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Accelerated Model Course Pathways

The Framework for K-12 Science Education and the resulting Next Generation Science Standards
(NGSS) build a rich foundation for scientific knowledge and conceptual understanding. In keeping
with the vision of the Framework, the NGSS were designed to provide the foundation on which
students, over multiple years of school, actively engage in scientific and engineering practices
(SEPs) and apply crosscutting concepts (CCCs) to deepen their understanding of the core ideas
within the various disciplines of science and engineering (National Research Council, 2012, pp. 8-
9). The multidimensional approach to the types of learning experiences envisioned as a result of
the NGSS denotes a significant departure from what was typically expected in science education.
Schools, districts, and/or local education agencies, when building course pathways using the
NGSS, must recognize the significant demographic shifts and the diversity of the present science
education landscape. The NGSS Appendix D — All Standards, All Students discusses in detail
how the diverse nature of today’s classrooms can be addressed through the NGSS:

Successful application of science and engineering practices (e.g., constructing explanations,
engaging in argument from evidence) and understanding of how crosscutting concepts
(e.g., patterns, structure and function) play out across a range of disciplinary core ideas
(e.g., structure and properties of matter, earth materials and systems) will demand increased
cognitive expectations of all students. Making such connections has typically been
expected only of “advanced,” “gifted,” or “honors” students. The NGSS are intended to
provide a foundation for all students, including those who can and should surpass the
NGSS performance expectations. (NGSS Appendix D, p. 1)

While the NGSS represent the science all students should know, they are not intended to represent
all the science that students could know. The Framework states:

More generally, this framework should not be interpreted as limiting advanced courses that
go beyond the material included here—all students at the high school level should have
opportunities for advanced study in areas of interest to them, and it is hoped that, for many,
this will include further study of specific science disciplines in honors or AP courses. Such
course options may include topics, such as neurobiology, and even disciplines, such as
economics, that are not included in this framework. (NRC, 2012, p. 13)

In keeping with the tenets of the Framework, the NGSS Appendix K — Model Course Mapping in
Middle and High School describes several model course maps that would provide all students with
opportunities to pursue advanced-level science courses, including Advanced Placement (AP)
courses.! However, to provide opportunities for a discrete, high-achieving stratum of the student
population who wish to pursue multiple advanced-level science courses earlier in high school, a
more rapid-paced, accelerated pathway of courses may be desirable.

! For the purposes of this narrative, we classify advanced science courses as those courses that go beyond Biology,
Chemistry, and Physics and often require a prerequisite. Examples of advanced science courses are sequential courses
such as Biology Il or Chemistry 11, Anatomy and Physiology, and AP science courses.
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To help schools and districts design accelerated pathways for this unique population of students,
the Accelerated NGSS Model Course Maps (ANMCM) were developed. The ANMCM are
resources that organize the NGSS in a compressed time frame and could be used by schools and
districts to design NGSS-aligned pathways through which high-achieving students would be
provided the coursework necessary to access advanced-level science courses in all areas of student
interest in early high school. In addition to the ANMCM, resources were created to show the
relationship between the NGSS and AP science courses. These resources could be used to show
the conceptual similarities between the two sets of courses to provide guidance in the development
of the accelerated and advanced courses.

To be clear, given the depth of understanding required by the NGSS, the accelerated pathways
should not be considered the status quo or an opportunity to compact or omit key instructional
concepts. Rather, the need for the accelerated pathways reflects the reality that some students need
or want additional opportunities for advanced-level coursework in science. For the purpose of
clarity, the accelerated pathways would serve those students who may be identified as gifted and
talented. Gifted, as defined by the National Association for Gifted Children, is described as
follows:

Gifted individuals are those who demonstrate outstanding levels of aptitude (defined as an
exceptional ability to reason and learn) or competence (documented performance or
achievement in top 10% or rarer) in one or more domains. Domains include any structured
area of activity with its own symbol system (e.g., mathematics, music, language) and/or set
of sensorimotor skills (e.g., painting, dance, sports).

Overview

As schools, districts, and/or local education agencies start developing accelerated pathways and
evaluate how the models and considerations presented here fit into their local contexts, it is
expected that a wider variety of accelerated pathways will be collaboratively developed and
shared. Depending on the context, the pathways could consist of several different components.

