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TO BE PROPOSED:

November 4, 2015

RESOLVED, That the State Board of Education approves the adoption of the Connecticut Next
Generation Science Standards and directs the Commissioner to take the necessary action.

Approved by a vote of , this fourth day of November, Two Thousand Fifteen.

Signed:

Dr. Dianna R. Wentzell, Secretary
State Board of Education



CONNECTICUT STATE BOARD OF EDUCATION

Hartford
TO: State Board of Education
FROM: Dr. Dianna R. Wentzell, Commissioner of Education
DATE: November 4, 2015
SUBJECT: Adoption of Next Generation Science Standards

Executive Summary

Introduction

Science, engineering and technology permeate every aspect of modern life. Some knowledge of science
and engineering is required to understand and participate in many major public policy issues of today, as
well as to make informed personal and civic decisions. Almost all of the 30 fastest-growing occupations
in the next decade will require at least some background in science, technology, engineering or
mathematics (STEM) fields. Many of these STEM jobs do not require a four-year degree and salaries
average 10 percent more than for non-STEM jobs with similar education requirements. Yet, many U.S.
companies report difficulty finding individuals qualified to fill STEM job openings.

The Need for New Science Standards

While current state science standards, published in 2004, provide a strong foundation for science
curriculum and instruction that is relevant, experiential and rigorous, student achievement on state,
national and international assessments suggest that the status quo is not working for all of our students.
Test scores have increased only nominally over the past decade and large gaps persist between
economically disadvantaged students and their non-disadvantaged peers on both state and national science
assessments.

Our state now has an opportunity to embrace the Next Generation Science Standards (NGSS) to guide our
ongoing efforts to improve curriculum and instruction in order make scientific understanding more
accessible and meaningful to a broad range of diverse learners. Like Connecticut’s Core Standards in
English Language Arts and Mathematics, NGSS places greater emphasis on critical thinking and less on
rote memorization of facts or terminology. In an NGSS classroom, students will be investigating natural
phenomena and real-world problems in much the same way that scientists and engineers do. Mathematics
and language skills will be applied as students collaboratively reason with evidence and explain their
thinking to others.

Background

At the February 4, 2015, meeting of the State Board of Education, the Board received an introduction to
the Next Generation Science Standards (“NGSS”) that were developed by 26 states in April 2013. The
presentation included (i) information about the need to update Connecticut’s current science standards
published in 2004; (ii) an overview of the key advances envisioned in the NGSS; (iii) Connecticut’s role
in the development of NGSS; and (iv) data showing strong support for NGSS adoption among
Connecticut educators.



An important aspect of the Board’s ongoing consideration of NGSS adoption is expanded NGSS
engagement with stakeholders beyond the science education community. Building upon two years of
extensive work with Connecticut science educators, the Connecticut State Department of Education
(CSDE) Academic Office was tasked with reaching out to superintendents, local school boards, principals
and families to build awareness and support for the new science standards and to elicit feedback from a
broad range of stakeholders.

Stakeholder Outreach and Feedback

A plan was developed to engage in two-way communication regarding NGSS with the broadest possible
number of stakeholders. Among the goals were to convey accurate, consistent and understandable
information about Next Generation Science and to elicit stakeholders’ impressions and recommendations.
The stakeholder outreach initiative included in-person presentations, webinar broadcasts, and facilitated
focus groups. The CSDE Academic Office science consultant and trained district science leaders
facilitated the presentations using a set of informational slides and survey discussion questions developed
by the CSDE.

The Department worked with 50 representatives on its NGSS District Advisory Council to develop an
inventory of slides that would convey jargon-free NGSS information in ways that would resonate for
different audiences in vastly different districts. Slides were designed to meet the diverse needs and
interests of district policymakers, school administrators, and families. Sixty district science leaders
volunteered to participate in CSDE training teleconferences preparing them to present information on
NGSS. To date, nearly 100 in-person information sessions for groups such as school boards, curriculum
committees, administrative councils, and parent organizations have been facilitated by CSDE-trained
presenters throughout the State.

All NGSS presentations culminated in facilitated discussion to elicit responses to survey questions related
to understanding of the hallmarks of NGSS, their potential benefits to Connecticut students and to our
State, and recommendations for going forward. The consensus responses of each presentation group were
uploaded to an online survey tool. The survey responses were then analyzed by Dr. Mhora Lorentson, an
independent researcher who worked with the CSDE on similar surveys.

In addition to the in-person local presentations, online webinars for local school board members and
principals were hosted by the Connecticut Association of Boards of Education (CABE) and the
Connecticut Association of Schools (CAS). The interactive webinars provided an NGSS overview
followed by time for questions and answers. Webinars were recorded and have been posted for public
access on the Web sites of the CSDE, CABE and CAS since May 2015.

An especially innovative plan was conceived to reach out to a diversity of Connecticut families. Working
in collaboration with the Connecticut Parent Teacher Association (“CT PTA”) and with CSDE Family
Engagement Consultant, Dr. Judy Carson, a series of parent information sessions were held. Over 500
invitations to one parent engagement session held at Mystic Aquarium were e-mailed to family and parent
engagement liaisons and PTA members statewide. Attendees enjoyed free admission to the aquarium, a
brief informational presentation, participation in a sample NGSS science activity, and a behind-the-scenes
aquarium tour. Parents representing about 30 school districts, many from Alliance Districts, attended the
Mystic NGSS information sessions and gave feedback through the online survey. Many of these parents
were so excited about NGSS and about being included in this pre-adoption engagement process, they



have expressed interest in continuing to meet periodically with CSDE staff as an informal “STEM parent
advisory council.”

The survey analysis revealed that stakeholders were appreciative of the transparent engagement process
being used by the CSDE to obtain stakeholder feedback. In the words of one stakeholder “Kudos to the
CSDE for using this engagement process and obtaining feedback in a ground-up manner!” Stakeholders
also consistently provided feedback which is best summarized by the words of one individual, “I wish
that we had learned science this way!”

Survey data provide compelling evidence that a broad range of Connecticut stakeholders are now
knowledgeable about the current status of the potential adoption of the NGSS, are enthusiastic about the
potential transition to the NGSS, and are excited about the positive changes which they expect will occur
as a result of a transition to the NGSS.

NGSS Supports for Educators
During this adoption consideration period, the CSDE has been diligently preparing educator supports so

that when the State Board is ready to make an NGSS adoption decision, the Department will be ready
with a system of sustainable NGSS professional development. Beginning in 2014, CSDE recruited
science education professors from eight of the state’s teacher preparation institutes to learn about Next
Generation Science directly from the national leaders of the NGSS development effort. Connecticut
science education professors have already begun to make NGSS upgrades to their pre-service and
graduate science methods courses.

To support on-going professional learning for educators and administrators, the CSDE has partnered with
the Connecticut Science Center and with NGSS authors, national leaders, and in-state experts to develop a
suite of high-quality, web-based and face-to-face professional development short courses and institutes.
Professional development will be available to help teachers develop Next Generation Science teaching
strategies, curriculum and instructional materials. To make it feasible and convenient for all educators to
participate, this professional development will be offered during school-year and summer sessions at a
variety of times. Many courses will be facilitated by expert leaders trained by the CSDE, while others can
be used flexibly by any district or school in a variety of ways. Additional resources soon to be available
include sample NGSS learning units and performance tasks similar to the CSDE curriculum-embedded
science performance tasks that have been in use since 2005.

Recommendation
The CSDE recommends that the Connecticut State Board of Education adopt the Connecticut Next
Generation Science Standards (CT-NGSS).

Follow-up Activities
The CSDE will continue to build out a robust system of NGSS professional learning modules and short

courses accessible to K-12 educators and teacher preparation institutions statewide for years to come.
This state-led professional development system includes introductory and advanced learning modules and
institutes -- both on-line and in-person — that engage educators in learning new approaches to science
teaching and curriculum design. A four-year curriculum and assessment transition plan has been
developed to provide adequate time for districts to receive support to adapt curriculum and instruction.
The CSDE also continues to design a system of NGSS science assessment instruments that can provide
timely and actionable information about student learning progress to a variety of stakeholders. These
innovative types of assessments will do a better job of measuring students’ abilities to reason with
evidence and apply science knowledge to explain real-world phenomena.



Adoption of the science standards will support Connecticut’s ongoing efforts to ensure that all students
are well-prepared for college, careers and life.

Prepared by:

Elizabeth Buttner, Science Education Consultant
Academic Office

Approved by:

Mary Anne Butler
Chief Academic Officer
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Stakeholders Engaged with NGSS

2013-2015

O CT State Legislature Education Committee

O CT Educators and District Science Leaders

O CT Science Teachers Association (CSTA)

0 CT Science Supervisors Association (CSSA)

O CT Teacher of the Year Council

0 Superintendents

O Local School Boards

O Principals

o CTPTA

0 CT Community & Family Engagement Network
O CT Teacher Preparation Institutions (public and private)

0 CT Science Center, CT Center for Advanced Technology (CCAT), Mystic
Aquarium

0 CT Scientists and Engineers (CASE)

0 CT Corporations — United Technologies, GE, Lego

11/4/2015 Connecticut State Board of Education



NGSS Stakeholder Survey Samples!

(1,000 Respondents)

* 100% “Agreed or Strongly Agreed” that “We understar

* 98% “Agreed or Strongly Agreed” that “We b

* 93% “Agreed or Strongly Agreed” that “7The change:

Survey Question 1: What are the things you like best about the NGSS?

Interdisciplinary nature of the standards
Ability of the standards to encourage authentic, inquiry-based learning and hands-on, experiential
education

The ability of the standards to develop higher order thinking skills
The inclusion of Science, Technology, Engineering and Mathematics (STEM) within the standards

The high quality, grade-to-grade progression, and rigor associated with the NGSS

Survey Question 2: What recommendations do you have related to the NGSS?

Develop and use extensive high quality professional development, coaching or other activities
to support district use of the NGSS.

Ensure that all professional development utilized is accessible to all districts.

Develop strategies to support districts to identify and obtain financial resources to obtain key
materials and resources necessary to support transition to the NGSS such as professional
development, curriculum development and cost of materials.

Develop strategies to encourage a high degree of district, community and parent awareness
throughout the transition process.

Sample Feedback Comments:

“Kudos to the CSDE for using this engagement process and obtaining feedback in a ground-up
manner!”

“I wish that we had learned science this way!”
“I will advocate in support of these standards in my school and community.”

“I will share about NGSS with the group of parents | see at our support groups and ask them
to advocate for these changes ASAP.”

“I like the higher order thinking skills will be developed. Inclusion of STEM which will help
improve reading and mathematics skills. Students will engage in analyzing and interpreting
data and using evidence in investigating real world phenomena.”

! Survey designed and analyzed by Dr. Mhora Lorentson, independent evaluator contracted by CSDE.

11/4/2015 Connecticut State Board of Education 3



2015 NGSS Stakeholder Engagement Process

Target audiences: State legislators, school boards, superintendents, principals, families

Goals:

e Reach beyond the science education community to raise public awareness of Next Gen Science

e Gauge and gain public support for upgrading to new science standards
*  Maximize number of stakeholders that receive accurate and consistent information
e Elicit stakeholders’ impressions and recommendations
e Report to State Board to inform next steps
Stakeholder Engagement Process:
e Develop NGSS informational slides in collaboration with district science leaders
¢ Develop web-based stakeholder survey questions
e Broadcast and archive webinars through CABE and CAS
e Train and coordinate in-person local presentations by district science leaders

¢ Facilitate information and feedback sessions for families

CSDE Science

Consultant

Collaborate with Webinars Collaborate with State Legislature
NGSS District through CABE CT Science Education
Advisory Council and CAS Supervisors Committee
J J

Local in-person
presentations

Local in-person
presentations

11/4/2015 Connecticut State Board of Education



State Legislature Education Committee
Informational Forum

10-6-15

EDUCATION CMTE INFORMATIONAL FORUM ON NEW
ACADEMIC STANDARDS FOR ENGLISH LANGUAGE
PROFICIENCY & NEXT GENERATION SCIENCE

Date Recorded: 10/06/15 (1 hr 25 min) Watch Now

http://ct-n.com/ondemand.asp?ID=12050&campaign=dailyschedule

¢ NGSS portion of the program begins at 00:54:00
¢ Rep. Staneski’s comments are at 1:21:00
+* Committee Co-Chair Rep. Andrew Fleischmann’s closing comments are at 1:22:39

11/4/2015 Connecticut State Board of Education 5
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District Leaders Trained to Lead Local NGSS Presentations

