETS1-1
HS-ETS1-3

Science, Technology, Society, and the Environment

Copyright National Academy of Sciences. All rights reserved.

111

Next Generation Science Standards: For States, By States

#/.#,53)/.
In the decades ahead, the continued growth of the world’s population along with technological advances and scientific discoveries
will continue to impact the lives of students. Whether or not they
choose to pursue careers in technical fields, they will be asked to
make decisions that influence the development of technologies
and the direction of scientific research that cannot be imagined
today. Consequently, it is important for teachers to engage their
students in learning about the complex interactions among science, technology, society, and the environment.

2%&%2%.#%3
González, N., Moll, L. C., and Amanti, C. (2005). Funds of knowledge:
Theorizing practices in households, communities, and classrooms.
Mahwah, NJ: Lawrence Erlbaum Associates.
Koehler, C., Giblin, D., Moss, D., Faraclas, E., and Kazerounian, K.
(2007). Are concepts of technical and engineering literacy included
in state curriculum standards? A regional overview of the nexus
between technical & engineering literacy and state science
frameworks. Proceedings of the ASEE Annual Conference and
Exposition, Honolulu, HI.
NRC (National Research Council). (2009). Learning science in informal
environments: People, places, and pursuits. Washington, DC: The
National Academies Press.
NRC. (2012). A framework for K–12 science education: Practices, crosscutting concepts, and core ideas. Washington, DC: The National
Academies Press.
Yager, R. (1996). Science/technology/society: As reform in science education. Albany: State University of New York Press.
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APPENDIX K

MODEL COURSE MAPPING IN MIDDLE
AND HIGH SCHOOL FOR THE NEXT
GENERATION SCIENCE STANDARDS

2%!#().' 4(% 0/4%.4)!,
A Framework for K–12 Science Education (Framework) (NRC, 2012)
casts a bold vision for science education, and the resulting Next
Generation Science Standards (NGSS) have taken a huge leap
toward putting this vision into practice, but there is still work to be
done as states contemplate adoption and move toward implementation. This appendix focuses on one aspect of this work—organizing the grade-banded performance expectations (PEs) into courses.
The NGSS are organized by grade level for kindergarten through
grade 5, but as grade-banded expectations at the middle school
(6–8) and high school (9–12) levels. This arrangement is due to the
fact that standards at these levels are handled very differently in
different states and because there is no conclusive research that
identifies the ideal sequence for student learning.
As states and districts consider implementation of the NGSS, it
will be important to thoughtfully consider how to organize these
grade-banded standards into courses that best prepare students for
post-secondary success in college and careers. Decisions about this
organization are handled differently in different states. Sometimes
a decision is prescribed by the state education agency, sometimes
by a regional office or a local school district, and other times it falls
to the lone 6–12 science teacher—who may not only move between
two buildings and teach seven different preparations each day, but
also is active in school-sponsored extracurricular activities—to determine what science gets taught at what level.
Recognizing the many ways in which decisions about what to
teach are made, this appendix provides a tool for guiding this
decision-making process. To realize the vision of the Framework
and the NGSS, courses need to be thoughtfully designed at levels

of complexity that are developmentally appropriate for students
to build knowledge both within courses and over the sequence
of courses. It is also important to note that these are merely the
first of several models that will be developed. There are also plans
in the works to develop accelerated models to propel students
toward Advanced Placement courses earlier in their high school
careers as well as models that integrate the NGSS and career technical education pathways, such as engineering and medicine.

&/5.$!4)/.!, 5.$%234!.$).'3 &/2 4(%
.'33 -/$%, #/523% -!03
To use these model course maps effectively, it is essential to
understand the thought processes that were involved in building them. This section outlines the foundational decisions that
were made in the development of all the model course maps and
it attempts to clarify the intent for use of the course maps. Each
of these six foundational understandings is more fully explained
below; they serve as the basis for effective use of these model
course maps.
1. Model course maps are starting points, not finished products.
2. Model course map organization is built on the structure of the
Framework.
3. All standards, all students.
4. Model course maps are not curriculum.
5. All science and engineering practices and all crosscutting
concepts in all courses.
6. Engineering for all.

 -ODEL #OURSE -APS !RE 3TARTING 0OINTS .OT &INISHED
0RODUCTS
States and districts/local education agencies are not expected to
adopt these models; rather, they are encouraged to use them as
a starting point for developing their own course descriptions and
sequences.
The model course maps described here are both models of process for planning courses and sequences and models of potential
end products. Every attempt has been made to describe the intent
and assumptions underlying each model and the process of model
113
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development so that states and districts can utilize similar processes
to organize the standards in a useful way. These models illustrate
possible approaches to organizing the content of the NGSS into
coherent and rigorous courses that lead to college and career readiness. The word “model” is used here as it is in the Framework—as a
tool for understanding, not necessarily as an ideal state.

 -ODEL #OURSE -AP /RGANIZATION )S "UILT ON THE
3TRUCTURE OF THE &RAMEWORK
The Framework is organized into four major DOMAINS the physical sciences; the life sciences; the earth and space sciences; and
engineering, technology, and applications of science. Within each
domain, the Framework describes how a small set of disciplinARY core ideas was developed using a set of specific criteria (NRC,
2012, p. 31). Each core idea is broken into three or four component ideas that provide more organizational development of
the core idea. Figure K-1 provides an example of how one core
idea, Matter and Its Interactions (PS1), includes three component
ideas: PS1.A: Structure and Properties of Matter, PS1.B: Chemical
Reactions, and PS1.C: Nuclear Processes.

&)'52% +  Physical Sciences Core Idea (PS1) and Component Ideas.
NOTE: This in an example from the Framework organization to demonstrate the relationship between “domains,” “disciplinary core ideas,” and “component ideas.”
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Though the disciplinary core ideas (DCIs) were used as a starting
point for building these model course maps, it will be important for coordinated learning that the other dimensions of the
Framework—science and engineering practices (SEPs) and crosscutting concepts (CCs)—be woven together in classroom instruction (see #5 below). Curriculum designers should consult the
Framework and the NGSS appendixes for progressions of learning
for SEPs and CCs.

 !LL 3TANDARDS !LL 3TUDENTS
All standards are expected of all students. Though this is a foundational commitment of the Framework and is discussed at length
in Appendix D of the NGSS, it bears repeating here because of its
implications for course design. This approach is much more than
just a way to refute the common notion that learning physics
is only for students in advanced math, or that taking earth and
space sciences is only for students who are not on the college
track. All standards, all students.
For the 6–8 grade band, this clearly indicates that all of the gradebanded standards should be addressed within the 3-year span and
the flexibility of the high school science courses sequence with
required and elective courses provides a challenge to ensure that
all students are prepared to demonstrate all of the PEs. The model
course maps for the 9–12 grade band are all organized into three
courses. This decision was made by balancing the “All standards,
all students” vision with the reality of the finite amount of time
in a school year. It would certainly be recommended that students,
especially those considering careers in a science, technology, engineering, and mathematics (STEM)-related field, go beyond these
courses to take STEM courses that would enhance their preparation. It should be noted here, however, that an extensive review
of the NGSS by college professors of first-year science courses
determined that the content in the NGSS does adequately prepare
students to be college and career ready in science (see Appendix C).
Furthermore, it should also be noted that there is no set amount
of time assigned to these courses. Although traditionally these
would be considered year-long courses, there is nothing in these
models that requires that a course fit into a set amount of time—
courses could be spread over a longer time than 3 years, extended
to meet student needs, or accelerated. Some modes and settings
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of instruction—such as proficiency or mastery-based learning,
online learning, or alternative learning centers—may even find
that structures other than courses are better fits for their situation. Even in these situations, the model course maps and the
processes used in their development can help guide curriculum
development.

 -ODEL #OURSE -APS !RE .OT #URRICULUM
The NGSS are student outcomes and are explicitly not curriculum.
Even though within each NGSS PE the SEPs are partnered with a
particular DCI and CC, these intersections do not predetermine
how the three are linked in the curriculum, units, lessons, or
instruction; they simply clarify the expectations of what students
will know and be able to do by the end of the grade or grade
band. Although considering where PEs will be addressed within
courses is an important step in curriculum development, additional
work will be needed to create coherent instructional programs
that help students achieve these standards.

 !LL 3CIENCE AND %NGINEERING 0RACTICES AND !LL
#ROSSCUTTING #ONCEPTS IN !LL #OURSES
It is the expectation of all the model course maps that all SEPs
and CCs will be blended into instruction with aspects of the DCIs
in every course in the sequence and not just the ones that are
outlined in the PEs. The goal is not to teach the PEs, but rather to
prepare students to be able to perform them by the end of the
grade band course sequence. The PEs are written as grade-band
endpoints. Even though a particular PE is placed “in a course,” it
may not be possible to address the depth of the expectation in
its entirety within that course. It may, for example, take repeated
exposures to a particular SEP over several courses before a student
can achieve the proficiency expected in a given PE, but by the end
of the grade band students should be prepared to demonstrate
each PE as written.

 %NGINEERING FOR !LL
As is more carefully detailed in Appendix I, the NGSS represent a
commitment to integrate engineering design into the structure
of science education by raising engineering design to the same

level as scientific inquiry when teaching science disciplines at all
levels, from kindergarten to grade 12. Engineering standards have
been integrated throughout the science domains of the physical
sciences, life sciences, and earth and space sciences. The NGSS also
include PEs that focus explicitly on engineering design without a
science domain context. Within the range affected by these model
course maps, there are four engineering design PEs in the 6–8
grade band and four in the 9–12 grade band. All of the model
course maps place the stand-alone engineering PEs with all courses
as they help organize and drive instruction of the integrated engineering PEs within each course.

-/$%, #/523% -!03
Three model course maps are included as concrete examples to
begin conversations about realizing the vision of the Framework
and the NGSS. Before reading this section, it is important to read
the preceding section, Foundational Understandings for the NGSS
Model Course Maps.
Including the three options presented in this section does not
preclude other organizational sequences. As states, districts, and
teachers engage in conversations about the strengths and weaknesses of the model course maps presented here, it is expected
that a wider variety of course maps will be collaboratively
developed and shared. For example, a curricular and instructional program could be built around the National Academy
of Engineering’s Grand Challenges for Engineering in the 21st
Century or a community-based theme that runs through all the
courses and connects the PEs to science, engineering, and technology used in everyday life or could focus on the Framework’s
CCs or SEPs instead of the DCIs. Furthermore, as was mentioned
above, even the term “courses” may be an unnecessarily limiting definition that privileges a time-based system. Some teachers,
schools, districts, and states are moving toward a proficiencybased system, but even in such a situation these model course
maps can help guide conversations about the connections
between PEs and how to begin moving from standards to instruction focused on the NGSS student performance/outcomes.
After the following list, details about each model course map,
how it was developed, and ideas for next steps are provided.

Model Course Mapping in Middle and High School for the Next Generation Science Standards
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1. #ONCEPTUAL 0ROGRESSIONS -ODEL (grades 6–8 and 9–12)—The
grade-banded PEs are organized so that student understanding of concepts is built progressively throughout the course
sequence. This model maps PEs into courses based on what
concepts are needed for support without focusing on keeping
disciplines separate.
2. 3CIENCE $OMAINS -ODEL (grades 6–8 and 9–12)—The gradebanded PEs are organized into content-specific courses that
match the three science domains of the Framework: physical
sciences, life sciences, and earth and space sciences. Because
the engineering domain is mostly integrated into the other
three disciplines in the NGSS, it was integrated in these course
models rather than presented as a separate course in this
sequence. (The four stand-alone engineering PEs in each grade
band are connected to all three courses at both levels.)
3. -ODIFIED 3CIENCE $OMAINS -ODEL (grades 9–12)—The gradebanded PEs are organized into content-specific courses that
match a common high school course sequence of biology,
chemistry, and physics. To ensure that all students have access
to all standards, the PEs connected to the earth and space
sciences domain of the Framework are divided among these
courses. This model was included as a model for comparison
because it is currently a common sequence in high schools
across the United States.

#OURSE -AP #ONCEPTUAL 5NDERSTANDING -ODEL
GRADES n AND n
Process and Assumptions: How Was This Course Map
Developed?
This model course map arranges PEs so that the component ideas
of the DCIs in each course progressively build on the skills and
knowledge described in courses that precede it. The fifth of the
six foundational understandings for using model course maps
includes the idea that although all three dimensions described
in the Framework are specifically integrated within the grade
band endpoints, curriculum and instruction will provide students
with opportunities to learn the components of the dimensions in
a variety of ways to prepare them to perform these endpoints.
116

Students should have multiple opportunities to engage all of the
SEPs and CCs in each course. The premise of this Model Course
Map 1, however, is that the DCIs do contain content that can be
logically sequenced. Creating a logical sequence for the DCI portion of the PEs for this model course map was a multi-stage effort
that relied heavily on the Framework.

To develop a thorough understanding of scientific explanations of the world, students need sustained opportunities to
work with and develop the underlying ideas and to appreciate
those ideas’ interconnections during a period of years rather
than weeks or months. This sense of development has been
conceptualized in the idea of learning progressions. If mastery
of a core idea in a science discipline is the ultimate educational destination, then well-designed learning progressions
provide a map of the routes that can be taken to reach that
destination.
Such progressions describe both how students’ understanding
of the idea matures over time and the instructional supports
and experiences that are needed for them to make progress.
Learning progressions may extend all the way from preschool
to grade 12 and beyond—indeed, people can continue learning about scientific core ideas their entire lives. Because learning progressions extend over multiple years, they can prompt
educators to consider how topics are presented at each grade
level so that they build on prior understanding and can support increasingly sophisticated learning. Hence, core ideas and
their related learning progressions are key organizing principles for the design of the framework. (NRC, 2012, p. 26)

The first step in this process was separating the core ideas based
on their reliance on other core ideas. For example, it is clear just
from the titles of the core ideas that to learn about LS1: From
Molecules to Organisms: Structures and Processes, a student
would benefit from an understanding of core idea PS1: Matter
and Its Interactions. Knowing about atoms, molecules, and how
they interact should enhance a student’s understanding of how
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molecules operate in living organisms. This would put core idea
PS1 in a course before core idea LS1. Just looking at the titles of
the core ideas, however, is not enough to understand the full
scope of what content is included in a core idea. Ordering core
ideas for this model course map was done by thoroughly comparing the descriptions for each core idea in the Framework. Any core
ideas that did not have significant reliance on the content in other
core ideas were placed in the first course. Core ideas that required
support from those in the first course were placed in the second
course, and core ideas that required support from core ideas in the
second course were placed in the third course. The resulting skeletal sequence based on disciplinary core ideas is shown in Figure
K-2. As was discussed in the sixth foundational understanding for
all model course maps, there are four PEs in each grade band that
focus exclusively on engineering design. Although these PEs are
not represented in the figure below, the stand-alone engineering
PEs are included in all three courses, as they should help organize

and drive instruction of the integrated engineering PEs in all three
courses and they will appear in subsequent tables.
Sorting core ideas is a step in the direction of course mapping,
but core ideas are at far too big a grain size to be useful for curriculum development. To get closer to a useable grain size, the
core ideas were reanalyzed by splitting each one into its component ideas (identified in the Framework) and again sorting them
into courses to refine their positioning. Essentially, the process
used for sorting the DCIs was repeated, but the component
ideas disconnected from the core idea and, when appropriate,
moved to a different course in the map based on the grade band
endpoint descriptions in the Framework. For example, although
PS1: Matter and Its Interactions was originally placed in the first
course, its component idea PS1.C: Nuclear Processes requires
content in both Courses 1 and 2, so it was shifted to Course 3.
PS1.A: Structures and Properties of Matter and PS1.B: Chemical

Course 1

Course 2

PS1: Ma!er and Its
Interac"ons

LS1: From Molecules to
Organisms

PS2: Mo"on and Stability:
Forces and Interac"ons

LS3: Heredity: Inheritance
and Varia"on of Traits

PS3: Energy

LS2: Ecosystems,
Interac"ons, Energy, and
Dynamics

ESS1: Earth’s Place in the
Universe

PS4: Waves and Their
Applica"ons in Technology
for Informa"on Transfer

Course 3
LS4: Biological Evolu"on:
Unity and Diversity

ESS2: Earth Systems

ESS3: Earth and Human
Ac"vity

&)'52% +  Organization of DCIs for Course Map 1.
NOTE: This figure outlines the first step of organizing the NGSS into courses based on a conceptual progression of the science content outlined in the DCIs in the Framework.
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&)'52% +  Component idea organization for Model Course Map 1.
./4% 4HIS lGURE OUTLINES THE RESULT OF THE SECOND STEP OF MAPPING THE .'33 INTO COURSESRElNING THE ARRANGEMENT IN &IGURE +  BY EVALUATING THE $#)S AT THE lNER GRAIN SIZE OF
the component ideas of which they are made. The arrows illustrate the connections that were used to sort the DCIs into courses, not to determine an order for curriculum.
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Reactions remained in course one because they do not require
content from other component ideas. Figure K-3 shows the end
result of reassigning component ideas to courses. Because this
organization is based on the Framework, it works for both the
6–8 and 9–12 grade bands.
The final step in the process of building Model Course Map 1 was
to reevaluate the organization at the level of the PEs themselves.
The tables below outline the first step in this process—connecting
the component ideas with their PEs. These tables were built using
the information in the NGSS foundation boxes, which document
the connections between the PEs and each component idea. Due
to the overlapping nature of the content in the component ideas,
some PEs are linked to more than one component idea. In these
cases, PEs are only listed once in the top section of the table. PE
repeats—PEs that are connected to more than one component
idea within a course or between courses—and secondary connections are identified in the bottom section of each table.

TABLE K-1 #ONCEPTUAL 0ROGRESSIONS -ODEL #OURSE -AP-IDDLE 3CHOOL
COURSE 1
PS1.A

PS1.B
PS2.A

PS2.B

PS3.A

PS3.B
PS4.A
LS2.A

Next Steps for Course Map 1
It should be clear at this point that this course map will need
revision as curricula are developed, but this arrangement should
give a good starting point for conversations about what is taught
when and why. To help guide these conversations, here are several recommendations and steps that states or districts should
consider as they work from this starting point toward developing
curricula and instructional unit plans:
1. Revisit the suggested arrangements of DCIs and DCI component ideas to ensure that they progress from course to course
in a logical fashion. In this process, make sure to read the
descriptions of the core ideas and the component ideas in
the Framework, rather than only relying on past experiences
with those concepts or topics. This may mean ending up with
a different arrangement than what is presented here, but collaboratively engaging a broad group of teachers and administrators in this process will result in courses that work for
schools, teachers, and students and offers greater buy-in for
implementation.
2. As PEs are bundled into curriculum units and lesson plans, it is
important to balance this structured arrangement of PEs with

ESS1.B
ESS2.B

ESS2.C

MS-PS1-1.
MS-PS1-2.
MS-PS1-3.
MS-PS1-4.
MS-PS1-5.
MS-PS1-6.
MS-PS2-1.
MS-PS2-2.
MS-PS2-3.
MS-PS2-4.
MS-PS2-5.
MS-PS3-1.
MS-PS3-2.
MS-PS3-3.
MS-PS3-4.
MS-PS3-5.
MS-PS4-1.
MS-PS4-2.
MS-LS2-1.
MS-LS2-2.
MS-ESS1-1.
MS-ESS1-2.
MS-ESS1-3.
MS-ESS2-3.
MS-ESS2-2.
MS-ESS2-4.
MS-ESS2-5.
MS-ESS2-6.

ESS3.A

MS-ESS3-1.

ETS1.A

MS-ETS1-1.

COURSE 2
PS4.C
LS1.A

LS1.B
LS1.C
LS2.B
LS3.A
ESS2.A
ESS2.D
ESS3.B

COURSE 2 Repeats
PS3.C
PS3.D
PS4.B
LS1.B
LS3.B
ESS1.A
ESS2.A
ETS1.A
ETS1.B

MS-ETS1-2.
ETS1.B

MS-ETS1-3.
MS-ETS1-4.

ETS1.C

PS3.A
PS3.B

MS-PS3-2.
MS-LS1-6.
MS-LS1-7.
MS-PS4-2.
MS-LS3-2.
MS-LS3-1.
MS-LS3-2.
MS-ESS1-1.
MS-ESS1-2.
MS-ESS2-2.
MS-ETS1-1.

ETS1.C

MS-ETS1-3.
MS-ETS1-4.

COURSE 3
LS1.D
LS2.C

LS4.A

LS4.B
LS4.C
ESS1.C
ESS3.C
ESS3.D

MS-LS1-8.
MS-LS2-4.
MS-LS2-5.
MS-LS4-1.
MS-LS4-2.
MS-LS4-3.
MS-LS4-4.
MS-LS4-5.
MS-LS4-6.
MS-ESS1-4.
MS-ESS3-3.
MS-ESS3-4.
MS-ESS3-5.

COURSE 3 Repeats
LS4.D
ESS1.C
ESS2.D
ETS1.A
ETS1.B

ETS1.C

MS-LS2-5.
MS-ESS2-3.
MS-ESS2-5.
MS-ESS2-6.
MS-ETS1-1.
MS-ETS1-2.
MS-ETS1-3.
MS-ETS1-4.
MS-ETS1-3.
MS-ETS1-4.

MS-ETS1-2.

Key to Highlighting

MS-ETS1-3.

PE appears in two DCIs within
the same course

MS-ETS1-4.

COURSE 1 Repeats
PS1.B

MS-PS4-3.
MS-LS1-1.
MS-LS1-2.
MS-LS1-3.
MS-LS1-4.
MS-LS1-5.
MS-LS1-6.
MS-LS1-7.
MS-LS2-3.
MS-LS3-1.
MS-LS3-2.
MS-ESS2-1.
MS-ESS2-5.
MS-ESS2-6.
MS-ESS3-2.

MS-ETS1-3.
MS-ETS1-4.

PE is identified in the NGSS as a
secondary connection to this
component idea
PE is connected to two
component ideas between two
courses

MS-PS1-2.
MS-PS1-3.
MS-PS1-4.
MS-PS3-3.
MS-PS3-4.

NOTE: This table connects the middle school NGSS PEs to the component ideas from the
Framework. These connections are based on the information in the NGSS foundation boxes.
In this table the component ideas are arranged into courses based on the organization shown
in Figure K-3.
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TABLE K-2 #ONCEPTUAL 0ROGRESSION -ODEL #OURSE -AP(IGH 3CHOOL
COURSE 1
PS1.A

PS1.B

PS2.A

PS2.B

PS3.A
PS3.B

PS4.A

LS2.A
ESS1.B
ESS2.B
ESS2.C
ESS3.A
ETS1.A
ETS1.B
ETS1.C

S-PS1-1.
S-PS1-2.
S-PS1-3.
S-PS1-4.
S-PS1-5.
S-PS1-6.
S-PS1-7.
S-PS2-1.
S-PS2-2.
S-PS2-3.
S-PS2-4.
S-PS2-5.
S-PS2-6.
S-PS3-2.
S-PS3-3.
S-PS3-1.
S-PS3-4.
S-PS4-1.
S-PS4-2.
S-PS4-3.
S-PS4-5.
S-LS2-1.
S-LS2-2.
S-ESS1-4.
S-ESS2-1.
S-ESS2-3.
S-ESS2-5.
S-ESS3-2.
S-ETS1-1
S-ETS1-3
S-ETS1-4
S-ETS1-2

COURSE 2
PS3.C
PS4.B
LS1.A
LS1.B
LS1.C

LS2.B
LS3.A
LS3.B

ESS1.A

ESS2.A

ESS2.D
ESS3.B

PS3.D

COURSE 1 Repeats

PS2.B

S-PS1-2.
S-PS1-4.
S-PS1-1.
S-PS1-3.

PS3.A

S-PS2-5.

PS3.B

S-PS3-1.

PS4.A

S-ESS2-3.

ESS1.B

S-ESS2-4.

ESS2.B

S-ESS1-5.

COURSE 3
PS1.C
LS2.C
LS2.D
LS4.A
LS4.B
LS4.C
LS4.D
ESS1.C
ESS2.E
ESS3.C
ESS3.D

PS4.C
ESS2.A
ETS1.A
ETS1.B
ETS1.C

S-PS3-3.
S-PS3-4.
S-PS4-5.
S-LS2-5.
S-ESS1-1.
S-PS4-3.
S-PS4-5.
S-ESS1-2.
S-PS4-5.

S-PS1-8.
S-LS2-6.
S-LS2-7.
S-LS2-8.
S-LS4-1.
S-LS4-2.
S-LS4-3.
S-LS4-4.
S-LS4-5.
S-LS4-6.
S-ESS1-5.
S-ESS1-6.
S-ESS2-7.
S-ESS3-3.
S-ESS3-4.
S-ESS3-5.
S-ESS3-6.

COURSE 3 Repeats
PS1.C
LS2.C
LS4.C

COURSE 2 Repeats

PS4.B

PS1.B

S-PS3-5.
S-PS4-4.
S-LS1-1.
S-LS1-2.
S-LS1-3.
S-LS1-4.
S-LS1-5.
S-LS1-6.
S-LS1-7.
S-LS2-3.
S-LS2-4.
S-LS2-5.
S-LS3-1.
S-LS3-2.
S-LS3-3.
S-ESS1-1.
S-ESS1-2.
S-ESS1-3.
S-ESS2-1.
S-ESS2-2.
S-ESS2-3.
S-ESS2-4.
S-ESS2-6.
S-ESS3-1.

ESS2.D
ESS3.A
ETS1.A
ETS1.B
ETS1.C

S-ESS1-5.
S-ESS1-6.
S-LS2-2.
S-LS4-2.
S-LS4-3.
S-LS4-6.
S-ESS2-4.
S-ESS2-7.
S-ESS3-6.
S-ESS3-1.
S-ETS1-1
S-ETS1-3
S-ETS1-4
S-ETS1-2

S-ESS2-1.

Key to Highlighting

S-ESS2-3.

PE appears in two DCIs within
the same course

S-ETS1-1
S-ETS1-3
S-ETS1-4
S-ETS1-2

PE is identified in the NGSS as a
secondary connection to this
component idea
PE is connected to two
component ideas between two
courses

NOTE: This table connects the high school NGSS PEs to the component ideas from the
Framework on which they were based. These connections are based on the information in the
NGSS foundation boxes. In this table the component ideas are arranged into courses based
on the organization shown in Figure K-3.
120

creating courses and units that flow well and engage students
in learning. Use the final PE arrangement that is developed
(or the one provided by Model Course Map 1) as a starting
point for building instructional units. As the student outcomes
described in the PEs are bundled into meaningful units to build
flow within and between courses, PEs may well be pulled from
different courses in the map to make this happen. The course
map is there to make sure that when PEs are moved from one
course to another, instruction is moved accordingly; it is not
meant to be a prescriptive, static document. For example, one
might decide to connect HS-ESS2-3 (“Develop a model based
on evidence of Earth’s interior to describe the cycling of matter by thermal convection.”) and HS-PS3-2 (“Develop and use
models to illustrate that energy at the macroscopic scale can be
accounted for as either motions of particles or energy stored in
fields.”) from Course 1 with HS-PS3-3 from Course 2 (“Design,
build, and refine a device that works within given constraints
to convert one form of energy into another form of energy.”)
in an instructional unit that has students engaging in argumentation about sources of energy (gas, electric, geothermal,
solar, etc.) for heating and cooling homes as a part of Course 1.
3. As PEs are bundled into instructional units and these units are
tied together into courses, units may need to be moved from
one course to another to make sure that courses are balanced.
This does not necessarily mean that the courses have the same
number of PEs. Curriculum units with fewer PEs may take longer than those with more PEs, depending on how those PEs
are addressed in the lesson plans. It is recommended to pay
particular attention to the repeat PEs listed in the tables in this
process. PEs that are connected to more than one component
idea may bundle better with the PEs in just one course rather
than being represented in two courses.
4. When rearranging PEs and building instructional units, remember that the PEs are grade-banded student outcomes and to
map out student course expectations appropriately. It may be
that, although a PE is placed in a course, students may not
be ready to perform all aspects of that PE by the end of the
course. For example, a PE may be placed in the first course
because the DCI dimension is determined to be foundational to
a PE in the second course, but the depth of the SEP described
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in the PE may not be reached until the third year. The curriculum will need to be designed in a way that accounts for
this reality. In other words, although the expectation is that all
SEPs will be in all courses, it would make sense for students in
grade 6 to engage differently from those in grade 8; one needs
to deliberately build complexity of practices over the middle
school sequence. Model Course Map 1 attempts to organize
PEs in a way that scaffolds the content from course to course,
but as these are rearranged for curriculum development, it
may be that some core ideas in PEs may need scaffolding within a course to prepare students to learn the content.
5. The math and English language arts (ELA) NGSS connections
boxes and their supporting appendixes (Math—Appendix L;
ELA—Appendix M) should be consulted to make sure that
courses are not expecting math or ELA content or practices
before they are expected in the science sequence. At the high
school level, the Common Core State Standards (CCSS) also
have grade-banded expectations, so this discussion will need
to occur at the state, district, and building levels to make sure
that the course map for science does not demand math and
ELA performances before they are expected in those curricula.
At the middle school level, there are two PEs (MS-PS3-1 and
MS-PS4-1) that are presented in the course map before they
are expected in the CCSS. This issue is addressed at length in
the middle school revision below.
6. It also may be determined that getting all students prepared
for all PEs requires more than three courses at the high school
level. Organizing the standards into four science courses would
simply mean repeating the process as described above, but
sorting into four courses instead of three. In order for this to
still align with the vision of the Framework of all PEs being
for all students, all four courses would need to be required
for all students. Alternatively, some education systems—especially those heading toward a proficiency-based system—could
address some of the PEs in other course structures such as
career and technical education, agriculture education, elective
science courses, integrated mathematics or STEM courses, alternative education, or online modules.