Three proposed ANMCM are included in this document as examples for schools, districts, and/or
local education agencies to use when thinking about organization of the PEs for accelerated
students. There are two types of maps highlighted in this document. Each type of map is an
acceleration of the NGSS so that a student would meet all of the NGSS PEs prior to entering any
advanced-level science course, the grade levels that are affected differ. The first type of map
involves both middle school and high school courses and is represented in the Five- and Four-Year
Models. The second type of map only involves high school courses and is represented in the High
School Schedule Model.

1 “Definitions of Giftedness.” National Association for Gifted Children. http://www.nagc.org/resources-
publications/resources/definitions-giftedness 22 Sept. 2015.
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Given the number of shared concepts between the NGSS and AP science courses, three
comparison charts that identify the shared concepts are also included to allow for the option of
reducing instructional redundancy when developing accelerated pathways.

Accelerated NGSS Model Course Maps

1. Five-Year Model (Grades 6-10) — The middle school and high school PEs are organized
and condensed into a Five-Year Model in which student understanding of concepts is built
progressively throughout the course sequence.

2. Four-Year Model (Grades 6-9) — The middle school and high school PEs are organized
and condensed into a Four-Year Model in which student understanding of concepts is built
progressively throughout the course sequence.

3. High School Schedule Model (Grades 9-10) — This model starts in high school and
discusses how students can complete the high school PEs through multiple scheduling

options.

Considerations for AP Science Courses

Comparison Charts for AP Science Courses — These charts focus specifically on AP
courses and similarities between the NGSS and AP science courses to reduce conceptual
redundancy. They serve as a guide for how shared conceptual ideas are addressed between

the NGSS and AP.

The options presented in this document do not preclude other organizational sequences.
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Assumptions for Accelerated NGSS Model Course Maps

To use the proposed ANMCM effectively, it is essential to understand the assumptions that were
involved in their creation. This section outlines these assumptions and attempts to clarify the intent
and use of the model course maps in further detail below.

1. ANMCM are starting points, not finished products.

The design of the ANMCM was built on the model course sequences found in the NGSS
Appendix K.

The acceleration process can begin in middle school.

“All standards, All students”

ANMCM are not curricula.

Engineering for all.

ANMCM # advanced-level science coursework.

N

Noohkow

1. ANMCM are starting points, not finished products.

Every attempt has been made to describe the intent and assumptions underlying the ANMCM and
the process of model development so that states and districts can use similar processes to organize
and create their own accelerated course pathway(s). The intent of the ANMCM is not for states,
districts, and/or local education agencies to adopt these models as presented. Rather, they are
encouraged to use them as a springboard for conversations focused on developing their own course
descriptions and sequences. States, districts, and/or local education agencies could use the
ANMCM to create pathways of utility customized to their needs and the needs of students, as there
may be many different possible configurations of course offerings and sequences, depending on
factors such as district size, certifications held, and local graduation requirements. Additionally, in
designing their own course sequence models, states, districts, and/or local education agencies
should collaborate with various members of the educational community, such as curriculum
specialists, gifted and talented specialists, middle and high school educators (including advanced
and AP science educators), mathematics educators, and administrators.

The fact that the information in this document is intended as a starting point for districts is further
emphasized by the possible uses of the supplemental NGSS/AP correlation documents in
customizing course pathways.

2. The design of the ANMCM was built on the model course sequences found in the NGSS
Appendix K.

Much work has already been done to organize the NGSS into logical course progressions.

As outlined in the Framework and the NGSS Appendix K, the word “model” is used here to
represent a tool for understanding, not an ideal state. As stated previously, this distinction is
important because the various potential configurations of course offerings and sequences depend
heavily on factors such as district size, certifications held, and local graduation requirements. The
ANMCM illustrate possible approaches to organizing the content of the NGSS into coherent and
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rigorous courses that provide accelerated pathways that allow students to experience the full
breadth of the NGSS in preparation for earlier involvement in advanced science coursework.