* = Alliance District

NAME DISTRICT
Solli, Todd ACES-Thomas Edison MS
Salerno, Mary Berlin
White, Jesse Bloomfield*
Bhushan, Angela Bridgeport
Balisciano, Nick CCAT
Alkire, Cyndy Coventry
Turley, Renee Cromwell
Mendelssohn, Jake CT Invention Convention
Weiner, Hank CTTHS
Gavarrino, Melissa East Hartford*
Pompano, Maria East Haven*
Cole, Liz Ellington
Fagella, Patrice Fairfield
Parks, Karen Fairfield
Tedisky, Christine Glastonbury
Baokhanh Paton, Jacki Granby
Deluca, John Greenwich
Sandora, Sarah Guilford
Frisketti, Pat Hamden*
Inga, Sandra Hartford*
Taylor, Heather Killingly*
Contant, Terry LEARN
Byars, Jenn Ledyard
Oliver, Santosha Manchester*
Pelczar, Richard Middletown*
LaSala, Justine Milford
Stoelzel, Jim Monroe
Pallin, Laurie Montville
Mailliet, Marianne New Britain*
Therrien, Richard New Haven*
Wlodarczyk, Matthew Newington
Mockus, Tammy Norwalk*
Clark, Karen Plainfield
Abdulhayoglu, Nur Region 1
DeBrito, Teresa Region 12
Michael, Susan Region 13
Seroussi, Mike Region 8
Schrank, Joe Simsbury
Mortensen, Sheryl South Windsor
Duffy, John Southington
Bednarz, Michael Stafford

11/4/2015
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DISTRICT LEADER NAME DISTRICT
Bausch, Jennifer Stonington
Greist, Harold Stratford
Faulkner, Sarah Suffield

Pellino, John Talcott Mountain Acad.
Farmer, Eloise Torrington
Shannon, Jeff Torrington
Mallozzi, Floria Trumbull

Reed, John Waterbury*
Ozmun, Chris Waterford
Rollins, Mike West Hartford
Filip, Matt Weston

Ronan, Darcy Weston

Bayers, John Westport
Sullivan, Deb Willington
Hafiz, Rana Windham*
Tedisky, Christine Windsor*
Cournoyer, Sharon Windsor Locks*

11/4/2015
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CABE Webinar Participating Districts 5-21-15

* = Alliance District

441 users have accessed the archived webinar

Bethel
Bloomfield*
Branford
East Haven*
Greenwich
Hartford*
Killingly
Monroe
Montville
New London*
Old Saybrook
Orange

Reg #5

Reg #6

Reg #7

Reg #13

Reg #18

S. Windsor
Trumbull
Westport

11/4/2015 Connecticut State Board of Education



CAS Principals” Webinar Participants

May 26 and May 272

* = Alliance District

SECONDARY PRINCIPALS:
Bloomfield*

Brookfield

Derby

East Granby
Middletown*

Redding

Region 13

Region 5

Thomaston

Waterford

ELEMENTARY PRINCIPALS:
Bloomfield*

Bristol*

Centerbrook /Region 4
Glastonbury

Guilford

Portland

Southington

Wallingford

Waterbury*

2 CAS will host another NGSS Principals’ Webinar on November 17, 2015
11/4/2015 Connecticut State Board of Education



NGSS Webinar Archive

Connecticut Pre-Adoption Stakeholder Engagement Webinars:

e CT Association of Schools (CAS) - http://cas.casciac.org/?p=6466

e CT Association of Board of Education (CABE) - http://www.cabe.org/cf _media/index.cfm?g=93

CONNECTICUT STATE DEPARTMENT OF EDUCATION

Dianna Wentzell

Commissioner

Teachers &
Administrators

Parents & Community
Students

Adult Education
School & District

i 1
|[ CONMECTICUT i

CORE STAMDARDS |
L |

School
Performante
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ALLIANCE DISTRICTS

Forms & Publications Calendar Contact Us

Science

A foundation in scientific literacy prepares students to be confident and
capable lifelong learners who are equipped with the skills needed to
access, understand, evaluate and apply information in various contexts.
Regardless of their academic standing, all students should have access to
a rich and challanging science curriculum that will promote scientific
literacy, while inspiring and supporting advanced study and science-
related carsers.

NEXT GENERATION SCIENCE STANDARDS

The Next Generation Science Standards (NGSS) are a set of internationally-banchmarked science learning
outcomes published by 26 Lead States in April 2013. The Connecticut State Departmeant of Education (CSDE)
contributed critical feedback during the developmeant process through the hard work of its NGSS Leadership
Team and Content Review Committes.

The NGSS are based upon the research and vision described in the Mational Research Council's "Framewiork for
K-12 Science Education” {MRC Framework). The Framewaork proposes shifts in the teaching and learning of

COMMISS RS
HETWORK
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SUMMER
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REGISTER
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science to get more students excited about and interested in the connactions among science, technology,
enginearing and mathematics, or "STEM".

Faollowing NGSS publication, a CSDE-led team of 40 Connecticut science educators made a concept-by-concept
comparison of NGSS to Connecticut's current science standards adopted in 2004, The NGSS Content Crosswalk
Repart shows content similarities and differences between NGSS and Connacticut's current science standards.

CSDE continues to sclicit extensive NGSS input from Connecticut science education stakehalders, The State
Board of Education is expected to decide on NGSS adoption later this year.

Selected links to NGSS resources:

s National Science Teachers Association NGSS Resources - web seminars, articles from paar-
reviewed journals, NSTA Press books, short courses and face-to-face conference lectures and workshops.
all designed to build an understanding of the NRC Framework and NGSS.

# MNSTA Archived Webinars - NGSS Science and Engineering Practices

= NGSS Appendices — 132 essays detailing elements of the NG5S

# EQuIP Rubric for Evaluation NGSS Quality of Science Lessons and Units - The Educators
Ewvaluating the Quality of Instructional Products (EQuIP) Rubric for science provides criteria by which to
measura the alignment and overall guality of lessons and units with respect to the Next Generation
Science Standards (MGSS).

Connecticut Pre-Adoption Stakeholder Engagement Webinars:

= : fincinals

* CT Association of Schools (CAS) - slementary and secondary principals
« CT Association of Board of Education [CABE] - local school board members

Connecticut State Board of Education 10
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* = Alliance District

District

33 Local NGSS Presentations to Date

Presenter
Name(s)

Presentation 1

Presentation 2

Presentation 3

Audience

Berlin

Mary Salerno

07/15/15

Board of
Education

Bridgeport*

Angela Bhushan

05/15/15

6/9/15

6/18/2015
tent.

May 15, 2015 -
Stakeholders:
Superintendent,
Asst.
superintendent
and Executive
Directors (3)
June 9, 2015 -
Secondary
Principals

June 18, 2015 -
Bd. Of Ed.
Meeting

Cromwell

Renee Turley

07/15/15

Board of
Education

CTHSS

Hank Weiner

05/28/15

6/12/15

May 28 - CTHSS
Superintendent
and Principals
June 12- CTHSS
Board
Subcommittee
on quality and
Policy

East Hartford*

Melissa
Gavarrino

05/20/15

6/1/15

May 20 -
Superintendent,
Asst.
Superintendent,
Elementary and
Secondary
Principals

June 1, 2015 -
Board of
Education:
Curriculum
Subcommittee

11/4/2015
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District

Presenter
Name(s)

Presentation 1

Presentation 2

Presentation 3

Audience

Ellington

Liz Cole

Fall of 2015

Board of

Education -
Curriculum
Committee

Enfield

Sarah Faulkner

06/17/15

Board of

Education-
Curriculum
Committee

Ledyard

Jennifer Byars

05/12/15

5/13/15

5/20/15

May 12 - Dist. Sci
Curr. Comm.
(teachers)

May 13 -Dist. Sci.
Curr. Comm.
Teachers/Union
Reps

May 20 - BOE &
Superintendent
May 26
Instructional
Council

June 1
Administrative
council
(principals)

Middletown*

Richard Pelzcar

06/10/15

June 10 — Board
of Education

Milford

Justine LaSala

05/11/15

Milford Board of
Education

Montville

Laurie Pallin

05/19/15

Board of
Education

Norwalk*

Tammy Mockus

05/12/15

NPS BOE
Curriculum/Instr
uction
Subcommittee

South Windsor

Sheryl Mortensen

05/12/15

PDEC Committee:
Central Office
Admin, District
Administration,
Teachers

Plainfield

Karen Clark

05/20/15

6/10/15

May 20 -
Superintendent,
Curr. Coordinator
and principal
June - 10 BOE

11/4/2015
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District

Presenter
Name(s)

Presentation 1

Presentation 2

Presentation 3

Audience

Stafford

Michael Bednarz

06/13/15

BOE,
Superintendent,
available
administration
and community
members

Stonington

Jennifer Bausch

06/11/15

BOE and
Principals

Tolland

Carolyn Tyl

05/13/15

Board of
Education, Policy
Committee

Torrington

Eloise
Farmer/lJeff
Shannon

05/20/15

Board of
Education

Waterbury*

John Reed

05/14/15

Superintendent,
Asst.
Superintendent,
Board of
Education

Windsor*

Christine Tedisky

05/14/15

5/28/15

May 14, 2015 -
Superintendent,
Assist.
Superintendent
and building
principals

May 28, 2015 -
Windsor BOE
Curriculum
Subcommittee

TOTAL
PRESENTATIONS
TO DATE

33

11/4/2015

Connecticut State Board of Education

13




NGSS FAMILY ENGAGEMENT

DISTRICTS REPRESENTED:

* = Alliance District

Enfield

Fairfield

Greenwich Refreshments and conversation

Hartford* 9:30-10:15 gu) Learning about Next Generation Science
* = Welcome from Judy Carson (CAFE Network Coordinator)

Manchester

- Welcome from Mystic Aquarium
Meriden* - Presentation by Liz Buttner (CSDE Science Ed Consultant)

10:15 - 10:30 W) Learning by Doing

Middletown* - A sample Next Gen Science learning experience
Milford 10:30 - 10:40 Wmp Break
New Britain 10:40 - 11:00 W) Questions and Impressions

New Haven*
11:15-12:00 mm) 6Guided Aquarium Tours
Stratford
USD #2
Wallingford
Waterbury*
Westport
Willimantic

Windham*

Windsor*

11/4/2015 Connecticut State Board of Education 14



Proposed 5-Year Implementation Timeline

NGSS PD for teacher prep professors & Develop new system of

== NGSS professional
district scence lkeaders learning
Recruit and train
expert PD faclitator m'.*wmo'
cohort professional learning

LN B L >N655h&dell-3,6,9>
R >mheuamm>
. Districts begin teaching
m upgrades continue Ongoing state-led PD >n<;ssmesms5,s,n>
First administration of
Connecticut's new NGSS Ongoing state-led PD
assessments*

11/4/2015 Connecticut State Board of Education 15



ﬁ State-Led System of Professional Learning
CSDE

CSDE-Trained
Professional Learning Facilitators

Introto Next Gen Next Gen Cum:ulurn Perlotmnca
Framework & Science Sclence Unn
NGSS Pedagogy Inquiry hsmutn Wortshops Workshops
Onv-line Modular On-Bne Moddar =-Person In-Person
Shoet Course ot Course Instituta Contant-
specific Lounch 2016 = (gunch 2016
Launch Launch Lownch Institutes
Foll 2015 Foll 2015 Summer 2015
Lounch X016

and Anchew J. Marded

Acaézor’ny for Teache
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Connecticut Next Generation
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Overview of Learning Expectations for

Science and Engineering Practices, Disciplinary Core Ideas,
Crosscutting Concepts, Engineering and Society, and
The Nature of Science
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The Next Generation Science Standards
Executive Summary

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 healthcare, science understanding is key. Science is also
at the heart of the United States’ 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. The Next Generation
Science Standards are based on the Framework for K-12 Science Education developed by the
National Research Council !

Advances in the Next Generation Science Standards

» Every NGSS standard has three dimensions: disciplinary core ideas (content), scientific
and engineering practices, and cross-cutting concepts. 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 is practiced in the real world.

» Scientific and Engineering Practices and Crosscutting Concepts 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 scientific
education.

» The NGSS focus on a smaller set of Disciplinary Core Ideas (DCI) 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.

1 The performance expectations were developed using elements from the NRC document and should be cited as, A
Framework for K-12 Science Education, © 2012, National Academy of Sciences.” Moreover, the portion of the
standards entitled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K-12 Science
Education: Practices, Cross-Cutting Concepts, and Core Ideas. They are integrated and reprinted with permission
from the National Academy of Sciences. © 2012, National Academy of Sciences


http://www.nap.edu/catalog.php?record_id-13165

» 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 as well as ensuring 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

In putting the vision of the Framework into practice, the NGSS have been written as
performance expectations that depict what the student must do to show proficiency in science.
Science and Engineering Practices were coupled with various components of the Disciplinary
Core Ideas and Crosscutting Concepts to make up the performance expectations. The NGSS
architecture was designed to provide information to teachers and curriculum and assessment
developers beyond the traditional one line standard. The performance expectations 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 the Foundation
Boxes in the order in which they appeared in the Framework. They were included to ensure
curriculum and assessment developers should not be required to guess the intent of the
performance expectations.

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 the Practices are not taught at all. This is neither useful nor practical,
especially given that in the real world science and engineering is always a combination of
content and practice.

It is important to note that the Scientific 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 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 student 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 performance
expectations are written in a way that expresses the concept and skills to be performed but still
leaves curricular and instructional decisions to states, districts, school and teachers. The
performance expectations 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 Disciplinary Core Idea. Multiple
Scientific and Engineering Practices are represented across the performance expectations for a
given Disciplinary Core Idea. Curriculum and assessment must be developed in a way that builds
students’ knowledge and ability toward the performance expectations. As the NGSS are
performances meant to be accomplished at the conclusion 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 performance
expectations 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.