.%84 34%03 %8!-0,% -)$$,% 3#(//, 2%6)3)/.
With work left to do on these models, it might seem overwhelming and difficult to move forward, so this section provides an
example of the types of decisions that might be made to advance
a revision. In this case the focus is on revising the Conceptual
Progressions Model Course Map described in Table K-1. This revision pulls from several of the suggested next steps described
above to provide an example of a result of this revision process.
Unsure about whether the Conceptual Progressions Model
Course Map would work in their middle school, John, Deb, and
Carmen—the only grade 6, 7, and 8 science teachers for Randolph
Middle School—decide to dig into the middle school course map
and see how it looks after they do a bit of rearranging. In a localoption state that has recently adopted the NGSS, the decision for
what will happen with the grade-banded middle and high school
standards ends up at the district level and John, Deb, and Carmen
are the district’s middle school teachers. They had been teaching middle school science courses that were discipline specific as
John likes biology, Carmen likes the physical sciences, and Deb
has always enjoyed the earth and space sciences. But following a
recent K–12 district science meeting in which they took a stab at
sorting the disciplinary core ideas into courses, both the middle
and high school teachers walked out of the meeting seriously
considering using Model Course Map 1. At their next in-service
day, John, Deb, and Carmen were able to schedule a half day to
work on what their courses might look like next year.
Not sure where to start, Deb suggests beginning with the suggestions in the next steps section for Model Course Map 1. After
reading through the steps, the three teachers decide that they
still do not have a good sense of what this course map might
look like in the classroom, so their starting point is to look for
related component ideas that could be bundled for coordinated
instruction. Maybe by looking for related PEs and organizing
them into units of instruction, they will get a better sense of
what it would mean to teach more interdisciplinary courses. In
performing this analysis, they notice that several component
ideas had only a few PEs and they did not seem to relate too
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closely to the other component ideas in that course. Whenever
the three teachers found what they started calling “orphan PEs,”
the component idea and attached PEs were moved to a course
that had related ideas, as long as the repositioning did not alter
the concept flow. For example, John noticed that LS2.B Cycles of
Energy and Matter Transfer in Ecosystems in Course 2 had only
one PE directly linked to it (see Table K-1). Although there were
other life sciences PEs in Course 2, Carmen suggested they move
LS2.B and its orphan PE to Course 1 because it would bundle
nicely with LS2.A Interdependent Relationships in Ecosystems.
John was initially unsure about moving the component idea to
another course because it also had some connection to component ideas in Course 2 until Deb pointed out that LS2.A (and its
two PEs) was the only life sciences PE in Course 1 and that adding
another life sciences PE not only found a home for the orphan PE,
but also made Course 1 more coherent. They quickly reviewed the
math and ELA connections and did not discover any reason not to
move this component idea to Course 1 at the middle school level.
A similar line of logic led the group to move ESS2.D Weather and
Climate from Course 2 to Course 1—there was only one PE connected to the component idea—and a closer examination of the
PEs revealed that it bundled well with ESS1.A Universe and Its
Stars and ESS2.C The Roles of Water in Earth Surface Processes.
As the three teachers more closely examined the PEs (their previous work was with the Framework), they had concerns that some
PEs were not in the right course based on the cognitive complexity demanded. Sometimes the aspect of the component idea
emphasized in a PE at the middle school level seemed different
than what they remembered from conversations with their high
school colleagues at the K–12 district meeting. For example, at
the middle school level, ESS1.A Universe and Its Stars focuses on
the motions of the solar system. Deb suggested that they move
this component idea to Course 1 because it fits well with component idea ESS1.B Earth and Its Solar System. (At the high school
level, ESS1.A includes ideas about the Big Bang theory—a better
fit with PS4.B Electromagnetic Radiation in Course 2). By comparing Tables K-1 and K-2, John picked up on another difference
between middle school and high school: Several component ideas
do not have PEs at the middle school level, so they eliminated
the following component ideas from their middle school course
122

map: PS1.C Nuclear Processes, LS2.D Social Interaction and Group
Behavior, ESS2.E Biogeology, and PS2.C Stability and Instability in
Physical Systems—all of which were placed in Course 3 in the original component idea organization.
Having moved several component ideas from Course 2 to Course 1
and having eliminated a number of component ideas from Course 3,
the group had a growing concern about courses becoming unbalanced, so they changed their approach and each looked at their
content area specialties for component ideas that might be a good
fit to move. Deb nominated PS3.B Conservation of Energy and
Energy Transfer as a good candidate to move from Course 1 to
Course 2. She explained that there was only one PE unique to this
component idea and it had good connections with other chemistry
PEs in the second course; PS3.B was moved to the second course.
John suggested moving LS3.A Inheritance of Traits and LS3.B
Variation of Traits to Course 3—both PEs tie in well with the LS4
component ideas that focus on natural selection and evolution—
and Carmen proposed moving ESS3.A Natural Resources to Course 3
because it fits well with the PEs from ESS3.A Natural Hazards and
ESS1.C History of Planet Earth.
Thinking that they were getting close to something that might
work, the three teachers turned their thoughts to what they
could make work in their school. They realized that with the room
arrangement at Randolph Middle School and the differences in
schedules between grades 6 and 7, it simply would not work to
have PS1.B Chemical Reactions at the grade 6 level. They just did
not have the chemistry lab space, safety equipment, or supplies
available to make it happen. They decided that advocating for any
big changes in room arrangements or schedules was not where
they wanted to spend their energy, and so they moved PS1.B to
Course 2. In looking closely at PS1.B, Carmen noticed that a couple
of PEs were connected to both PS1.A (still in Course 1) and PS1.B
(now in Course 2). Rather than having these PEs listed in both
courses, the teachers decided to evaluate MS-PS1-2 and MS-PS1-3
to determine which course was better to bundle with other PEs.
After comparing the PEs, they decided to list MS-PS1-2 with PS1.B
in Course 2 and MS-PS1-3 with PS1.A in Course 1.
Feeling like they had now successfully arranged the science content
into a conceptual progression that could work for their school, the
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three teachers decided to double-check that the model course
map they had developed did not require mastery of a level
of mathematics that students did not yet have. By examining
the NGSS mathematics connections boxes and Appendix L:
Connections to CCSS—Mathematics, it became apparent that a
couple of PEs needed to be reconsidered. MS-PS3-1—Construct
and interpret graphical displays of data to describe the relationships of kinetic energy to the mass of an object and to the
speed of an object—was of concern because the concept of
squares (as would be found in the graphical analysis of kinetic
energy) and the graphical analysis of lines are not expected
until grade 8 in the CCSS. In their current arrangement (and
the one listed above in Table K-1), this PE (which is connected
to component idea PS3.A Definitions of Energy) was placed
in Course 1. Rather than moving this isolated PE to the third
course, the teachers decided to move the entire component
idea to Course 3 (where it is in Figure K-4), but they were
concerned about how exactly it would fit in this course. They
decided to talk with their school’s math teachers about developing a cross-disciplinary unit. If the math teachers were amenable, the concept of kinetic energy would remain in Course 1,
where it bundles well with related PEs. They would also then
collaboratively develop a unit for grade 8, in which the math
teachers would build on this conceptual foundation by using
the science concept of kinetic energy as a context for teaching about squares and graphical analysis. Then when these
students reached the grade 8, the science teachers would loan
some equipment (and a bit of science knowledge) to the math
teachers so that they could collect data in their math classes
and use the analysis of these data to teach the mathematics
components of the PE—preparing the students to be able to
perform the PE by the end of the grade band. MS-PS4-1—Use
mathematical representations to describe a simple model for
waves that includes how the amplitude of a wave is related
to the energy in a wave—requires math that would not be
expected until the grade 7 and this PE was also housed in
Course 1. In this case it was decided to move the PE to Course 2.
There it bundles nicely with the component ideas PS4.B
Electromagnetic Radiation and PS4.C Information Technologies
and Instrumentation.

John, Deb, and Carmen’s revisions are by no means exhaustive—
more could be done along these same lines to truly adapt this
model course map to local realities, and the decisions they made
may not fit another’s reality—but continuing to engage in similar
processes and collaborating on course map development within
and between schools, districts, and states, along with continued
research on the relative effectiveness of the implementation of
different course maps, will better inform the next round of standards revision.
The revised middle school course map showing all of these
changes can be found in Figure K-4, a component idea concept
map, and also in Table K-3.

.%84 34%03 %8!-0,%
-)$$,% 3#(//, 2%6)3)/. 
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As mentioned in the introductory section, the middle school and
high school standards are grade banded due to the fact that standards at these levels are handled differently in different states.
As states move forward toward adoption these models should be
referenced for guidance on how to arrange the PEs. States are
encouraged to edit the sample models and turn them into state
specific models to reflect an organization that works best for the
state. There are many unique factors that may influence a state’s
decision to arrange the PEs in a particular way.
The following is an example of a state revision where the focus
is on revising the Conceptual Progressions Course Map described
in Table K-1. This revision was developed by California’s Science
Expert Panel (SEP), a group comprised of kindergarten through
grade 12 teachers, scientists, educators, business industry representatives, and informal science educators.
The SEP used the following criteria to arrange the PEs for middle
school grades six, seven, and eight:
1. PEs were placed at each grade level so that they support content articulation across grade levels (from fifth through eighth
grade) and provide the opportunity for content integration
within each grade level.
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&)'52% +  2EVISED COMPONENT IDEA ORGANIZATION FOR -ODEL #OURSE -AP -IDDLE 3CHOOL
NOTE: This figure outlines the result of refining the arrangement in Figure K-3 using the process described in the Next Steps Example: Middle School Revision.
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2. Performance expectations were aligned with the CCSS in ELA
and Mathematics so that science learning would not be dependent on math skills not yet acquired.
3. The final arrangement of PEs reflected a balance both in content complexity and number at each grade level with human
impact and engineering PEs appropriately integrated.

TABLE K-3 2%6)3%$ #ONCEPTUAL 0ROGRESSIONS -ODEL #OURSE -AP-IDDLE 3CHOOL
Course 1
PS1.A

PS2.A
LS2.A
LS2.B
ESS1.A
ESS1.B
ESS2.A
ESS2.B
ESS2.C
ESS2.C
ETS1.A
ETS1.B

ETS1.C

MS-PS1-1.
MS-PS1-3.
MS-PS1-4.
MS-PS2-1.
MS-PS2-2.
MS-LS2-1.
MS-LS2-2.
MS-LS2-3.
MS-ESS1-1.
MS-ESS1-2.
MS-ESS1-3.
MS-ESS2-1.
MS-ESS2-2.
MS-ESS2-3.
MS-ESS2-4.
MS-ESS2-5.
MS-ESS2-6.
MS-ETS1-1.
MS-ETS1-2.
MS-ETS1-3.
MS-ETS1-4.
MS-ETS1-3.
MS-ETS1-4.

COURSE 1 Repeats
ESS1.B
ESS2.C
ESS2.D

MS-ESS1-1.
MS-ESS1-2.
MS-ESS2-2.
MS-ESS2-5.
MS-ESS2-6.

Course 2
PS1.B

PS2.B

PS3.B
PS3.C
PS4.A
PS4.C
LS1.A

LS1.B
LS1.C

COURSE 2 Repeats
PS3.D
PS4.B
LS1.B
ETS1.A
ETS1.B

ETS1.C

Key to Highlighting

MS-PS1-2.
MS-PS1-5.
MS-PS1-6.
MS-PS2-3.
MS-PS2-4.
MS-PS2-5.
MS-PS3-3.
MS-PS3-4.
MS-PS3-5.
MS-PS3-2.
MS-PS4-1.
MS-PS4-2.
MS-PS4-3.
MS-LS1-1.
MS-LS1-2.
MS-LS1-3.
MS-LS1-4.
MS-LS1-5.
MS-LS1-6.
MS-LS1-7.

MS-LS1-6.
MS-LS1-7.
MS-PS4-2.
MS-LS3-2.
MS-ETS1-1.
MS-ETS1-2.
MS-ETS1-3.
MS-ETS1-4.
MS-ETS1-3.
MS-ETS1-4.

Course 3
PS3.A
LS1.D
LS2.C
LS3.A

LS4.A

LS4.B
LS4.C
ESS1.C
ESS3.A
ESS3.B
ESS3.C
ESS3.D

MS-PS3-1.
MS-LS1-8.
MS-LS2-4.
MS-LS2-5.
MS-LS3-1.
MS-LS3-2.
MS-LS4-1.
MS-LS4-2.
MS-LS4-3.
MS-LS4-4.
MS-LS4-5.
MS-LS4-6.
MS-ESS1-4.
MS-ESS3-1.
MS-ESS3-2.
MS-ESS3-3.
MS-ESS3-4.
MS-ESS3-5.

In addition to these criteria, the SEP worked to ensure that the
PEs could be bundled together in various ways to facilitate curriculum development.

#OURSE -AP 3CIENCE $OMAINS -ODEL GRADES n AND
n
Process and Assumptions: How Was This Course Map
Developed?
This model course map was built by placing the NGSS PEs into a
course structure defined by the science domains outlined in the
Framework: One course is assigned to each science domain of the
Framework—life sciences, physical sciences, and earth and space
sciences. A fourth course is not included for the fourth domain of
the Framework—engineering—as most of the NGSS PEs connected
to engineering are integrated into the science domains through
the SEPs and CCs. The NGSS do include four PEs in both the middle and high school grade bands that focus exclusively on core
idea ETS1: Engineering Design. As noted in the sixth foundational
understanding, these stand-alone engineering PEs are included
with all three courses as they help organize and drive instruction
of the integrated engineering PEs.

COURSE 3 Repeats
PS3.A

LS3.B
LS4.D
ESS1.C
ETS1.A
ETS1.B

ETS1.C

MS-PS3-2.
MS-PS3-3.
MS-PS3-4.
MS-PS1-4.
MS-LS3-1.
MS-LS3-2.
MS-LS2-5.
MS-ESS2-3.
MS-ETS1-1.
MS-ETS1-2.
MS-ETS1-3.
MS-ETS1-4.
MS-ETS1-3.
MS-ETS1-4.

This model does not assume a particular order for these three
courses. There is no conclusive research at this point to recommend one sequence over another, and there are a variety of factors that may affect the order determined for these courses if this
model course map is selected as a starting point. Ideas for guiding
this conversation are included in the next steps section following
the presentation of the model.

PE appears in two DCIs within
the same course
PE is identified in the NGSS as
a secondary connection to
this component idea
PE is connected to two
component ideas between
two courses

NOTE: This table connects the middle school NGSS PEs to the component ideas from the
Framework. These connections are taken from the information in the NGSS foundation boxes.
In this table the component ideas are arranged into courses based on the revised organization
described above and shown in Figure K-4.

This model course map is significantly less complicated in development relative to the Conceptual Progressions Model Course Map.
The organization was essentially taken straight from the organization of the Framework. All component ideas from a given domain
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TABLE K-3A California Integrated Learning Progressions Model—Middle School
The table below connects the middle school NGSS performance expectations to the component ideas from the Framework. These
connections are taken from the information in the NGSS foundation boxes. In this table, the component ideas are arranged into
courses based on California’s revised organization.

TABLE K-3A #ALIFORNIA )NTEGRATED ,EARNING 0ROGRESSIONS -ODEL-IDDLE 3CHOOL
Course 1
Course 2
Course 3
PS3.A

MS-PS3-3.

MS-PS1-1.

MS-PS3-4.

MS-PS1-2.

PS1.A

PS3.B

MS-PS3-5.
MS-LS1-1.

MS-PS1-4.

LS1.A

MS-LS1-2.

MS-PS1-5.

MS-LS1-3.
LS1.B

MS-LS1-4.
MS-LS1-5.

LS1.D

MS-LS1-8.

LS3.A

MS-LS3-2.
MS-ESS2-4.

ESS2.C

MS-ESS2-5.
MS-ESS2-6.

ESS3.C

PS1.B

LS1.C
LS2.A
LS2.B
LS2.C

MS-PS1-3.

MS-PS1-6.
MS-LS1-6.
MS-LS1-7.
MS-LS2-1.

MS-LS4-2.

MS-ESS2-1.

MS-LS4-3.
MS-LS4-4.

ESS3.A

MS-ESS3-1.

MS-ETS1-3.

ESS3.B

MS-ESS3-2

MS-ETS1 -4 .

PS3.B

COURSE 2 Repeats

PS3.D

LS4.B
LS4.C
ESS1.A

MS-LS4-5.
MS-LS4-6.
MS-ESS1-1.
MS-ESS1-2.

ESS1.B

MS-ESS1-3.

MS-PS1-2.

ESS1.C

MS-ESS1-4.

MS-PS1-3.

ESS3.C

MS-ESS3-4.

MS-PS1-4.
MS-LS1-6.

PS3.C

MS-PS3-2.

MS-LS3-2.

LS4.D

MS-LS2-5.

PS4.B

MS-PS4-2.

LS3.B

MS-LS3-2.

ESS2.C

MS-ESS2-2.

LS3.B

MS-ESS2-5.

ETS1.A

MS-ETS1-1.

MS-ESS2-6.

MS-LS1-7.

COURSE 3 Repeats

LS1.B

ESS2.D

MS-PS3-4.

MS-LS4-1.

MS-ESS2-2.

MS-ETS1-2.

PS3.A

MS-PS4-1.
MS-PS4-2.

LS4.A

MS-LS2-4.
MS-LS2-5.

MS-ESS2-3.

MS-PS3-3.

PS4.A

MS-PS3-1.
MS-PS3-2.

MS-PS4-3.

ESS2.B

COURSE 1 Repeats

PS3.A

MS-LS3-1.

MS-ETS1-1.

PS1.B

MS-PS2-4.
MS-PS2-5.

PS4.C

ETS1.A

MS-ETS1-4.

PS2.B

LS3.A

ESS2.A

ETS1.C

MS-PS2-2.
MS-PS2-3.

MS-LS2-3.

MS-ESS3-3.
MS-ESS3-5.

MS-ETS1-3.

MS-PS2-1.

MS-LS2-2.

ESS3.D

ETS1.B

PS2.A

MS-ETS1-2.
ETS1.B

MS-ETS1-3.

ESS1.B
ETS1.A

MS-ETS1-4.

Key to Highlighting

ETS1.C

MS-ETS1-3.

MS-ESS1-2.
MS-ETS1-1.
MS-ETS1-2.

ETS1.B

MS-ETS1-4.

PE appears in two DCIs
within the same course
PE is identiﬁed in the NGSS
as a secondary connection
to this component idea
PE is connected to two
component ideas
between two courses

MS-LS3-1.
MS-ESS1-1.

MS-ETS1-3.
MS-ETS1-4.

ETS1.C

MS-ETS1-3.
MS-ETS1-4.

NOTE: This table connects the middle school NGSS performance expectations to the component
ideas from the Framework. These connections are taken from the information in the NGSS
foundation boxes. In this table, the component ideas are arranged into courses based on
California’s revised organization.
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and all of the PEs connected to each of those component ideas
(as noted in the NGSS foundation boxes) were compiled to define
each course. Tables K-4 and K-5 display the resulting organization
of courses based on the domains model.

Next Steps for Model Course Map 2
Because the courses were effectively designed based on the
parameters of the domains of science defined in the Framework,
any significant shuffling of PEs between courses would, in some
sense, void the initial premise of this model, but getting to this
point was mainly about taking a first step toward curriculum, so
there are several things to be considered in refining the model.
As mentioned in the next steps section for Model Course Map 1,
it is important to balance this structured arrangement of PEs with
creating courses and units that flow well and engage students in
learning. This model course map is another potential starting point
for building instructional units. When bundling student outcomes
into meaningful units to build the flow for courses, PEs may still be
pulled from different courses in the map to make this work.
1. The order in which these courses would be offered was not predetermined by the course map, so a decision on how to sequence
the courses will need to be made before proceeding with curriculum development. It is important to not sequence courses
based only on current courses, but to also look in detail at the
PEs mapped to each course (including what is required for math
and ELA to accomplish the PEs) and to sequence courses to best
benefit student learning. Figure K-3 and Tables K-1 and K-2 from
Model Course Map 1 provide insight about the interconnected
nature of the component ideas and how they support each other
in a progression of content. A close examination of these resources
and the next steps suggested for the first model course map are
very relevant to this decision-making process. Additionally, the
math and ELA connections boxes and their supporting appendixes (Math—Appendix L; ELA—Appendix M) should be consulted to
make sure that courses are not requiring math or ELA content or
practices before they are expected in the CCSS.
2. Regardless of the final sequence of courses, it is likely that
some component ideas from other domains will need to be
brought into each course. For example, if the life sciences
course is taught before the physical sciences course, some
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TABLE K-4 3CIENCE $OMAINS -ODEL-IDDLE 3CHOOL

Physical Sciences
PS1.A

PS1.B
PS2.A

PS2.B

PS3.A

PS3.B
PS4.A
PS4.C
ETS1.A
ETS1.B

ETS1.C

MS-PS1-1.
MS-PS1-2.
MS-PS1-3.
MS-PS1-4.
MS-PS1-5.
MS-PS1-6.
MS-PS2-1.
MS-PS2-2.
MS-PS2-3.
MS-PS2-4.
MS-PS2-5.
MS-PS3-1.
MS-PS3-2.
MS-PS3-3.
MS-PS3-4.
MS-PS3-5.
MS-PS4-1.
MS-PS4-2.
MS-PS4-3.
MS-ETS1-1.
MS-ETS1-2.
MS-ETS1-3.
MS-ETS1-4.
MS-ETS1-3.
MS-ETS1-4.

Physical Sciences
Repeats
PS1.B
PS3.A
PS3.B
PS3.C
PS3.D
PS4.B

MS-PS1-2.
MS-PS1-3.
MS-PS1-4.
MS-PS3-3.
MS-PS3-4.
MS-PS3-2.
MS-LS1-6.
MS-LS1-7.
MS-PS4-2.

Earth and Space
Sciences

Life Sciences
LS1.A

LS1.B
LS1.C
LS1.D
LS2.A
LS2.B
LS2.C
LS3.A

LS4.A

LS4.B
LS4.C

MS-LS1-1.
MS-LS1-2.
MS-LS1-3.
MS-LS1-4.
MS-LS1-5.
MS-LS1-6.
MS-LS1-7.
MS-LS1-8.
MS-LS2-1.
MS-LS2-2.
MS-LS2-3.
MS-LS2-4.
MS-LS2-5.
MS-LS3-1.
MS-LS3-2.
MS-LS4-1.
MS-LS4-2.
MS-LS4-3.
MS-LS4-4.
MS-LS4-5.
MS-LS4-6.

ESS1.A
ESS1.B
ESS1.C
ESS2.A
ESS2.B
ESS2.C
ESS3.A
ESS3.B
ESS3.C
ESS3.D

LS3.B
LS4.D
ETS1.A
ETS1.B

ETS1.C

MS-LS3-2.
MS-LS3-1.
MS-LS3-2.
MS-LS2-5.
MS-ETS1-1.
MS-ETS1-2.
MS-ETS1-3.
MS-ETS1-4.
MS-ETS1-3.
MS-ETS1-4.

MS-ESS1-1.
MS-ESS1-2.
MS-ESS1-3.
MS-ESS1-4.
MS-ESS2-1.
MS-ESS2-2.
MS-ESS2-3.
MS-ESS2-4.
MS-ESS2-5.
MS-ESS2-6.
MS-ESS3-1.
MS-ESS3-2.
MS-ESS3-3.
MS-ESS3-4.
MS-ESS3-5.

3. While rearranging PEs and building instructional units, it is
important to remember that the PEs are grade-banded student
outcomes and to map student course expectations appropriately. It may be that although a PE is placed in a certain course,
students may not be ready to perform all aspects of the PE
by the end of the course. For example, it could be that a PE is
placed in the first course because the DCI dimension is determined to be foundational to a PE in the second course, but
the depth of the SEP described in the PE may not be reached
until the third year. The curriculum will need to be designed in
a way that accounts for this reality. In other words, although
the expectation is that all SEPs will be in all courses, it would
make sense for students in grade 6 to engage in these differently than those in grade 8. Deliberately building complexity
of practices over the middle school sequence is needed.

Earth and Space
Sciences Repeats
ESS1.B
ESS1.C
ESS2.C

Life Sciences Repeats
LS1.B

content from the physical sciences will need to be included
in the life sciences course as prerequisite understandings for
biological processes. As PEs are bundled into curriculum units
and lesson plans it is important to balance this structured
arrangement of PEs with creating courses and units that flow
well and engage students in learning. The model course map
can be used as a starting point for building instructional units.
When bundling these student outcomes into meaningful units
to build the flow for courses, PEs may be pulled from different
courses in the map to make this work. The course map is not
meant to be a prescriptive, static document; it is meant to provide structure for decision making

ESS2.D
ETS1.A
ETS1.B

ETS1.C

MS-ESS1-1.
MS-ESS1-2.
MS-ESS2-3.
MS-ESS2-2.
MS-ESS2-5.
MS-ESS2-6.
MS-ETS1-1.
MS-ETS1-2.
MS-ETS1-3.
MS-ETS1-4.
MS-ETS1-3.
MS-ETS1-4.

Key to Highlighting
PE appears in two DCIs within
the same course
PE is identified in the NGSS as a
secondary connection to this
component idea
PE is connected to two
component ideas between two
courses

NOTE: This table connects the middle school NGSS PEs to the component ideas from the
Framework on which they were based. These connections are based on information in the
NGSS foundation boxes. In this table the component ideas are arranged into courses based
ON THE ORGANIZATION DESCRIBED AS THE 3CIENCE $OMAINS -ODELONE COURSE IS ASSIGNED TO
each sciences domain of the FrameworkLIFE SCIENCES PHYSICAL SCIENCES AND EARTH AND SPACE
sciences.