The related model course sequences outlined in the NGSS Appendix K were constructed based on
the domain structure of the Framework and are the source of the foundational course map structure
for this document. More specifically, Model Course Map 1 (the Conceptual Progressions Model)
was selected from the NGSS Appendix K as the basis for the ANMCM presented herein. This
Conceptual Progressions Model is based on research showing that disciplinary core ideas (DCIs)
contain content that can be logically sequenced and arranged so that, for each course, the NGSS
performance expectations (PEs) build on the skills and knowledge covered in preceding courses.
The Conceptual Progressions Model was best suited as a baseline for the ANMCM because it
allows for an effective and efficient integration of DClIs by connecting many concepts and ideas,
providing students the opportunity to develop a big-picture understanding within a condensed time
frame. Choosing instead to segregate the ANMCM into the different domains of science (e.g., life
sciences vs. physical sciences) could result in two significant and potentially negative effects: (1)
loss of coherence of the carefully designed progression or “story,” and (2) the partitioning of high
school PEs in middle school courses based on their scientific discipline rather than on their level of
cognitive demand, relationships to other science disciplines, and reliance on prior learning
designed into the standards’ grade-level progressions. The second effect could be especially
problematic as it would add a level of challenge to what is already a significant increase in rigor
over the models described in the NGSS Appendix K, requiring students to engage in even more
supplemental learning to understand concepts when they are inserted into the learning sequence
before their foundational ideas are introduced.

As stated in the NGSS Appendix K, the model course maps expect that every course in the
sequence will use instruction to blend all SEPs and CCCs and not just the ones that are outlined in
the PEs. The goal is not to teach the PEs but rather to prepare students to demonstrate their
proficiency on the PEs by the end of the grade band or course. Even though a particular PE may be
placed “in a course,” addressing the depth of the PE in its entirety within that course might not be
possible. Students may, for example, need repeated exposure to a particular DCI, SEP, or CCC
over several courses before they can achieve the proficiency expected in a particular PE by the end
of the grade band or course.

Additional information on how the Conceptual Progressions Model was modified for each
ANMCM is detailed in the next section. For a complete explanation of the process and logic
models used to create Model Course Map 1 (Conceptual Progressions Model) see the NGSS

Appendix K.

3. The acceleration process can begin in middle school.

The models presented herein are based in part upon the assumption that meaningful acceleration
using the NGSS, for some students, can begin prior to the traditional start of high school in 9th
grade. Infusing high school PEs into middle school courses in a way that maintains a coherent
progression or story allows acceleration to enhance, rather than detract from, the rich learning
experiences students need to prepare them for rigorous, advanced science coursework. The intent
of the ANMCM should be to open the door to an increased number of advanced-level science
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courses for students who have demonstrated the high aptitude and interest to participate in
advanced science coursework. Including the middle grades in the acceleration process furthers this
goal by allowing for a logical coherence in the arrangement of PEs within the course sequence
rather than “chunking” them together into one or two unwieldy high school courses.

More important, the proposed ANMCMs are explicitly intended for students who possess the
demonstrated performance and desire for advanced science coursework and/or for whom the
courses are developmentally appropriate. The ANMCMs are not intended to provide a “shortcut”
for condensing NGSS instruction into one or two years of high school for students who are not
preparing to enter advanced coursework. The level of rigor inherent in the NGSS is substantial,
and the instructional compression these pathways require increases the cognitive demand even
more. An equally important consideration for schools and districts is that most students wishing to
pursue the ANMCM will likely need concurrent acceleration in mathematics to support the
increased mathematical rigor required for the high school PEs.

It should be recognized that not all schools have the ability to accelerate students beginning in the
middle grades. For these schools and students not identified as gifted, an alternative high school
“co-acceleration” model is presented.

4. “All Standards, All Students”

The statement ““all standards, all students” represents a foundational commitment of the
Framework and the NGSS; this commitment is referenced in the NGSS Appendix K and discussed
at length in Appendix D of the NGSS. While there may be a temptation to omit standards from the
ANMCM, the DCls contained in every PE are foundational for future advanced-level science
courses and are essential knowledge to build upon. The ANMCM presented herein preserve the
integrity of the NGSS in its entirety while presenting options for students to go beyond the NGSS
with advanced-level science coursework.

5. ANMCM are NOT curricula.

The NGSS PEs are student outcomes, NOT curricula. Although SEPs are integrated with particular
DCls and CCCs within each NGSS PE, these intersections do not predetermine how the three are
linked in the curriculum, units, lessons, or instruction; they simply clarify the expectations of what
students will know and be able to do by the end of the grade, grade band, or course. The additional
consideration of how PEs will be addressed within courses is an important step in curriculum
development. Thus, school and district leaders continue to bear responsibility for creating coherent
instructional programs that help students achieve these standards. Within the process of developing
an accelerated program using the ANMCM, schools, districts, and/or local education agencies
should bring together educators who understand both the pedagogy and the content requirements to
create such a model. As stated earlier, curriculum specialists, gifted and talented specialists, middle
and high school educators (including advanced and AP science educators), mathematics educators,
and administrators should be included in the process.