Next Steps

With the final release of the NGSS in April 2013, states will begin their individual processes to
consider adoption. The lead states are under no obligation to adopt, only to seriously consider
adoption. There is no set timeline for adoption or implementation. As with all K—12 educational
standards, the decision to adopt by any given state is voluntary.
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Disciplinary Core Ideas in the Next Generation Science Standards (NGSS) Final Release

Topic

Primary School (Grades K-2)

Life Science
LS1: From Molecules to Organisms: Structures and Processes

Elementary School (Grades 3-5)

Middle School (Grades 6-8)

High School (Grades 9-12)

LS1.A: Structure and Function

o All organisms have external parts.
Different animals use their body
parts in different ways to see,
hear, grasp objects, protect
themselves, move from place to
place, and seek, find, and take in
food, water and air. Plants also
have different parts (roots, stems,
leaves, flowers, fruits) that help
them survive and grow. (1-LS1-1)

e Plants and animals have both internal
and external structures that serve
various functions in growth, survival,
behavior, and reproduction. (4-L51-1)

e All living things are made up of cells, which is the smallest
unit that can be said to be alive. An organism may consist of
one single cell (unicellular) or many different numbers and
types of cells (multicellular). (MS-LS1-1)

e Organisms reproduce, either sexually or asexually, and
transfer their genetic information to their offspring.
(secondary to MSLS3-2)

e Within cells, special structures are responsible for particular
functions, and the cell membrane forms the boundary that
controls what enters and leaves the cell. (MS-LS1-2)

o In multicellular organisms, the body is a system of multiple
interacting subsystems. These subsystems are groups of cells
that work together to form tissues and organs that are
specialized for particular body functions. (MS-LS1-3)

o Systems of specialized cells within organisms help them perform the
essential functions of life. (HS-LS1-1)

o All cells contain genetic information in the form of DNA molecules. Genes
are regions in the DNA that contain the instructions that code for the
formation of proteins, which carry out most of the work of cells. (HS-LS1-1)
(secondary to HS-LS3-1)

o Multicellular 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. (HS-LS1-2)

o Feedback mechanisms maintain a living system’s internal conditions within
certain limits and mediate behaviors, allowing it to remain alive and
functional even as external conditions change within some range.
Feedback mechanisms can encourage (through positive feedback) or
discourage (negative feedback) what is going on inside the living system.
(HS-LS1-3)

LS1.B: Growth and

Development of
Organisms

e Adult plants and animals can have
young. In many kinds of animals,
parents and the offspring
themselves engage in behaviors
that help the offspring to survive.
(1-LS1-2)

e Reproduction is essential to the
continued existence of every kind of
organism. Plants and animals have
unique and diverse life cycles. (3-LS1-
1)

e Animals engage in characteristic behaviors that increase the
odds of reproduction. (MS-LS1-4)

e Plants reproduce in a variety of ways, sometimes depending

on animal behavior and specialized features for reproduction.

(MS-LS1-4)
e Genetic factors as well as local conditions affect the growth
of the adult plant. (MS-LS1-5)

o In multicellular organisms individual cells grow and then divide via a
process called mitosis, thereby allowing the organism to grow. The
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.
Cellular 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. (HS-LS1-4)

LS1.C: Organization for Matter

and Energy Flow in Organisms

e All animals need food in order to
live and grow. They obtain their
food from plants or from other
animals. Plants need water and
light to live and grow. (K-LS1-1)

e Food 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)

® Plants acquire their material for

growth chiefly from air and water. (5-
LS1-1)

e Plants, 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. These sugars can be used immediately or stored for
growth or later use. (MS-LS1-6)

e Within individual organisms, food moves through a series of
chemical reactions in which it is broken down and rearranged
to form new molecules, to support growth, or to release
energy. (MS-LS1-7)

o The process of photosynthesis converts light energy to stored chemical
energy by converting carbon dioxide plus water into sugars plus released
oxygen. (HS-LS1-5)

o The 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 DNA), used for example to form new cells. (HS-LS1-6)

o As matter and energy flow through different organizational levels of living
systems, chemical elements are recombined in different ways to form
different products. (HS-LS1-6),(HS-LS1-7)

e As a result of these chemical reactions, energy is transferred from one
system of interacting molecules to another and release energy to the
surrounding environment and to maintain body temperature. Cellular
respiration is a chemical process whereby the bonds of food molecules
and oxygen molecules are broken and new compounds are formed that
can transport energy to muscles. (HS-LS1-7)

LS1.D: Information

Processing

e Animals have body parts that
capture and convey different kinds
of information needed for growth
and survival. Animals respond to
these inputs with behaviors that
help them survive. Plants also
respond to some external inputs.
(1-LS1-1)

o Different sense receptors are
specialized for particular kinds of
information, which may be then
processed by the animal’s brain.
Animals are able to use their
perceptions and memories to guide
their actions. (4-LS1-2)

e Each sense receptor responds to different inputs
(electromagnetic, mechanical, chemical), transmitting them
as signals that travel along nerve cells to the brain. The
signals are then processed in the brain, resulting in
immediate behaviors or memories. (MS-LS1-8)

Matrix Developed by NSTA 5/9/2013



Topic | Primary School (Grades K-2) | Elementary School (Grades 3-5) |

Middle School (Grades 6-8)

High School (Grades 9-12)

LS2: Ecosystems: Interactions, Eners

gy, and Dynamics

LS2.A: Interdependent Relationships

in Ecosystems

e Plants depend on water and light
to grow. (2-LS2-1)

o Plants depend on animals for
pollination or to move their seeds
around. (2-L52-2)

o The food of almost any kind of
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. Some
organisms, such as fungi and
bacteria, break down dead
organisms (both plants or plants
parts and animals) and therefore
operate as “decomposers.”
Decomposition eventually restores
(recycles) some materials back to
the soil. Organisms can survive only
in environments in which their
particular needs are met. A 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. Newly
introduced species can damage the
balance of an ecosystem. (5-L52-1)

Organisms, and populations of organisms, are dependent on
their environmental interactions both with other living
things and with nonliving factors. (MS-LS2-1)

In 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. (MS-LS2-1)

Growth of organisms and population increases are limited
by access to resources. (MS-LS2-1)

Similarly, predatory interactions may reduce the number of
organisms or eliminate whole populations of organisms.
Mutually beneficial interactions, in contrast, may become so
interdependent that each organism requires the other for
survival. Although the species involved in these competitive,
predatory, and mutually beneficial interactions vary across
ecosystems, the patterns of interactions of organisms with
their environments, both living and nonliving, are shared.
(MS-LS2-2)

e Ecosystems have carrying capacities, which are limits to the numbers of
organisms and populations they can support. These limits result from
such factors as the availability of living and nonliving resources and from
such challenges such as predation, competition, and disease. Organisms
would have the capacity to produce populations of great size were it not
for the fact that environments and resources are finite. This fundamental
tension affects the abundance (number of individuals) of species in any
given ecosystem. (HS-LS2-1),(HSLS2-2)

LS2.B: Cycles of Matter and Energy Transfer in

Ecosystems

Matter cycles between the air and
soil and among plants, animals, and
microbes as these organisms live
and die. Organisms obtain gases,
and water, from the environment,
and release waste matter (gas,
liquid, or solid) back into the
environment. (5-L52-1)

Food webs are models that demonstrate how matter and
energy is transferred between producers, consumers, and
decomposers as the three groups interact within an
ecosystem. Transfers of matter into and out of the physical
environment occur at every level. Decomposers recycle
nutrients from dead plant or animal matter back to the soil
in terrestrial environments or to the water in aquatic
environments. The atoms that make up the organisms in an
ecosystem are cycled repeatedly between the living and
nonliving parts of the ecosystem. (MS-LS2-3)

Photosynthesis and cellular respiration (including anaerobic processes)
provide most of the energy for life processes. (HS-LS2-3)

Plants or algae form the lowest level of the food web. At 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. Given this inefficiency, there are
generally fewer organisms at higher levels of a food web. Some matter
reacts to release energy for life functions, some matter is stored in newly
made structures, and much is discarded. The 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. At each link in an ecosystem, matter and
energy are conserved. (HS-LS2-4)

Photosynthesis 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. (HS-LS2-5)

LS2.C: Ecosystem Dynamics,

Functioning, and Resilience

When the environment changes in
ways that affect a place’s 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)

Ecosystems are dynamic in nature; their characteristics can
vary over time. Disruptions to any physical or biological
component of an ecosystem can lead to shifts in all its
populations. (MS-LS2-4)

Biodiversity describes the variety of species found in Earth’s
terrestrial and oceanic ecosystems. The completeness or
integrity of an ecosystem’s biodiversity is often used as a
measure of its health. (MS-LS2-5)

e A 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. If a modest biological or physical disturbance to
an ecosystem occurs, it may return to its more or less original status (i.e.,
the ecosystem is resilient), as opposed to becoming a very different
ecosystem. Extreme fluctuations in conditions or the size of any
population, however, can challenge the functioning of ecosystems in
terms of resources and habitat availability. (HS-LS2-2),(HS-LS2-6)

Moreover, anthropogenic changes (induced by human activity) in the
environment—including habitat destruction, pollution, introduction of
invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species. (HS-LS2-7)
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= o o Being part of a group helps animals e Changes in biodiversity can influence humans’ resources, e Group behavior has evolved because membership can increase the
© = -g obtain food, defend themselves, and such as food, energy, and medicines, as well as ecosystem chances of survival for individuals and their genetic relatives. (HSLS2-8)
§ § % cope with changes. (?roups may ser\'/if:es 'that humans r.er on—for example, water
& 5 ng- serve d|.fferer.1t fgnctlons and vary purification and recycling. (secondary to MS-LS2-5)
ol g 3 dramatically in size (Note: Moved
— 25 from K-2). (3-LS2-1)
LS3: Heredity: Inheritance and Variation of Traits
® Young animals are very much, but | e Many characteristics of organisms e Genes are located in the chromosomes of cells, with each e Each chromosome consists of a single very long DNA molecule, and each
% not exactly, like, their parents. are inherited from their parents. (3- chromosome pair containing two variants of each of many gene on the chromosome is a particular segment of that DNA. The
= Plants also are very much, but not LS3-1) distinct genes. Each distinct gene chiefly controls the instructions for forming species’ characteristics are carried in DNA. All
© exactly, like their parents. (1-LS3- | o Other characteristics result from production of specific proteins, which in turn affects the cells in an organism have the same genetic content, but the genes used
§ 1) individuals’ interactions with traits of the individual. Changes (mutations) to genes can (expressed) by the cell may be regulated in different ways. Not all DNA
] . . result in changes to proteins, which can affect the structures codes for a protein; some segments of DNA are involved in regulatory or
= o the environment, which can range R R R R .
o . . and functions of the organism and thereby change traits. structural functions, and some have no as-yet known function. (HS-LS3-1)
< from diet to learning. Many
c e (Ms-LS3-1)
= characteristics involve both
< inheritance and environment. (3- e Variations of inherited traits between parent and offspring
2 153-2) arise from genetic differences that result from the subset of
chromosomes (and therefore genes) inherited. (MS-LS3-2)
o Individuals of the same kind of o Different organisms vary in how they | e In sexually reproducing organisms, each parent contributes o In sexual reproduction, chromosomes can sometimes swap sections
- plant or animal are recognizable look and function because they have half of the genes acquired (at random) by the offspring. during the process of meiosis (cell division), thereby creating new genetic
= as similar but can also vary in different inherited information. (3- Individuals have two of each chromosome and hence two combinations and thus more genetic variation. Although DNA replication
= many ways. (1-LS3-1) LS3-1) alleles of each gene, one acquired from each parent. These is tightly regulated and remarkably accurate, errors do occur and result in
G e The environment also affects the versions may be identical or may differ from each other. mutations, which are also a source of genetic variation. Environmental
.S traits that an organism develops. (3- (MS-LS3-2) factors can also cause mutations in genes, and viable mutations are
.§ LS3-2) e In addition to variations that arise from sexual reproduction, inherited. (HS-153-2)
g genetic information can be altered because of mutations. e Environmental factors also affect expression of traits, and hence affect
-] Though rare, mutations may result in changes to the the probability of occurrences of traits in a population. Thus the variation
R structure and function of proteins. Some changes are and distribution of traits observed depends on both genetic and
- beneficial, others harmful, and some neutral to the environmental factors. (HS-LS3-2),(HS-LS3-3)
organism. (MS-LS3-1)
LS4: Biological Evolution: Unity and Diversity
e Some kinds of plants and animals o The collection of fossils and their placement in chronological | e Genetic information provides evidence of evolution. DNA sequences vary
that once lived on Earth are no order (e.g., through the location of the sedimentary layers in among species, but there are many overlaps; in fact, the ongoing
s longer found anywhere. (Note: which they are found or through radioactive dating) is branching that produces multiple lines of descent can be inferred by
£ 2 moved from K-2) (3-LS4-1) known as the fossil record. It documents the existence, comparing the DNA sequences of different organisms. Such information is
g 'g e Fossils provide evidence about the diversity, extinction, and change of many life forms also derivable from the similarities and differences in amino acid
&-0_1 g types of organisms that lived long throughout the history of life on Earth. (MS-LS4-1) sequences and from anatomical and embryological evidence. (HS-LS4-1)
v T ago and also about the nature of e Anatomical similarities and differences between various
§ & their environments. (3-LS4-1) organisms living today and between them and organisms in
Tg E the fossil record, enable the reconstruction of evolutionary
W history and the inference of lines of evolutionary descent.
: Z (MS-LS4-2)
4 e Comparison of the embryological development of different
species also reveals similarities that show relationships not
evident in the fully-formed anatomy. (MS-LS4-3)
_ e Sometimes the differences in o Natural selection leads to the predominance of certain traits | ¢ Natural selection occurs only if there is both (1) variation in the genetic
g = characteristics between individuals in a population, and the suppression of others. (MS-LS4-4) information between organisms in a population and (2) variation in the
§ -% of the same'specie's !:)rovi'de ' e In artificial selection, humans have the capacity to influence expr-ession of '{hat genetic informatiorT—t-hfat is, trait variation—that leads
@ % advantages in surV|V|.ng, finding certain characteristics of organisms by selective breeding. to differences in performance among individuals. (HS-LS4-2),(HS-LS4-3)
5"; 2] mates, and reproducing. (3-L54-2) One can choose desired parental traits determined by o The traits that positively affect survival are more likely to be reproduced,
—_