4. If, during the implementation process, restricting the 9–12
grade band to three courses does not meet local needs, a
fourth course could be developed. If all four courses are
required, a course map variation like this could still meet the
vision of the NGSS and the Framework. Because the three
domains fit fairly well into courses, there is no obvious way to
siphon PEs into a fourth course, but an examination of Course
Map Model 1 could provide direction to this process. Because
the third course in that sequence contains PEs that are most
dependent on content from other PEs, this would be a good
starting point in determining which PEs should be considered
for being a part of a fourth course.
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TABLE K-5 3CIENCE $OMAINS -ODEL(IGH 3CHOOL

Physical Sciences
PS1.A

PS1.B
PS1.C
PS2.A

PS2.B

PS3.A
PS3.B
PS3.C

PS4.A

PS4.B
ETS1.A
ETS1.B
ETS1.C

S-PS1-1.
S-PS1-2.
S-PS1-3.
S-PS1-4.
S-PS1-5.
S-PS1-6.
S-PS1-7.
S-PS1-8.
S-PS2-1.
S-PS2-2.
S-PS2-3.
S-PS2-4.
S-PS2-5.
S-PS2-6.
S-PS3-1.
S-PS3-2.
S-PS3-3.
S-PS3-4.
S-PS3-5.
S-PS4-1.
S-PS4-2.
S-PS4-3.
S-PS4-5.
S-PS4-4.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

Key to Highlighting
PE appears in two DCIs
within the same course
PE is identified in the NGSS
as a secondary connection to
this component idea
PE is connected to two
component ideas between
two courses

Life Sciences
LS1.A
LS1.B

Physical Sciences
Repeats
PS1.B
PS1.C
PS2.B
PS3.A
PS3.B

PS3.D

PS4.A
PS4.B
PS4.C

S-PS1-2.
S-PS1-4.
S-ESS1-5.
S-ESS1-6.
S-PS1-1.
S-PS1-3.
S-PS2-5.
S-PS3-1.
S-PS3-3.
S-PS3-4.
S-PS4-5.
S-LS2-5.
S-ESS1-1.
S-ESS2-3.
S-PS4-3.
S-PS4-5.
S-ESS1-2.
S-PS4-5.

LS1.C

LS2.A

LS2.B

LS2.C
LS2.D
LS3.A
LS3.B
LS4.A
LS4.B

LS4.C

S-LS1-1.
S-LS1-2.
S-LS1-3.
S-LS1-4.
S-LS1-5.
S-LS1-6.
S-LS1-7.
S-LS2-1.
S-LS2-2.
S-LS2-3.
S-LS2-4.
S-LS2-5.
S-LS2-6.
S-LS2-7.
S-LS2-8.
S-LS3-1.
S-LS3-2.
S-LS3-3.
S-LS4-1.
S-LS4-2.
S-LS4-3.
S-LS4-4.
S-LS4-5.
S-LS4-6.

Life Sciences Repeats
LS2.C
LS4.C
LS4.D
ETS1.A
ETS1.B
ETS1.C

S-LS2-2.
S-LS4-2.
S-LS4-3.
S-LS4-6.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

Earth and Space
Sciences
ESS1.A
ESS1.B
ESS1.C

ESS2.A

ESS2.C
ESS2.D
ESS3.A
ESS3.C
ESS3.D

S-ESS1-1.
S-ESS1-2.
S-ESS1-3.
S-ESS1-4.
S-ESS1-5.
S-ESS1-6.
S-ESS2-1.
S-ESS2-2.
S-ESS2-3.
S-ESS2-4.
S-ESS2-5.
S-ESS2-6.
S-ESS2-7.
S-ESS3-1.
S-ESS3-2.
S-ESS3-3.
S-ESS3-4.
S-ESS3-5.
S-ESS3-6.

Earth and Space
Sciences Repeats
ESS1.B

S-ESS2-4.
S-ESS1-5.

ESS2.B

S-ESS2-1.
S-ESS2-3.
S-ESS2-4.
S-ESS3-6.

ESS2.D
ESS2.E
ESS3.B
ETS1.A
ETS1.B
ETS1.C

S-ESS2-7.
S-ESS3-1.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

NOTE: This table connects the high school NGSS PEs to the component ideas from the Framework on which they were based. These connections are based on the information in the NGSS
FOUNDATION BOXES )N THIS TABLE THE COMPONENT IDEAS ARE ARRANGED INTO COURSES BASED ON THE ORGANIZATION DESCRIBED AS THE 3CIENCE $OMAINS -ODELONE COURSE IS ASSIGNED TO EACH SCIENCES
domain of the FrameworkLIFE SCIENCES PHYSICAL SCIENCES AND EARTH AND SPACE SCIENCES
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#OURSE -AP -ODIlED 3CIENCE $OMAINS -ODEL
GRADES n
Process and Assumptions: How Was This Course Map
Developed?
The model course maps presented here attempt to organize the
9–12 grade band PEs based on the frequently taught courses of
biology, chemistry, and physics. These courses represent a very
common course distribution across many states—either through
legislation, regulation, or tradition—so these examples are presented as tools for evaluating how this commonly used course
sequence overlays with the expectations of the NGSS. The challenge of this model course map was to also address the earth
and space sciences because they are a domain outlined in the
Framework, but do not have a course of their own in this organization. A fundamental understanding of the NGSS and all of
the model course maps is that all PEs are for all students. Because
few states currently require four high school science courses, this
model examined how the earth and space sciences PEs could be
distributed among the three courses already described.
Most of the NGSS engineering PEs are integrated into the other
domains; however, in the final draft of the NGSS there are four
PEs in each grade band that focus exclusively on engineering
design. These stand-alone engineering PEs are included in all
three courses because they should help organize and drive instruction of the integrated engineering PEs in all three courses.
The first step in mapping PEs to courses was to examine the component idea level of the DCIs and decide with which course the component ideas best aligned, along with the associated PEs (as noted
in the foundation boxes of the NGSS). These decisions were made
through a careful reading of the text describing the grade-band
endpoints for each component idea in the Framework. This was
easiest for the life sciences component ideas as they all ended up in
biology. It was a more difficult step for the physical sciences component ideas as they had to be split between chemistry and physics
courses.
The most challenging domain to organize into these three courses
was the earth and space sciences as these PEs did not have a course
of their own. Because a fundamental assumption of all of the

model course maps is that all of the PEs of the NGSS are for all students and many states do not require four courses of science for
high school graduation, the decision was made to attempt to distribute the earth and space sciences in a logical fashion across the
biology, chemistry, and physics courses. This was done in a two-step
process: First the 12 earth and space sciences DCI component ideas
were assigned to a course based on their best conceptual fit; then
the individual earth sciences PEs were sorted by their alignment to
those component ideas. This was done using the alignment of PEs
to component ideas in the DCI foundation boxes of the NGSS.
As with Model Course Map 2, no course sequence has been
assumed in this model.
The assignment of the life sciences DCIs to biology is self-evident
based on conventional course descriptions, as is the assignment of
the earth sciences DCI component idea ESS2.E Biogeology. The component idea of ESS3.B Natural Hazards is placed in biology because
it offers an opportunity to examine the impact of earth systems on
organisms. Conversely, ESS3.C Human Impacts is attached to biology
so that students can examine the impact of the human organism
on other organisms and Earth systems. ESS1.C History of the Earth is
included because of the interdependent nature of the co-evolution
of the Earth system and living organisms.
The DCI component idea ESS3.A Natural Resources is included in
chemistry because of the important role of many natural resources
in chemical reactions that are crucial to modern human society.
ESS3.A Global Climate Change is connected to chemistry because
many Earth-based and atmospheric chemical processes drive systems that affect climate. Addressing ESS2.D Weather and Climate
is then a logical progression once students better understand its
driving mechanisms. ESS2.C Water in Earth’s Surface Processes
is included because many of the geologic effects of water are a
result of its molecular structure and chemical properties.
Forces, interactions, waves and electromagnetic radiation, and
energy are historically all components of a physics course. The DCI
component ideas ESS1.A The Universe and Stars and ESS1.B The
Earth and the Solar System find their home in physics because of
the understanding of motion and forces needed to explain their
interactions. Similarly, understanding energy flow and the interactions of forces helps explain the mechanisms described in ESS2.A
Earth Materials and Systems and also in ESS2.B Plate Tectonics.
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Next Steps for Course Map 3
Course Map 3 lies in between Course Maps 1 and 2 in terms of
needed refinement. The courses in this map were primarily driven
by the domains of science defined in the Framework, but they are
designed within the constraint of having biology, chemistry, and
physics courses, with the earth and space sciences PEs split among
courses. As was mentioned in the next steps sections for the previous two model course maps, it is important to balance this structured arrangement of PEs with creating courses and instructional
units that flow well and engage students in learning. This PE
arrangement can be used as a starting point for building instructional units. While bundling student outcomes into meaningful
units to build flow for courses, PEs may be pulled from different
courses in the map to make this work.
There are several other considerations when revising this model:
1. Much like Model Course Map 2, the sequence of courses is not
predetermined, so deciding on an order would be one of the
first decisions to make. It is important to not sequence courses
based only on current courses, but to look in detail at the PEs
mapped to each course (including what is required for math
and ELA to accomplish the PEs) and to then sequence courses
so as to best benefit student learning. Figure K-3 and Tables
K-1 and K-2 from Model Course Map 1 provide insight about
the interconnected nature of the component ideas and how
they support each other in a progression of content. A close
examination of these resources and the next steps suggested
for the first model course map will support this decisionmaking process. Additionally, the math and ELA connections
boxes and their supporting appendixes (Math—Appendix L;
ELA—Appendix M) should be consulted to ensure that courses
are not requiring math or ELA content or practices before the
grade level indicated in the CCSS.
2. The split of earth and space sciences PEs also needs close examination to make sure that the PEs have been effectively arranged
and that they fit the expectations of state or local courses. The
sequence of courses may have a significant impact on which
earth and space sciences PEs are placed in which course.

130

3. Table K-6, which outlines how the PEs are organized in this
model course map, makes it clear that this map has an imbalance of PEs in each course. This deserves examination as PEs
are bundled into instructional units to determine if any PEs
(or even entire component ideas) should shift courses. The
earth and space sciences PEs would be ready candidates for
this move, but it might also be that a component idea, such as
LS1.C Organization for Matter and Energy Flow in Organisms,
might be moved from biology (which has the most PEs) to
chemistry (which has the least). This move would also make
sense because the content of LS1.C ties in nicely with some of
the chemistry concepts. It should be noted here that simply
counting the number of PEs in a course does not necessarily
give a good sense of the time it will take to prepare students
to be able to perform what is expected—this is better determined by the length of time needed for the instructional units
that are developed.
4. While rearranging PEs and building instructional units remember that the PEs are grade-banded student outcomes and map
student course expectations appropriately. It may be that,
although a PE is placed in a course, students may not be ready
to perform all aspects of the PE by the end of the course. For
example, it could be that a PE is placed in the first course
because the DCI dimension is determined to be foundational
to a PE in the second course, but the depth of the SEPs
described in the PE may not be reached until the third year.
The curriculum will need to be designed in a way that accounts
for this reality. In other words, although the expectation is that
all SEPs will be in all courses, it would make sense for students
in grade 6 to engage in these differently than those in grade 8.
Deliberately building complexity of practices over the middle
school sequence is needed.
5. Another solution to mesh the NGSS with an existing course
sequence that includes biology, chemistry, and physics courses
would be to add a fourth course—earth and space sciences—
to the sequence. If all four courses are required, this variation
would still meet the vision of the Framework that all PEs are
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TABLE K-6 -ODIlED 3CIENCE $OMAINS -ODEL(IGH 3CHOOL

Biology
LS1.A
LS1.B
LS1.C

LS2.A

LS2.B

LS2.C
LS2.D
LS3.A
LS3.B
LS4.A
LS4.B

LS4.C

ESS1.C
ESS2.E
ESS3.B
ESS3.C
ETS1.A
ETS1.B
ETS1.C

S-LS1-1.
S-LS1-2.
S-LS1-3.
S-LS1-4.
S-LS1-5.
S-LS1-6.
S-LS1-7.
S-LS2-1.
S-LS2-2.
S-LS2-3.
S-LS2-4.
S-LS2-5.
S-LS2-6.
S-LS2-7.
S-LS2-8.
S-LS3-1.
S-LS3-2.
S-LS3-3.
S-LS4-1.
S-LS4-2.
S-LS4-3.
S-LS4-4.
S-LS4-5.
S-LS4-6.
S-ESS1-5.
S-ESS1-6.
S-ESS2-7.
S-ESS3-1.
S-ESS3-3.
S-ESS3-4.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

Chemistry
PS1.A

PS1.B
PS1.C
PS3.B
PS3.D
ESS2.C
ESS2.D
ESS3.A
ESS3.D

S-PS1-1.
S-PS1-2.
S-PS1-3.
S-PS1-4.
S-PS1-5.
S-PS1-6.
S-PS1-7.
S-PS1-8.
S-PS3-1.
S-PS3-4.
S-PS3-3.
S-ESS2-5.
S-ESS2-4.
S-ESS2-6.
S-ESS3-2.
S-ESS3-5.
S-ESS3-6.

Chemistry Repeats
PS1.B
PS1.C

PS3.D

ESS2.D
ESS3.A
ETS1.A
ETS1.B
ETS1.C

S-PS1-2.
S-PS1-4.
S-ESS1-5.
S-ESS1-6.
S-PS3-4.
S-PS4-5.
S-LS2-5.
S-ESS1-1.
S-ESS2-7.
S-ESS3-6.
S-ESS3-1.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

Physics
PS2.A

PS2.B
PS3.A
PS3.C

PS4.A

PS4.B
ESS1.A
ESS1.B
ESS2.A

S-PS2-1.
S-PS2-2.
S-PS2-3.
S-PS2-4.
S-PS2-5.
S-PS2-6.
S-PS3-2.
S-PS3-5.
S-PS4-1.
S-PS4-2.
S-PS4-3.
S-PS4-5.
S-PS4-4.
S-ESS1-1.
S-ESS1-2.
S-ESS1-3.
S-ESS1-4.
S-ESS2-1.
S-ESS2-2.
S-ESS2-3.

Physics Repeats
PS2.B

PS3.A

PS3.B
PS4.A
PS4.B
ESS1.B
ESS2.A
ESS2.B
ETS1.A
ETS1.B
ETS1.C

S-PS1-1.
S-PS1-3.
S-PS3-1.
S-PS3-3.
S-PS2-5.
S-PS3-1.
S-PS3-4.
S-ESS2-3.
S-PS4-3.
S-PS4-5.
S-ESS1-2.
S-ESS2-4.
S-ESS2-4.
S-ESS1-5.
S-ESS2-1.
S-ESS2-3.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

Key to Highlighting
PE appears in two DCIs within
the same course
PE is identified in the NGSS as
a secondary connection to
this component idea
PE is connected to two
component ideas between
two courses

Biology Repeats
LS2.C
LS4.C
LS4.D

S-LS2-2.
S-LS4-2.
S-LS4-3.
S-LS4-6.

./4% )N THIS TABLE THE COMPONENT IDEAS ARE ARRANGED INTO COURSES BASED ON THE ORGANIZATION DESCRIBED AS THE -ODIlED 3CIENCE $OMAINS -ODELBIOLOGY CHEMISTRY AND PHYSICS 4HE TABLE USES THE
information in the NGSS foundation boxes to connect the high school NGSS PEs to the component ideas from the Framework.
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expected for all students. Remember that these “courses” do not
have a defined length of time—four courses does not necessarily
mean 4 years.

.%84 34%03 %8!-0,% 2%6)3).' 4(% -/$)&)%$
3#)%.#% $/-!).3 -/$%,&/52 #/523%3
The following vignette describes an experience that a high school
might have in deciding to use the science domains model, but
with revisions to make it a four-course model.

A school district decides that the Modified Science Domains
Model will be the easiest to implement because it aligns with the
teacher licensure system in the state/district and there is no flexibility in modifying qualified admissions criteria within the state
university system. In this state, teacher licensure is restricted to
particular content areas (there is no general science endorsement
area) and it is particularly difficult to add areas of endorsement.
The admissions criteria for state universities specify successful
completion of a course called “biology.” The organization that
regulates these admissions criteria has historically been resistant
to make any changes to these criteria. The district is swayed by
the vision of the Framework and the NGSS and has decided to
move forward quickly with implementation for the betterment
of its students, but it sees these barriers as insurmountable in
the short term and or beyond its control. The K–12 science team
has decided that the Modified Science Domains Model will be its
starting point and that it will re-evaluate this decision in 5 years
based on its effectiveness, any new research that evaluates the
course maps at a larger scale, and any changes made to the licensure and admissions criteria—which the team perceives as barriers
to using the other model course maps as starting points.
As the K–12 science team evaluates the Modified Science Domains
Model team members are unable to come to terms with how
the earth and space sciences PEs are to be divided across courses.
Unable to propose a different arrangement that they find accept-
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able, they make a decision to pull out the earth and space sciences
component ideas into a separate fourth course. To ensure that this
arrangement is robust, the K–12 science team assembles a strategic
stakeholder team of local teachers, professors, science-related business and industry representatives, a local school board member
who has an interest in science education, and the educator for the
local science children’s museum to organize the NGSS into four
courses. The science team members know that in order to still meet
the vision of the NGSS of all standards for all students, they will
have to change the graduation criteria for their high school, which
currently require only biology and two other science electives.
There is a strong relationship between the K–12 science team and
the local school board, and especially with the inclusion of a liaison
to the board on the team, the team members are hopeful that this
is possible—they at least perceive this to be within their realm of
potential influence. This local-control state has state graduation
requirements, but local modifications are allowed if they exceed
the state requirements.
Through discussions of this strategic stakeholder team, the science
team decides to keep essentially the same content distribution
of the life sciences and physical sciences PEs as they are in the
Modified Course Domains Model, but pull the earth and space sciences PEs into the team’s own course. In addition to separating the
PEs into four courses, the team’s revised model course map also follows the example suggested in the third recommended next step
(above) and moves LS1.C from biology to chemistry. The science
team agrees that even though this is a life sciences component
idea, the content has a fair amount of crossover with chemistry
and this better balances the courses.
After determining the arrangement of PEs for its course map (see
Table K-7), the science team decides to outline a 4-year tentative
implementation plan to highlight all necessary changes to curriculum, instruction, professional learning opportunities, and local
graduation requirements. The K–12 science team, with the endorsement of the science team, presents the course sequence and implementation plan to the local school board as a part of its request to
increase high school graduation requirements to include all four
science courses.
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TABLE K-7 2%6)3%$ -ODIlED 3CIENCE $OMAINS -ODEL&OUR #OURSES (IGH 3CHOOL
Biology
LS1.A
LS1.B
LS1.C*

LS2.A

LS2.B

LS2.C
LS2.D
LS3.A
LS3.B
LS4.A
LS4.B

LS4.C
ETS1.A
ETS1.B
ETS1.C

Chemistry

S-LS1-1.
S-LS1-2.
S-LS1-3.
S-LS1-4.
S-LS1-5.
S-LS1-6.
S-LS1-7.
S-LS2-1.
S-LS2-2.
S-LS2-3.
S-LS2-4.
S-LS2-5.
S-LS2-6.
S-LS2-7.
S-LS2-8.
S-LS3-1.
S-LS3-2.
S-LS3-3.
S-LS4-1.
S-LS4-2.
S-LS4-3.
S-LS4-4.
S-LS4-5.
S-LS4-6.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

Biology Repeats
LS2.C
LS4.C
LS4.D

S-LS2-2.
S-LS4-2.
S-LS4-3.
S-LS4-6.

PS1.A

PS1.B

PS3.B
PS3.D

Physics

S-PS1-1.
S-PS1-2.
S-PS1-3.
S-PS1-4.
S-PS1-5.
S-PS1-6.
S-PS1-7.
S-PS3-1.
S-PS3-4.
S-PS3-3.

LS1.C moved from Biology

LS1.C*

S-LS1-5.
S-LS1-6.
S-LS1-7.

PS2.A

PS2.B
PS1.C
PS3.A
PS3.C

PS4.A

PS4.B

S-PS2-1.
S-PS2-2.
S-PS2-3.
S-PS2-4.
S-PS2-5.
S-PS2-6.
S-PS1-8.
S-PS3-2.
S-PS3-5.
S-PS4-1.
S-PS4-2.
S-PS4-3.
S-PS4-5.
S-PS4-4.

Physics Repeats
Chemistry Repeats
PS1.B

PS3.D

ETS1.A
ETS1.B
ETS1.C

S-PS1-2.
S-PS1-4.
S-PS4-5.

PS2.B

PS3.A

S-LS2-5.
S-ESS1-1.
S-PS3-4.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

PS3.B
PS4.A
PS4.B
ETS1.A

Key to Highlighting
PE appears in two DCIs
within the same course
PE is identified in the NGSS
as a secondary connection to
this component idea

ETS1.B
ETS1.C

Earth and Space
Sciences
ESS1.A
ESS1.B
ESS1.C

ESS2.A

ESS2.C
ESS2.D
ESS3.A
ESS3.C

S-ESS1-1.
S-ESS1-2.
S-ESS1-3.
S-ESS1-4.
S-ESS1-5.
S-ESS1-6.
S-ESS2-1.
S-ESS2-2.
S-ESS2-3.
S-ESS2-4.
S-ESS2-5.
S-ESS2-6.
S-ESS2-7.
S-ESS3-1.
S-ESS3-2.
S-ESS3-3.
S-ESS3-4.
S-ESS3-5.
S-ESS3-6.

S-PS1-1.
S-PS1-3.
S-PS3-1.
S-PS3-3.

ESS3.D

S-PS2-5.

Earth and Space
Sciences Repeats

S-PS3-1.
S-PS3-4.
S-ESS2-3.
S-PS4-3.
S-PS4-5.
S-ESS1-2.
S-ETS1-1.
S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

ESS1.B

ESS2.E
ESS3.B

S-ESS2-4
S-ESS1-5.
S-ESS2-1.
S-ESS2-3.
S-ESS2-4.
S-ESS3-6.
S-ESS2-7.
S-ESS3-1.

ETS1.A

S-ETS1-1.

ESS2.B

ESS2.D

ETS1.B
ETS1.C

S-ETS1-3.
S-ETS1-4.
S-ETS1-2.

PE is connected to two
component ideas between
two courses

./4% )N THIS TABLE THE COMPONENT IDEAS ARE ARRANGED INTO COURSES BASED ON THE ORGANIZATION DESCRIBED AS THE -ODIlED 3CIENCE $OMAINS -ODELBIOLOGY CHEMISTRY AND PHYSICSWITH A FOURTH
course added for the earth and space sciences. The table uses the information in the NGSS foundation boxes to connect the high school NGSS PEs to the component ideas from the Framework.
*LS1.C moved from Biology to Chemistry.
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#HOOSING A #OURSE -AP
These course maps are not end products; they are models of processes for mapping PEs onto courses and starting points for continued work. They are by no means the only arrangements possible,
but are intended to be concrete examples to start conversations
about the direction of science education at the building, district,
and state levels. This section highlights factors to consider in
making a decision to use one, more than one (at different grade
bands), or none of the model course maps presented.
Any course map will have benefits and challenges linked to the
underlying assumptions and processes that were involved in
making them and to the local situation where they are to be
implemented. Of course, “benefits” and “challenges” depend
on one’s perspective. Something identified as a “challenge” may
actually be a primary reason for selecting a model if the challenge is one that is determined to be in the students’ best interest. For example, if a state education agency is already planning
a redesign of teacher licensure criteria, then selecting a model
course map that does not fit well with the existing teacher licensure system would not necessarily be a barrier to selecting that
course map—it might even be a reason for selection because
it aligns with the direction of the licensure redesign process.
Likewise, what some may consider a “benefit,” others may see
as a reason not to select a course map. Some may start with a
particular course map because it contains courses that are very
similar to what is currently offered, but others may see this as
more of a drawback as it may result in teachers being less convinced they need to make any changes—making it difficult to
ensure a complete and coherent implementation of the vision of
the Framework. The realities and needs in states and local education agencies (LEAs) are quite different; therefore, outlined
below are factors to consider in deciding how to map the gradebanded PEs onto courses for the NGSS.

134

&ACTORS FOR #ONSIDERATION
 !RE THE PERFORMANCE EXPECTATIONS ORGANIZED IN A WAY TO MAXIMIZE STUDENT LEARNING
Course Map 1, Conceptual Understanding, was the only model
that was consciously designed with this in mind. DCI component ideas and their related PEs are deliberately sequenced
to allow students to build knowledge in a logical progression.
This model supports students’ engagement in SEPs and applies
CCs to deepen students’ understanding of the core ideas in the
physical sciences, life sciences, and earth and space sciences over
multiple years (NRC, 2012, p. 8). According to the Framework,
“By the end of the 12th grade, students should have gained
sufficient knowledge of the practices, crosscutting concepts,
and core ideas of science and engineering to engage in public
discussions on science-related issues, to be critical consumers
of scientific information related to their everyday lives, and to
continue to learn about science throughout their lives” (NRC,
2012, p. 9).
This does not mean that, through effective curriculum planning and lesson plan development, the other models course
maps could not be developed in a way that would also maximize student learning, but their infrastructure was not
designed with this as a focus. With an organizational structure
built directly from the domains of the Framework (Course
Map 2) or traditional scientific divisions (Course Map 3), it will
take a concerted effort to ensure that there are opportunities
to build conceptual knowledge over time, especially for concepts that are cross-disciplinary.
 !RE THE PERFORMANCE EXPECTATIONS ORGANIZED IN A WAY THAT
INCREASES EFFICIENCY IN INSTRUCTION
Among the many recommendations for improving the coherence and effectiveness of the K–12 curriculum, Designs for
Science Literacy (AAAS, 2001) is a cross-disciplinary organization that eliminates the unnecessary repetition of topics—the
same ideas in the same contexts, often with the same activities
and the same questions. A common student complaint is that
the same topics are presented in successive grades, often in
the same way. Similarly, a common teacher complaint is that
students did not receive instruction in important topics in prior
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grades and so these topics then have to be taught in the present
grade, thus perpetuating an instructional gap for the following
grades (AAAS, 2001).
In Course Map 1 the thoughtful sequence of DCI component
ideas and PEs limits unnecessary repetition while still providing
students with the requisite knowledge for success in subsequent science courses. Course Maps 2 and 3 were not designed
with this in mind, and although the order that courses are
sequenced within either model could alleviate some of this,
there are PEs within every course that expect students to know
concepts that are being addressed in other courses. If this is
addressed thoughtfully in curriculum design, it could provide
opportunities for cross-disciplinary connections, but in terms
of instruction efficiency, it does mean that there will be times
that teachers will have to allot class time to bring students up
to speed on the background concepts necessary to progress to
the concepts intended to be addressed in any given course.
 !RE THE PERFORMANCE EXPECTATIONS ORGANIZED IN A WAY THAT
REPRESENTS THE INTERCONNECTEDNESS OF SCIENCE
The organization of scientific research has become more complex and has evolved from the Committee of Ten’s constructs
of 1893, which organized K–12 science education around
astronomy, meteorology, botany, zoology, physiology, anatomy,
hygiene, chemistry, and physics. The cross-disciplinary organization of Course Map 1 makes natural connections across the science domains of the Framework more evident to teachers and
students and provides for a more flexible, coherent, and realistic pathway to developing deep understandings of science.
Course Maps 2 and 3 were not designed with this in mind,
although careful curriculum and lesson plan development
could create these connections.
 (OW DOES THE COURSE MAP ALIGN WITH CURRENT STATE GUIDELINES
LEGISLATIONPOLICIES FOR COURSE TITLES COURSE SEQUENCES TEACHER
LICENSURE CREDITS FOR GRADUATION AND COLLEGE ADMISSIONS
EXPECTATIONS
States vary in terms of how these policies are created and the
processes that are involved in changing them, but these are all
important factors for consideration in selecting or developing a
course map. For example, some states require only two science

credits for graduation, but the NGSS PEs are written for all students and none of the model course maps include fewer than
three courses. “Credit” and “courses” do not describe what
students know or are able to do; the system of PEs in the NGSS,
all of which are for all students, detail what is to be achieved.
 7HAT ARE THE IMPLICATIONS FOR TEACHING POSITIONS
Any of the course map models (depending on the realities
of current teacher preparation and licensure policies, current
course offerings, graduation requirements, course sequences,
etc., and any changes that are proposed) may have a significant impact on the number of teachers prepared to teach
courses. This could also be affected by the proposed sequencing of courses in Course Maps 2 and 3. For example, switching
from a biology–chemistry–physics sequence in a state where
biology is the only “required” science in a sequence of three
required for graduation to using Course Map 2 and sequencing
physical sciences–life sciences–earth sciences courses will put
different demands on the system to provide teachers qualified to teach these courses. This would also potentially impact
teacher certification/licensure policies, teacher preparation,
and professional learning opportunities.
 (OW DO THESE COURSE MAPS AFFECT THE FOCUS OF PRE SERVICE
TEACHER PREPARATION AND PROFESSIONAL LEARNING OPPORTUNITIES
Transitioning from current state science standards to the NGSS
provides significant opportunities to support advancing science instruction regardless of the course map that is utilized.
Teachers of science will need intensive, ongoing, and jobembedded professional development in order for their students to meet the challenges of the PEs defined in the NGSS.
Teachers will need to wrestle with questions such as:
• What do we want students to learn?
• How will we know what students are learning?
• How will we respond when they do not learn?
The cross-disciplinary approach of Course Map 1 is somewhat
different than common current practice in teacher preparation
and professional development. Pre-service teachers are less likely
to have experienced an explicitly cross-disciplinary course in
their own courses, which will mean that those responsible for
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preparing them to be teachers will have to explicitly incorporate this into teaching and learning experiences. Many teachers already in the field are very passionate about the particular
domain they are teaching. They may have accumulated a significant amount of knowledge of practices and core ideas within
a content area and may have less experience outside their
preferred domain. If Course Map 1 is used, professional learning opportunities will need to be carefully crafted to value this
expertise and support teachers in making any transition.
Course Map 2 does not require a specific focus for teacher
preparation or professional learning other than the focuses
called for in transitioning to the NGSS.
Course Map 3 would also require a specific focus on teacher
preparation and professional learning opportunities.
Incorporation of the earth and space sciences PEs across biology, chemistry, and physics courses may not align with current
practice. Teacher preparation and professional learning opportunities will need to be explicitly designed to support teachers
in this transition.
 $OES THE COURSE MAP AFFECT ANY PLANS FOR COMMUNICATING
ABOUT SCIENCE EDUCATION WITH STAKEHOLDERS
In adopting the NGSS (an assumed step if now choosing a
course map of these standards), communication with key stakeholders—students, parents, teachers, administrators, school
boards, business and industry, etc.—will be important to support effective implementation. The course map model that
is used may require additional specific communication with
messaging targeted for stakeholder groups, particularly if the
course map requires significant system changes.
 (OW IS THE CHOSEN COURSE MAP IMPACTED BY RESOURCE AVAILABILITY
Existing resources, such as textbooks, workbooks, and even
online resources, often sort information based on content in
a way that is more similar to Course Maps 2 and 3. For states
or districts that focus curriculum on a particular textbook, this
may affect the decision of how to map courses, but for others
that pull from a variety of resources and already use textbooks
as a support for curriculum rather than as the curriculum, this
may be irrelevant. As new resources are written and existing
resources are rewritten for the NGSS, they might be more
136

frequently designed with one course map or another in mind,
but this too may be less of a concern due to the development
of more flexible resources, such as open education resources
and editable digital textbook formats.