6. Engineering for all.
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In the NGSS, engineering design standards have been integrated throughout the traditionally taught
domains of physical science, life science, and Earth and space science. As is more carefully
detailed in the NGSS Appendix | — Engineering Design in the NGSS, the NGSS represent a
commitment to integrating engineering design into the structure of science education by
incorporating it into instruction across all grade levels, from kindergarten through grade 12. The
NGSS also include PEs that focus explicitly on engineering design without a science domain
context. Within the grade range affected by the proposed ANMCM, there are four engineering
design PEs in the 6-8 grade band and four in the 9-12 grade band. All of the model course maps
place the stand-alone engineering PEs within all courses in their respective grade bands, as these
PEs can help to organize and drive the instruction of the science PEs within each course.

7. ANMCM # advanced-level science coursework.

It is important to understand the distinction between the ANMCM and advanced-level science
courses as the terms are used in this document.

“ANMCM?” refer to a course model wherein the science standards intended for all students are
configured into a time-compressed curriculum sequence to more rapidly prepare high-performing
students for opportunities to take numerous advanced-level science courses.

“Advanced-level science courses” refer to more narrowly focused courses that go beyond first-year
high school science courses (e.g., Biology, Chemistry, and Physics) and often require a
prerequisite. Examples of advanced science courses are sequential courses such as Biology Il or
Chemistry 11, Anatomy and Physiology, and AP science courses. These courses would provide a
solid base for students with an interest in the sciences or who intend to pursue science, technology,
engineering, and mathematics (STEM) coursework in college.

The models presented in this document represent possible approaches to accelerating the learning
of the NGSS, but they do not include any additional PEs. The ANMCM contain no advanced
content beyond the significant rigor already embodied in the NGSS; rather, they provide pathways
to facilitate delivery of advanced content in additional courses beyond the scope of the NGSS
sooner in students’ progression through middle and high school. Put differently, students enrolled
in an accelerated course pathway learn the full breadth of the NGSS faster than their non-
accelerated counterparts, including those students enrolled in honors courses, but enrollment in the
accelerated pathway alone does not suggest that these students will learn more. The value of the
accelerated pathways lies in the “found time,” or providing accelerated students with opportunities
to take additional science courses.
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Course Map 1 — Five-Year Model (Grades 6-10)
Process and Assumptions: How Was This Course Map Developed?

Using the middle school (MS) and high school (HS) conceptual models from the NGSS Appendix
K as the baseline, all of the MS and HS PEs were condensed into five courses intended for grades
6-10. Instead of focusing on the component ideas as the basis for the arrangement, as was done in
the NGSS Appendix K Conceptual Progressions Model (see p. 3 of the NGSS Appendix K), this
model organized the PEs by DCls, with each core idea repeating in different grade levels as
necessary. To create a logical progression in this map, special attention was paid to highly related
concepts. For example, the concept of “Earth’s Place in the Universe” (MS and HS ESS1 PESs) was
paired with the “Evolution of Life on Earth” (MS and HS LS4 PES), as they are both part of a
broader narrative revealing how Earth and all living things have changed over time. Additionally,
instances where one concept informs another were also identified and placed in a conceptual order.
For instance, the concept of heredity are necessary to inform a true understanding of the process of
evolution. So while these course progressions do not define an instructional sequence within each
course, some important foundational relationships within courses suggest logical sequencing.

In examining the Conceptual Progressions Model at grade 6 in the NGSS Appendix K , it became
evident that a large variety of concepts were already in place that were foundational to students’
future understanding; thus, the Five-Year Model presented below looks largely the same at grade 6
as the NGSS Appendix K Conceptual Progressions Model. The map of the concepts and how they
are organized into courses is shown in Figure 1. By considering the storyline of each PE and the
logical progression of the foundational relationships, the Five-Year Model should serve as an
effective and efficient model that allows for depth of understanding and connectedness for
learners.