genes, which are then passed on to offspring. (MS-LS4-5)

and thus are more common in the population. (HS-LS4-3)
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LS4.C: Adaptation

e For any particular environment,
some kinds of organisms survive
well, some survive less well, and
some cannot survive at all. (3-LS4-3)

e Adaptation by natural selection acting over generations is
one important process by which species change over time in
response to changes in environmental conditions. Traits that
support successful survival and reproduction in the new
environment become more common; those that do not
become less common. Thus, the distribution of traits in a
population changes. (MS-LS4-6)

Evolution is a consequence of the interaction of four factors: (1) the
potential for a species to increase in number, (2) the genetic variation of
individuals in a species due to mutation and sexual reproduction, (3)
competition for an environment’s limited supply of the resources that
individuals need in order to survive and reproduce, and (4) the ensuing
proliferation of those organisms that are better able to survive and
reproduce in that environment. (HS-LS4-2)

Natural 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 specific environment. That 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. (HS-LS4-3),(HS-LS4-4)

Adaptation also means that the distribution of traits in a population can
change when conditions change. (HS-LS4-3)

Changes 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 decline—and sometimes the extinction—of
some species. (HS-LS4-5),(HS-LS4-6)

Species become extinct because they can no longer survive and
reproduce in their altered environment. If members cannot adjust to
change that is too fast or drastic, the opportunity for the species’
evolution is lost. (HS-LS4-5)

LS4.D: Biodiversity
and Humans

e There are many different kinds of
living things in any area, and they
exist in different places on land
and in water. (2-LS4-1)

e Populations live in a variety of
habitats, and change in those
habitats affects the organisms living
there. (3-LS4-4)

Biodiversity is increased by the formation of new species (speciation) and
decreased by the loss of species (extinction). (secondary to HSLS2-7)

Humans depend on the living world for the resources and other benefits
provided by biodiversity. But human activity is also having adverse
impacts on biodiversity through overpopulation, overexploitation, habitat
destruction, pollution, introduction of invasive species, and climate
change. Thus sustaining biodiversity so that ecosystem functioning and
productivity are maintained is essential to supporting and enhancing life
on Earth. Sustaining biodiversity also aids humanity by preserving
landscapes of recreational or inspirational value. (secondary to HS-LS2-7)
(HS-LS4-6)
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Earth and Space Science
ESS1: Earth’s Place in the Universe

o Patterns of the motion of the
sun, moon, and stars in the sky
can be observed, described, and
predicted. (1-ESS1-1)

ESS1.A: The Universe and Its Stars

The sun is a star that appears larger and
brighter than other stars because it is
closer. Stars range greatly in their
distance from Earth. (5-ESS1-1)

Patterns 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)

Earth and its solar system are part of the Milky Way galaxy,
which is one of many galaxies in the universe. (MS-ESS1-2)

o The star called the sun is changing and will burn out over a lifespan of
approximately 10 billion years. (HS-ESS1-1)

The study of stars’ light spectra and brightness is used to identify
compositional elements of stars, their movements, and their
distances from Earth. (HS-ESS1-2),(HS-ESS1-3)

The Big Bang 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 fills the universe.
(HSESS1-2)

Other than the hydrogen and helium formed at the time of the Big
Bang, nuclear fusion within stars produces all atomic nuclei lighter
than and including iron, and the process releases electromagnetic
energy. Heavier elements are produced when certain massive stars
achieve a supernova stage and explode. (HS-ESS1- 2),(HS-ESS1-3)

Seasonal patterns of sunrise and
sunset can be observed,
described, and predicted. (1-
ESS1-2)

ESS1.B: Earth and the
Solar System

The orbits of Earth around the sun and
of the moon around Earth, together
with the rotation of Earth about an axis
between its North and South poles,
cause observable patterns. These
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. (5-ESS1-2)

The 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),(MSESS1-3)

This model of the solar system can explain eclipses of the sun
and the moon. Earth’s spin axis is fixed in direction over the
short-term but tilted relative to its orbit around the sun. The
seasons are a result of that tilt and are caused by the
differential intensity of sunlight on different areas of Earth
across the year. (MS-ESS1-1)

The solar system appears to have formed from a disk of dust
and gas, drawn together by gravity. (MS-ESS1-2)

Kepler’s laws describe common features of the motions of orbiting
objects, including their elliptical paths around the sun. Orbits may
change due to the gravitational effects from, or collisions with, other
objects in the solar system. (HS-ESS1-4)

Cyclical changes in the shape of Earth’s orbit around the sun,
together with changes in the tilt of the planet’s axis of rotation, both
occurring over hundreds of thousands of years, have altered the
intensity and distribution of sunlight falling on the earth. These
phenomena cause a cycle of ice ages and other gradual climate
changes. (secondary to HS-ESS2-4)

Some events happen very
quickly; others occur very slowly,
over a time period much longer
than one can observe. (2-ESS1-1)

ESS1.C: The History of
Planet Earth

Local, regional, and global patterns of
rock formations reveal changes over
time due to earth forces, such as
earthquakes. The presence and location
of certain fossil types indicate the order
in which rock layers were formed. (4-
ESS1-1)

The geologic time scale interpreted from rock strata provides
a way to organize Earth’s history. Analyses of rock strata and
the fossil record provide only relative dates, not an absolute

scale. (MS-ESS1-4)

Tectonic processes continually generate new ocean sea floor

at ridges and destroy old sea floor at trenches. (HS.ESS1.C
GBE) (secondary to MS-ESS2-3)

Continental rocks, which can be older than 4 billion years, are
generally much older than the rocks of the ocean floor, which are less
than 200 million years old. (HS-ESS1-5)

Although active geologic processes, such as plate tectonics and
erosion, have destroyed or altered most of the very early rock record
on Earth, other objects in the solar system, such as lunar rocks,
asteroids, and meteorites, have changed little over billions of years.
Studying these objects can provide information about Earth’s
formation and early history. (HS-ESS1-6)

Matrix Developed by NSTA 5/9/2013




Topic | Primary School (Grades K-2) |

Elementary School (Grades 3-5)

Middle School (Grades 6-8)

High School (Grades 9-12)

ESS2: Earth’s Systems

ESS2.A: Earth Materials and Systems

Wind and water can change the
shape of the land. (2-ESS2-1)

Rainfall helps to shape the land and affects
the types of living things found in a region.
Water, ice, wind, living organisms, and
gravity break rocks, soils, and sediments
into smaller particles and move them
around. (4-ESS2-1)

Earth’s 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). These systems
interact in multiple ways to affect Earth’s
surface materials and processes. The ocean
supports a variety of ecosystems and
organisms, shapes landforms, and
influences climate. Winds and clouds in the
atmosphere interact with the landforms to
determine patterns of weather. (5-ESS2-1)

All Earth processes are the result of energy flowing and
matter cycling within and among the planet’s systems.
This energy is derived from the sun and Earth’s hot
interior. The energy that flows and matter that cycles
produce chemical and physical changes in Earth’s
materials and living organisms. (MS-ESS2-1)

The planet’s systems interact over scales that range from
microscopic to global in size, and they operate over
fractions of a second to billions of years. These
interactions have shaped Earth’s history and will
determine its future. (MS-ESS2-2)

o Earth’s systems, being dynamic and interacting, cause feedback
effects that can increase or decrease the original changes. (HSESS2-
1),(HS-ESS2-2)

o Evidence from deep probes and seismic waves, reconstructions of

historical changes in Earth’s surface and its magnetic field, and an

understanding of physical and chemical processes lead to a model of

Earth with a hot but solid inner core, a liquid outer core, a solid

mantle and crust. Motions of the mantle and its plates occur

primarily through thermal convection, which involves the cycling of
matter due to the outward flow of energy from Earth’s interior and
gravitational movement of denser materials toward the interior. (HS-

ESS2-3)

The geological record shows that changes to global and regional

climate can be caused by interactions among changes in the sun’s

energy output or Earth’s orbit, tectonic events, ocean circulation,
volcanic activity, glaciers, vegetation, and human activities. These

changes can occur on a variety of time scales from sudden (e.g.,

volcanic ash clouds) to intermediate (ice ages) to very long-term

tectonic cycles. (HS-ESS2-4)

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

Maps show where things are
located. One can map the shapes
and kinds of land and water in
any area. (2-ESS2-2)

The locations of mountain ranges, deep
ocean trenches, ocean floor structures,
earthquakes, and volcanoes occur in
patterns. Most earthquakes and volcanoes
occur in bands that are often along the

boundaries between continents and oceans.

Major mountain chains form inside
continents or near their edges. Maps can
help locate the different land and water
features areas of Earth. (4-ESS2-2)

Maps of ancient land and water patterns, based on
investigations of rocks and fossils, make clear how Earth’s
plates have moved great distances, collided, and spread
apart. (MS-ESS2-3)

The radioactive decay of unstable isotopes continually generates new
energy within Earth’s crust and mantle, providing the primary source
of the heat that drives mantle convection. Plate tectonics can be
viewed as the surface expression of mantle convection. (HS-ESS2-3)
Plate tectonics is the unifying theory that explains the past and
current movements of the rocks at Earth’s surface and provides a
framework for understanding its geologic history. (ESS2.B Grade 8
GBE) (HS-ESS2-1) (secondary to HS-ESS1-5)

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

Processes

Water is found in the ocean,
rivers, lakes, and ponds. Water
exists as solid ice and in liquid
form. (2-ESS2-3)

Nearly all of Earth’s available water is in the
ocean. Most fresh water is in glaciers or
underground; only a tiny fraction is in
streams, lakes, wetlands, and the
atmosphere. (5-ESS2-2)

Water continually cycles among land, ocean, and
atmosphere via transpiration, evaporation, condensation
and crystallization, and precipitation, as well as downhill
flows on land. (MS-ESS2-4)

The 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. (MSESS2-
5)

Global movements of water and its changes in form are
propelled by sunlight and gravity. (MS-ESS2-4)
Variations in density due to variations in temperature
and salinity drive a global pattern of interconnected
ocean currents. (MS-ESS2-6)

Water’s movements—both on the land and
underground—cause weathering and erosion, which
change the land’s surface features and create
underground formations. (MS-ESS2-2)

The abundance of liquid water on Earth’s surface and its unique
combination of physical and chemical properties are central to the
planet’s dynamics. These properties include water’s 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. (HS-
ESS2-5)
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e Weather is the combination of
sunlight, wind, snow or rain, and
temperature in a particular
region at a particular time.
People measure these conditions
to describe and record the
weather and to notice patterns
over time. (K-ESS2-1)

ESS2.D: Weather and Climate

o Scientists record patterns of the weather
across different times and areas so that
they can make predictions about what kind
of weather might happen next. (3-ESS2-1)

e Climate describes a range of an area's
typical weather conditions and the extent to
which those conditions vary over years. (3-
ESS2-2)

e Weather and climate are influenced by interactions
involving sunlight, the ocean, the atmosphere, ice,
landforms, and living things. These interactions vary with
latitude, altitude, and local and regional geography, all of
which can affect oceanic and atmospheric flow patterns.
(MS-ESS2-6)

Because these patterns are so complex, weather can only
be predicted probabilistically. (MS-ESS2-5)

The ocean exerts a major influence on weather and
climate by absorbing energy from the sun, releasing it
over time, and globally redistributing it through ocean
currents. (MS-ESS2-6)

o The foundation for Earth’s global climate systems is the

electromagnetic radiation from the sun, as well as its reflection,
absorption, storage, and redistribution among the atmosphere,
ocean, and land systems, and this energy’s re-radiation into space.
(HS-ESS2-4)