#/.#,53)/.3
It may seem a forgone conclusion that the course map specifically
designed to coherently build student conceptual understanding
over time, maximize efficient use of class time, and prepare
students for the cross-disciplinary reality of science research will
be the one that everyone selects, but there may be good reasons
for choosing a different model (including “none of the above”). In
fact, engineering an effective learning program is a complex and
challenging task that depends on instructor knowledge of the content and pedagogy, materials that support good instruction, determination and implementation of learning progressions, assessments for formative and summative purposes, and even school
climate—issues much beyond the goals of this appendix. Hopefully
the factors described above will result in meaningful conversations in states and districts about their science education systems.
Adopting the NGSS will require systemic changes to implement
them with fidelity to the vision of the Framework. It is a great
opportunity for deliberate decision making about whether or not
a school system is designed in a way that gives students the best
opportunities possible to realize this vision. Deciding on a course
map is just one of the important decisions in this process, but it
requires careful consideration because of the potential impacts
across the system.
This situation of many states and districts utilizing the same standards, but with different course maps also has significant potential to inform our understanding of how students learn science. As
mentioned in the beginning of this chapter, the reason all educators implementing the NGSS even have to juggle the idea of multiple course maps is that there is insufficient research to recommend a particular sequence. With 50 different sets of state standards, it has been difficult to determine if one sequence is more
effective than another, but with many states considering adoption
of these standards, there is fertile ground for historic research to
move our understanding forward.
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$EVELOPING A .EW #OURSE -AP
It might be that none of the course maps presented here meet
the needs of a particular state or LEA. If this is the case, it would
definitely make sense to design a new, individual course map
model rather than simply refine what has been provided. The
multi-dimensionality of the NGSS would certainly allow for a
course map based on something other than just DCIs—either by
one of the other dimensions or a combination of the three. These
and other reasons for developing alternative course map models
are certainly valid, but hopefully there is enough in the descriptions above to make this process a bit smoother. Examining the
underlying assumptions of these course maps, reviewing the processes that were used to create the course maps, and weighing all
this with the factors for consideration described above provides
a framework to jump-start the development of new course maps
that meet the needs of the students in an LEA or state.

2ElNING A #OURSE -AP
Selecting one of the course maps provided here does not mean
the work is done; it is the first step in a journey. The course map
will need further refinement to meet local needs. Then the real
work begins to develop curricula and lessons based on the course
map, and necessary professional learning opportunities will need
to be accessed or developed to support implementation with
fidelity. Additionally, as with all scientific endeavors, it will be necessary to plan how it will be determined whether efforts are successful. What types of data will be used to determine whether or
not the new arrangement has worked? What processes will be put
in place to refine a course map to increase its effectiveness? Even
once these questions have been answered, as curriculum units and
lesson plans are designed and refined in the classroom, it is likely
that further refinement of the course map will be necessary.

here will need to be refined—perhaps simply re-sorting PEs in
Course Map Model 1 into four courses or using Course Map Model
3 with a separate earth and space sciences course rather than
splitting the earth and space sciences PEs across biology, chemistry,
and physics—or it may mean starting from scratch.
Additional work will need to be done locally to consider the
mathematics expected by the PEs in both middle school and high
school grade bands. As local mathematics courses may differ, especially at the high school level, it will be important to have crossdisciplinary conversations to make sure that students are receiving
complementary instruction across content areas. The connections
boxes in the NGSS should inform this conversation.

2%&%2%.#%3
AAAS (American Association for the Advancement of Science). (2001).
Designs for science literacy. New York: Oxford University Press.
NRC (National Research Council). (2012). A framework for K–12 science
education: Practices, crosscutting concepts, and core ideas.
Washington, DC: The National Academies Press.

Recommendations for refining each course map are provided at
the end of each model description above, but more significant
revisions may be in order if the underlying assumptions described
in the beginning of this chaper are not acceptable. For example,
if a state requires four courses in science and there is no intention
to change this, then a three-course sequence for high school may
not what is needed. This may mean that the models presented
Model Course Mapping in Middle and High School for the Next Generation Science Standards
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APPENDIX L

CONNECTIONS TO THE COMMON CORE
STATE STANDARDS FOR MATHEMATICS

#/.3)34%.#9 7)4( 4(% #/--/. #/2% 34!4%
34!.$!2$3 &/2 -!4(%-!4)#3
Science is a quantitative discipline, so it is important for educators
to ensure that students’ science learning coheres well with their
learning in mathematics.1,2 To achieve this alignment, the Next
Generation Science Standards (NGSS) development team worked
with the Common Core State Standards for Mathematics (CCSSM)
writing team to ensure the NGSS do not outpace or otherwise
misalign to the grade-by-grade standards in the CCSSM. Every
effort has been made to ensure consistency. It is essential that
the NGSS always be interpreted, and implemented, in such a way
that the math does not outpace or misalign to the grade-by-grade
standards in the CCSSM (this includes the development of NGSSaligned instructional materials and assessments).
For convenience, Table L-1 shows CCSSM grade placements for
key topics relevant to science. This table can help science educators ensure that students’ work in science does not require them
to meet the indicated CCSSM standards before the grade level in
which they appear.

For more on this point, see page 17 of the K–8 Publishers’ Criteria for the
Common Core State Standards for Mathematics and page 15 of the High
School Publishers’ Criteria for the Common Core State Standards for Mathematics, both available at: www.corestandards.org.
2
For example, concepts of physical measurement are intertwined with students’
developing understanding of arithmetic in the elementary grades; see the
Progressions document available at: http://commoncoretools.files.wordpress.
com/2012/07/ccss_progression_gm_k5_2012_07_21.pdf and the brief essay
“Units, a Unifying Idea in Measurement, Fractions, and Base Ten” available at:
http://commoncoretools.me/2013/04/19/units-a-unifying-idea.
1
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• For additional information on representing and interpreting
data in grades K–5, see the Progressions document available
at: http://commoncoretools.files.wordpress.com/2011/06/ccss_
progression_md_k5_2011_06_20.pdf.
• For additional information on measurement in grades K–5,
see the Progressions document available at: http://
commoncoretools.files.wordpress.com/2012/07/ccss_progression_
gm_k5_2012_07_21.pdf.
TABLE L-1 Key Topics Relevant to Science and the Grade at Which They Are First
Expected in the CCSSM
Number and Operations

Grade First
Expected

Multiplication and division of whole numbers
Concept of a fraction a/b

3

Beginning fraction arithmetic

4

Coordinate plane

5

Ratios, rates (e.g., speed), proportional relationships

6

Simple percent problems

6

2ATIONAL NUMBER SYSTEMSIGNED NUMBERSCONCEPTS

6

2ATIONAL NUMBER SYSTEMSIGNED NUMBERSARITHMETIC

7

Measurement

Grade First
Expected

Standard length units (inch, centimeter, etc.)

2

Area

3

Convert from a larger unit to a smaller in the same system

4

Convert units within a given measurement system

5

Volume

5

3

Convert units across measurement systems (e.g., inches to centimeters)

6

Statistics and Probability

Grade First
Expected

Statistical distributions (including center, variation, clumping, outliers,
mean, median, mode, range, quartiles) and statistical associations or
trends (including two-way tables, bivariate measurement data, scatter
plots, trend line, line of best fit, correlation)

6–8

Probability, including chance, likely outcomes, probability models

7

NOTE: See the CCSSM for exact Statements of Expectations.
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During the middle school and high school years, students develop
a number of powerful quantitative tools, from rates and proportional relationships, to basic algebra and functions, to basic
statistics and probability. Such tools are applicable far beyond
the mathematics classroom. Such tools can also be better understood, and more securely mastered, by applying them in a variety
of contexts. Fortunately, the National Research Council (NRC)
report A Framework for K–12 Science Education (Framework)
makes clear in its science and engineering practices (Analyzing
and Interpreting Data, Using Mathematics and Computational
Thinking) that statistics and mathematics have a prominent role in
science. The NGSS aim to give middle school and high school science educators a clear road map to prepare their students for the
quantitative demands of college and careers, where students need
to apply quantitative tools in an applied or scientific context.3 For
all these reasons, the NGSS require key tools for grades 6−8 and
the high school Common Core State Standards (CCSS) to be integrated into middle school and high school science instructional
materials and assessments.
For additional detail, see Table L-2, as well as the NGSS Condensed
Practices (Appendix F) and the CCSS connections boxes that
appear throughout the NGSS.

TABLE L-2 Middle School and High School Science and Engineering Practices
That Require Integrating the CCSSM Math/Statistics Tools into the NGSS-Aligned
Instructional Materials and Assessments
Science and
Engineering
Practices

6–8 Condensed Practices
(subset requiring
integration)

9–12 Condensed Practices
(subset requiring
integration)

Analyzing and
Intepreting Data

Apply concepts of
statistics and probability
from the CCCSS (found in
grades 6-8.SP)
to scientific and
engineering questions
and problems, using
digital tools when
feasible.

Apply concepts of
statistics and probability
from the high school
CCCSS (found in S) to
scientific and engineering
questions and problems,
using digital tools when
feasible.

Using
Mathematics and
Computational
Thinking

Apply concepts of ratio,
rate, percent, basic
operations, and simple
algebra to scientific and
engineering questions
and problems. (See
grades 6-7.RP, 6-8.NS,
and 6-8.EE in the CCSS.)

Apply techniques of
algebra and functions
to represent and solve
scientific and engineering
problems. (See A and F in
the CCSS.)

#/..%#4)/.3 4/ ##33- 34!.$!2$3 &/2
-!4(%-!4)#!, 02!#4)#%
Some general connections to the CCSSM can be found among
CCSSM’s Standards for Mathematical Practice. The three CCSSM
practice standards most directly relevant to science are:
• MP.2. Reason abstractly and quantitatively.
• MP.4. Model with mathematics.
• MP.5. Use appropriate tools strategically.

Apply key takeaways from
grades 6–8 mathematics,
such as applying ratios,
rates, percentages, and
unit conversions (e.g., in
the context of complicated
measurement problems
involving quantities with
derived or compound
units, such as mg/mL,
kg/m3, acre-feet, etc.).a

NOTE: Refer to the NGSS Science and Engineering Practices for context and to the CCSSM for
information about the standards notation: http://www.corestandards.org/Math.
a
See Table 1 of the High School Publishers’ Criteria for the Common Core State Standards for
Mathematics, available at: www.corestandards.org/resources.

Mathematical practice standards MP.2 and MP.4 are both about
using mathematics in context. The first practice standard, MP.2,
is about the back and forth between (1) manipulating symbols
abstractly and (2) attending to the meaning of those symbols
Table 1 of the High School Publishers’ Criteria for the Common Core State
Standards for Mathematics shows widely applicable prerequisites for college
and careers available at: www.corestandards.org.

3

Connections to the Common Core State Standards for Mathematics
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while doing so. For example, a kindergarten student might connect a symbolic statement like “6 > 4” to the fact that there are
more objects in one given set than in another. A middle school
student might rewrite the equation d = 65t for the motion of a car
in the equivalent form d/t = 65, recognizing that the new equation
abstractly expresses the steps in a computation of the car’s speed.
A high school student might connect the 2 in the equation N = 2n
to the fact that each dividing cell gives rise to two daughter cells.
The second practice standard, MP.4, is also about applying mathematics, but with more of a focus on results and less on the mental
processes involved:
• In grades K–2, modeling with mathematics typically means
diagramming a situation mathematically, and/or solving a onestep addition/subtraction word problem.
• In grades 3–5, modeling with mathematics typically means representing and/or solving a one-step or multi-step word problem.
• In grades 6–8, modeling with mathematics typically means
representing and/or solving a one-step or multi-step word
problem, possibly one in which certain assumptions necessary
to formulate the problem mathematically are not specified for
the student.
• In high school, modeling with mathematics typically includes the
kinds of problems seen in grades 6–8 as well as “full models”—
that is, problems that include more of the steps of the modeling
cycle. (National Governors Association Center for Best Practices,
Council of Chief State School Officers, 2010, pp. 72–73)
Finally, the third practice standard, MP.5, refers not only to technological tools, but also to such strategies as drawing diagrams
from kindergarten onward and, in later grades, using well-known
formulas and powerful representation schemes like the coordinate plane. These tools, and the skill and judgment to use them
well, are important for quantitative work in science.
About CCSSM practice standard MP.3: None of the connections
boxes include a link to CCSSM practice standard MP.3, which reads,
“Make viable arguments and critique the reasoning of others.”
The lack of a connection to MP.3 might appear surprising, given
that science too involves making arguments and critiquing them.
However, there is a difference between mathematical arguments
and scientific arguments—a difference so fundamental that it
would be misleading to connect any of the standards to MP.3
140

here. The difference is that scientific arguments are always based
on evidence, whereas mathematical arguments never are. It is this
difference that renders the findings of science provisional and
the findings of mathematics eternal. As Isaac Asimov wrote in the
Foreword to A History of Mathematics, “Ptolemy may have developed an erroneous picture of the planetary system, but the system
of trigonometry he worked out to help him with his calculations
remains correct forever” (Boyer and Merzbach, 1991, pp. vii–viii).
Blurring the distinction between mathematical and scientific arguments leads to a misunderstanding of what science is about. For
more information about argumentation in science, see the NGSS
science and engineering practice “Engaging in argument from
evidence.”
For more information on the standards for mathematical practice
in general, see CCSSM, pp. 6–8. Also see pp. 72–73 for information
on modeling in particular.
The rest of this appendix presents the remaining connections from
the connections boxes. Illustrative science examples are provided
for a number of the connections, along with alignment notes in
select cases.

+ 03 -/4)/. !.$ 34!"),)49 &/2#%3 !.$
).4%2!#4)/.3
As part of this work, teachers should give students opportunities
to USE DIRECT MEASUREMENT
K.MD.A.1. Describe measurable attributes of objects, such as
length or weight. Describe several measurable attributes of a
single object.
K.MD.A.2. Directly compare two objects with a measurable attribute in common to see which object has more of/less of the
attribute and describe the difference. For example, directly
compare the heights of two children and describe one child as
taller/shorter. 3CIENCE EXAMPLES 3TUDENTS MAKE A SIMPLE PULLEY
THAT USES ONE OBJECT TO LIFT A SECOND OBJECT 4HEY DESCRIBE ONE
OF THE OBJECTS AS HEAVIER THAN THE OTHER 4HEY TRY TO PREDICT
WHICH WILL RISE AND WHICH WILL FALL )N CONSECUTIVE TRIALS THAT
VARY THE WEIGHT OF THE FIRST OBJECT KEEPING THE SECOND OBJECT
THE SAME STUDENTS CONCLUDE THAT A HEAVIER OBJECT WILL LIFT A
GIVEN TARGET OBJECT FASTER
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Alignment notes: (1) Data displays such as picture graphs and
bar graphs are not expected until grade 2. (2) Standard length
units such as centimeters or inches are not expected until grade
2. Informal units (e.g., a paper clip used as a length unit) are not
expected until grade 1.

+ 03 %.%2'9
As part of this work, teachers should give students opportunities
to use DIRECT MEASUREMENT
K.MD.A.2. Directly compare two objects with a measurable attribute in common to see which object has more of/less of the
attribute and describe the difference. For example, directly
compare the heights of two children and describe one child as
taller/shorter. 3CIENCE EXAMPLE $IRECTLY COMPARE A STONE LEFT IN
the sun with a stone left in the shade and describe one of the
STONES AS WARMERCOOLER THAN THE OTHER

+ ,3 &2/- -/,%#5,%3 4/ /2'!.)3-3 3425#452%3
!.$ 02/#%33%3
As part of this work, teachers should give students opportunities
to use DIRECT MEASUREMENT
K.MD.A.2. Directly compare two objects with a measurable attribute in common to see which object has more of/less of the
attribute and describe the difference. For example, directly
compare the heights of two children and describe one child as
taller/shorter. 3CIENCE EXAMPLE $IRECTLY COMPARE A SUNFLOWER
GROWN IN THE SHADE WITH A SUNFLOWER GROWN IN THE SUN 7HICH
FLOWER IS TALLER /BSERVE THAT THESE PLANTS NEED LIGHT TO THRIVE
Alignment notes: (1) Data displays such as picture graphs and bar
graphs are not expected until grade 2. (2) Standard length units
such as centimeters or inches are not expected until grade 2.

+ %33 %!24(3 3934%-3
As part of this work, teachers should give students opportunities
to USE NUMBERS COUNTING DIRECT MEASUREMENT AND CLASSIFICATION

K.CC.A.4 Know number names and the count sequence. 3CIENCE
EXAMPLE 3TUDENTS WRITE THE NUMBER OF SUNNY OR RAINY DAYS IN
the previous month.
K.MD.A.1. Describe measurable attributes of objects, such as
length or weight. Describe several measurable attributes of a
single object. 3CIENCE EXAMPLE $ESCRIBE A BEAKER OF WATER AS
BEING HEAVY AND COLD
K.MD.B.3. Classify objects into given categories; count the number
of objects in each category and sort the categories by count.
3CIENCE EXAMPLE "UILD A TALLY CHART SHOWING THE NUMBER OF
RAINY OR SUNNY DAYS AS THE MONTH PROGRESSES #OUNT THE NUMBER OF SUNNY OR RAINY DAYS IN THE PREVIOUS MONTH SEE +##" 
7ERE THERE MORE RAINY DAYS OR SUNNY DAYS SEE +### 
Alignment notes: (1) Data displays such as picture graphs and bar
graphs are not expected until grade 2. (2) Standard length units
such as centimeters or inches are not expected until grade 2.

+ %33 %!24( !.$ (5-!. !#4)6)49
As part of this work, teachers should give students opportunities
to count and compare numbers (see K.CC). 3CIENCE EXAMPLES
 #OUNT THE NUMBER OF TREES IN EACH OF TWO PHOTOGRAPHS )N
WHICH PHOTOGRAPH ARE THERE MORE TREES )N WHICH PLACE MIGHT
YOU FIND MORE SQUIRRELS  +EEP A TALLY OF THE NUMBER OF SEVERE
WEATHER DAYS FORECAST AND ACTUAL  #OUNT THE NUMBER OF SEVERE
WEATHER DAYS AT THE END OF THE YEAR

 03 7!6%3 !.$ 4(%)2 !00,)#!4)/.3 ).
4%#(./,/')%3 &/2 ).&/2-!4)/. 42!.3&%2
As part of this work, teachers should give students opportunities
to MEASURE WITH NON STANDARD UNITS
1.MD.A.1. Order three objects by length; compare the lengths of
two objects indirectly by using a third object. 3CIENCE EXAMPLE
4HE CLASS MAKES STRING PHONES -ARIAS STRING IS LONGER THAN
3UES AND 3UES STRING IS LONGER THAN 4IAS SO WITHOUT MEASURING DIRECTLY WE KNOW THAT -ARIAS STRING IS LONGER THAN 4IAS
The capital letter “A” in “K.CC.A” refers to the first cluster heading in domain
K.CC. See p. 11 of the CCSSM, available at: http://www.corestandards.org/assets/
##33)?-ATH3TANDARDSPDF

4
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1.MD.A.2. Express the length of an object as a whole number of
length units, by layering multiple copies of a shorter object (the
length unit) end to end. Understand that the length measurement of an object is the number of same-size length units that
span it with no gaps or overlaps. Limit to contexts where the
object being measured is spanned by a whole number of length
units with no gaps or overlaps. 3CIENCE EXAMPLE 5SING A SHOE AS
THE LENGTH UNIT THE STRING FOR 3UES STRING PHONE IS  UNITS LONG
Alignment note: Standard length units such as centimeters or
inches are not expected until grade 2.

 ,3 &2/- -/,%#5,%3 4/ /2'!.)3-3 3425#452%3
!.$ 02/#%33%3
As part of this work, teachers should give students opportunities
to WORK WITH  DIGIT NUMBERS
1.NBT.B.3. Compare two 2-digit numbers based on the meanings
of the tens and ones digits, recording the results of comparisons with the symbols >, =, and <.
1.NBT.C.4. Add within 100, including adding a 2-digit number and
a 1-digit number, and adding a 2-digit number and a multiple
of 10, using concrete models or drawings and strategies based
on place value, properties of operations, and/or the relationship between addition and subtraction. Relate the strategy to
a written method and explain the reasoning uses. Understand
that in adding 2-digit numbers, one adds tens and tens, ones
and ones; and sometimes it is necessary to compose a ten.
1.NBT.C.5. Given a 2-digit number, mentally find 10 more or
10 less than the number, without having to count. Explain the
reasoning used.
1.NBT.C.6. Subtract multiples of 10 in the range 10–90 from multiples of 10 in the range 10–90 (positive or zero differences),
using concrete models or drawings and strategies based on
place value, properties of operations, and/or the relationship
between addition and subtraction. Relate the strategy to a
written method and explain the reasoning used.
3CIENCE EXAMPLES  ! MOTHER WOLF SPIDER IS CARRYING  BABY
SPIDERS ON HER BACK 4HERE WERE  EGGS IN THE EGG SAC (OW
MANY OF THE HATCHLINGS IS THE MOTHER SPIDER NOT CARING FOR

142

 $URING THE BREEDING SEASON A FEMALE COTTONTAIL RABBIT HAS
LITTERS OF FIVE SIX FIVE AND FOUR BUNNIES (OW MANY BUNNIES
DID THE RABBIT HAVE DURING THIS TIME

 ,3 (%2%$)49 ).(%2)4!.#% !.$ 6!2)!4)/. /& 42!)43
As part of this work, teachers should give students opportunities to measure with non-standard units and use indirect
MEASUREMENT
1.MD.A.1. Order three objects by length and compare the lengths
of two objects indirectly by using a third object. 3CIENCE EXAMPLE %VERY SUNFLOWER IS TALLER THAN THE RULER AND EVERY DAISY
IS SHORTER THAN THE RULER SO WITHOUT MEASURING DIRECTLY WE
KNOW THAT EVERY SUNFLOWER IS TALLER THAN EVERY DAISY 4HE
SUNFLOWERS AND DAISIES ARE NOT EXACTLY LIKE THE PLANTS FROM
WHICH THEY GREW BUT THEY RESEMBLE THE PLANTS FROM WHICH
THEY GREW IN BEING GENERALLY TALL OR GENERALLY SHORT
Alignment note: Standard length units such as centimeters or
inches are not expected until grade 2.

 %33 %!24(3 0,!#% ). 4(% 5.)6%23%
As part of this work, teachers should give students opportunities
to practice addition and subtraction and represent and interpret
DATA
1.OA.A.1. Use addition and subtraction within 20 to solve word
problems involving situations of adding to, taking from, putting together, taking apart, and comparing, with unknowns in
all positions (e.g., by using objects, drawings, and equations to
represent the problem). 3CIENCE EXAMPLE 4HERE WERE  HOURS
OF DAYLIGHT YESTERDAY /N $ECEMBER  THERE WERE  HOURS
OF DAYLIGHT (OW MANY MORE HOURS OF DAYLIGHT WERE THERE
YESTERDAY
1.MD.C.4. Organize, represent, and interpret data with up to three
categories. Ask and answer questions about the total number
of data points, how many are in each category, and how many
more or less are in one category than in another. 3CIENCE EXAMPLE "ASED ON THE DATA COLLECTED SO FAR AND POSTED ON THE BULLETIN BOARD WHICH DAY HAS BEEN THE LONGEST OF THE YEAR SO FAR
7HICH DAY HAS BEEN THE SHORTEST
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Alignment notes: (1) Students in this grade are expected to be
fluent in adding and subtracting within 10. (2) Picture graphs and
bar graphs are not expected until grade 2. (3) Line plots are not
expected until grade 2. (4) The coordinate plane is not expected
until grade 5.

Alignment notes: (1) Scaled bar graphs are not expected until
Grade 3. (2) Multiplication and division of whole numbers are not
expected until Grade 3.

 03 -!44%2 !.$ )43 ).4%2!#4)/.3

 ,3 ")/,/')#!, %6/,54)/. 5.)49 !.$ $)6%23)49

As part of this work, teachers should give students opportunities
to REPRESENT AND INTERPRET CATEGORICAL DATA

As part of this work, teachers should give students opportunities
to REPRESENT AND INTERPRET CATEGORICAL DATA

2.MD.D.10. Draw a picture graph and a bar graph (with a singleunit scale) to represent a data set with up to four categories.
Solve simple put-together, take-apart, and compare problems5
using information presented in a bar graph. 3CIENCE EXAMPLES
 -AKE A BAR GRAPH WITH A SINGLE UNIT SCALE SHOWING HOW
MANY SAMPLES IN A MINERAL COLLECTION ARE RED GREEN PURPLE OR
VARIOUS OTHER COLORS "ASED ON THE GRAPH HOW MANY SAMPLES
ARE REPRESENTED IN ALL  !S PART OF AN INVESTIGATION OF WHICH
MATERIALS ARE BEST FOR DIFFERENT INTENDED USES MAKE A PICTURE
GRAPH WITH A SINGLE UNIT SCALE SHOWING HOW MANY TOOLS IN A
TOOLBOX ARE MADE OF METAL WOOD RUBBERPLASTIC OR A COMBINATION "ASED ON THE GRAPH HOW MANY TOOLS ARE REPRESENTED
IN ALL

2.MD.D.10. Draw a picture graph and a bar graph (with a singleunit scale) to represent a data set with up to four categories.
Solve simple put-together, take-apart, and compare problems7
using information presented in a bar graph. 3CIENCE EXAMPLE
-AKE A PICTURE GRAPH WITH A SINGLE UNIT SCALE SHOWING THE
NUMBER OF PLANT SPECIES VERTEBRATE ANIMAL SPECIES AND
INVERTEBRATE ANIMAL SPECIES OBSERVED DURING A FIELD TRIP OR
IN A NATURE PHOTOGRAPH (OW MANY MORE PLANT SPECIES WERE
OBSERVED THAN ANIMAL SPECIES

Alignment notes: (1) Scaled bar graphs are not expected until
grade 3. (2) Multiplication and division of whole numbers are not
expected until grade 3.