Version 1-published October 2015 Page 8 of 156
View Creative Commons Attribution 3.0 Unported License at
BY

http://creativecommons.org/licenses/by/3.0/. Educators may use or adapt


http://www.nextgenscience.org/sites/ngss/files/Appendix%20K_Revised%208.30.13.pdf

Figure 1: Concept Progression for the Five-Year Model Course Map
The figure below outlines the first step of organizing the NGSS into ANMCM for grades 6-10 based on a conceptual progression of

the concepts outlined in the DCls of the Framework.

Course 1

MS.PS.1

Matter and its

Interactions

MS.PS.2
Motion and

Stability: Forces

and

MS.ESS1
Earth’s Place in
the lniverse

MS.ESS.2
Earth Systems

MS.ESS.3
Earth and
Human Activity

Course 2

MS.LS.1
Structure and
Processes

MS.LS.2
Ecosystems

MS.LS.3
Heredity

MS.LS.4
Evolution

MS.ESS1

Earth’s Place in
the Universe

MS.ESS.2
Earth Systems

MS.ESS.3
Earth and
Human Activity

Course 3

HS.PS.1
Matter
MS.LS.4

Evolution HS.PS.3

HS.LS.1
Structure and
Processes

HS.LS.2
Ecosystems

HS.ESS.2
Earth Systems

HS.ESS.3
Earth and
Human Activity

Course 4

HS.PS.2
Motion and
Forces

Energy

HS.PS.4
Waves

HS.LS.1
Structure and
Processes

HS.LS.2
Ecosystems

HS.ESS1
Earth’s Place in
the Universe

HS.ESS.2
Earth Systems

Course 5
HS.PS.1
Matter

HS.LS.2
Ecosystems

HS.LS.3
Heredity

HS.LS.4
Evolution

HS.ESS1
Earth’s Place in
the Universe

HS.ESS.2
Earth Systems

HS.ESS.3
Earth and
Human Activity

After developing an initial storyline within each course, the next goal was to maintain a balance of
PEs among the courses as well as to find a logical balance of content areas included within each
course. The complexity of ideas required for learners and the cognitive demand of the PEs were
considered in determining what PEs to include in each course. In addition, the mathematics
required to be successful with particular PEs and the concurrent progression of mathematical
skills, especially in regard to the middle-level courses, were also considered. For example, in
Course 2 (7th grade), HS-PS4-1 requires an understanding of basic algebraic concepts to explain
the relationships among wave components. The Common Core State Standards include algebraic
relationships in the 7th grade standards, but curricula designed to implement the accelerated
pathways also need to take into account the curriculum sequence of the mathematics instruction
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the students receive. This requires scheduling the instructional unit to address HS-PS4-1 after (or
perhaps concurrent with) instruction in the required mathematics concepts. Providing students with
the necessary mathematics to support the ANMCM is an important consideration for schools,
districts, and/or local education agencies that are considering implementing such a model.
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Table 1: Five-Year Model Course Map (Grades 6-10)

The table below organizes the middle and high school NGSS PEs into the Five-Year Model in which student understanding of
concepts is built progressively throughout the course sequence. In this table, the component ideas are arranged into courses based
on the organization shown in Figure 1.