Gradual atmospheric changes were due to plants and other
organisms that captured carbon dioxide and released oxygen. (HS-
ESS2-6),(HS-ESS2-7)

Changes in the atmosphere due to human activity have increased
carbon dioxide concentrations and thus affect climate. (HS-ESS2-
6),(HS-ESS2-4)

Current models predict that, although future regional climate
changes will be complex and varied, average global temperatures will
continue to rise. The 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
HSESS3-6)

e Plants and animals can change
their environment. (KESS2-2)

ESS2.E:
Biogeology

o Living things affect the physical
characteristics of their regions. (4-ESS2-1)

The many dynamic and delicate feedbacks between the biosphere
and other Earth systems cause a continual co-evolution of Earth’s
surface and the life that exists on it. (HS-ESS2-7)
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ESS3: Earth and Human Activity

e Living things need water, air, and e Energy and fuels that humans use are e Humans depend on Earth’s land, ocean, atmosphere, and | e Resource availability has guided the development of human society.
v — & resources from the land, and derived from natural sources, and their use biosphere for many different resources. Minerals, fresh (HS-ESS3-1)
j g g they live in places that have the affects the environment in multiple ways. water, and biosphere resources are limited, and many o All forms of energy production and other resource extraction have
25 Q things they need. Humans use Some resources are renewable over time, are not renewable or replaceable over human lifetimes. associated economic, social, environmental, and geopolitical costs
we=g natural resources for everything and others are not. (4-ESS3-1) These resources are distributed unevenly around the and risks as well as benefits. New technologies and social regulations
they do. (K-ESS3-1) planet as a result of past geologic processes. (MS-ESS3-1) can change the balance of these factors. (HS-ESS3-2)
_ e Some kinds of severe weather o Avariety of natural hazards result from e Mapping the history of natural hazards in a region, o Natural hazards and other geologic events have shaped the course of
g are more likely than others in a natural processes. Humans cannot eliminate combined with an understanding of related geologic human history; [they] have significantly altered the sizes of human
© § given region. Weather scientists natural hazards but can take steps to reduce forces can help forecast the locations and likelihoods of populations and have driven human migrations. (HS-ESS3-1)
z E forecast severe weather so that their impacts. (3-ESS3-1) (4-ESS3-2.) future events. (MS-ESS3-2)
m T the communities can prepare for
ﬁ and respond to these events. (K-
ESS3-2)
e Things that people do to live e Human activities in agriculture, industry, e Human activities have significantly altered the biosphere, | e The sustainability of human societies and the biodiversity that
@ comfortably can affect the world and everyday life have had major effects on sometimes damaging or destroying natural habitats and supports them requires responsible management of natural
§ E around them. But they can make the land, vegetation, streams, ocean, air, causing the extinction of other species. But changes to resources. (HS-ESS3-3)
E o choices that reduce their impacts and even outer space. But individuals and Earth’s environments can have different impacts o Scientists and engineers can make major contributions by developing
= :% on the land, water, air, and other communities are doing things to help (negative and positive) for different living things. (MS- technologies that produce less pollution and waste and that preclude
E living things. (K-ESS3-3) protect Earth’s resources and ESS3-3) ecosystem degradation. (HS-ESS3-4)
2 E (secondary to K-ESS2-2) environments. (5-ESS3-1) e Typically as human populations and per-capita
(@) "'é consumption of natural resources increase, so do the
a © negative impacts on Earth unless the activities and
w technologies involved are engineered otherwise.
(MSESS3-3),(MS-ESS3-4)
. e Human activities, such as the release of greenhouse e Though the magnitudes of human impacts are greater than they have
gases from burning fossil fuels, are major factors in the ever been, so too are human abilities to model, predict, and manage
T @ current rise in Earth’s mean surface temperature (global current and future impacts. (HS-ESS3-5)
§ S warming). Reducing the level of climate change and e Through computer simulations and other studies, important
© S reducing human vulnerability to whatever climate discoveries are still being made about how the ocean, the
2 % changes do occur depend on the understanding of atmosphere, and the biosphere interact and are modified in response
v E climate science, engineering capabilities, and other kinds to human activities. (HS-ESS3-6)
w o of knowledge, such as understanding of human behavior
and on applying that knowledge wisely in decisions and
activities. (MS-ESS3-5)
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Physical Science
PS1: Matter and Its Interactions

o Different kinds of matter exist
and many of them can be either
solid or liquid, depending on
temperature. Matter can be
described and classified by its
observable properties. (2-PS1-
1)

o Different properties are suited
to different purposes. (2-PS1-
2),(2-PS1-3)

e A great variety of objects can
be built up from a small set of
pieces. (2-PS1-3)

PS1.A: Structure and Properties of Matter

Matter 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. A model shows
that gases are made from matter particles
that are too small to see and are moving
freely around in space can explain many
observations, including the inflation and
shape of a balloon; the effects of air on
larger particles or objects. (5-PS1-1)

The amount (weight) of matter is conserved
when it changes form, even in transitions in
which it seems to vanish. (5-PS1-2)

Measurements of a variety of properties can
be used to identify materials. (Boundary: At
this grade level, mass and weight are not
distinguished, and no attempt is made to
define the unseen particles or explain the
atomic-scale mechanism of evaporation and
condensation.) (5-PS1-3)

Substances are made from different types of atoms, which
combine with one another in various ways. Atoms form
molecules that range in size from two to thousands of atoms.
(MS-PS1-1)

Each pure substance has characteristic physical and chemical
properties (for any bulk quantity under given conditions) that
can be used to identify it. (MS-PS1-2), (MS-PS1-3)

Gases and liquids are made of molecules or inert atoms that
are moving about relative to each other. (MS-PS1-4)

In a liquid, the molecules are constantly in contact with
others; in a gas, they are widely spaced except when they
happen to collide. In a solid, atoms are closely spaced and
may vibrate in position but do not change relative locations.
(MS-PS1-4)

Solids may be formed from molecules, or they may be
extended structures with repeating subunits (e.g., crystals).
(MS-PS1-1)

The changes of state that occur with variations in
temperature or pressure can be described and predicted
using these models of matter. (MS-PS1-4)

Each atom has a charged substructure consisting of a nucleus,
which is made of protons and neutrons, surrounded by
electrons. (HS-PS1-1)

The periodic table orders elements horizontally by the number
of protons in the atom’s nucleus and places those with similar
chemical properties in columns. The repeating patterns of this
table reflect patterns of outer electron states. (HS-PS1-1),(HS-
PS1-2)

The structure and interactions of matter at the bulk scale are
determined by electrical forces within and between atoms. (HS-
PS1-3),(secondary to HS-PS2-6)

Stable forms of matter are those in which the electric and
magnetic field energy is minimized. A 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. (HS-PS1-
4)

e Heating or cooling a substance
may cause changes that can be
observed. Sometimes these
changes are reversible, and
sometimes they are not. (2-PS1-
4)

PS1.B: Chemical Reactions

When two or more different substances are
mixed, a new substance with different
properties may be formed. (5-PS1-4)

No matter what reaction or change in
properties occurs, the total weight of the
substances does not change. (Boundary:
Mass and weight are not distinguished at this
grade level.) (5-PS1-2)

Substances react chemically in characteristic ways. In 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-PS1-3),(MS-PS1-5)

The total number of each type of atom is conserved, and thus
the mass does not change. (MS-PS1-5)

Some chemical reactions release energy, others store energy.
(MS-PS1-6)

Chemical 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. (HSPS1-4),(HS-PS1-5)

In many situations, a dynamic and condition-dependent balance
between a reaction and the reverse reaction determines the
numbers of all types of molecules present. (HS-PS1-6)

The 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. (HS-PS1-2),(HS-PS1-
7)

PS1.C: Nuclear
Processes

Nuclear processes, including fusion, fission, and radioactive
decays of unstable nuclei, involve release or absorption of
energy. The total number of neutrons plus protons does not
change in any nuclear process. (HSPS1-8)

Spontaneous radioactive decays follow a characteristic
exponential decay law. Nuclear 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)

Matrix Developed by NSTA 5/9/2013




Topic

Primary School (Grades K-2)

| Elementary School (Grades 3-5)

Middle School (Grades 6-8)

High School (Grades 9-12)

PS2: Motion and Stability: Forces and Interactions

PS2.A: Forces and Motion

e Pushes and pulls can have
different strengths and
directions. (KPS2-1),(K-PS2-2)

e Pushing or pulling on an object
can change the speed or
direction of its motion and can
start or stop it. (K-PS2-1),(K-PS2-
2)

Each force acts on one particular object and
has both strength and a direction. An object
at rest typically has multiple forces acting on
it, but they add to give zero net force on the
object. Forces that do not sum to zero can
cause changes in the object’s speed or
direction of motion. (Boundary: Qualitative
and conceptual, but not quantitative addition
of forces are used at this level.) (3-PS2-1)

The patterns of an object’s motion in various
situations can be observed and measured;
when that past motion exhibits a regular
pattern, future motion can be predicted from
it. (Boundary: Technical 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.) (3-PS2-2)

e For any pair of interacting objects, the force exerted by the
first object on the second object is equal in strength to the
force that the second object exerts on the first, but in the
opposite direction (Newton’s third law). (MS-PS2-1)

e The 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. The greater the mass of the object, the
greater the force needed to achieve the same change in
motion. For any given object, a larger force causes a larger
change in motion. (MS-PS2-2)

All 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. In order to share
information with other people, these choices must also be
shared. (MSPS2-2)

o Newton’s second law accurately predicts changes in the motion
of macroscopic objects. (HS-PS2-1)

Momentum is defined for a particular frame of reference; it is
the mass times the velocity of the object. In any system, total
momentum is always conserved. (HS-PS2-2)

If 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. (HS-PS2-2),(HS-PS2-3)

PS2.B: Types of Interactions

e When objects touch or collide,
they push on one another and
can change motion. (K-PS2-1)

Objects in contact exert forces on each other.

(3-PS2-1)

Electric, and magnetic forces between a pair
of objects do not require that the objects be
in contact. The 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. (3-PS2-
3),(3-PS2-4)

The gravitational force of Earth acting on an
object near Earth’s surface pulls that object
toward the planet’s center. (5-PS2-1)

Electric 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)

Gravitational forces are always attractive. There is a
gravitational force between any two masses, but it is very
small except when one or both of the objects have large
mass—e.g., Earth and the sun. (MS-PS2-4)

Forces that act at a distance (electric and magnetic) can be
explained by fields that extend through space and can be
mapped by their effect on a test object (a ball, a charged
object, or a magnet, respectively). (MS-PS2-5)

Newton’s law of universal gravitation and Coulomb’s law provide
the mathematical models to describe and predict the effects of
gravitational and electrostatic forces between distant objects.
(HS-PS2-4)

Forces at a distance are explained by fields (gravitational,
electric, and magnetic) permeating space that can transfer
energy through space. Magnets or electric currents cause
magnetic fields; electric charges or changing magnetic fields
cause electric fields. (HS-PS2-4),(HS-PS2-5)

Attraction and repulsion between electric charges at the atomic
scale explain the structure, properties, and transformations of
matter, as well as the contact forces between material objects.
(HS-PS2-6),(secondary to HS-PS1-1),(secondary to HS-PS1-3)

Instability in
Physical Systems

S2.C: Stability and

...and “electrical energy” may mean energy stored in a battery or
energy transmitted by electric currents. (secondary to HS-PS2-5)

10
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Topic | Primary School (Grades K-2) |

Elementary School (Grades 3-5)

Middle School (Grades 6-8)

High School (Grades 9-12)

PS3: Energy

PS3.A: Definitions of Energy

e The faster a given object is moving, the more

energy it possesses. (4-PS3-1)

Energy can be moved from place to place by
moving objects or through sound, light, or
electric currents. (4-PS3-2),(4-PS3-3)

e Motion energy is properly called kinetic energy; it is
proportional to the mass of the moving object and
grows with the square of its speed. (MS-PS3-1)

o A system of objects may also contain stored
(potential) energy, depending on their relative
positions. (MS-PS3-2)

e Temperature is a measure of the average kinetic
energy of particles of matter. The relationship
between the temperature and the total energy of a
system depends on the types, states, and amounts of
matter present. (MS-PS3-3),(MS-PS3-4)

e The term “heat” as used in everyday language refers
both to thermal motion (the motion of atoms or
molecules within a substance) and radiation
(particularly infrared and light). In science, heat is
used only for this second meaning; it refers to
energy transferred when two objects or systems are
at different temperatures. (secondary to MS-PS1-4)

e Temperature is not a measure of energy; the
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)

e Energy is a quantitative property of a system that depends on the motion

and interactions of matter and radiation within that system. That there is
a single quantity called energy is due to the fact that a system’s total
energy is conserved, even as, within the system, energy is continually
transferred from one object to another and between its various possible
forms. (HSPS3-1),(HS-PS3-2)

e At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy. (HSPS3-2) (HS-PS3-3)

e These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as
either motions of particles or energy stored in fields (which mediate
interactions between particles). This last concept includes radiation, a
phenomenon in which energy stored in fields moves across space. (HS-
PS3-2)

o Sunlight warms Earth’s surface.
(K-PS3-1),(K-PS3-2)