 ,3 %#/3934%-3 ).4%2!#4)/.3 %.%2'9 !.$
$9.!-)#3
As part of this work, teachers should give students opportunities
to REPRESENT AND INTERPRET CATEGORICAL DATA
2.MD.D.10. Draw a picture graph and a bar graph (with a singleunit scale) to represent a data set with up to four categories.
Solve simple put-together, take-apart, and compare problems6
using information presented in a bar graph. 3CIENCE EXAMPLE

-AKE A BAR GRAPH WITH A SINGLE UNIT SCALE SHOWING THE NUMBER
OF SEEDLINGS THAT SPROUT WITH AND WITHOUT WATERING

Alignment notes: (1) Scaled bar graphs are not expected until
grade 3. (2) Multiplication and division of whole numbers are not
expected until grade 3.

 %33 %!24(3 0,!#% ). 4(% 5.)6%23%
As part of this work, teachers should give students opportunities
to WORK WITH NUMBERS TO  
2.NBT.A.8 Understand place value. 3CIENCE EXAMPLE !S PART OF
COMPREHENDING MEDIA TO IDENTIFY THE VARYING TIMESCALES ON
WHICH %ARTH EVENTS CAN OCCUR STUDENTS UNDERSTAND THAT A
PERIOD OF THOUSANDS OF YEARS IS MUCH LONGER THAN A PERIOD OF
HUNDREDS OF YEARS WHICH IN TURN IS MUCH LONGER THAN A PERIOD
OF TENS OF YEARS
Alignment note: Rounding is not expected until grade 3.

Ibid.
The capital letter “A” in “2.NBT.A” refers to the first cluster heading in
domain 2.NBT. See p. 19 of the CCSSM, available at: http://www.corestandards.
ORGASSETS##33)?-ATH3TANDARDSPDF

7

See Glossary on p. 85 and Table 1 on p. 88 in the CCSSM, available at: http://
WWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDSPDF
6
Ibid.
5

8

Connections to the Common Core State Standards for Mathematics

Copyright National Academy of Sciences. All rights reserved.

143

Next Generation Science Standards: For States, By States

 %33 %!24(3 3934%-3
As part of this work, teachers should give students opportunities
to WORK WITH NUMBERS TO   TO USE STANDARD UNITS FOR LENGTH
and to RELATE ADDITION AND SUBTRACTION TO LENGTH
2.NBT.A.3. Read and write numbers to 1,000 using base-ten
numerals, number names, and expanded form. 3CIENCE EXAMPLE 3TUDENTS WRITE ABOUT A LAKE THAT IS  FEET DEEP A RIVER
THAT IS  MILES LONG A FOREST THAT BEGAN GROWING ABOUT
 YEARS AGO AND SO ON
2.MD.B.5. Use addition and subtraction within 100 to solve word
problems involving lengths that are given in the same units
(e.g., by using drawings [such as drawings of rulers] and equations with a symbol for the unknown number to represent
the problem). 3CIENCE EXAMPLE ! GULLEY WAS  INCHES DEEP
BEFORE A RAINSTORM AND  INCHES DEEP AFTER A RAINSTORM (OW
MUCH DEEPER DID IT GET DURING THE RAINSTORM
Alignment note: Students in this grade are expected to be fluent
in mentally adding and subtracting within 20, knowing singledigit sums from memory by the end of grade 2; and are expected
to be fluent in adding and subtracting within 100 using strategies
based on place value, properties of operations, and/or the relationship between addition and subtraction.

Alignment notes: (1) Scaled bar graphs are not expected until
grade 3. (2) Multiplication and division of whole numbers are not
expected until grade 3.

 03 -/4)/. !.$ 34!"),)49 &/2#%3 !.$
).4%2!#4)/.3
As part of this work, teachers should give students opportunities
to WORK WITH CONTINUOUS QUANTITIES
3.MD.A.2. Measure and estimate liquid volumes and masses of
objects using standard units such as grams (g), kilograms (kg),
and liters (l).10 Add, subtract, multiply, or divide to solve onestep word problems involving masses or volumes that are given
in the same units (e.g., by using drawings [such as a beaker
with a measurement scale] to represent the problem).11 3CIENCE
EXAMPLE %STIMATE THEN MEASURE THE MASSES OF TWO OBJECTS
BEING USED IN AN INVESTIGATION OF THE EFFECT OF FORCES /BSERVE
THAT THE CHANGE OF MOTION DUE TO AN UNBALANCED FORCE IS LARGER
FOR THE SMALLER MASS 3TUDENTS NEED NOT EXPLAIN OR QUANTIFY
THIS OBSERVATION IN TERMS OF .EWTONS ,AWS OF -OTION

 ,3 &2/- -/,%#5,%3 4/ /2'!.)3-3 3425#452%3 !.$
02/#%33%3
As part of this work, teachers should give students opportunities
to BE QUANTITATIVE IN GIVING DESCRIPTIONS

+  %43 %.').%%2).' $%3)'.
As part of this work, teachers should give students opportunities
to REPRESENT AND INTERPRET CATEGORICAL DATA
2.MD.D.10. Draw a picture graph and a bar graph (with a singleunit scale) to represent a data set with up to four categories.
Solve simple put-together, take-apart, and compare problems9
using information presented in a bar graph. 3CIENCE EXAMPLE
-AKE A BAR GRAPH WITH A SINGLE UNIT SCALE SHOWING THE NUMBER
OF SEEDS DISPERSED BY TWO OR THREE DIFFERENT DESIGN SOLUTIONS
for seed dispersal.

3.NF. Number and Operations—Fractions
3.NBT. Number and Operations in Base Ten
3CIENCE EXAMPLE "E QUANTITATIVE WHEN DESCRIBING THE LIFE CYCLES
OF ORGANISMS SUCH AS THEIR VARYING LIFE SPANS EG RANGING
FROM A FRACTION OF A YEAR UP TO THOUSANDS OF YEARS AND THEIR
VARYING REPRODUCTIVE CAPACITY EG RANGING FROM A HANDFUL OF
OFFSPRING TO THOUSANDS 

Excludes compound units such as cubic centimeters (cm3) and finding the
geometric volume of a container. See p. 25 of the CCSSM, available at: http://
WWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDSPDF
11
Excludes multiplicative comparison problems (problems involving notions
of “times as much”). See Glossary on p. 85 and Table 2 on p. 89 in the CCSSM,
AVAILABLE AT HTTPWWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDS
pdf.
10

See Glossary on p. 85 and Table 1 on p. 88 in the CCSSM, available at: http://
WWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDSPDF
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 ,3 %#/3934%-3 ).4%2!#4)/.3 %.%2'9 !.$
$9.!-)#3
As part of this work, teachers should give students opportunities
to BE QUANTITATIVE IN GIVING DESCRIPTIONS
3.NBT. Number and Operations in Base Ten. 3CIENCE EXAMPLE "E
QUANTITATIVE WHEN DESCRIBING THE GROUP BEHAVIORS OF ANIMALS
EG DESCRIBE GROUPS RANGING IN SIZE FROM A HANDFUL UP TO
THOUSANDS OF ANIMALS 

 ,3 (%2%$)49 ).(%2)4!.#% !.$ 6!2)!4)/. /& 42!)43
As part of this work, teachers should give students opportunities
to REPRESENT AND INTERPRET DATA
3.MD.B.4. Generate measurement data by measuring lengths
using rulers marked with halves and fourths of an inch. Show
the data by making a line plot, where the horizontal scale is
marked off in appropriate units—whole numbers, halves, or
quarters. 3CIENCE EXAMPLES  -AKE A LINE PLOT TO SHOW THE
HEIGHT OF EACH OF A NUMBER OF PLANTS GROWN FROM A SINGLE PARENT /BSERVE THAT NOT ALL OF THE OFFSPRING ARE THE SAME SIZE
#OMPARE THE SIZES OF THE OFFSPRING TO THE SIZE OF THE PARENT
 -AKE A SIMILAR PLOT FOR PLANTS GROWN WITH INSUFFICIENT WATER

 ,3 ")/,/')#!, %6/,54)/. 5.)49 !.$ $)6%23)49
As part of this work, teachers should give students opportunities
to REPRESENT AND INTERPRET DATA
3.MD.B.3. Draw a scaled picture or bar graph to represent a data
set with several categories. Solve one- and two-step “how
many more” and “how many less” problems using information presented in scaled bar graphs. For example, draw a bar
graph in which each square in the bar graph might represent
five pets. 3CIENCE EXAMPLES  'IVEN A BAR GRAPH SHOWING
the number of flower species found in several different habiTATS DETERMINE HOW MANY MORE FLOWER SPECIES WERE FOUND
IN A GRASSY MEADOW THAN IN A DENSE FOREST 7OULD FLOWER
SPECIES BE AFFECTED IF A FOREST WERE TO SPREAD INTO ITS HABITAT
 -AKE A SCALED BAR GRAPH TO SHOW THE NUMBER OF SURVIVING INDIVIDUALS WITH AND WITHOUT AN ADVANTAGEOUS TRAIT (OW

MANY MORE OF THE INDIVIDUALS WITH THE ADVANTAGEOUS TRAIT
SURVIVED
3.MD.B.4. Generate measurement data by measuring lengths
using rulers marked with halves and fourths of an inch. Show
the data by making a line plot, where the horizontal scale
is marked off in appropriate units—whole numbers, halves,
or quarters. 3CIENCE EXAMPLE -AKE A LINE PLOT TO SHOW THE
LENGTH OF EACH FOSSIL THAT IS VISIBLE IN A PIECE OF SHALE $O ANY
OF THE FOSSILS RESEMBLE MODERN ORGANISMS EXCEPT FOR THEIR
SIZE

 %33 %!24(3 3934%-3
As part of this work, teachers should give students opportunities
to WORK WITH CONTINUOUS QUANTITIES and represent and interpret
CATEGORICAL DATA:
3.MD.A.2. Measure and estimate liquid volumes and masses of
objects using standard units of grams (g), kilograms (kg), and
liters (l).12 Add, subtract, multiply, or divide to solve one-step
word problems involving masses or volumes that are given in
the same units (e.g., by using drawings [such as a beaker with
a measurement scale] to represent the problem).13 3CIENCE
EXAMPLES  %STIMATE THE MASS OF A LARGE HAILSTONE THAT DAMAGED A CAR ON A USED CAR LOT  -EASURE THE VOLUME OF WATER
IN LITERS COLLECTED DURING A RAINSTORM
3.MD.B.3. Draw a scaled picture graph and a scaled bar graph to
represent a data set with several categories. Solve one- and
two-step “how many more” and “how many less” problems
using information presented in bar graphs. 3CIENCE EXAMPLE
-AKE A PICTURE GRAPH OR BAR GRAPH TO SHOW THE NUMBER OF
DAYS WITH HIGH TEMPERATURES BELOW FREEZING IN $ECEMBER
*ANUARY &EBRUARY AND -ARCH (OW MANY DAYS WERE BELOW
FREEZING THIS WINTER

Excludes compound units such as cubic centimeters (cm3) and finding the
geometric volume of a container. See p. 25 of the CCSSM, available at: http://
WWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDSPDF
13
Excludes multiplicative comparison problems (problems involving notions
of “times as much”). See Glossary on p. 85 and Table 2 on p. 89 in the CCSSM,
AVAILABLE AT HTTPWWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDS
pdf.
12
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Alignment notes: (1) Students are not expected to understand statistical ideas such as average, mean, and median until grade 6.
(2) Graphing in the coordinate plane is not expected until grade 5.

 %33 %!24( !.$ (5-!. !#4)6)49
As part of this work, teachers should give students opportunities
to WORK WITH CONTINUOUS QUANTITIES INCLUDING AREA
3.MD.A.2. Measure and estimate liquid volumes and masses of
objects using standard units of grams (g), kilograms (kg), and
liters (l).14 Add, subtract, multiply, or divide to solve one-step
word problems involving masses or volumes that are given in
the same units (e.g., by using drawings [such as a beaker with
a measurement scale] to represent the problem).15
3.MD.C.5. Recognize area as an attribute of plane figures and
understand concepts of area measurement.
a. A square with a side length of one unit, called “a unit square,”
is said to have “one square unit” of area and can be used to
measure area.
b. A plane figure that can be covered without gaps or overlaps by
n unit squares is said to have an area of n square units.
3.MD.C.6. Measure areas by counting unit squares (square centimeters, square meters, square inches, square feet, and improvised units).
3CIENCE EXAMPLE )N (AWAII SOME HOUSES ARE RAISED ON STILTS TO
reduce the impact of a tsunami. The force of a tsunami on
AN OBJECT IS GREATER IF THE OBJECT PRESENTS GREATER AREA TO AN
INCOMING WAVE "ASED ON A DIAGRAM OF A STILT HOUSE DETERMINE HOW MUCH AREA THE STILTS PRESENT TO AN INCOMING WAVE
(OW MUCH AREA WOULD THE HOUSE PRESENT TO AN INCOMING WAVE
IF IT WERE NOT ON STILTS

 03 %.%2'9
As part of this work, teachers should give students opportunities to
USE THE FOUR OPERATIONS WITH WHOLE NUMBERS TO SOLVE PROBLEMS
4.OA.A.3. Solve multi-step word problems posed with whole numbers and having whole-number answers using the four operations, including problems in which remainders must be interpreted. Represent these problems using equations with a letter
standing for the unknown quantity. Assess the reasonableness
of answers using mental computation and estimation strategies,
including rounding. 3CIENCE EXAMPLE 4HE CLASS HAS  RUBBER
BANDS WITH WHICH TO MAKE RUBBER BAND CARS )F EACH CAR USES
SIX RUBBER BANDS HOW MANY CARS CAN BE MADE )F THERE ARE
 STUDENTS AT MOST HOW MANY RUBBER BANDS CAN EACH CAR
HAVE IF EVERY CAR HAS THE SAME NUMBER OF RUBBER BANDS 
Alignment note: Grade 4 students are expected to fluently add
and subtract multi-digit whole numbers, multiply a number of
up to four digits by a 1-digit whole number, multiply two 2-digit
numbers, and find whole-number quotients and remainders with
up to 4-digit dividends and 1-digit divisors.

 03 7!6%3 !.$ 4(%)2 !00,)#!4)/. ). 4%#(./,/')%3
&/2 ).&/2-!4)/. 42!.3&%2
As part of this work, teachers should give students opportunities
to DRAW AND IDENTIFY LINES AND ANGLES
4.G.A.1. Draw points, lines, line segments, rays, angles (right,
acute, obtuse), and perpendicular and parallel lines. Identify these
in two-dimensional figures. 3CIENCE EXAMPLE )DENTIFY RAYS AND
ANGLES IN DRAWINGS OF WAVE PROPAGATION

 ,3 &2/- -/,%#5,%3 4/ /2'!.)3-3 3425#452%3
!.$ 02/#%33%3
Excludes compound units such as cubic centimeters (cm3) and finding the
geometric volume of a container. See p. 25 of the CCSSM, available at: http://
WWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDSPDF
15
Excludes multiplicative comparison problems (problems involving notions
of “times as much”). See Glossary on p. 85 and Table 2 on p. 89 in the CCSSM,
AVAILABLE AT HTTPWWWCORESTANDARDSORGASSETS##33)?-ATH3TANDARDS
pdf.
14
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As part of this work, teachers should give students opportunities
to RECOGNIZE SYMMETRY
4.G.A.3. Recognize a line of symmetry for a two-dimensional figure
as a line across the figure such that the figure can be folded
across the line into matching parts. Identify line-symmetric
figures and draw lines of symmetry. 3CIENCE EXAMPLE 2ECOGNIZE

NEXT GENERATION SCIENCE STANDARDS

Copyright National Academy of Sciences. All rights reserved.

Next Generation Science Standards: For States, By States

SYMMETRY OR LACK OF SYMMETRY IN THE INTERNAL AND EXTERNAL
STRUCTURES OF PLANTS AND ANIMALS $OES THE SYMMETRY OR LACK
THEREOF CONTRIBUTE TO THE FUNCTION OF THE ORGANISM &OR EXAMPLE BILATERAL SYMMETRY IS A SIGNAL OF REPRODUCTIVE FITNESS IN
MANY ANIMALS THE ASYMMETRY IN AN OWLS FACE HELPS IT PINPOINT
THE LOCATION OF PREY

 %33 %!24(3 0,!#% ). 4(% 5.)6%23%
As part of this work, teachers should give students opportunities
to SOLVE PROBLEMS INVOLVING MEASUREMENT
4.MD.A.1. Know relative sizes of measurement units within one
system of units, including km, m, and cm; kg and g; lb and oz;
l, mL; and hr, min, and sec. Within a single system of measurement, express measurements in a larger unit in terms of a
smaller unit. Record measurement equivalents in a two-column
table. For example, know that 1 ft is 12 times as long as 1 in.
Express the length of a 4 ft snake as 48 in. Generate a conversion table for feet and inches listing the number pairs (1, 12),
(2, 24), (3, 36). 3CIENCE EXAMPLE ! LIMESTONE LAYER WITH MANY
MARINE FOSSILS IS VISIBLE IN THE 'RAND #ANYON /NE REFERENCE
BOOK LISTS THIS LAYER AS BEING  FEET THICK !NOTHER REFERENCE
BOOK LISTS THIS LAYER AS BEING  YARDS THICK !RE THE TWO REFERENCES CONSISTENT
Alignment note: Expressing measurements in a smaller unit in
terms of a larger unit within the same system of measurement is
not expected until grade 5.

 %33 %!24(3 3934%-3
As part of this work, teachers should give students opportunities
to SOLVE PROBLEMS INVOLVING MEASUREMENT
4.MD.A.1. Know relative sizes of measurement units within one
system of units, including km, m, and cm; kg and g; lb and oz;
l, mL; and hr, min, and sec. Within a single system of measurement, express measurements in a larger unit in terms of a
smaller unit. Record measurement equivalents in a two-column
table. For example, know that 1 ft is 12 times as long as 1 in.
Express the length of a 4 ft snake as 48 in. Generate a conversion table for feet and inches listing the number pairs (1, 12),

(2, 24), (3, 36). 3CIENCE EXAMPLE /NE MAP SHOWS THAT A PARTICULAR POINT IN THE OCEAN IS   METERS DEEP WHILE ANOTHER
MAP SHOWS THE SAME POINT AS BEING  KILOMETERS DEEP !RE
THE TWO MAPS CONSISTENT
4.MD.A.2. Use the four operations to solve word problems
involving distances, intervals of time, liquid volumes, masses
of objects, and money, including problems involving simple
fractions or decimals and problems that require expressing
measurements given in a larger unit in terms of a smaller
unit. Represent measurement quantities using diagrams such
as number line diagrams that feature a measurement scale.
3CIENCE EXAMPLE ! COASTLINE IS REDUCED BY AN AVERAGE OF  FEET
PER YEAR )N AN  MONTH PERIOD APPROXIMATELY HOW MUCH OF
THE COASTLINE HAS BEEN LOST
Alignment note: Expressing measurements in a smaller unit in
terms of a larger unit within the same system of measurement is
not expected until grade 5.

 %33 %!24( !.$ (5-!. !#4)6)49
As part of this work, teachers should give students opportunities
to BE QUANTITATIVE IN DESCRIPTIONS
4.OA.A.1. Interpret a multiplication equation as a comparison; for
example, interpret 35 = 5 × 7 as a statement that 35 is 5 times
as many as 7 and 7 times as many as 5. Represent verbal statements of multiplicative comparisons as multiplication equations.
3CIENCE EXAMPLE "E QUANTITATIVE WHEN DISCUSSING ENVIRONMENTAL EFFECTS &OR EXAMPLE SAY NOT ONLY THAT A PARTICULAR OIL SPILL
WAS hLARGE v BUT ALSO THAT  MILLION GALLONS WAS SPILLED OR THAT
THE OIL SPILL WAS  TIMES LARGER THAN THE NEXT WORST OIL SPILL

 03 -!44%2 !.$ )43 ).4%2!#4)/.3
As part of this work, teachers should give students opportunities
to RELATE VERY LARGE AND VERY SMALL QUANTITIES TO PLACE VALUE AND
DIVISION CONVERT MEASUREMENT UNITS AND WORK WITH VOLUME
5.NBT.A.1. Explain patterns in the number of zeros of a product
when multiplying a number by powers of 10, and explain patterns in the placement of the decimal point when a decimal

Connections to the Common Core State Standards for Mathematics
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is multiplied or divided by a power of 10. Use whole-number
exponents to denote powers of 10.
5.NF.B.7. Apply and extend previous understandings of division to
divide unit fractions by whole numbers and whole numbers by
unit fractions.16
a. Interpret division of a unit fraction by a non-zero whole number and compute such quotients. For example, create a story
context for (1/3) ÷ 4, and use a visual fraction model to show
the quotient. Use the relationship between multiplication and
division to explain that (1/3) ÷ 4 = 1/12 because (1/12) × 4 = 13.
b. Interpret division of a whole number by a unit fraction and
compute such quotients. For example, create a story context
for 4 ÷ (1/5), and use a visual fraction model to show the quotient. Use the relationship between multiplication and division
to explain that 4 ÷ (1/5) = 20 because 20 × (1/5) = 4.
c. Solve real-world problems involving the division of unit fractions by non-zero whole numbers and the division of whole
numbers by unit fractions (e.g., by using visual fraction models
and equations to represent the problem). For example, how
much chocolate will each person get if three people share 1/2 lb
of chocolate equally? How many 1/3 cup servings are in 2 cups
of raisins?
3CIENCE EXAMPLES  )F YOU SPLIT A SALT GRAIN WITH A WEIGHT
OF  MG INTO  EQUAL PARTS FIND THE WEIGHT OF EACH PART
!NSWER IN MILLIGRAMS )F YOU NEXT DIVIDE EACH OF THE PARTS
INTO  EQUAL PARTS FIND THE WEIGHT OF ONE OF THE NEW PARTS
!NSWER IN MILLIGRAMS (OW MANY PARTS ARE THERE IN THE END
 3UPPOSE A SALT GRAIN WITH A WEIGHT OF  MG IS SPLIT INTO
 EQUAL PARTS AND EACH OF THOSE PARTS IS SPLIT INTO  EQUAL
PARTS AND SO ON UNTIL THERE ARE 8 PARTS 7HAT IS THE WEIGHT
OF ONE OF THESE TINY PARTS 7RITE THE NUMBER OF THESE TINY
PARTS AS A WHOLE NUMBER WITHOUT USING EXPONENTS
5.MD.A.1. Convert among different-sized standard measurement
units within a given measurement system (e.g., convert 5 cm
to 0.05 m), and use these conversions in solving multi-step,
real-world problems. 3CIENCE EXAMPLE 7HEN  G OF SUGAR IS
Students able to multiply fractions can generally develop strategies to divide
fractions by reasoning about the relationship between multiplication and division. But division of a fraction by a fraction is not a requirement at this grade.
See p. 36 in the CCSSM, available at: http://www.corestandards.org/Math/
Content/5/NF.

16
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DISSOLVED IN  KG OF WATER WHAT IS THE TOTAL WEIGHT OF THE
SYSTEM !NSWER IN GRAMS THEN ANSWER AGAIN IN KILOGRAMS
!FTER THE WATER EVAPORATES SEE HOW MUCH THE SUGAR RESIDUE
WEIGHS
5.MD.C.3. Recognize volume as an attribute of solid figures and
understand concepts of volume measurement.
a. A cube with a side length of one unit, called a “unit cube,” is
said to have “one cubic unit” of volume and can be used to
measure volume.
b. A solid figure that can be packed without gaps or overlaps
using n unit cubes is said to have a volume of n cubic units.
5.MD.C.4. Measure volumes by counting unit cubes, using cubic
centimeters, cubic inches, cubic feet, and improvised units.
3CIENCE EXAMPLE #OMPRESS THE AIR IN A CYLINDER TO HALF ITS VOLUME $RAW A PICTURE OF THE VOLUME BEFORE AND AFTER AND
EXPLAIN HOW YOU KNOW THAT THE NEW VOLUME IS HALF OF THE OLD
VOLUME #AN YOU COMPRESS THE VOLUME BY HALF AGAIN 7HY IS IT
DIFFICULT TO DO
Alignment notes: (1) Ratios are not expected until grade 6.
(2) Scientific notation is not expected until grade 8.

 03 -/4)/. !.$ 34!"),)49 &/2#%3 !.$
).4%2!#4)/.
N/A

 03 %.%2'9
N/A

 ,3 &2/- -/,%#5,%3 4/ /2'!.)3-3 3425#452%3
!.$ 02/#%33%3
As part of this work, teachers should give students opportunities
to CONVERT MEASUREMENT UNITS
5.MD.A.1. Convert among different-sized standard measurement
units within a given measurement system (e.g., convert 5 cm to
0.05 m), and use these conversions in solving multi-step, realworld problems. 3CIENCE EXAMPLE )N AN EXPERIMENT TO RULE OUT
SOIL AS A SOURCE OF PLANT FOOD 3UE WEIGHED THE SOIL USING UNITS
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OF GRAMS BUT +ATYA WEIGHED THE PLANT USING UNITS OF KILOGRAMS 4HE SOIL LOST  GRAMS WHILE THE PLANT GAINED  KILOGRAMS $ID THE PLANT GAIN MUCH MORE THAN THE SOIL LOST -UCH
LESS !BOUT THE SAME ! GOOD WAY TO BEGIN IS TO EXPRESS
BOTH FIGURES IN GRAMS
Alignment notes: (1) Converting between measurement systems
(e.g., centimeters to inches) is not expected until grade 6. (2) Rate
quantities, such as annual rates of ecosystem production, are not
expected until grade 6. (3) Grade 5 students are expected to read,
write, and compare decimals to thousandths and to perform decimal arithmetic to hundredths.

 ,3 %#/3934%-3 ).4%2!#4)/.3 %.%2'9 !.$
$9.!-)#3
As part of this work, teachers should give students opportunities
to BE QUANTITATIVE IN GIVING DESCRIPTIONS. 3CIENCE EXAMPLE )N A
DIAGRAM SHOWING MATTER FLOWING IN A SYSTEM ASSIGN VALUES TO
THE ARROWS IN A DIAGRAM TO SHOW THE FLOWS QUANTITATIVELY

 %33 %!24(3 0,!#% ). 4(% 5.)6%23%
As part of this work, teachers should give students opportunities
to RELATE VERY LARGE AND VERY SMALL QUANTITIES TO PLACE VALUE AND
TO USE THE COORDINATE PLANE
5.NBT.A.2. Explain patterns in the number of zeros of a product
when multiplying a number by powers of 10, and explain patterns in the placement of the decimal point when a decimal
is multiplied or divided by a power of 10. Use whole-number
exponents to denote powers of 10. 3CIENCE EXAMPLE 4HE SUN
is about 1011 METERS FROM %ARTH 3IRIUS ANOTHER STAR IS ABOUT
1017 METERS FROM %ARTH 7RITE THESE TWO NUMBERS WITHOUT
EXPONENTS POSITION THE NUMBERS DIRECTLY BELOW THE OTHER
ALIGNING ON THE  (OW MANY TIMES FARTHER AWAY FROM %ARTH IS
3IRIUS COMPARED TO THE SUN
5.G.A.2. Represent real-world and mathematical problems by
graphing points in the first quadrant of the coordinate plane,
and interpret coordinate values of points in the context of the
situation. 3CIENCE EXAMPLES  /VER THE COURSE OF A YEAR STUDENTS COMPILE DATA FOR THE LENGTH OF THE DAY OVER THE COURSE OF

THE YEAR 7HAT PATTERN IS OBSERVED WHEN THE DATA ARE GRAPHED
ON A COORDINATE PLANE (OW CAN A MODEL OF THE SUN AND %ARTH
EXPLAIN THE PATTERN  3TUDENTS ARE GIVEN x y COORDINATES
FOR THE %ARTH AT SIX EQUALLY SPACED TIMES DURING ITS ORBIT AROUND
THE SUN WITH THE SUN AT THE ORIGIN  3TUDENTS GRAPH THE POINTS
TO SHOW SNAPSHOTS OF %ARTHS MOTION THROUGH SPACE
Alignment note: Scientific notation is not expected until grade 8.

 %33 %!24(3 3934%-3
As part of this work, teachers should give students opportunities
to USE THE COORDINATE PLANE
5.G.A.2. Represent real-world and mathematical problems by
graphing points in the first quadrant of the coordinate plane,
and interpret coordinate values of points in the context of the
situation. 3CIENCE EXAMPLE 0LOT MONTHLY DATA FOR HIGH AND
LOW TEMPERATURES IN TWO LOCATIONS ONE COASTAL AND ONE INLAND
EG 3AN &RANCISCO #OUNTY AND 3ACRAMENTO  7HAT PATTERNS
ARE SEEN (OW CAN THE INFLUENCE OF THE OCEAN BE SEEN IN THE
OBSERVED PATTERNS
Alignment notes: (1) Percentages are not expected until grade 6.
(2) Trends in scatterplots and patterns of association in two-way
tables are not expected until grade 8.

 %33 %!24( !.$ (5-!. !#4)6)49
As part of this work, teachers should give students opportunities to BE QUANTITATIVE IN GIVING DESCRIPTIONS 3CIENCE EXAMPLE )N
DESCRIBING WAYS THAT INDIVIDUAL COMMUNITIES USE SCIENCE IDEAS TO
PROTECT %ARTHS RESOURCES AND ENVIRONMENT PROVIDE QUANTITATIVE
INFORMATION SUCH AS THE AMOUNT OF ENERGY SAVED AND THE COST OF
the approach.

  %43 %.').%%2).' $%3)'.
As part of this work, teachers should give students opportunities
to USE THE FOUR OPERATIONS TO SOLVE PROBLEMS
OA: Operations and Algebraic Thinking (representing and solving problems using the four operations; see each grade in the
CCSSM for detailed expectations). 3CIENCE EXAMPLE !NALYZE
Connections to the Common Core State Standards for Mathematics

Copyright National Academy of Sciences. All rights reserved.

149

Next Generation Science Standards: For States, By States

CONSTRAINTS ON MATERIALS TIME OR COST TO DRAW IMPLICATIONS FOR
DESIGN SOLUTIONS &OR EXAMPLE IF A DESIGN CALLS FOR  SCREWS
AND SCREWS ARE SOLD IN BOXES OF  HOW MANY COPIES OF THE
DESIGN COULD BE MADE

-3 03 -!44%2 !.$ )43 ).4%2!#4)/.3
As part of this work, teachers should give students opportunities
to WORK WITH RATIOS AND PROPORTIONAL RELATIONSHIPS USE SIGNED
NUMBERS WRITE AND SOLVE EQUATIONS AND USE ORDER OF MAGNITUDE
THINKING AND BASIC STATISTICS
Ratios and Proportional Relationships (6-7.RP). 3CIENCE EXAMPLES
 ! PILE OF SALT HAS A MASS OF  MG (OW MUCH CHLORINE
IS IN IT !NSWER IN MILLIGRAMS 7HAT WOULD THE ANSWER BE
FOR A  MG PILE OF SALT  4WICE AS MUCH WATER IS TWICE
AS HEAVY %XPLAIN WHY TWICE AS MUCH WATER IS NOT TWICE AS
DENSE  "ASED ON A MODEL OF A WATER MOLECULE RECOGNIZE
THAT ANY SAMPLE OF WATER HAS A  RATIO OF HYDROGEN ATOMS
TO OXYGEN ATOMS  -EASURE THE MASS AND VOLUME OF A
SAMPLE OF REACTANT AND COMPUTE ITS DENSITY  #OMPARE A
MEASUREDCOMPUTED DENSITY TO A NOMINALTEXTBOOK VALUE
CONVERTING UNITS AS NECESSARY $ETERMINE THE PERCENT DIFFERence between the two.
The Number System (6-8.NS). 3CIENCE EXAMPLES  5SE POSITIVE
AND NEGATIVE QUANTITIES TO REPRESENT TEMPERATURE CHANGES IN
A CHEMICAL REACTION SIGNS OF ENERGY RELEASED OR ABSORBED 
 &OR GRADE  OR  3OLVE A SIMPLE EQUATION FOR AN UNKNOWN
SIGNED NUMBER &OR EXAMPLE A SOLUTION WAS INITIALLY AT ROOM
TEMPERATURE !FTER THE FIRST REACTION THE TEMPERATURE CHANGE
was −8o# !FTER THE SECOND REACTION THE TEMPERATURE WAS o#
BELOW ROOM TEMPERATURE &IND THE TEMPERATURE CHANGE DURING
THE SECOND REACTION 7AS ENERGY RELEASED OR ABSORBED IN THE
SECOND REACTION 3HOW ALL OF THE GIVEN INFORMATION ON A NUMBER LINETHERMOMETER SCALE !LSO REPRESENT THE PROBLEM BY AN
equation.
Expressions and Equations (6-8.EE). 3CIENCE EXAMPLES  &OR
GRADE  7ITH SUBSTANTIAL SCAFFOLDING USE ALGEBRA AND QUANTITATIVE THINKING TO DETERMINE THE INTERATOMIC SPACING IN A
SALT CRYSTAL  &OR GRADE  5SE SCIENTIFIC NOTATION FOR ATOMIC
MASSES LARGE NUMBERS OF ATOMS AND OTHER QUANTITIES MUCH
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LESS THAN OR MUCH GREATER THAN  !LSO USE CONVENIENT UNITS
such as unified atomic mass units.
Statistics and Probability (6-8.SP). 3CIENCE EXAMPLE #OMPILE ALL OF
THE BOILING POINT MEASUREMENTS FROM THE STUDENTS INTO A LINE
PLOT AND DISCUSS THE DISTRIBUTION IN TERMS OF CLUSTERING AND OUTLIERS 7HY WERE NOT ALL OF THE MEASURED VALUES EQUAL (OW CLOSE
IS THE AVERAGE VALUE TO THE NOMINALTEXTBOOK VALUE 3HOW THE
AVERAGE VALUE AND THE NOMINAL VALUE ON THE LINE PLOT

-3 03 -/4)/. !.$ 34!"),)49 &/2#%3 !.$
).4%2!#4)/.3
As part of this work, teachers should give students opportunities
to WORK WITH SIGNED NUMBERS and INTERPRET EXPRESSIONS
The Number System (6-8.NS). 3CIENCE EXAMPLES  2EPRESENT A
third-law pair of forces as a + . FORCE ON ONE OBJECT AND
A ¥ . FORCE ON THE OTHER OBJECT  2EPRESENT BALANCED
FORCES ON A SINGLE OBJECT AS EQUAL AND OPPOSITE NUMBERS ±5 N.
 2EPRESENT THE NET RESULT OF TWO OR MORE FORCES AS A SUM OF
SIGNED NUMBERS &OR EXAMPLE GIVEN A LARGE FORCE AND AN OPPOSITELY DIRECTED SMALL FORCE REPRESENT THE NET FORCE AS + .
¥ .  +95 N. Relate the number sentence to the fact that the
NET EFFECT ON THE MOTION IS APPROXIMATELY WHAT IT WOULD HAVE
BEEN WITH ONLY THE LARGE FORCE
Expressions and Equations (6-8.EE). 3CIENCE EXAMPLE )NTERPRET AN
EXPRESSION IN TERMS OF A PHYSICAL CONTEXT &OR EXAMPLE INTERpret the expression F1 F2 IN A DIAGRAM AS REPRESENTING THE NET
FORCE ON AN OBJECT

-3 03 %.%2'9
As part of this work, teachers should give students opportunities to WORK WITH RATIOS AND PROPORTIONAL RELATIONSHIPS AND BASIC
STATISTICS
Ratios and Proportional Relationships (6-7.RP) and Functions (8.F).
3CIENCE EXAMPLES  !NALYZE AN IDEALIZED SET OF BIVARIATE
MEASUREMENT DATA FOR KINETIC ENERGY VERSUS MASS HOLDING
SPEED CONSTANT  $ECIDE WHETHER THE TWO QUANTITIES ARE IN A
PROPORTIONAL RELATIONSHIP EG BY TESTING FOR EQUIVALENT RATIOS
OR GRAPHING ON A COORDINATE PLANE AND OBSERVING WHETHER THE
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GRAPH IS A STRAIGHT LINE THROUGH THE ORIGIN   $O THE SAME FOR
AN IDEALIZED SET OF DATA FOR KINETIC ENERGY VERSUS SPEED HOLDING MASS CONSTANT  &OR GRADE  RECOGNIZE FROM THE DATA THAT
THE RELATIONSHIP IS NOT PROPORTIONAL AND THAT KINETIC ENERGY IS
A NON LINEAR FUNCTION OF SPEED $RAW CONCLUSIONS SUCH AS THAT
DOUBLING THE SPEED MORE THAN DOUBLES THE KINETIC ENERGY
7HAT ARE SOME POSSIBLE IMPLICATIONS FOR DRIVING SAFETY
Statistics and Probability (6-8.SP). 3CIENCE EXAMPLE !S PART OF CARRYING OUT A DESIGNED EXPERIMENT MAKE A SCATTERPLOT SHOWING THE
TEMPERATURE CHANGE OF A SAMPLE OF WATER VERSUS THE MASS OF ICE
ADDED &OR GRADE  IF THE DATA SUGGEST A LINEAR ASSOCIATION FORM
A STRAIGHT LINE AND INFORMALLY ASSESS THE MODEL FIT BY JUDGING
THE CLOSENESS OF THE DATA POINTS TO THE LINE *UST FOR FUN COMPUTE THE SLOPE OF THE LINE 7HAT ARE THE UNITS OF THE ANSWER

-3 03 7!6%3 !.$ 4(%)2 !00,)#!4)/.3 ).
4%#(./,/')%3 &/2 ).&/2-!4)/. 42!.3&%2
As part of this work, teachers should give students opportunities
to USE RATIOS AND PROPORTIONAL RELATIONSHIPS AND FUNCTIONS
Ratios and Proportional Relationships (6-7.RP) and Functions (8.F).
3CIENCE EXAMPLES  !NALYZE AN IDEALIZED SET OF BIVARIATE
MEASUREMENT DATA FOR WAVE ENERGY VERSUS WAVE AMPLITUDE
$ECIDE WHETHER THE TWO QUANTITIES ARE IN A PROPORTIONAL
RELATIONSHIP EG BY TESTING FOR EQUIVALENT RATIOS OR GRAPHING ON A COORDINATE PLANE AND OBSERVING WHETHER THE GRAPH
IS A STRAIGHT LINE THROUGH THE ORIGIN  &OR GRADE  RECOGNIZE
THAT WAVE ENERGY IS A NON LINEAR FUNCTION OF AMPLITUDE AND
DRAW CONCLUSIONS SUCH AS THAT DOUBLING THE AMPLITUDE MORE
THAN DOUBLES THE ENERGY $ISCUSS POSSIBLE IMPLICATIONS FOR THE
SAFETY OF WADING IN THE OCEAN DURING A STORM  )NTERPRET AN
IDEALIZED SET OF BIVARIATE MEASUREMENT DATA FOR WAVE ENERGY
versus wave speed.

-3 ,3 &2/- -/,%#5,%3 4/ /2'!.)3-3 3425#452%3
!.$ 02/#%33%3
As part of this work, teachers should give students opportunities
to USE ORDER OF MAGNITUDE THINKING WRITE AND SOLVE EQUATIONS
ANALYZE DATA AND USE CONCEPTS OF PROBABILITY

Expressions and Equations (6-8.EE). 3CIENCE EXAMPLES  1UANTIFY
THE SIZES OF CELLS AND PARTS OF CELLS USING CONVENIENT UNITS SUCH
AS MICRONS AS WELL AS IN GRADE  SCIENTIFIC NOTATION
 !PPRECIATE THE ORDERS OF MAGNITUDE THAT SPAN THE DIFFERENCE IN SIZE BETWEEN CELLS MOLECULES AND ATOMS  7RITE
a number sentence that expresses the conservation of mass
AS FOOD MOVES THROUGH AN ORGANISM !SSIGN VALUES TO THE
ARROWS IN A DIAGRAM TO SHOW FLOWS QUANTITATIVELY  )NFER AN
UNKNOWN MASS BY USING THE CONCEPT OF CONSERVATION TO WRITE
and solve an equation with a variable.
Statistics and Probability (6-8.SP). 3CIENCE EXAMPLES  &OR GRADE
 USE DATA IN A TWO WAY TABLE AS EVIDENCE TO SUPPORT AN
EXPLANATION OF HOW ENVIRONMENTAL AND GENETIC FACTORS AFFECT
THE GROWTH OF ORGANISMS  &OR GRADE  USE DATA IN A TWO
WAY TABLE AS EVIDENCE TO SUPPORT AN EXPLANATION THAT DIFFERENT
LOCAL ENVIRONMENTAL CONDITIONS IMPACT GROWTH IN ORGANISMS
 &OR GRADE  OR  USE PROBABILITY CONCEPTS AND LANGUAGE TO
DESCRIBE AND QUANTIFY THE EFFECTS THAT CHARACTERISTIC ANIMAL
BEHAVIORS HAVE ON THE LIKELIHOOD OF SUCCESSFUL REPRODUCTION

-3 ,3 %#/3934%-3 ).4%2!#4)/.3 %.%2'9 !.$
$9.!-)#3
As part of this work, teachers should give students opportunities
to WORK WITH RATIOS AND PROPORTIONAL RELATIONSHIPS WRITE AND
SOLVE EQUATIONS AND USE BASIC STATISTICS
Ratios and Proportional Relationships (6-7.RP). 3CIENCE EXAMPLE
5SE RATIOS AND UNIT RATES AS INPUTS FOR EVALUATING PLANS FOR
MAINTAINING BIODIVERSITY AND ECOSYSTEM SERVICES EG CONSIDER THE NET COST OR NET VALUE OF DEVELOPING A WETLAND USING
inputs such as the value of various wetland services in dolLARS PER ACRE PER YEAR AND IN ANALYZING URBAN BIODIVERSITY
RANK WORLD CITIES BY THE AMOUNT OF GREEN SPACE AS A FRACTION
OF TOTAL LAND AREA IN ANALYZING SOCIAL FACTORS DETERMINE THE
AMOUNT OF GREEN SPACE PER CAPITA ;SQUARE METERS PER PERSON= 
Expressions and Equations (6-8.EE). 3CIENCE EXAMPLES  7RITE
a number sentence that expresses the conservation of total
MATTER OR ENERGY IN A SYSTEM AS MATTER OR ENERGY FLOWS INTO
OUT OF AND WITHIN IT !SSIGN VALUES TO THE ARROWS IN A DIAGRAM
TO SHOW FLOWS QUANTITATIVELY  )NFER AN UNKNOWN MATTER OR
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ENERGY FLOW IN A SYSTEM BY USING THE CONCEPT OF CONSERVATION
to write and solve an equation with a variable.
Statistics and Probability (6-8.SP). 3CIENCE EXAMPLE &OR GRADE 
USE DATA IN A TWO WAY TABLE AS EVIDENCE TO SUPPORT AN EXPLANATION OF HOW SOCIAL BEHAVIORS AND GROUP INTERACTIONS BENEFIT
ORGANISMS ABILITIES TO SURVIVE AND REPRODUCE

-3 ,3 (%2%$)49 ).(%2)4!.#% !.$ 6!2)!4)/. /&
42!)43
As part of this work, teachers should give students opportunities
to USE CONCEPTS OF PROBABILITY
Statistics and Probability (6-8.SP). 3CIENCE EXAMPLES  2ECOGNIZE
A 0UNNETT SQUARE AS A COMPONENT OF A PROBABILITY MODEL
AND COMPUTE SIMPLE PROBABILITIES FROM THE MODEL  5SE A
computer to simulate the variation that comes from sexual
REPRODUCTION AND DETERMINE PROBABILITIES OF TRAITS FROM THE
simulation.

-3 ,3 ")/,/')#!, %6/,54)/. 5.)49 !.$ $)6%23)49
As part of this work, teachers should give students opportunities
to WORK WITH RATIOS AND PROPORTIONAL RELATIONSHIPS USE CONCEPTS
OF PROBABILITY AND USE ORDER OF MAGNITUDE THINKING
Ratios and Proportional Relationships (6-7.RP) and Statistics and
Probability (6-8.SP). 3CIENCE EXAMPLES  !PPLY SEVERAL RATIOS
IN COMBINATION TO DETERMINE A NET SURVIVAL RATE &OR EXAMPLE
IF  ANIMALS IN A POPULATION HAVE TRAIT ! AND  HAVE TRAIT
" AND EACH WINTER THE SURVIVAL RATES ARE  FOR TRAIT ! AND
 FOR TRAIT " HOW MANY ANIMALS WITH EACH TRAIT WILL BE
ALIVE AFTER ONE WINTER !FTER TWO WINTERS 3IX WINTERS  5SE
SCALED HISTOGRAMS TO SUMMARIZE THE RESULTS OF A SIMULATION OF
NATURAL SELECTION OVER MANY GENERATIONS  &OR GRADE  OR 
USE PROBABILITY LANGUAGE AND CONCEPTS WHEN EXPLAINING HOW
VARIATION IN TRAITS AMONG A POPULATION LEADS TO AN INCREASE IN
some traits in the population and a decrease in others.
Expressions and Equations (6-8.EE). 3CIENCE EXAMPLES  1UANTIFY
DURATIONS OF TIME IN INTERPRETING THE FOSSIL RECORD  &OR
GRADE  USE SCIENTIFIC NOTATION FOR LONG INTERVALS OF TIME OR
FOR DATES IN THE DISTANT PAST ALSO USE CONVENIENT UNITS EG
152

-YR 'YR -A 'A   !PPRECIATE THE SPANS OF TIME INVOLVED IN
natural selection.
Alignment notes: (1) Exponential functions are not expected until
high school. (2) Laws of probability such as p(AB) = p(A)p(B⎮A) are
not expected until high school.

-3 %33 %!24(3 0,!#% ). 4(% 5.)6%23%
As part of this work, teachers should give students opportunities
to use ratios and proportional relationships and use order-ofMAGNITUDE THINKING
Ratios and Proportional Relationships (6-7.RP). 3CIENCE EXAMPLES
&OR GRADE   #REATE A SCALE MODEL OR SCALE DRAWING OF THE
SOLAR SYSTEM OR -ILKY 7AY GALAXY  #REATE SCALE PRESERVING
DESCRIPTIONS SUCH AS h)F THE SOLAR SYSTEM WERE SHRUNK DOWN
TO THE SIZE OF %ARTH THEN %ARTH WOULD SHRINK TO THE SIZE OF
______v COMPUTE RELEVANT SCALE FACTORS AND USE THEM TO DETERMINE A SUITABLE OBJECT
Expressions and Equations (6-8.EE). 3CIENCE EXAMPLES &OR GRADE 
 5SE SCIENTIFIC NOTATION FOR LONG INTERVALS OF TIME OR FOR
DATES IN THE DISTANT PAST ALSO USE CONVENIENT UNITS EG -YR
'YR -A 'A  !PPRECIATE THE SPANS OF TIME INVOLVED IN %ARTHS
HISTORY  !RE THERE MORE MOLECULES OF GAS IN A TOY BALLOON OR
MORE STARS IN THE -ILKY 7AY GALAXY

-3 %33 %!24(3 3934%-3
As part of this work, teachers should give students opportunities
to WORK WITH POSITIVE AND NEGATIVE NUMBERS and to use order-ofMAGNITUDE THINKING
The Number System (6-8.NS). 3CIENCE EXAMPLES  5SE POSITIVE AND NEGATIVE QUANTITIES TO QUANTIFY CHANGES IN PHYSICAL
QUANTITIES SUCH AS ATMOSPHERIC PRESSURE AND TEMPERATURE &OR
EXAMPLE IF THE TEMPERATURE DROPS FROM o# TO o# THE TEMPERATURE CHANGE IS ¥o#  3OLVE WORD PROBLEMS RELATING TO
CHANGES IN SIGNED PHYSICAL QUANTITIES &OR EXAMPLE A SHIFT IN
THE JET STREAM CAUSED A o# TEMPERATURE INCREASE IN A SINGLE
DAY IF THE TEMPERATURE BEFORE THE SHIFT WAS ¥o# WHAT WAS
THE TEMPERATURE AFTER
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Expressions and Equations (6-8.EE). 3CIENCE EXAMPLES &OR GRADE 
 5SE SCIENTIFIC NOTATION FOR LONG INTERVALS OF TIME OR FOR
DATES IN THE DISTANT PAST ALSO USE CONVENIENT UNITS EG -YR
'YR -A 'A   5SE ORDER OF MAGNITUDE DATA ON THE RATE
OF SEAFLOOR SPREADING TO ESTIMATE HOW LONG IT HAS TAKEN FOR
TWO CONTINENTS TO SEPARATE  !PPRECIATE THE SPANS OF TIME
INVOLVED IN %ARTHS HISTORY 2ECOGNIZE THAT A PERIOD OF TIME IS
NEITHER hLONGv NOR hSHORTv IN ITSELF BUT ONLY RELATIVELY LONG OR
RELATIVELY SHORT COMPARED TO SOME OTHER PERIOD OF TIME &OR
EXAMPLE THE (AWAIIAN ISLANDS HAVE BEEN FORMING FOR SEVERAL
MILLION YEARS AND THIS TIME PERIOD IS NEITHER LONG NOR SHORT )T
IS A LONG TIME IN COMPARISON TO THE DURATION OF THE LAST GLACIAL
PERIOD BUT A SHORT TIME IN COMPARISON TO %ARTHS ENTIRE HISTORY

-3 %33 %!24( !.$ (5-!. !#4)6)49
As part of this work, teachers should give students opportunities
to use ratios and proportional relationships and use order-ofMAGNITUDE THINKING
Ratios and Proportional Relationships (6-7.RP). 3CIENCE EXAMPLE
7ORK WITH MEASUREMENT QUANTITIES THAT ARE FORMED THROUGH
DIVISION SUCH AS ATMOSPHERIC CONCENTRATION OF CARBON DIOXIDE
EXTRACTION COST PER BARREL OF OIL IN DIFFERENT FORMS PER CAPITA
CONSUMPTION OF GIVEN RESOURCES AND FLOW RATES IN FRESHWATER
rivers.
Expressions and Equations (6-8.EE). 3CIENCE EXAMPLE &OR GRADE
 USE ORDERS OF MAGNITUDE AND ORDER OF MAGNITUDE ESTIMATES
AS PART OF ORAL AND WRITTEN ARGUMENTS EVALUATIONS OF DATA
FROM TECHNICAL TEXTS DESIGN SOLUTIONS AND EXPLANATIONS OF THE
IMPACT ON %ARTHS SYSTEMS OF INCREASING POPULATION AND PER
capita consumption.

-3 %43 %.').%%2).' $%3)'.
As part of this work, teachers should give students opportunities
to solve quantitative problems and USE BASIC STATISTICS
7.EE.3. Solve multi-step real-life and mathematical problems
posed with positive and negative rational numbers in any form
(whole numbers, fractions, and decimals), using tools strategically. Apply properties of operations to calculate with numbers
in any form, convert between forms as appropriate, and assess

the reasonableness of answers using mental computation and
estimation strategies. For example: If a woman making $25 an
hour gets a 10% raise, she will make an additional 1/10 of her
old hourly wage, or $2.50, for a new hourly wage of $27.50. If
you want to place a towel bar 9¾ inches long in the center of
a door that is 27½ inches wide, you will need to place the bar
about 9 inches from each edge; this estimate can be used as a
check on the exact computation. 3CIENCE EXAMPLE 7ORK WITH
TOLERANCES COST CONSTRAINTS AND OTHER QUANTITATIVE FACTORS IN
EVALUATING COMPETING DESIGN SOLUTIONS
Statistics and Probability (6-8.SP). Develop a probability model
and use it to find probabilities of events. Compare probabilities from a model to observed frequencies; if the agreement is
not good, explain possible sources of the discrepancy. 3CIENCE
EXAMPLE &OR GRADE  USE SIMULATIONS TO GENERATE DATA THAT
CAN BE USED TO MODIFY A PROPOSED OBJECT TOOL OR PROCESS

(3 03 -!44%2 !.$ )43 ).4%2!#4)/.3
As part of this work, teachers should give students opportunities
to REASON QUANTITATIVELY AND USE UNITS TO SOLVE PROBLEMS and to
APPLY KEY TAKEAWAYS FROM GRADES – MATHEMATICS
Quantities (N-Q)/Reason quantitatively and use units to solve
problems:
N-Q.1. Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and origin in graphs and data displays.
N-Q.2. Define appropriate quantities for the purpose of descriptive modeling.
N-Q.3. Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.
3CIENCE EXAMPLES  2ECOGNIZE THE DIFFERENCE BETWEEN INTENSIVE
AND EXTENSIVE QUANTITIES EG A QUANTITY WITH UNITS OF JOULES
PER KILOGRAM IS INSENSITIVE TO THE OVERALL SIZE OF THE SAMPLE IN
QUESTION UNLIKE A QUANTITY WITH UNITS OF JOULES   !TTEND TO
UNITS PROPERLY WHEN USING FORMULAS SUCH AS DENSITY  MASS
VOLUME  #AREFULLY FORMAT DATA DISPLAYS AND GRAPHS ATTENDING TO ORIGIN SCALE UNITS AND OTHER ESSENTIAL ITEMS

Connections to the Common Core State Standards for Mathematics

Copyright National Academy of Sciences. All rights reserved.