PS3.B: Conservation of Energy
and Energy Transfer

e Energy is present whenever there are moving

objects, sound, light, or heat. When objects
collide, energy can be transferred from one
object to another, thereby changing their
motion. In such collisions, some energy is
typically also transferred to the surrounding
air; as a result, the air gets heated and sound
is produced. (4-PS3-2),(4-PS3-3)

Light also transfers energy from place to
place. (4-PS3-2)

Energy can also be transferred from place to
place by electric currents, which can then be
used locally to produce motion, sound, heat,
or light. The currents may have been
produced to begin with by transforming the
energy of motion into electrical energy. (4-
PS3-2),(4-PS3-4)

e When the motion energy of an object changes, there
is inevitably some other change in energy at the
same time. (MS-PS3-5)

e The 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)

e Energy is spontaneously transferred out of hotter
regions or objects and into colder ones. (MS-PS3-3)

e Conservation 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. (HS-PS3-1)

e Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems. (HS-PS3-1),(HS-
PS3-4)

e Mathematical expressions, which quantify how the stored energy in a
system depends on its configuration (e.g. 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. (HS-PS3-1)

o The availability of energy limits what can occur in any system. (HS-PS3-1)
e Uncontrolled systems always evolve toward more stable states—that is,
toward more uniform energy distribution (e.g., water flows downhill,
objects hotter than their surrounding environment cool down). (HS-PS3-

4)

o A bigger push or pull makes
things go faster. (secondary to
K-PS2-1)

PS3.C: Relationship
Between Energy
and Forces

When objects collide, the contact forces
transfer energy so as to change the objects’
motions. (4-PS3-3)

e When two objects interact, each one exerts a force
on the other that can cause energy to be transferred
to or from the object. (MS-PS3-2)

e When two objects interacting through a field change relative position, the
energy stored in the field is changed. (HS-PS3-5)

Matrix Developed by NSTA 5/9/2013

11




Topic | Primary School (Grades K-2) Elementary School (Grades 3-5) Middle School (Grades 6-8) High School (Grades 9-12)

o The expression “produce energy” typically e The chemical reaction by which plants produce o Although energy cannot be destroyed, it can be converted to less useful
refers to the conversion of stored energy complex food molecules (sugars) requires an energy forms—for example, to thermal energy in the surrounding environment.

» into a desired form for practical use. (4-PS3- input (i.e., from sunlight) to occur. In this reaction, (HS-PS3-3),(HS-PS3-4)

0 W ioxi i ) I
E 2 = 4) carbon dlox@e and water combine to form carbon- e Solar cells are human-made devices that likewise capture the sun’s
) § > e The energy released [from] food was once based nga“'c molecules and release oxygen. energy and produce electrical energy. (secondary to HS-PS4-5)
o secondary to MS-LS1-6 . . .
S § 'S> energy'from the sun that was captured by ( v oo ) ) ) e The main way that solar energy is captured and stored on Earth is
O E E plants in the chemlc;?l process that forms . CeIIuI'ar resplra't|on |n' plants and animals involve through the complex chemical process known as photosynthesis.
o g = plant matter (from air and water). (5-PS3-1) chemical reactions with oxygen that release stored (secondary to HS-LS2-5)

= energy. In these processes, complex molecules ) )

& S © gy P P o Nuclear Fusion processes in the center of the sun release the energy that

containing carbon react with oxygen to produce
carbon dioxide and other materials. (secondary to
MS-LS1-7)

ultimately reaches Earth as radiation. (secondary to HS-ESS1-1)

12 Based on the Disciplinary Core Ideas in the NGSS Final Release (May 2013)




Topic

| Primary School (Grades K-2) |

Elementary School (Grades 3-5) |

Middle School (Grades 6-8)

High School (Grades 9-12)

PS4: Waves and Their Applications in Technologies for Information Transfer

PS4.A: Wave Properties

e Sound can make matter vibrate,

and vibrating matter can make
sound. (1-PS4-1)

e Waves, which are regular patterns of
motion, can be made in water by
disturbing the surface. When waves
move across the surface of deep water,
the water goes up and down in place; it
does not move 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)

e Waves of the same type can differ in
amplitude (height of the wave) and
wavelength (spacing between wave
peaks). (4-PS4-1)

e Asimple wave has a repeating pattern with a specific
wavelength, frequency, and amplitude. (MS-PS4-1)

e Asound wave needs a medium through which it is
transmitted. (MS-PS4-2)

The 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. (HS-PS4-1)

Information can be digitized (e.g., 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. (HS-PS4-2),(HSPS4-5)

[From the 3-5 grade band endpoints] Waves can add or cancel one another
as they cross, depending on their relative phase (i.e., relative position of
peaks and troughs of the waves), but they emerge unaffected by each other.
(Boundary: The 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.) (HS-PS4-3)

Geologists use seismic waves and their reflection at interfaces between
layers to probe structures deep in the planet. (secondary to HS-ESS2-3)

PS4.B: Electromagnetic Radiation

e Objects can be seen only when

light is available to illuminate
them. Some objects give off their
own light. (1-PS4-2)

Some 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. Mirrors can
be used to redirect a light beam.
(Boundary: The 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.) (1-
PS4-3)

e An object can be seen when light
reflected from its surface enters the
eyes. (4-PS4-2)

e When light shines on an object, it is reflected, absorbed,
or transmitted through the object, depending on the
object’s material and the frequency (color) of the light.
(MS-PS4-2)

e The path that light travels can be traced as straight lines,
except at surfaces between different transparent
materials (e.g., air and water, air and glass) where the
light path bends. (MS-PS4-2)

o A 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)

o However, because light can travel through space, it

cannot be a matter wave, like sound or water waves.
(MS-PS4-2)

Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as
a wave of changing electric and magnetic fields or as particles called
photons. The wave model is useful for explaining many features of
electromagnetic radiation, and the particle model explains other features.
(HS-PS4-3)

When light or longer wavelength electromagnetic radiation is absorbed in
matter, it is generally converted into thermal energy (heat). Shorter
wavelength electromagnetic radiation (ultraviolet, X-rays, gamma rays) can
ionize atoms and cause damage to living cells.(HS-PS4-4)

Photovoltaic materials emit electrons when they absorb light of a high-
enough frequency. (HS-PS4-5)
Atoms of each element emit and absorb characteristic frequencies of light.

These characteristics allow identification of the presence of an element, even
in microscopic quantities. (secondary to HS-ESS1-2)

PS4.C: Information

Technologies and

Instrumentation

People also use a variety of
devices to communicate (send
and receive information) over
long distances. (1-PS4-4)

o Digitized information transmitted over
long distances without significant
degradation. High-tech devices, such as
computers or cell phones, can receive
and decode information—convert it
from digitized form to voice—and vice
versa. (4-PS4-3)

o Digitized signals (sent as wave pulses) are a more reliable
way to encode and transmit information. (MS-PS4-3)

Multiple technologies based on the understanding of waves and their
interactions with matter are part of everyday experiences in the modern
world (e.g., medical imaging, communications, scanners) and in scientific
research. They are essential tools for producing, transmitting, and capturing
signals and for storing and interpreting the information contained in them.
(HS-PS4-5)

Matrix Developed by NSTA 5/9/2013
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Topic Primary School (Grades K-2)

Elementary School (Grades 3-5)

Middle School (Grades 6-8)

High School (Grades 9-12)

Engineering, Technology, and the Application of Science
ETS1: Engineering Design

e Asituation that people want to
change or create can be approached
as a problem to be solved through
engineering. Such problems may have
many acceptable solutions. (K-2-ETS1-
1) (secondary to KPS2-2)

o Asking questions, making
observations, and gathering
information are helpful in thinking
about problems. (K-2-ETS1-1)
(secondary to K-ESS3-2)

o Before beginning to design a solution,
it is important to clearly understand
the problem. (K-2-ETS1-1)

ETS1.A: Defining and Delimiting an
Engineering Problem

Possible solutions to a problem are limited
by available materials and resources
(constraints). The success of a designed
solution is determined by considering the
desired features of a solution (criteria).
Different proposals for solutions can be
compared on the basis of how well each one
meets the specified criteria for success or
how well each takes the constraints into
account. (3-5-ETS1-1) (secondary to 4-PS3-4)

The more precisely a design task’s criteria and
constraints can be defined, the more likely it is that
the designed solution will be successful.
Specification of constraints includes consideration
of scientific principles and other relevant
knowledge that is likely to limit possible solutions.
(MS-ETS1-1) (secondary to MS-PS3-3)

Criteria and constraints also include satisfying any requirements set
by society, such as taking issues of risk mitigation into account, and
they should be quantified to the extent possible and stated in such a
way that one can tell if a given design meets them. (HS-ETS1-1)
(secondary to HS-PS2-3) (secondary to HS-PS3-3)

Humanity 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. These global
challenges also may have manifestations in local communities. (HS-
ETS1-1)

e Designs can be conveyed through
sketches, drawings, or physical
models. These representations are
useful in communicating ideas for a
problem’s solutions to other people.
(K-2-ETS1-1) (secondary to K-ESS3-3)
(secondary to 2-L52-2)

ETS1.B: Developing Possible Solutions

Research on a problem should be carried out
before beginning to design a solution.
Testing a solution involves investigating how
well it performs under a range of likely
conditions. (3-5-ETS1-2)

At whatever stage, communicating with
peers about proposed solutions is an
important part of the design process, and
shared ideas can lead to improved designs.
(3-5-ETS1-2)

Tests are often designed to identify failure
points or difficulties, which suggest the
elements of the design that need to be
improved. (3-5-ETS1-3)

Testing a solution involves investigating how
well it performs under a range of likely
conditions. (secondary to 4-ESS3-2)

A solution needs to be tested, and then modified
on the basis of the test results, in order to improve
it. (MS-ETS1-4) (secondary to MS-PS1-6)

There are systematic processes for evaluating
solutions with respect to how well they meet
criteria and constraints of a problem. MS-ETS1-2),
(MS-ETS1-3) (secondary to MS-PS3-3) (secondary
to MS-LS2-5)

Sometimes parts of different solutions can be
combined to create a solution that is better than
any of its predecessors. (MS-ETS1-3)

Models of all kinds are important for testing
solutions. (MS-ETS1-4)

When 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) (secondary to HS-
ESS3-2),(secondary HS-ESS3-4) (HS-ETS1-3)

Both physical models and computers can be used in various ways to
aid in the engineering design process. Computers 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 efficient or
economical; and in making a persuasive presentation to a client
about how a given design will meet his or her needs. (HS-ETS1-4)
(secondary to HS-LS4-6)

e Because there is always more than

Different 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) (secondary to 4-
PS4-3)

Although 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
process—that is, some of the characteristics may
be incorporated into the new design. (MS-ETS1-3
(secondary to MS-PS1-6)

The iterative process of testing the most promising
solutions and modifying what is proposed on the
basis of the test results leads to greater refinement
and ultimately to an optimal solution. (MSETS1-4)
(secondary to MS-PS1-6)

Criteria 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. (HSETS1-

2) (secondary to HS-PS1-6) (secondary to HS-PS2-3)

go one possible solution to a problem, it
é is useful to compare and test designs.
) (K-2-ETS1-1) (secondary to 2-ESS2-1)
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Science & Engineering Practices
Asking Questions and
Defining Problems

K 2 Condensed Practices

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. 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.

3 5 Condensed Practices

6 8 Condensed Practices

NGSSe
NSTA

TEM STARTS HERE

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, clarify arguments and
models.

9 12 Condensed Practices

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.

e Ask questions based on
observations to find more
information about the natural
and/or designed world(s).

e Ask questions about what would
happen if a variable is changed.

e Ask questions that arise from careful observation of
phenomena, models, or unexpected results, to
clarify and/or seek additional information.

e Ask questions to identify and/or clarify evidence
and/or the premise(s) of an argument.

e Ask questions to determine relationships between
independent and dependent variables and
relationships in models..

e Ask questions to clarify and/or refine a model, an
explanation, or an engineering problem.

e Ask questions that arise from careful observation of
phenomena, or unexpected results, to clarify and/or
seek additional information.

e Ask questions that arise from examining models or a
theory, to clarify and/or seek additional information
and relationships.

e Ask questions to determine relationships, including
quantitative relationships, between independent
and dependent variables.

e Ask questions to clarify and refine a model, an
explanation, or an engineering problem.

e Ask and/or identify questions that
can be answered by an
investigation.

o |dentify scientific (testable) and
non-scientific (non-testable)
questions.

e Ask questions that can be
investigated and predict
reasonable outcomes based on
patterns such as cause and effect
relationships.

e Ask questions that require sufficient and
appropriate empirical evidence to answer.

e 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.

e Evaluate a question to determine if it is testable and
relevant.

o 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.

e Ask questions that challenge the premise(s) of an
argument or the interpretation of a data set.

e Ask and/or evaluate questions that challenge the
premise(s) of an argument, the interpretation of a
data set, or the suitability of the design.

e Define a simple problem that can
be solved through the
development of a new or improved
object or tool.

e Use prior knowledge to describe
problems that can be solved.

o 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.

e 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.

e 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.