153

Next Generation Science Standards: For States, By States

Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLES  #ONVERT A REFERENCE VALUE OF A QUANTITY TO MATCH
THE UNITS BEING USED IN A CLASSROOM EXPERIMENT  )NTERPRET
WRITE OR SOLVE AN EQUATION THAT REPRESENTS THE CONSERVATION OF
ENERGY OR MASS IN A CHEMICAL REACTION

(3 03 -/4)/. !.$ ).34!"),)49 &/2#%3 !.$
).4%2!#4)/.3
As part of this work, teachers should give students opportunities
to MODEL WITH MATHEMATICS USE BASIC ALGEBRA REASON QUANTITATIVELY AND USE UNITS TO SOLVE PROBLEMS AND TO APPLY KEY TAKEAWAYS FROM GRADES n MATHEMATICS
Quantities (N-Q)/Reason quantitatively and use units to solve
problems:
N-Q.1. Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and origin in graphs and data displays.
N-Q.2. Define appropriate quantities for the purpose of descriptive modeling.
N-Q.3. Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.
3CIENCE EXAMPLES  2ELATE THE UNITS OF ACCELERATION MS2 TO
THE FACT THAT ACCELERATION REFERS TO A CHANGE IN VELOCITY OVER
TIME  2ECONSTRUCT THE UNITS OF THE UNIVERSAL GRAVITATIONAL
constant G BY REFERENCE TO THE FORMULA F = Gm1m2 / r 2 INSTEAD
OF HAVING TO MEMORIZE THE UNITS  !TTEND TO UNITS PROPERLY
WHEN USING FORMULAS SUCH AS MOMENTUM  MASS TIMES VELOCITY  #AREFULLY FORMAT DATA DISPLAYS AND GRAPHS ATTENDING TO
ORIGIN SCALE UNITS AND OTHER ESSENTIAL ITEMS
Seeing Structure in Expressions (A-SSE). 3CIENCE EXAMPLE $RAW CONCLUSIONS ABOUT GRAVITATIONAL OR OTHER FORCES BY INTERPRETING THE ALGEBRAIC STRUCTURE OF FORMULAS &OR EXAMPLE CONCLUDE THAT THE FORCE ON
AN OBJECT IN A GRAVITATIONAL FIELD IS PROPORTIONAL TO ITS MASS BY VIEWING THE FORMULA F  GmsourcemOBJECT r 2 as F  Gmsourcer 2 mOBJECT
AND RECOGNIZING THE SAME ALGEBRAIC STRUCTURE AS IN y  kx.
Creating Equations (A-CED). 3CIENCE EXAMPLES  2EARRANGE A
FORMULA SUCH AS F  ma or p  mv IN ORDER TO HIGHLIGHT A QUAN-
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TITY OF INTEREST  7RITE AND SOLVE A LINEAR EQUATION TO SOLVE A
PROBLEM INVOLVING MOTION AT A CONSTANT SPEED
Interpreting Functions (F-IF) and Interpreting Categorical and
Quantitative Data (S-ID). 3CIENCE EXAMPLES  )NFORMALLY FIT A
quadratic function to the position-time data for a cart that rolls
UP AN INCLINE SLOWING AS IT CLIMBS THEN REVERSING DIRECTION AND
SPEEDING UP AS IT DESCENDS  5SE THE ALGEBRAIC EXPRESSION FOR THE
FITTED FUNCTION TO DETERMINE THE MAGNITUDE OF THE CARTS ACCELERATION AND INITIAL SPEED /VER SEVERAL TRIALS GRAPH VARIOUS QUANTITIES SUCH AS ACCELERATION VERSUS ANGLE OR PEAK DISPLACEMENT VERSUS INITIAL SPEED SQUARED AND INTERPRET THE RESULTS  #ALCULATE
AND INTERPRET THE AVERAGE SPEED OF A MOVING OBJECT BY USING DATA
FROM A DISTANCE TIME GRAPH
Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLES  #OMPUTE RATIOS OF DISTANCES AND TIMES IN ORDER TO
DISTINGUISH ACCELERATED MOTION FROM MOTION WITH CONSTANT SPEED
2EASON QUALITATIVELY ON THAT BASIS EG A DROPPED STONE FALLS FARther between t  S AND t  S THAN BETWEEN t  S AND t  S 
 &OR AN OBJECT MOVING AT CONSTANT SPEED COMPUTE THE SPEED
BY CHOOSING A POINT FROM ITS DISTANCE TIME GRAPH

(3 03 %.%2'9
As part of this work, teachers should give students opportunities
to REASON QUANTITATIVELY AND USE UNITS TO SOLVE PROBLEMS and to
APPLY KEY TAKEAWAYS FROM GRADES n MATHEMATICS
Quantities (N-Q)/Reason quantitatively and use units to solve
problems:
N-Q.1. Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and origin in graphs and data displays.
N-Q.2. Define appropriate quantities for the purpose of descriptive modeling.
N-Q.3. Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.
3CIENCE EXAMPLES  !NALYZE UNITS IN EXPRESSIONS LIKE mgh
and ½ mv2 TO SHOW THAT THEY BOTH REFER TO FORMS OF ENERGY
 /BSERVE IN A RANGE OF SITUATIONS WITHIN SCIENCE THAT
QUANTITIES BEING ADDED TO ONE ANOTHER OR SUBTRACTED FROM
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ONE ANOTHER ARE ALWAYS QUANTITIES OF THE SAME GENERAL KIND
ENERGY LENGTH TIME TEMPERATURE  EXPRESS SUCH TERMS IN THE
SAME UNITS BEFORE ADDING OR SUBTRACTING  #AREFULLY FORMAT
DATA DISPLAYS AND GRAPHS ATTENDING TO ORIGIN SCALE UNITS AND
other essential items.
Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLES  &IT A LINEAR FUNCTION TO A DATA SET SHOWING THE
RELATIONSHIP BETWEEN THE CHANGE IN TEMPERATURE OF AN INSULATED
SAMPLE OF WATER AND THE NUMBER OF IDENTICAL HOT BALL BEARINGS
DROPPED INTO IT ALL WITH THE SAME INITIAL TEMPERATURE  &IND THE
SLOPE OF THE GRAPH AND USE IT TO DETERMINE THE SPECIFIC HEAT OF
THE METAL  )NTERPRET WRITE OR SOLVE AN EQUATION THAT REPRESENTS THE CONSERVATION OF ENERGY IN A GIVEN PROCESS

(3 03 7!6%3 !.$ 4(%)2 !00,)#!4)/.3 ).
4%#(./,/')%3 &/2 ).&/2-!4)/. 42!.3&%2
As part of this work, teachers should give students opportunities
to WORK WITH BASIC ALGEBRA AND TO APPLY KEY TAKEAWAYS FROM
GRADES n MATHEMATICS
Seeing Structure in Expressions (A-SSE). 3CIENCE EXAMPLE  7RITE
EXPRESSIONS IN EQUIVALENT FORMS TO SOLVE PROBLEMS &OR EXAMPLE
relate the formulas c  λf and c  λT BY SEEING THAT λT  λT
 λf INSTEAD OF REMEMBERING BOTH FORMS SEPARATELY  3EE THE
conceptual and structural similarities between formulas such as
c  λT and v  dt (OW DO THESE FORMULAS RELATE TO THE FORMULA
RUNNING SPEED  STRIDE LENGTH § STRIDE FREQUENCY WHICH IS
SOMETIMES FOUND IN TRACK AND FIELD COACHING MANUALS
Creating Equations (A-CED). 3CIENCE EXAMPLES  2EARRANGE A
FORMULA IN ORDER TO HIGHLIGHT A QUANTITY OF INTEREST  7RITE AND
SOLVE AN EQUATION IN A PROBLEM INVOLVING WAVE MOTION &OR EXAMPLE AS PART OF AN ACTIVITY TO USE SEISMOGRAPHIC DATA TO LOCATE THE
EPICENTER OF AN EARTHQUAKE
Applying key takeaways from grades 6–8 mathematics. !PPLY SEVERAL PROPORTIONAL RELATIONSHIPS IN COMBINATION 3CIENCE EXAMPLES
 %STIMATE HOW LONG IT WOULD TAKE A SOLAR CELL INSTALLATION TO
PAY FOR ITSELF BY COMBINING SUCH FACTORS AS PER SQUARE METER COST
OF SOLAR CELLS COLLECTION EFFICIENCY PER SQUARE METER SOLAR ENERGY
FLUX AND PER KILOWATT HOUR COST OF CONVENTIONAL ELECTRICITY  7ILL
 LBS OF FOOD IN A MICROWAVE OVEN TAKE APPROXIMATELY FOUR TIMES

AS LONG TO REACH THE DESIRED TEMPERATURE AS  LB OF FOOD 7HY OR
WHY NOT (OW IS THIS SITUATION SIMILAR TO OR DIFFERENT FROM COOKING IN A CONVENTIONAL OVEN

(3 ,3 &2/- -/,%#5,%3 4/ /2'!.)3-3 3425#452%3
!.$ 02/#%33%3
As part of this work, teachers should give students opportunities
to MODEL WITH MATHEMATICS
Interpreting Functions (F-IF) and Building Functions (F-BF).17
3CIENCE EXAMPLE 5SE A SPREADSHEET OR OTHER TECHNOLOGY TO SIMULATE THE DOUBLING IN A PROCESS OF CELL DIVISION GRAPH THE RESULTS
write an expression to represent the number of cells after a diviSION IN TERMS OF THE NUMBER OF CELLS BEFOREHAND EXPRESS THIS IN
CLOSED FORM AS A POPULATION SIZE IN TERMS OF TIME $ISCUSS REAL
world factors in the situation that lead to deviation from the
exponential model over time.

(3 ,3 %#/3934%-3 ).4%2!#4)/.3 %.%2'9 !.$
$9.!-)#3
As part of this work, teachers should give students opportunities
to REASON QUANTITATIVELY AND USE UNITS TO SOLVE PROBLEMS REPRESENT QUANTITATIVE DATA AND APPLY KEY TAKEAWAYS FROM GRADES n
MATHEMATICS
Quantities (N-Q)/Reason quantitatively and use units to solve
problems:
N-Q.1. Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and origin in graphs and data displays.
N-Q.2. Define appropriate quantities for the purpose of descriptive modeling.
N-Q.3. Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.
3CIENCE EXAMPLES  2ECOGNIZE THE DIFFERENCE BETWEEN INTENSIVE
AND EXTENSIVE QUANTITIES EG A QUANTITY WITH UNITS OF TONS
ACRE IS INSENSITIVE TO THE OVERALL SIZE OF THE AREA IN QUESTION
UNLIKE A QUANTITY WITH UNITS OF TONS   #AREFULLY FORMAT DATA
17

See also Linear, Quadratic, and Exponential Models (F-LE).
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DISPLAYS AND GRAPHS ATTENDING TO ORIGIN SCALE UNITS AND
other essential items.
Interpreting Categorical and Quantitative Data (S-ID) and Making
Inferences and Justifying Conclusions (S-IC). 3CIENCE EXAMPLE 5SE
A SPREADSHEET OR OTHER TECHNOLOGY TO ANALYZE AND DISPLAY A HISTORICAL OR SIMULATED DATA SET AS PART OF AN INVESTIGATION OF ECOSYSTEM CHANGES
Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLES  #OMPUTE A PERCENT CHANGE IN A VARIABLE OVER THE
PERIOD OF A HISTORICAL DATA SET AS PART OF AN EXPLANATION OF ECOSYSTEM CHANGES EG PESTICIDE APPLICATION DISEASE INCIDENCE WATER
TEMPERATURE INVASIVE SPECIES POPULATION COUNTS   -ERGE TWO
DATA SETS BY CONVERTING VALUES IN ONE DATA SET AS NECESSARY TO
MATCH THE UNITS USED IN THE OTHER  )NTERPRET WRITE OR SOLVE AN
EQUATION THAT REPRESENTS THE CONSERVATION OF ENERGY AS IT IS TRANSferred from one trophic level to another.

(3 ,3 (%2%$)49 ).(%2)4!.#% !.$ 6!2)!4)/. /&
42!)43
As part of this work, teachers should give students opportunities
to APPLY KEY TAKEAWAYS FROM GRADES n
Applying key takeaways from grades 6–8 mathematics (see especially 7.SP.B, 7.SP.C, and 8.SP.4). 3CIENCE EXAMPLES  5SE A PROBABILITY MODEL TO ESTIMATE THE PROBABILITY THAT A CHILD WILL INHERIT A
DISEASE OR OTHER TRAIT GIVEN KNOWLEDGE OR HYPOTHESES ABOUT THE
PARENTS TRAITS  5SE OBSERVED OR SIMULATED FREQUENCIES TO IDENTIFY CASES OF NON -ENDELIAN INHERITANCE

(3 ,3 ")/,/')#!, %6/,54)/. 5.)49 !.$ $)6%23)49
As part of this work, teachers should give students opportunities
to APPLY KEY TAKEAWAYS FROM GRADES n
Applying key takeaways from grades 6–8 mathematics (see especially 6.SP). 3CIENCE EXAMPLE !SSESS DIFFERENCES BETWEEN TWO
POPULATIONS USING MEASURES OF CENTER AND VARIATION FOR EACH
!NALYZE A SHIFT IN THE NUMERICAL DISTRIBUTION OF TRAITS AND USE
these shifts as evidence to support an explanation.

(3 %33 %!24(3 0,!#% ). 4(% 5.)6%23%
As part of this work, teachers should give students opportunities
to MODEL WITH MATHEMATICS USE BASIC ALGEBRA REASON QUANTITATIVELY AND USE UNITS TO SOLVE PROBLEMS AND TO APPLY KEY TAKEAWAYS FROM GRADES n MATHEMATICS
Interpreting Functions (F-IF) and Interpreting Categorical and
Quantitative Data (S-ID).18 3CIENCE EXAMPLE 7ORK WITH EXPONENTIAL
MODELS IN CONNECTION WITH RADIOMETRIC DATING CONCEPTS AND DATA
Creating Equations (A-CED). 3CIENCE EXAMPLES  2EARRANGE A
FORMULA SUCH AS E  mc2 IN ORDER TO HIGHLIGHT A QUANTITY OF INTEREST  5SE +EPLERS 4HIRD ,AW TO WRITE AND SOLVE AN EQUATION IN
ORDER TO SOLVE A PROBLEM INVOLVING ORBITAL MOTION
Seeing Structure in Expressions (A-SSE). 3CIENCE EXAMPLE $RAW
CONCLUSIONS ABOUT ASTRONOMICAL PHENOMENA BY INTERPRETING THE
ALGEBRAIC STRUCTURE OF FORMULAS &OR EXAMPLE CONCLUDE FROM
λmaxT  B THAT COOLER STARS ARE REDDER AND HOTTER STARS ARE BLUER
CONCLUDE FROM +EPLERS 4HIRD ,AW THAT %ARTH AND THE MOON TAKE
THE SAME AMOUNT OF TIME TO REVOLVE AROUND THE SUN EVEN THOUGH
THEY HAVE DIFFERENT MASSES BECAUSE ONLY THE MASS OF THE SUN
APPEARS IN THE LAW NOT THE MASS OF THE ORBITING BODY 
Quantities (N-Q)/Reason quantitatively and use units to solve
problems:
N-Q.1. Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and origin in graphs and data displays.
N-Q.2. Define appropriate quantities for the purpose of descriptive modeling.
N-Q.3. Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.
3CIENCE EXAMPLES  6ERIFY THAT mc2 HAS UNITS OF ENERGY EG
has the same units as mgh and mv2   5SE 3) UNITS AS WELL AS
CONVENIENT UNITS EG MMYR FOR SEA FLOOR SPREADING 'YA FOR
DATES IN THE EARLY HISTORY OF %ARTH   !TTEND TO UNITS PROPERLY WHEN USING FORMULAS SUCH AS ENERGY  MASS TIMES SPEED
OF LIGHT SQUARED  #AREFULLY FORMAT DATA DISPLAYS AND GRAPHS
ATTENDING TO ORIGIN SCALE UNITS AND OTHER ESSENTIAL ITEMS
18
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See also Linear, Quadratic, and Exponential Models (F-LE).
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Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLES  0INNACLES .ATIONAL -ONUMENT IS BELIEVED TO HAVE
BEEN CREATED WHEN THE 3AN !NDREAS &AULT MOVED PART OF A VOLCANO  MILES NORTHWARD OVER A PERIOD OF  MILLION YEARS /N
AVERAGE HOW FAST DID THIS PART OF THE VOLCANO MOVE IN CENTIMETERS PER YEAR  !LSO EXPRESS THE ANSWER IN METERS PER SECOND
USING SCIENTIFIC NOTATION  5SE A SPREADSHEET TO SCATTERPLOT THE
PLANETS ORBITAL PERIODS AGAINST THEIR ORBITAL SEMIMAJOR AXES AND
EXPLAIN HOW THESE DATA SHOW NON LINEARITY 4HEN SCATTERPLOT THE
SQUARES OF THE ORBITAL PERIODS AGAINST THE CUBES OF THEIR ORBITAL
SEMIMAJOR AXES AND SHOW THAT THE RELATIONSHIP IS LINEAR

(3 %33 %!24(3 3934%-3
As part of this work, teachers should give students opportunities
to REASON QUANTITATIVELY AND USE UNITS TO SOLVE PROBLEMS AND TO
APPLY KEY TAKEAWAYS FROM GRADES n MATHEMATICS
Quantities (N-Q)/Reason quantitatively and use units to solve
problems:
N-Q.1. Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and origin in graphs and data displays.
N-Q.2. Define appropriate quantities for the purpose of descriptive modeling.
N-Q.3. Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.
3CIENCE EXAMPLES  7HEN COASTAL EROSION IS MEASURED WHAT
ARE ITS UNITS 7HAT DOES THIS SAY ABOUT WHAT QUANTITY IS BEING
MEASURED  5SE 3) UNITS AS WELL AS CONVENIENT UNITS EG
-Y FOR DURATIONS OF TIME OR 'YA FOR DATES IN THE EARLY HISTORY OF %ARTH   #AREFULLY FORMAT DATA DISPLAYS AND GRAPHS
ATTENDING TO ORIGIN SCALE UNITS AND OTHER ESSENTIAL ITEMS
Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLE 5SE ORDER OF MAGNITUDE THINKING TO APPRECIATE RELATIVE TIMESCALES IN THE CO EVOLUTION OF %ARTHS SYSTEMS AND LIFE
ON %ARTH &OR EXAMPLE WHEN DID PHOTOSYNTHETIC LIFE ALTER THE
ATMOSPHERE (OW LONG WAS IT THEN UNTIL THE APPEARANCE OF LAND
PLANTS

(3 %33 %!24( !.$ (5-!. !#4)6)49
As part of this work, teachers should give students opportunities
to REASON QUANTITATIVELY AND USE UNITS TO SOLVE PROBLEMS and to
APPLY KEY TAKEAWAYS FROM GRADES n MATHEMATICS
Quantities (N-Q)/Reason quantitatively and use units to solve
problems:
N-Q.1. Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and origin in graphs and data displays.
N-Q.2. Define appropriate quantities for the purpose of descriptive modeling.
N-Q.3. Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.
3CIENCE EXAMPLES  1UANTIFY THE IMPACTS OF HUMAN ACTIVITIES ON
NATURAL SYSTEMS &OR EXAMPLE IF A CERTAIN ACTIVITY CREATES POLLUTION THAT IN TURN DAMAGES FORESTS GO BEYOND A QUALITATIVE
STATEMENT BY QUANTIFYING BOTH THE AMOUNT OF POLLUTION AND
THE LEVEL OF DAMAGE  #AREFULLY FORMAT DATA DISPLAYS AND
GRAPHS ATTENDING TO ORIGIN SCALE UNITS AND OTHER ESSENTIAL
items.
Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLES  5SE CONCEPTS OF PROBABILITY TO DESCRIBE RISKS OF
NATURAL HAZARDS EG VOLCANIC ERUPTIONS EARTHQUAKES TSUNAMIS
HURRICANES DROUGHTS THAT IMPACT HUMAN ACTIVITY  5SE COSTn
BENEFIT RATIOS TO EVALUATE COMPETING DESIGN SOLUTIONS  5SE
PER CAPITA MEASURES SUCH AS CONSUMPTION COST AND RESOURCE
needs.

(3 %43 %.').%%2).' $%3)'.
As part of this work, teachers should give students opportunities
to model with mathematics and TO APPLY KEY TAKEAWAYS FROM
GRADES n MATHEMATICS
Modeling. 3CIENCE EXAMPLES  )DENTIFY VARIABLES AND SELECT
THOSE THAT REPRESENT ESSENTIAL FACTORS TO UNDERSTAND CONTROL OR
OPTIMIZE  5SE TECHNOLOGY TO VARY ASSUMPTIONS EXPLORE CONSEQUENCES AND COMPARE PREDICTIONS WITH DATA

Connections to the Common Core State Standards for Mathematics

Copyright National Academy of Sciences. All rights reserved.

157

Next Generation Science Standards: For States, By States

Applying key takeaways from grades 6–8 mathematics. 3CIENCE
EXAMPLE 7ORK WITH TOLERANCES COST CONSTRAINTS QUANTITATIVE
IMPACTS AND OTHER QUANTITATIVE FACTORS IN EVALUATING COMPETING
DESIGN SOLUTIONS

http://www.teebweb.org/local-and-regional-policy-makers-report
HTTPWWWTHAISCIENCEINFO!RTICLEFOR4HAI3CIENCE!RTICLE
4S COASTALEROSIONANDMANGROVEPROGRADATION
OFSOUTHERNTHAILANDPDF
http://www.uky.edu/Ag/CritterFiles/casefile/spiders/wolf/wolf.htm

2%&%2%.#%3
Boyer, C. B., and Merzbach, U. C. (1991). A history of mathematics,
Second Edition. New York: Wiley and Sons. Pp. vii–viii.
National Governors Association Center for Best Practices, Council of
Chief State School Officers. (2010). Common Core State Standards
Mathematics. Washington, DC: National Governors Association
Center for Best Practices, Council of Chief State School Officers.
Pp. 72–73.

3/52#%3 #/.35,4%$
Woodward, R. T., and Wui, Y.-S. (2001). The economic value of wetland services: A meta-analysis. Ecological Economics 37:257–270.
http://en.wikipedia.org/wiki/Atomic_mass_unit
http://en.wikipedia.org/wiki/Topsoil
http://learn.genetics.utah.edu/content/begin/cells/scale
http://learningcenter.nsta.org
http://libinfo.uark.edu/aas/issues/1964v18/v18a5.pdf
http://serc.carleton.edu/NAGTWorkshops/time/activities/61171.html
http://soils.usda.gov/technical/manual
http://www.agiweb.org/nacsn/40890_articles_article_file_1641.pdf
http://www.amazon.com/Complete-Guide-Running-How-Champion/
dp/1841261629
http://www.clemson.edu/extension/natural_resources/wildlife/publications/
FS?COTTONTAILRABBITHTML
http://www.ewg.org/losingground/report/erosion-adds-up.html
HTTPWWWFWSGOVECONOMICS$ISCUSSION0APERS53&73?
%COSYSTEM3ERVICES?0HASE)2EPORT?  PDF
http://www.geo.mtu.edu/UPSeis/locating.html
http://www.nps.gov/pinn/naturescience/index.htm
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/
nri/?cid=stelprdb1041887
http://www.nyc.gov/html/dot/html/about/knowthespeedlimit.shtml
http://www.rssweather.com/climate/California/Sacramento
HTTPWWWRSSWEATHERCOMCLIMATE#ALIFORNIA3AN&RANCISCO
County
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APPENDIX M

CONNECTIONS TO THE COMMON CORE
STATE STANDARDS FOR LITERACY IN
SCIENCE AND TECHNICAL SUBJECTS

Connections to the English/language arts (ELA) CCSS are included
across all disciplines and grade bands in the final version of
the NGSS. However, Appendix M focuses on connections to the
Standards for Literacy in Science and Technical Subjects, which
only cover grades 6–12. Therefore this appendix likewise only
lists connections for grades 6–12. See the Common Core State
Standards website for more information about the Literacy
Standards, available at: http://www.corestandards.org/
ELA-Literacy.

Literacy skills are critical to building knowledge in science. To ensure
the Common Core State Standards (CCSS) for literacy work in tandem
with the specific content demands outlined in the Next Generation
Science Standards (NGSS), the NGSS development team worked
with the CCSS writing team to identify key literacy connections to
the specific content demands outlined in the NGGS. As the CCSS
affirms, reading in science requires an appreciation of the norms
and conventions of the discipline of science, including understanding the nature of evidence used, an attention to precision and
detail, and the capacity to make and assess intricate arguments,
synthesize complex information, and follow detailed procedures
and accounts of events and concepts. Students also need to be
able to gain knowledge from elaborate diagrams and data that
convey information and illustrate scientific concepts. Likewise,
writing and presenting information orally are key means for students to assert and defend claims in science, demonstrate what
they know about a concept, and convey what they have experienced, imagined, thought, and learned.
Every effort has been made to ensure consistency between the
CCSS and the NGSS. As is the case with the mathematics standards, the NGSS should always be interpreted and implemented in
such a way that they do not outpace or misalign to the grade-bygrade standards in the CCSS for literacy (this includes the development of NGSS-aligned instructional materials and assessments).
Below are the NGSS science and engineering practices and the
corresponding CCSS Literacy Anchor Standards and portions of the
Standards for Science and Technical Subjects.

Connections to the Common Core State Standards for Literacy in Science and Technical Subjects
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Science and Engineering Practice: Asking Questions and Defining Problems

Students at any grade level should be able to ask questions of each other about the texts they read, the features of the phenomena they observe, and the conclusions they draw from
their models or scientific investigations. For engineering, they should ask questions to define the problem to be solved and to elicit ideas that lead to the constraints and specifications
for its solution (NRC, 2012, p. 56).
Supporting CCSS Literacy Anchor Standards and Relevant Portions of the Corresponding Standards for
Science and Technical Subjects
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Connection to Science and Engineering Practice

CCR Reading Anchor #1: Read closely to determine what the text says explicitly and to make logical inferences
from it; cite specific textual evidence when writing or speaking to support conclusions drawn from the text.
s RST.6-8.1: “support analysis of science and technical texts.”
s RST.9-10.1: “support analysis of science and technical texts, attending to the precise details of explanations
or descriptions.”
s RST.11-12.1: “support analysis of science and technical texts, attending to important distinctions the author
makes and to any gaps or inconsistencies in the account.”

Evidence plays a critical role in the kinds of questions asked,
information gathered, and findings reported in science and
technical texts. The notion of close reading in Reading Standard 1
emphasizes the use of asking and refining questions in order to
answer them with evidence that is either explicitly stated or
implied.

CCR Reading Anchor #7: Integrate and evaluate content presented in diverse formats and media, including
visually and quantitatively, as well as in words.
s RST.6-8.7: “Integrate quantitative or technical information expressed in words in a text with a version of
that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).”
s RST.9-10.7: “Translate quantitative or technical information expressed in words in a text into visual form
(e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation)
into words.”
s RST.11-12.7: “evaluate multiple sources of information presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address a question or solve a problem.”

Scientists and engineers present data in a myriad of visual
formats in order to reveal meaningful patterns and trends.
Reading Standard 7 speaks directly to the importance of asking
questions about and evaluating data presented in different
formats.

CCR Reading Anchor #8: Delineate and evaluate the argument and specific claims in a text, including the
validity of the reasoning as well as the relevance and sufficiency of the evidence.
s RST.6-8.8: “Distinguish among facts, reasoned judgment based on research findings, and speculation.”
s RST.9-10.8: “Assess the extent to which the reasoning and evidence in a text support the author’s claim or a
recommendation for solving a scientific or technical problem.”
s RST.11-12.8: “Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text,
verifying the data when possible and corroborating or challenging conclusions with other sources of
information.”

Challenging or clarifying scientific hypotheses, arguments,
EXPERIMENTS OR CONCLUSIONSAND THE EVIDENCE AND PREMISES
THAT SUPPORT THEMARE KEY TO THIS PRACTICE 2EADING 3TANDARD 
emphasizes evaluating the validity of arguments and whether the
evidence offered backs up the claims logically.

NEXT GENERATION SCIENCE STANDARDS
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CCR Writing Anchor #7: Conduct short as well as more sustained research projects based on focused
questions, demonstrating understanding of the subject under investigation.
s RST.6-8.7: “answer a question (including a self-generated question) … generating additional related,
focused questions that allow for multiple avenues of exploration.”
s RST.9-12.7: “narrow or broaden inquiry when appropriate.”

Generating focused questions and well-honed scientific inquiries
is key to conducting investigations and defining problems. The
research practices reflected in Writing Standard 7 reflect the
skills needed for successful completion of such research-based
inquiries.

CCR Speaking and Listening Anchor #1: Prepare for and participate effectively in a range of conversations
and collaborations with diverse partners, building on others’ ideas and expressing their own clearly and
persuasively.
s SL.8.1: “Pose … specific questions by making comments that contribute to the discussion.”
s SL.9-10.1: “posing and responding to questions that relate the current discussion to broader themes or larger
ideas.”
s SL.11-12.1: “posing and responding to questions that probe reasoning and evidence.”

The ability to pose relevant questions, clarify or elaborate on the
ideas of others, or request information from others is crucial to
learning and conducting investigations in science class. Speaking
and Listening Standard 1 speaks directly to the importance of
asking and refining questions to clarify ideas that generate
solutions and explanations.

CCR Speaking and Listening Anchor #3: Evaluate a speaker’s point of view, reasoning, and use of evidence
and rhetoric.
s SL.8.3: “evaluating the soundness of the reasoning and sufficiency of the evidence, and identifying when
irrelevant evidence is introduced.”
s SL.9-10.3: “identifying fallacious reasoning or exaggerated or distorted evidence.”
s SL.11-12.3: “assessing the stance, premises, links among ideas, word choice, points of emphasis.”

Evaluating the soundness of a speaker’s reasoning and evidence
concerning scientific theories and concepts through a series of
inquiries teaches students to be discriminating thinkers. Speaking
and Listening Standard 3 directly asserts that students must
be able to critique a point of view from the perspective of the
evidence provided and reasoning advanced.

Connections to the Common Core State Standards for Literacy in Science and Technical Subjects
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Science and Engineering Practice: Planning and Carrying Out Investigations

Students should have opportunities to plan and carry out several different kinds of investigations during their K–12 years. At all levels, they should engage in investigations that range
FROM THOSE STRUCTURED BY THE TEACHERIN ORDER TO EXPOSE AN ISSUE OR QUESTION THAT THEY WOULD BE UNLIKELY TO EXPLORE ON THEIR OWN EG MEASURING SPECIlC PROPERTIES OF MATERIALS TO
those that emerge from students’ own questions (NRC, 2012, p. 61).
Supporting CCSS Literacy Anchor Standards and Relevant Portions of the Corresponding Standards for
Science and Technical Subjects
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Connection to Science and Engineering Practice

CCR Reading Anchor #3: Analyze how and why individuals, events, or ideas develop and interact over the course of
a text.
s RST.6-8.3: “Follow precisely a multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks.”
s RST.9-10.3: “Follow precisely a complex multistep procedure when carrying out experiments, taking
measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.”
s RST.11-12.3: “Follow precisely a complex multistep procedure when carrying out experiments, taking
measurements, or performing technical tasks; analyze the specific results based on explanations in the text.”

Systematic investigations in the field or laboratory lie
at the heart of scientific inquiry. Reading Standard 8
emphasizes the importance of accuracy in carrying out
such complex experiments and procedures, in following
a course of action that will provide the best evidence to
support conclusions.

CCR Writing Anchor #7: Conduct short as well as more sustained research projects based on focused questions,
demonstrating understanding of the subject under investigation.

Planning and carrying out investigations to test
hypotheses or designs is central to scientific and
engineering activity. The research practices reflected
in Writing Standard 7 reflect the skills needed for
successful completion of such research-based inquiries.

CCR Writing Anchor #8: Gather relevant information from multiple print and digital sources, assess the credibility
and accuracy of each source, and integrate the information while avoiding plagiarism.
s WHST.6-8.8: “quote or paraphrase the data and conclusions of others.”
s WHST.9-10.8: “assess the usefulness of each source in answering the research question.”
s WHST.11-12.8: “assess the strengths and limitations of each source in terms of the specific task, purpose, and
audience.”

Collecting relevant data across a broad spectrum of
sources in a systematic fashion is a key element of this
scientific practice. Writing Standard 8 spells out the
importance of gathering applicable information from
multiple reliable sources to support claims.

CCR Speaking and Listening Anchor #1: Prepare for and participate effectively in a range of conversations
and collaborations with diverse partners, building on others’ ideas and expressing their own clearly and
persuasively.
s SL.8.1: “Come … having read or researched material under study; explicitly draw on that preparation by
referring to evidence on the topic, text, or issue to probe and reflect on ideas under discussion … define
individual roles as needed.”
s SL.9-10.1: “Come … having read and researched material under study; explicitly draw on that
preparation by referring to evidence from texts and other research on the topic or issue to stimulate
a thoughtful, well-reasoned exchange of ideas … make new connections in light of the evidence and
reasoning presented.”
s SL.11-12.1: “Determine what additional information or research is required to deepen the investigation
or complete the task.”

Carrying out investigations in collaborative settings
is crucial to learning in science class and engineering
settings. Speaking and Listening Standard 1 speaks
directly to the importance of exchanging theories and
evidence cooperatively and collaboratively to carrying out
investigations.

NEXT GENERATION SCIENCE STANDARDS
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Science and Engineering Practice: Analyzing and Interpreting Data

Once collected, data must be presented in a form that can reveal any patterns and relationships and that allows results to be communicated to others. Because raw data as such have
LITTLE MEANING A MAJOR PRACTICE OF SCIENTISTS IS TO ORGANIZE AND INTERPRET DATA THROUGH TABULATING GRAPHING OR STATISTICAL ANALYSIS 3UCH ANALYSIS CAN BRING OUT THE MEANING OF DATAAND
THEIR RELEVANCESO THAT THEY MAY BE USED AS EVIDENCE
Engineers, too, make decisions based on evidence that a given design will work; they rarely rely on trial and error. Engineers often analyze a design by creating a model or prototype and
collecting extensive data on how it performs, including under extreme conditions. Analysis of this kind of data not only informs design decisions and enables the prediction or assessment
of performance but also helps define or clarify problems, determine economic feasibility, evaluate alternatives, and investigate failures (NRC, 2012, pp. 61–62).
Supporting CCSS Literacy Anchor Standards and Relevant Portions of the Corresponding Standards for
Science and Technical Subjects

Connection to Science and Engineering Practice

CCR Reading Anchor #7: Integrate and evaluate content presented in diverse formats and media, including visually
and quantitatively, as well as in words.
s RST.6-8.7: “Integrate quantitative or technical information expressed in words in a text with a version of that
information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).”
s RST.9-10.7: “Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.”
s RST.11-12.7: “Evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative
data, video, multimedia) in order to address a question or solve a problem.”

Scientists and engineers present data in a myriad of visual
formats in order to reveal meaningful patterns and trends.
Reading Standard 7 speaks directly to the importance
of understanding and presenting information that has
been gathered in various formats to reveal patterns and
relationships and allow for deeper explanations and
analyses.

CCR Reading Anchor #9: Analyze how two or more texts address similar themes or topics in order to build
knowledge or to compare the approaches the authors take.
s RST.6-8.9: “Compare and contrast the information gained from experiments, simulations, video, or multimedia
sources with that gained from reading a text on the same topic.”
s RST.9-10.9: “Compare and contrast findings presented in a text to those from other sources (including their own
experiments), noting when the findings support or contradict previous explanations or accounts.”
s RST.11-12.9: “Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or concept, resolving conflicting information when possible.”

Scientists and engineers use technology to allow them to
draw on multiple sources of information in order to create
data sets. Reading Standard 9 identifies the importance
of analyzing multiple sources in order to inform design
decisions and create a coherent understanding of a
process or concept.

CCR Speaking and Listening Anchor #2: Integrate and evaluate information presented in diverse media and
formats, including visually, quantitatively, and orally.
s SL.8.2: “Analyze the purpose of information presented in diverse media and formats (e.g., visually, quantitatively,
orally).”
s SL.9-10.2: “Integrate multiple sources of information presented in diverse media or formats (e.g., visually,
quantitatively, orally), evaluating the credibility and accuracy of each source.”
s SL.11-12.2: “Evaluating the credibility and accuracy of each source and noting any discrepancies among the
data.”

Central to the practice of scientists and engineers is
integrating data drawn from multiple sources in order to
create a cohesive vision of what the data mean. Speaking
and Listening Standard 2 addresses the importance of
such synthesizing activities to building knowledge and
defining and clarifying problems. This includes evaluating
the credibility and accuracy of data and identifying
possible sources of error.

CCR Speaking and Listening Anchor #5: Make strategic use of digital media and visual displays of data to express
information and enhance understanding of presentations.
s SL.8.5: “Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and
evidence.”
s SL.9-12.5: “Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings, reasoning, and evidence.”

Presenting data for the purposes of cross-comparison is
essential for identifying the best design solution or scientific
explanation. Speaking and Listening Standard 5 stresses the
importance of visual displays of data within presentations
in order to enhance understanding of the relevance of
the evidence. That way others can make critical decisions
regarding what is being claimed based on the data.

Connections to the Common Core State Standards for Literacy in Science and Technical Subjects
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Science and Engineering Practice: Constructing Explanations and Designing Solutions

Asking students to demonstrate their own understanding of the implications of a scientific idea by developing their own explanations of phenomena, whether based on observations
they have made or models they have developed, engages them in an essential part of the process by which conceptual change can occur.
In engineering, the goal is a design rather than an explanation. The process of developing a design is iterative and systematic, as is the process of developing an explanation or a theory
in science. Engineers’ activities, however, have elements that are distinct from those of scientists. These elements include specifying constraints and criteria for desired qualities of the
solution, developing a design plan, producing and testing models or prototypes, selecting among alternative design features to optimize the achievement of design criteria, and refining
design ideas based on the performance of a prototype or simulation (NRC, 2012, pp. 68–69).
Supporting CCSS Literacy Anchor Standards and Relevant Portions of the Corresponding Standards
for Science and Technical Subjects
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Connection to Science and Engineering Practice

CCR Reading Anchor #1: Read closely to determine what the text says explicitly and to make logical
inferences from it; cite specific textual evidence when writing or speaking to support conclusions drawn from
the text.
s RST.6-8.1: “support analysis of science and technical texts.”
s RST.9-10.1: “support analysis of science and technical texts, attending to the precise details of explanations
or descriptions.”
s RST.11-12.1: “support analysis of science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.”

Evidence plays a critical role in determining a theory
in science and a design solution in engineering. The
notion of close reading in Reading Standard 1
emphasizes pursuing investigations into wellsupported theories and design solutions on the basis
of evidence that is either explicitly stated or implied.

CCR Reading Anchor #2: Determine central ideas or themes of a text and analyze their development;
summarize the key supporting details and ideas.
s RST.6-8.2: “provide an accurate summary of the text distinct from prior knowledge or opinions.”
s RST.9-10.2: “trace the text’s explanation or depiction of a complex process, phenomenon, or concept.”
s RST.11-12.2: “summarize complex concepts, processes, or information presented in a text by paraphrasing
them in simpler but still accurate terms.”

Part of the power of a scientific theory or engineering
design is its ability to be cogently explained. That
ability to determine and clearly state an idea lies at
the heart of Reading Standard 2.

CCR Reading Anchor #8: Delineate and evaluate the argument and specific claims in a text, including the
validity of the reasoning as well as the relevance and sufficiency of the evidence.
s RST.6-8.8: “Distinguish among facts, reasoned judgment based on research findings, and speculation.”
s RST.9-10.8: “Assess the extent to which the reasoning and evidence in a text support the author’s claim or
a recommendation for solving a scientific or technical problem.”
s RST.11-12.8: “Evaluate the hypotheses, data, analyses, and conclusions in a science or technical text,
verifying the data when possible and corroborating or challenging conclusions with other sources of
information.”

Constructing theories and designing solutions both
require analysis that is rooted in rational argument
and in evidence stemming from an understanding of
the world. Reading Standard 8 emphasizes evaluating
the validity of arguments and whether the evidence
offered backs up the claim logically.

NEXT GENERATION SCIENCE STANDARDS
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CCR Writing Anchor #2: Write informative/explanatory texts to examine and convey complex ideas and
information clearly and accurately through the effective selection, organization, and analysis of content.
s WHST.6-8.2: “Develop the topic with relevant, well-chosen facts, definitions, concrete details, quotations, or
other information and examples.”
s WHST.9-10.2: “Develop the topic with well-chosen, relevant, and sufficient facts, extended definitions,
concrete details, quotations, or other information and examples appropriate to the audience’s knowledge of
the topic.”
s WHST.11-12.2: “Develop the topic thoroughly by selecting the most significant and relevant facts, extended
definitions, concrete details, quotations, or other information and examples appropriate to the audience’s
knowledge of the topic.”

Building a theory or model that explains the natural
world requires close attention to how to weave
together evidence from multiple sources. With a
focus on clearly communicating complex ideas and
information by critically choosing, arranging, and
analyzing information, Writing Standard 2 requires
students to develop theories with the end goal of
explanation in mind.

CCR Writing Anchor #8: Gather relevant information from multiple print and digital sources, assess the
credibility and accuracy of each source, and integrate the information while avoiding plagiarism.
s WHST.6-8.8: “quote or paraphrase the data and conclusions of others.”
s WHST.9-10.8: “assess the usefulness of each source in answering the research question; integrate
information into the text selectively to maintain the flow of ideas.”
s WHST.11-12.8: “assess the strengths and limitations of each source in terms of the specific task, purpose,
and audience; integrate information into the text selectively to maintain the flow of ideas.”

Collecting relevant data across a broad spectrum
of sources in a systematic fashion is a key element
of constructing a theory with explanatory power or
a design that meets multiple constraints. Writing
Standard 8 spells out the importance of gathering
applicable information from multiple reliable sources
in order to construct well-honed explanations.

CCR Writing Anchor #9: Draw evidence from literary or informational texts to support analysis, reflection, and
research.
s WHST.6-12.9: “Draw evidence from informational texts to support analysis, reflection, and research.”

The route toward constructing a rigorous explanatory
account centers on garnering the necessary empirical
evidence to support a theory or design. That same
focus on generating evidence that can be analyzed is
at the heart of Writing Standard 9.

CCR Speaking and Listening Anchor #4: Present information, findings, and supporting evidence such that
listeners can follow the line of reasoning and the organization, development, and style appropriate to the task,
purpose, and audience.
s SL.8.4: “Present claims and findings, emphasizing salient points in a focused, coherent manner with
relevant evidence, sound and valid reasoning.”
s SL.9-10.4: “Present information, findings, and supporting evidence clearly, concisely, and logically.”
s SL.11-12.4: “Present information, findings, and supporting evidence, conveying a clear and distinct
perspective … alternative or opposing perspectives are addressed.”

A theory in science and a design in engineering
are a rational explanatory account of how the
world works in light of the evidence. Speaking and
Listening Standard 4 stresses how the presentation of
findings crucially relies on how the evidence is used
to illuminate the line of reasoning embedded in the
explanation offered.

Connections to the Common Core State Standards for Literacy in Science and Technical Subjects
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Science and Engineering Practice: Engaging in Argument from Evidence

The study of science and engineering should produce a sense of the process of argument necessary for advancing and defending a new idea or an explanation of a phenomenon and the
norms for conducting such arguments. In that spirit, students should argue for the explanations they construct, defend their interpretations of the associated data, and advocate for the
designs they propose (NRC, 2012, p. 73).
Supporting CCSS Literacy Anchor Standards and Relevant Portions of the Corresponding Standards for
Science and Technical Subjects
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CCR Reading Anchor #6: Assess how point of view or purpose shapes the content and style of a text.
s RST.6-8.6: “Analyze the author’s purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text.”
s RST.9-10.6: “Analyze the author’s purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, defining the question the author seeks to address.”
s RST.11-12.6: “Analyze the author’s purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.”

The central motivation of scientists and engineers is to
put forth what they believe is the best explanation for
a natural phenomenon or design solution and to verify
that representation through well-wrought arguments.
Understanding the point of view of scientists and
engineers and how that point of view shapes the
content of the explanation is what Reading Standard 6
asks students to attune to.

CCR Reading Anchor #8: Delineate and evaluate the argument and specific claims in a text, including the validity of
the reasoning as well as the relevance and sufficiency of the evidence.
s RST.6-8.8: “Distinguish among facts, reasoned judgment based on research findings, and speculation....”
s RST.9-10.8: “Assess the extent to which the reasoning and evidence in a text support the author’s claim or a
recommendation for solving a scientific or technical problem.”
s RST.11-12.8: “Evaluate the hypotheses, data, analyses, and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging conclusions with other sources of information.”

Formulating the best explanation or solution to a
problem or phenomenon stems from advancing an
argument whose premises are rational and supported
with evidence. Reading Standard 8 emphasizes
evaluating the validity of arguments and whether the
evidence offered backs up the claim logically.

CCR Reading Anchor #9: Analyze how two or more texts address similar themes or topics in order to build
knowledge or to compare the approaches the authors take.
s RST.6-8.9: “Compare and contrast the information gained from experiments, simulations, video, or multimedia
sources with that gained from reading a text on the same topic.”
s RST.9-10.9: “Compare and contrast findings presented in a text to those from other sources (including their own
experiments), noting when the findings support or contradict previous explanations or accounts.”
s RST.11-12.9: “Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or concept, resolving conflicting information when possible.”

Implicit in the practice of identifying the best
explanation or design solution is comparing and
contrasting competing proposals. Reading Standard 9
identifies the importance of comparing different sources
in the process of creating a coherent understanding of
a phenomenon, concept, or design solution.
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CCR Writing Anchor #1: Write arguments to support claims in an analysis of substantive topics or texts using valid
reasoning and relevant and sufficient evidence.
s WHST.6-8.1: “Support claim(s) with logical reasoning and relevant, accurate data and evidence that demonstrate
an understanding of the topic or text, using credible sources.”
s WHST.9-10.1: “Develop claim(s) and counterclaims fairly, supplying data and evidence for each while pointing
out the strengths and limitations of both claim(s) and counterclaims in a discipline-appropriate form and in a
manner that anticipates the audience’s knowledge level and concerns.”
s WHST.11-12.1: “Develop claim(s) and counterclaims fairly and thoroughly, supplying the most relevant data
and evidence for each while pointing out the strengths and limitations of both claim(s) and counterclaims in a
discipline-appropriate form that anticipates the audience’s knowledge level, concerns, values, and possible biases.”

Central to the process of engaging in scientific thought
or engineering practices is the notion that what will
emerge is backed up by rigorous argument. Writing
Standard 1 places argumentation at the heart of the
CCSS for science and technology subjects, stressing the
importance of logical reasoning, relevant evidence, and
credible sources.

CCR Speaking and Listening Anchor #1: Prepare for and participate effectively in a range of conversations and
collaborations with diverse partners, building on others’ ideas and expressing their own clearly and persuasively.
s SL.8.1: “Pose questions that connect the ideas of several speakers and respond to others’ questions and
comments with relevant evidence, observations, and ideas. Acknowledge new information expressed by others,
and, when warranted, qualify or justify their own views in light of the evidence presented.”
s SL.9-10.1: “Actively incorporate others into the discussion and clarify, verify, or challenge ideas and conclusions.
Respond thoughtfully to diverse perspectives, summarize points of agreement and disagreement, and, when
warranted, qualify or justify their own views and understanding and make new connections in light of the
evidence and reasoning presented.”
s SL.11-12.1: “Respond thoughtfully to diverse perspectives; synthesize comments, claims, and evidence made on
all sides of an issue; resolve contradictions when possible; and determine what additional information or research
is required to deepen the investigation or complete the task.”

Reasoning and argument require critical listening
and collaboration skills in order to identify the best
explanation for a natural phenomenon or the best
solution to a design problem. Speaking and Listening
Standard 1 speaks directly to the importance of
comparing and evaluating competing ideas through
argument to cooperatively and collaboratively identify
the best explanation or solution.

CCR Speaking and Listening Anchor #3: Evaluate a speaker’s point of view, reasoning, and use of evidence and
rhetoric.
s SL.8.3: “evaluating the soundness of the reasoning and sufficiency of the evidence, and identifying when
irrelevant evidence is introduced.”
s SL.9-10.3: “identifying fallacious reasoning or exaggerated or distorted evidence.”
s SL.11-12.3: “assessing the stance, premises, links among ideas, word choice, points of emphasis.”

Evaluating the reasoning in an argument based on
the evidence present is crucial for identifying the best
design or scientific explanation. Speaking and Listening
Standard 3 directly asserts that students must be
able to critique the point of view within an argument
presented orally from the perspective of the evidence
provided and reasoning advanced by others.

CCR Speaking and Listening Anchor #4: Present information, findings, and supporting evidence such that listeners
can follow the line of reasoning and the organization, development, and style appropriate to the task, purpose, and
audience.
s SL.8.4: “Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant
evidence, sound and valid reasoning.”
s SL.9-10.4: “Present information, findings, and supporting evidence clearly, concisely, and logically.”
s SL.11-12.4: “Present information, findings, and supporting evidence, conveying a clear and distinct perspective
… alternative or opposing perspectives are addressed.”

The practice of engaging in argument from evidence is
a key ingredient in determining the best explanation for
a natural phenomenon or the best solution to a design
problem. Speaking and Listening Standard 4 stresses
how the presentation of findings crucially relies on how
the evidence is used to illuminate the line of reasoning
embedded in the explanation offered.

Connections to the Common Core State Standards for Literacy in Science and Technical Subjects
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Science and Engineering Practice: Obtaining, Evaluating, and Communicating Information

Any education in science and engineering needs to develop students’ ability to read and produce domain-specific text. As such, every science or engineering lesson is in part a language
lesson, particularly reading and producing the genres of texts that are intrinsic to science and engineering (NRC, 2012, p. 76).
Supporting CCSS Literacy Anchor Standards and Relevant Portions of the Corresponding Standards for
Science and Technical Subjects
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CCR Reading Anchor #2: Determine central ideas or themes of a text and analyze their development; summarize the
key supporting details and ideas.
s RST.6-8.2: “provide an accurate summary of the text distinct from prior knowledge or opinions.”
s RST.9-10.2: “trace the text’s explanation or depiction of a complex process, phenomenon, or concept.”
s RST.11-12.2: “summarize complex concepts, processes, or information presented in a text by paraphrasing them in
simpler but still accurate terms.”

Part of the power of a scientific theory or engineering
design is its ability to be cogently explained. That ability
to determine and clearly state or summarize a salient
scientific concept or phenomenon lies at the heart of
Reading Standard 2.

CCR Reading Anchor #7: Integrate and evaluate content presented in diverse formats and media, including visually
and quantitatively, as well as in words.
s RST.6-8.7: “Integrate quantitative or technical information expressed in words in a text with a version of that
information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).”
s RST.9-10.7: “Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.”
s RST.11-12.7: “Evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative
data, video, multimedia) in order to address a question or solve a problem.”

A key practice within scientific and engineering
communities is communicating about data through
the use of tables, diagrams, graphs, and models.
Reading Standard 7 speaks directly to the importance
of understanding information that has been gathered
by investigators in visual formats that reveal deeper
explanations and analyses.

CCR Reading Anchor #9: Analyze how two or more texts address similar themes or topics in order to build knowledge
or to compare the approaches the authors take.
s RST.6-8.9: “Compare and contrast the information gained from experiments, simulations, video, or multimedia
sources with that gained from reading a text on the same topic.”
s RST.9-10.9: “Compare and contrast findings presented in a text to those from other sources (including their own
experiments), noting when the findings support or contradict previous explanations or accounts.”
s RST.11-12.9: “Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.”

The end goal of these science and engineering practices
is to position scientists and engineers to be able to
evaluate the merit and validity of claims, methods, and
designs. Reading Standard 9 identifies the importance
of synthesizing information from a range of sources to
the process of creating a coherent understanding of a
phenomenon or concept.

CCR Reading Anchor #10: Read and comprehend complex literary and informational texts independently and
proficiently.
s RST.6-8.10: “By the end of grade 8, read and comprehend science/technical texts in the grades 6–8 text complexity
band independently and proficiently.”
s RST.9-10.10: “By the end of grade 10, read and comprehend science/technical texts in the grades 9–10 text
complexity band independently and proficiently.”
s RST.11-12.10: “By the end of grade 12, read and comprehend science/technical texts in the grade 11 CCR text
complexity band independently and proficiently.”

When reading scientific and technical texts, students
need to be able to gain knowledge from challenging
texts that often make extensive use of elaborate
diagrams and data to convey information and illustrate
concepts. Reading standard 10 asks students to read
complex informational texts in these fields with
independence and confidence.

NEXT GENERATION SCIENCE STANDARDS
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CCR Writing Anchor #2: Write informative/explanatory texts to examine and convey complex ideas and information
clearly and accurately through the effective selection, organization, and analysis of content.
s WHST.6-8.2: “include formatting (e.g., headings), graphics (e.g., charts, tables), and multimedia when useful to aiding
comprehension…. Develop the topic with relevant, well-chosen facts, definitions, concrete details, quotations, or other
information and examples.”
s WHST.9-10.2: “include formatting (e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension…. Develop the topic with well-chosen, relevant, and sufficient facts, extended definitions, concrete details,
quotations, or other information and examples appropriate to the audience’s knowledge of the topic.”
s WHST.11-12.2: “include formatting (e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension…. Develop the topic thoroughly by selecting the most significant and relevant facts, extended definitions,
concrete details, quotations, or other information and examples appropriate to the audience’s knowledge of the topic.”

The demand for precision in expression is an essential
requirement of scientists and engineers, and using the
multiple means available to them is a crucial part of
that expectation. With a focus on clearly communicating
complex ideas and information by critically choosing,
ARRANGING AND ANALYZING INFORMATIONPARTICULARLY
THROUGH THE USE OF VISUAL MEANS7RITING 3TANDARD 
requires students to develop their claims with the end
goal of explanation in mind.

CCR Writing Anchor #8: Gather relevant information from multiple print and digital sources, assess the credibility and
accuracy of each source, and integrate the information while avoiding plagiarism.
s WHST.6-8.8: “using search terms effectively … quote or paraphrase the data and conclusions of others.”
s WHST.9-10.8: “using advanced searches effectively; assess the usefulness of each source in answering the research
question; integrate information into the text selectively to maintain the flow of ideas.”
s WHST.11-12.8: “using advanced searches effectively; assess the strengths and limitations of each source in terms of
the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas.”

Collecting relevant data across a broad spectrum of
sources in a systematic fashion is a key element of
assessing the validity of claims, methods, and designs.
Writing Standard 8 spells out the importance of
gathering applicable information from multiple reliable
sources so that information can be communicated
accurately.

CCR Speaking and Listening Anchor #1: Prepare for and participate effectively in a range of conversations and
collaborations with diverse partners, building on others’ ideas and expressing their own clearly and persuasively.
s SL.8.1: “Pose questions that connect the ideas of several speakers and respond to others’ questions and comments
with relevant evidence, observations, and ideas. Acknowledge new information expressed by others, and, when
warranted, qualify or justify their own views in light of the evidence presented.”
s SL.9-10.1: “Actively incorporate others into the discussion and clarify, verify, or challenge ideas and conclusions.
Respond thoughtfully to diverse perspectives, summarize points of agreement and disagreement, and, when
warranted, qualify or justify their own views and understanding and make new connections in light of the evidence
and reasoning presented.”
s SL.11-12.1: “Respond thoughtfully to diverse perspectives; synthesize comments, claims, and evidence made on all
sides of an issue; resolve contradictions when possible; and determine what additional information or research is
required to deepen the investigation or complete the task.”

Reasoning and argument require critical listening and
collaboration skills in order to evaluate the merit and
validity of claims, methods, and designs. Speaking and
Listening Standard 1 speaks directly to the importance
of comparing and assessing competing ideas through
extended discussions grounded in evidence.

CCR Speaking and Listening Anchor #4: Present information, findings, and supporting evidence such that listeners
can follow the line of reasoning and the organization, development, and style appropriate to the task, purpose, and
audience.
s SL.8.4: “Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant
evidence, sound and valid reasoning.”
s SL.9-10.4: “Present information, findings, and supporting evidence clearly, concisely, and logically.”
s SL.11-12.4: “Present information, findings, and supporting evidence, conveying a clear and distinct perspective …
alternative or opposing perspectives are addressed.”

Central to the professional activity of scientists and
engineers alike is communicating their findings clearly
and persuasively. Speaking and Listening Standard 4
stresses how the presentation of findings crucially relies
on how the evidence is used to illuminate the line of
reasoning embedded in the explanation offered.

CCR Speaking and Listening Anchor #5: Make strategic use of digital media and visual displays of data to express
information and enhance understanding of presentations.
s SL.8.5: “Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and
evidence.”
s SL.9-12.5: “Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings, reasoning, and evidence.”

Presenting data for the purposes of communication is
essential for evaluating the merit and validity of claims,
methods, and designs. Speaking and Listening Standard 5
stresses the importance of visual or digital displays of data
within presentations in order to enhance understanding of
the evidence. That way others can make critical decisions
regarding what is being claimed based on the data.

Connections to the Common Core State Standards for Literacy in Science and Technical Subjects
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