Developed by NSTA using information from Appendix F of the Next Generation Science Standards © 2011, 2012, 2013 Achieve, Inc.




Science & Engineering Practices
Developing and

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. Modeling tools are used to develop questions, predictions and explanations; analyze and identify flaws in systems;

NGSSe
NSTA

TEM STARTS HERE

Using Models

Measurements and observations are used to revise models and designs.

K 2 Condensed Practices

' 3 5 Condensed Practices

6 8 Condensed Practices

and communicate ideas. Models are used to build and revise scientific explanations and proposed engineered systems.

9 12 Condensed Practices

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).

e Distinguish between a model and
the actual object, process, and/or
events the model represents.

e Compare models to identify
common features and differences.

o |dentify limitations of models.

Evaluate limitations of a model for a proposed
object or tool.

e 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.

e Design a test of a model to ascertain its reliability.

e Develop and/or use a model to
represent amounts, relationships,
relative scales (bigger, smaller),
and/or patterns in the natural and
designed world(s).

e Collaboratively develop and/or
revise a model based on evidence
that shows the relationships
among variables for frequent and
regular occurring events.

e Develop a model using an analogy,
example, or abstract
representation to describe a
scientific principle or design
solution.

e Develop and/or use models to
describe and/or predict
phenomena.

Develop or modify a model—based on evidence — to
match what happens if a variable or component of a
system is changed.

Use and/or develop a model of simple systems with
uncertain and less predictable factors.

Develop and/or revise a model to show the
relationships among variables, including those that
are not observable but predict observable
phenomena.

Develop and/or use a model to predict and/or
describe phenomena.

Develop a model to describe unobservable
mechanisms.

e 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.

e 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.

e Develop a simple model based on
evidence to represent a proposed
object or tool.

e Develop a diagram or simple
physical prototype to convey a
proposed object, tool, or process.

e Use a model to test cause and
effect relationships or interactions
concerning the functioning of a
natural or designed system.

Develop and/or 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.

e Develop a complex model that allows for
manipulation and testing of a proposed process or
system.

e 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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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.

Science & Engineering Practices
Planning and Carrying

Out Investigations

6 8 Condensed Practices

TEM STARTS HERE

9 12 Condensed Practices

K 2 Condensed Practices 3 5 Condensed Practices

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.

e With guidance, plan and conduct an
investigation in collaboration with
peers (for K).

e Plan and conduct an investigation
collaboratively to produce data to
serve as the basis for evidence to
answer a question.

e 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
considered.

e 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.

e 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.

e 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 variables or effects and
evaluate the confounding investigation’s design to ensure
variables are controlled.

e 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.

e Plan and conduct an investigation or test a design solution
in a safe and ethical manner including considerations of
environmental, social, and personal impacts.

e Evaluate different ways of observing
and/or measuring a phenomenon to
determine which way can answer a
question.

e Evaluate appropriate methods and/or
tools for collecting data.

e Evaluate the accuracy of various
methods for collecting data.

e Select appropriate tools to collect, record, analyze, and
evaluate data.

o Make observations (firsthand or from
media) and/or measurements to
collect data that can be used to make
comparisons.

o Make observations (firsthand or from
media) and/or measurements of a
proposed object or tool or solution to
determine if it solves a problem or
meets a goal.

o Make predictions based on prior
experiences.

e Make observations and/or
measurements to produce data to
serve as the basis for evidence for an
explanation of a phenomenon or test
a design solution.

o Make predictions about what would
happen if a variable changes.

e Test two different models of the same

proposed object, tool, or process to

determine which better meets criteria

for success.

e 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.

e Collect data about the performance of
a proposed object, tool, process, or
system under a range of conditions.

o Make directional hypotheses that specify what happens to a
dependent variable when an independent variable is
manipulated.

e 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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Science & Engineering Practices
Analyzing and
Interpreting Data

K 2 Condensed Practices
Analyzing data in K-2 builds on
prior experiences and progresses
to collecting, recording, and
sharing observations.

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 tools—including tabulation, graphical interpretation, visualization, and statistical analysis—to 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. Engineering investigations include analysis

NGSSe
NSTA

TEM STARTS HERE,

of data collected in the tests of designs. This allows comparison of different solutions and determines how well each meets specific design criteria—
that 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.

\ 3 5 Condensed Practices

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.

\ 6 8 Condensed Practices

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.

9 12 Condensed Practices

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.

e Record information
(observations, thoughts, and
ideas).

e Use and share pictures,
drawings, and/or writings of
observations.

e Use observations (firsthand or
from media) to describe
patterns and/or relationships
in the natural and designed

e Represent data in tables and/or various
graphical displays (bar graphs, pictographs,
and/or pie charts) to reveal patterns that
indicate relationships.

e 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.

e 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.

world(s) in order to answer
scientific questions and solve
problems.

e Compare predictions (based on
prior experiences) to what
occurred (observable events).

e Analyze and interpret data to make sense of
phenomena, using logical reasoning,
mathematics, and/or computation.

Apply concepts of statistics and probability
(including mean, median, mode, and
variability) to analyze and characterize data,
using digital tools when feasible.

e 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).

e Consider limitations of data analysis (e.g.,
measurement error, sample selection) when
analyzing and interpreting data.

o @ Compare and contrast data collected by
different groups in order to discuss
similarities and differences in their findings.

Analyze and interpret data to determine
similarities and differences in findings.

e Compare and contrast various types of data sets
(e.g., self-generated, archival) to examine
consistency of measurements and observations.

e Analyze data from tests of an
object or tool to determine if it
works as intended.

e Analyze data to refine a problem statement
or the design of a proposed object, tool, or
process.

o Use data to evaluate and refine design
solutions.

Analyze data to define an optimal operational
range for a proposed object, tool, process or
system that best meets criteria for success.

e Evaluate the impact of new data on a working
explanation and/or model of a proposed process or
system.

e 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.
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Science & Engineering Practices
Using Mathematics and
Computational
Thinking

K 2 Condensed Practices

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.

3 5 Condensed Practices

6 8 Condensed Practices

NGSSe
NSTA

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).

Mathematical and computational
thinking in 35 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.

9 12 Condensed Practices

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
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.

e Decide when to use qualitative vs. quantitative data.

e Decide if qualitative or quantitative data are best to
determine whether a proposed object or tool meets
criteria for success.

e Use counting and numbers to
identify and describe patterns in
the natural and designed world(s).

e Organize simple data sets to reveal
patterns that suggest relationships.

e Use digital tools (e.g., computers) to analyze very
large data sets for patterns and trends.

e Create and/or revise a computational model or
simulation of a phenomenon, designed device,
process, or system.

e Describe, measure, and/or
compare quantitative attributes of
different objects and display the
data using simple graphs.

e Describe, measure, estimate,
and/or graph quantities such as
area, volume, weight, and time to
address scientific and engineering
questions and problems.

e Use mathematical representations to describe
and/or support scientific conclusions and design
solutions.

e Use mathematical, computational, and/or
algorithmic representations of phenomena or
design solutions to describe and/or support claims
and/or explanations.

e Use quantitative data to compare
two alternative solutions to a
problem.

e Create and/or use graphs and/or
charts generated from simple
algorithms to compare alternative
solutions to an engineering
problem.

o Create algorithms (a series of ordered steps) to
solve a problem.

e Apply mathematical concepts and/or processes
(such as ratio, rate, percent, basic operations, and
simple algebra) to scientific and engineering
questions and problems.

e Use digital tools and/or mathematical concepts and
arguments to test and compare proposed solutions
to an engineering design problem.

o Apply techniques of algebra and functions to
represent and solve scientific and engineering
problems.

e 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.

e 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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Science & Engineering Practices
Constructing
Explanations and
Designing Solutions

K 2 Condensed Practices
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.

The end-products of science are explanations and the end-products of engineering are solutions. 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. 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.

'3 5 Condensed Practices
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.

\ 6 8 Condensed Practices

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.

9 12 Condensed Practices
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,

TEM STARTS HERE

and theories.

e Use information from observations
(firsthand and from media) to
construct an evidence-based
account for natural phenomena.

e Construct an explanation of
observed relationships (e.g., the
distribution of plants in the back
yard).

Construct an explanation that includes qualitative or
guantitative relationships between variables that
predict(s) and/or describe(s) phenomena.

Construct an explanation using models or
representations.

e Make a quantitative and/or qualitative claim
regarding the relationship between dependent and
independent variables.

e 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
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.

Apply scientific ideas, principles, and/or evidence to
construct, revise and/or use an explanation for real-
world phenomena, examples, or events.

e 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.

o Apply scientific ideas, principles, and/or evidence to
provide an explanation of phenomena and solve
design problems, taking into account possible
unanticipated effects.

o |dentify the 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.

o Apply scientific reasoning, theory, and/or models to
link evidence to the claims to assess the extent to
which the reasoning and data support the
explanation or conclusion.

e Use tools and/or materials to
design and/or build a device that
solves a specific problem or a
solution to a specific problem.

e Generate and/or compare multiple
solutions to a problem.

o Apply scientific ideas to solve
design problems.

e 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.

e Design, evaluate, and/or refine 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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Science & Engineering Practices Argumentation is the process by which evidence-based conclusions and solutions are reached. In science and engineering,
Engaging in Argu ment 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,

from Evidence
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testing a design solution, resolving questions about measurements, building data models, and using evidence to evaluate claims.

K 2 Condensed Practices

3 5 Condensed Practices

6 8 Condensed Practices

9 12 Condensed Practices

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 K2 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.

e |dentify arguments that are supported
by evidence.

e Distinguish between explanations that
account for all gathered evidence and
those that do not.

e Analyze why some evidence is relevant
to a scientific question and some is not.

e Distinguish between opinions and
evidence in one’s own explanations.

e Compare and refine arguments
based on an evaluation of the
evidence presented.

e Distinguish among facts, reasoned
judgment based on research
findings, and speculation in an
explanation.

e Compare and critique two arguments on
the same topic and analyze whether they
emphasize similar or different evidence
and/or interpretations of facts.

e Compare and evaluate competing arguments or design
solutions in light of currently accepted explanations,
new evidence, limitations (e.g., trade-offs), constraints,
and ethical issues.

e Evaluate the claims, evidence, and/or reasoning behind
currently accepted explanations or solutions to
determine the merits of arguments.

e Listen actively to arguments to indicate
agreement or disagreement based on
evidence, and/or to retell the main
points of the argument.

e Respectfully provide and receive
critiques from peers about a
proposed procedure, explanation or
model.by citing relevant evidence
and posing specific questions.

o 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.

e 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.

e Construct an argument with evidence
to support a claim.

e Construct and/or support an
argument with evidence, data,
and/or a model.

e [ Use data to evaluate claims about
cause and effect.

e 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.

e Construct, use, and/or present an oral and written
argument or counter-arguments based on data and
evidence.

o Make a claim about the effectiveness of
an object, tool, or solution that is
supported by relevant evidence.

e 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.

e 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.

o Evaluate competing design solutions based
on jointly developed and agreed-upon
design criteria.

o 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.

e 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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Science & Engineering Practices
Obtaining, Evaluating,
and Communicating
Information

K 2 Condensed Practices
Obtaining, evaluating, and
communicating information in K—2
builds on prior experiences and uses
observations and texts to
communicate new information.

'3 5 Condensed Practices

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.

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. 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.

6 8 Condensed Practices

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.

9 12 Condensed Practices

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.

e 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).

e Read 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.

e ompare and/or combine across complex
texts and/or other reliable media to
support the engagement in other scientific
and/or engineering practices.

e 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).

e 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.

e Describe how specific images (e.g.,
a diagram showing how a machine
works) support a scientific or
engineering idea.

e 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.

e 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.

e Compare, 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.

e 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.

e Obtain and combine information from
books and/or other reliable media to
explain phenomena or solutions to a
design problem.

e Gather, read, 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.

e Evaluate data, hypotheses, and/or
conclusions in scientific and technical texts in
light of competing information or accounts.

e Gather, read, and evaluate scientific and/or
technical information from multiple authoritative
sources, assessing the evidence and usefulness of
each source.

e 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.

e 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.

e Communicate scientific and/or technical
information orally and/or in written
formats, including various forms of media
and may include tables, diagrams, and
charts.

e B Communicate scientific and/or technical
information (e.g. about a proposed object,
tool, process, system) in writing and/or
through oral presentations.

e 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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Matrix of Crosscutting Concepts in NGSS

K 2 |
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Patterns: Observed patterns in nature guide organization and classification and prompt questions about relationships and causes underlying them.

e Patterns in the natural
and human designed
world can be observed,
used to describe
phenomena, and used as
evidence.

« Similarities and differences in
patterns can be used to sort,
classify, communicate and
analyze simple rates of change
for natural phenomena and
designed products.

o Patterns of change can be used
to make predictions.

o Patterns can be used as
evidence to support an
explanation.

* Macroscopic patterns are related to the nature of
microscopic and atomic-level structure.

« Patterns in rates of change and other numerical
relationships can provide information about natural
and human designed systems.

o Patterns can be used to identify cause and effect
relationships.

e Graphs, charts, and images can be used to identify
patterns in data.

» 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.

o 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.

o Patterns of performance of designed systems can be analyzed and
interpreted to reengineer and improve the system.

o Mathematical representations are needed to identify some patterns.
e Empirical evidence is needed to identify patterns.

Cause and Effect: Mechanism and Prediction: Events have causes, sometimes simple, sometimes multifaceted. Deciphering causal relationships, and the mechanisms by which they
are mediated, is a major activity of science and engineering.

¢ Events have causes that
generate observable
patterns.

e Simple tests can be
designed to gather
evidence to support or
refute student ideas
about causes.

e Cause and effect relationships
are routinely identified, tested,
and used to explain change.

* Events that occur together with
regularity might or might not be
a cause and effect relationship.

* Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation.

e Cause and effect relationships may be used to
predict phenomena in natural or designed systems.

e Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability.

* Empirical evidence is required to differentiate between cause and
correlation and make claims about specific causes and effects.

e Cause 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.

e Systems can be designed to cause a desired effect.

e Changes in systems may have various causes that may not have equal
effects.

Scale, Proportion, and
relationships between differ

ent quantities as scales change.

Quantity: In considering phenomena, it is critical to recognize what is relevant at different size, time, and energy scales, and to recognize proportional

¢ Relative scales allow
objects and events to be
compared and described
(e.g., bigger and smaller;
hotter and colder; faster
and slower).

e Standard units are used
to measure length.

* Natural objects and/or
observable phenomena exist
from the very small to the
immensely large or from very
short to very long time periods.

e Standard units are used to
measure and describe physical
quantities such as weight, time,
temperature, and volume.

* Time, space, and energy phenomena can be
observed at various scales using models to study
systems that are too large or too small.

e The observed function of natural and designed
systems may change with scale.

* 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.

« Scientific relationships can be represented through
the use of algebraic expressions and equations.

* Phenomena that can be observed at one scale may
not be observable at another scale.

e The significance of a phenomenon is dependent on the scale, proportion,
and quantity at which it occurs.

e Some systems can only be studied indirectly as they are too small, too
large, too fast, or too slow to observe directly.

o Patterns observable at one scale may not be observable or exist at other
scales.

¢ Using the concept of orders of magnitude allows one to understand how a
model at one scale relates to a model at another scale.

¢ 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).

Developed by NSTA using information from Appendix G of the Next Generation Science Standards © 2011, 2012, 2013 Achieve, Inc.

Adapted from: National Research Council (2011). A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Committee on a Conceptual Framework for New K-12
Science Education Standards. Board on Science Education, Division of Behavioral and Social Sciences and Education. Washington, DC: The National Academy Press. Chapter 4: Crosscutting Concepts.
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Systems and System Models: A system is an organized group of related objects or components; models can be used for understanding and predicting the behavior of systems.

e Objects and organisms
can be described in
terms of their parts.

e Systems in the natural
and designed world have
parts that work together.

o A system is a group of related
parts that make up a whole and
can carry out functions its
individual parts cannot.

e A system can be described in
terms of its components and
their interactions.

e Systems may interact with other systems; they may
have sub-systems and be a part of larger complex
systems.

* Models can be used to represent systems and their
interactions—such as inputs, processes and
outputs—and energy, matter, and information flows
within systems.

* Models are limited in that they only represent certain
aspects of the system under study.

e Systems can be designed to do specific tasks.

e 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.

* Models (e.g., physical, mathematical, computer models) can be used to
simulate systems and interactions—including energy, matter, and
information flows—within and between systems at different scales.

* 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.

Energy and Matter: Flows, Cycles, and Conservation: Tracking energy and matter flows, into, out of, and wi

thin systems helps one understand their system’s behavior.

e Objects may break into
smaller pieces, be put
together into larger
pieces, or change
shapes.

o Matter is made of particles.

* 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.

e Energy can be transferred in
various ways and between
objects.

* Matter is conserved because atoms are conserved in
physical and chemical processes.

« 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.

* The total amount of energy and matter in closed systems is conserved.

e 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.

e Energy cannot be created or destroyed—only moves between one place
and another place, between objects and/or fields, or between systems.

e 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.

Structure and Function: The way an object is shaped or structured determines many of its properties and functions.

e The shape and stability of
structures of natural and
designed objects are
related to their
function(s).

o Different materials have
different substructures, which
can sometimes be observed.

e Substructures have shapes and
parts that serve functions

e 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.

e Structures can be designed to serve particular
functions by taking into account properties of different
materials, and how materials can be shaped and
used.

e 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 its function
and/or solve a problem.

e 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 its various materials.

Stability and Change: For both designed and natural systems, conditions that affect stability and factors that control rates of change are critical elements to consider and understand.

e Some things stay the
same while other things
change.

¢ Things may change
slowly or rapidly.

e Change is measured in terms
of differences over time and
may occur at different rates.

e Some systems appear stable,
but over long periods of time
will eventually change.

» Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

* Small changes in one part of a system might cause
large changes in another part.

« Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.

e Systems in dynamic equilibrium are stable due to a
balance of feedback mechanisms.

* Much of science deals with constructing explanations of how things change
and how they remain stable.

e Change and rates of change can be quantified and modeled over very
short or very long periods of time. Some system changes are irreversible.

» Feedback (negative or positive) can stabilize or destabilize a system.
o Systems can be designed for greater or lesser stability.
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Science and engineering involve the
use of tools to observe and measure
things.

Science and technology support each
other.

Tools and instruments are used to
answer scientific questions, while
scientific discoveries lead to the
development of new technologies.

Engineering 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.

Science and technology drive each
other forward.

Science and engineering complement
each other in the cycle known as
research and development (R&D).

Many R&D projects may involve
scientists, engineers, and others with
wide ranges of expertise.

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

Every human-made product is
designed by applying some knowledge
of the natural world and is built by
using natural materials.

Taking natural materials to make
things impacts the environment.

People’s needs and wants change over
time, as do their demands for new and
improved technologies.

Engineers improve existing
technologies or develop new ones to
increase their benefits, decrease
known risks, and meet societal
demands.

When new technologies become
available, they can bring about
changes in the way people live and
interact with one another.

All 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.

The uses of technologies and any
limitations 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.

Technology use varies over time and
from region to region.

Modern civilization depends on major
technological systems, such as
agriculture, health, water, energy,
transportation, manufacturing,
construction, and communications.

Engineers continuously modify these
systems to increase benefits while
decreasing costs and risks.

New technologies can have deep
impacts on society and the
environment, including some that
were not anticipated.

Analysis of costs and benefits is a
critical aspect of decisions about
technology.

Based on Appendix J of the Next Generation Science Standards © 2013 Achieve, Inc. on behalf of the 26 NGSS Lead States.
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Category K-2 3-5 6-8 9-12
Scientific Science investigations Science methods are Science investigations use a variety of Science investigations use diverse methods and do not always use the
Investigations begin with a question. determined by methods and tools to make measurements same set of procedures to obtain data.
. Science uses different questions. and observations. New technologies advance scientific knowledge.
Use a Variety of ways to study the world. Science investigations Science investigations are guided by a set of Scientific inquiry is characterized by a common set of values that
Methods use a variety of values to ensure accuracy of measurements, include: logical thinking, precision, open-mindedness, objectivity,
methods, tools, and observations, and objectivity of findings. skepticism, replicability of results, and honest and ethical reporting of
techniques. Science depends on evaluating proposed findings.
explanations. The discourse practices of science are organized around disciplinary
Scientific values function as criteria in domains that share exemplars for making decisions regarding the
distinguishing between science and non- values, instruments, methods, models, and evidence to adopt and use.
science. Scientific investigations use a variety of methods, tools, and techniques
to revise and produce new knowledge.
Scientific Scientists look for Science findings are Science knowledge is based upon logical and Science knowledge is based on empirical evidence.
Knowledge is patterns and order when based on recognizing conceptual connections between evidence Science disciplines share common rules of evidence used to evaluate
Based on making observations patterns. and explanations. explanations about natural systems.

Empirical Evidence

about the world.

Science uses tools and
technologies to make
accurate measurements
and observations.

Science disciplines share common rules of
obtaining and evaluating empirical evidence.

Science includes the process of coordinating patterns of evidence with
current theory.

Science arguments are strengthened by multiple lines of evidence
supporting a single explanation.

Scientific
Knowledge is Open
to Revision in Light
of New Evidence

Science knowledge can
change when new
information is found.

Science explanations can
change based on new
evidence.

Scientific explanations are subject to revision
and improvement in light of new evidence.
The certainty and durability of science
findings varies.

Science findings are frequently revised

and/or reinterpreted based on new evidence.

Scientific explanations can be probabilistic.

Most scientific knowledge is quite durable but is, in principle, subject to
change based on new evidence and/or reinterpretation of existing
evidence.

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.

Science Models,
Laws, Mechanisms,
and Theories
Explain Natural
Phenomena

Science uses drawings,
sketches, and models as a
way to communicate
ideas.

Science searches for
cause and effect
relationships to explain
natural events.

Science theories are
based on a body of
evidence and many
tests.

Science explanations
describe the
mechanisms for natural
events.

Theories are explanations for observable
phenomena.

Science theories are based on a body of
evidence developed over time.

Laws are regularities or mathematical
descriptions of natural phenomena.

A hypothesis is used by scientists as an idea
that may contribute important new
knowledge for the evaluation of a scientific
theory.

The term "theory" as used in science is very
different from the common use outside of
science.

Theories and laws provide explanations in science, but theories do not
with time become laws or facts.

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, and the science
community validates each theory before it is accepted. If new evidence
is discovered that the theory does not accommodate, the theory is
generally modified in light of this new evidence.

Models, mechanisms, and explanations collectively serve as tools in the
development of a scientific theory.

Laws are statements or descriptions of the relationships among
observable phenomena.

Scientists often use hypotheses to develop and test theories and
explanations.

Based on Appendix H of the Next Generation Science Standards © 2013 Achieve, Inc. on behalf of the 26 NGSS Lead States.
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Science is a Way of
Knowing

Science knowledge helps

us know about the world.

Science is both a body of
knowledge and
processes that add new
knowledge.

Science is a way of
knowing that is used by
many people.

Science is both a body of knowledge and the
processes and practices used to add to that
body of knowledge.

Science knowledge is cumulative and many
people, from many generations and nations,
have contributed to science knowledge.
Science is a way of knowing used by many
people, not just scientists.

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.

Science is a unique way of knowing and there are other ways of
knowing.

Science distinguishes itself from other ways of knowing through use of
empirical standards, logical arguments, and skeptical review.

Science knowledge has a history that includes the refinement of, and
changes to, theories, ideas, and beliefs over time.

Scientific
Knowledge
Assumes an Order
and Consistency in
Natural Systems

Science assumes natural
events happen today as
they happened in the
past.

Many events are
repeated.

Science assumes
consistent patterns in
natural systems.

Basic laws of nature are
the same everywhere in
the universe.

Science assumes that objects and events in
natural systems occur in consistent patterns
that are understandable through
measurement and observation.

Science carefully considers and evaluates
anomalies in data and evidence.

Scientific knowledge is based on the assumption that natural laws
operate today as they did in the past and they will continue to do so in
the future.

Science assumes the universe is a vast single system in which basic laws
are consistent.

Science is a Human
Endeavor

People have practiced
science for a long time.
Men and women of
diverse backgrounds are
scientists and engineers.

Men and women from
all cultures and
backgrounds choose
careers as scientists and
engineers.

Most scientists and

engineers work in teams.

Science affects everyday
life.

Creativity and
imagination are
important to science.

Men and women from different social,
cultural, and ethnic backgrounds work as
scientists and engineers.

Scientists and engineers rely on human
qualities such as persistence, precision,
reasoning, logic, imagination and creativity.
Scientists and engineers are guided by habits
of mind such as intellectual honesty,
tolerance of ambiguity, skepticism and
openness to new ideas.

Advances in technology influence the
progress of science and science has
influenced advances in technology.

Scientific knowledge is a result of human endeavor, imagination, and
creativity.

Individuals and teams from many nations and cultures have contributed
to science and to advances in engineering.

Scientists’ backgrounds, theoretical commitments, and fields of
endeavor influence the nature of their findings.

Technological advances have influenced the progress of science and
science has influenced advances in technology.

Science and engineering are influenced by society and society is
influenced by science and engineering.

Science Addresses
Questions About
the Natural and
Material World.

Scientists study the
natural and material
world.

Science findings are
limited to what can be
answered with empirical
evidence.

Scientific knowledge is constrained by human
capacity, technology, and materials.

Science limits its explanations to systems that
lend themselves to observation and empirical
evidence.

Science knowledge can describe
consequences of actions but is not
responsible for society’s decisions.

Not all questions can be answered by science.

Science and technology may raise ethical issues for which science, by
itself, does not provide answers and solutions.

Science knowledge indicates what can happen in natural systems—not
what should happen. The latter involves ethics, values, and human
decisions about the use of knowledge.

Many decisions are not made using science alone, but rely on social and
cultural contexts to resolve issues.

Based on Appendix H of the Next Generation Science Standards © 2013 Achieve, Inc. on behalf of the 26 NGSS Lead States.
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