Course 1 Course 2 Course 3 Course 4 Course 5
MS-PS1-1. HS-PS4-1 HS-PS1-1. HS-PS2-1. HS-PS1-4
MS-PS1-2. Waves HS-PS4-2 HS-PS1-2. HS-PS2-2. Matter HS-PS1-5
Matter and its |[MS-PS1-3. MS-PS4-3 Matter HS-PS1-3. Motion and [HS-PS2-3. HS-PS1-6
Interactions |Ms-Ps1-4. MS-LS1-1. HS-PS1-7 Forces HS-PS2-4. HS-LS2-6
MS-PS1-5. MS-LS1-2. HS-PS1-8 HS-PS2-5. Ecosystems |HS-LsS2-7
MS-PS1-6. MS-LS1-3. MS-LS4-1. HS-PS2-6. HS-LS2-8
MS-PS2-1. Structure and |MS-LS1-4. MS-LS4-2. HS-PS3-1. HS-LS3-1
Motion and [y psao. Process  |Ms-Ls1-5. _ MS-LS4-3. HS-PS3-2. Heredity  |Hs-Ls3-2
Stability: Evolution
MS-PS2-3. MS-LS1-6. MS-LS4-4. Energy HS-PS3-3. HS-LS3-3
Forces and
Interactions |MS-PS24. MS-LS1-7. MS-LS4-5. HS-PS3-4. HS-LS4-1
MS-PS2-5. MS-LS1-8. MS-LS4-6. HS-PS3-5 HS-LS4-2
MS-PS3-1. MS-LS2-1. HS-LS1-1. HS-PS4-3 . HS-LS4-3
Evolution
MS-PS3-2. MS-LS2-2. Structure and [HS-LS1-2. Waves HS-PS4-4 HS-LS4-4
Energy MS-PS3-3. Ecosystems [Ms-Ls2-3. Process  |Hs-Ls1-3. HS-PS4-5 HS-LS4-5
MS-PS3-4. MS-LS2-4. HS-LS1-4. HS-LS1-5 HS-LS4-6
Structure and
MS-PS3-5. MS-LS2-5. E HS-LS2-1. Process HS-LS1-6
cosystems ' HS-ESS1-5
MS-PS4-1. ) MS-LS3-1 4 HS-LS2-2. HS-LS1-7 Eart.h s Place
Waves Heredity in the
MS-PS4-2. MS-LS3-2 HS-ESS2-1. HS-LS2-3 .
Universe HS-ESS1-6
Earth's Place |MS-ESS1-1. MS-LS4-1. HS-ESS2-2. Ecosystems |HS-LS24
. Earth
in the MS-ESS1-2. MS-LS4-2. HS-ESS2-3. HS-LS2-5 Earth
. Systems HS-ESS2-7
Universe  [us-Ess1-3. Evoluti MS-LS4-3. HS-ESS2-4. HS-ESS1-1 Systems
volution :
MS-ESS2-2. MS-LS4-4. HS-ESS2-5 Earth shPIace HS-ESS1-2 HS-ESS3-1
in the
MS-ESS2-3. MS-LS4-5. . HS-ESS1-3 HS-ESS3-3
Earth Earth and Universe Earth and
Systems MS-ESS2-4. MS-LS4-6. Human HS-ESS3-2 HS-ESS1-4 Human HS-ESS3-4
MS-ESS2-5. Earth's Place Activity Earth Activity  [Hs-ESS3-5
HS-ESS2-6
MS-ESS2-6. in the MS-ESS1-4 MS-ETS1-1. Systems HS-ESS3-6
Earth and Universe Engineering |MS-ETS1-2. HS-ETS1-1. HS-ETS1-1.
Human MS-ESS3-1. MS-ESS2-1 Design MS-ETS1-3. Engineering |HS-ETS1-2. Engineering |HS-ETS1-2.
o Earth i i
Activity MS-ESS2-5 MS-ETS1-4. Design HS-ETS1-3. Design HS-ETS1-3.
Systems
MS-ETS1-1. MS-ESS2-6 HS-ETS1-4. HS-ETS1-4.
Engineering MS-ETS1-2. MS-ESS3-1.
Design MS-ETS1-3. Earth and |MS-ESS3-2
MS-ETS1-4. Human MS-ESS3-3.
Activity  |us-Ess34
MS-ESS3-5
MS-ETS1-1.
Engineering [MS-ETS1-2.
Design MS-ETS1-3.
MS-ETS1-4.
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Accommodating Students Entering the Five-Year Model After 6th Grade

One of several important factors to consider when designing curricula, developing placement
criteria, or managing scheduling logistics is the likelihood that students will both enter and exit
accelerated pathways at different points in their progression through grades 6-10.

In the case of students who seek to exit the model pathway, placing them into a non-accelerated
section of the course may be ideal. Conversely, those students leaving the accelerated pathway
because the pace is overwhelming may have different needs in their new classes and might briefly
need access to some specific interventions to remediate concepts not mastered in the accelerated
pathway. Further, in the event that either such student learns key concepts ahead of his or her new
classmates, his or her new science teacher may need to provide opportunities for extended or
differentiated learning when those duplicated concepts are taught.

Students may not develop an interest in pursuing accelerated STEM coursework until after 6th
grade and therefore may seek to enter the pathway late. While some students can catch up with
their accelerated counterparts “on the fly,” most would benefit from some manner of focused
remediation to eliminate the knowledge gap between the non-accelerated instructional program
and the Five-Year Model. Schools would need to provide remediation for students in these PEs,
through a separate remediation program, summer remediation, or a concurrent remediation model.

The tables below detail the additional accelerated PEs included in each year of the model as
compared to the Conceptual Progressions Model for Middle School. These tables are cumulative:
Students entering the accelerated pathway at the end of 8th grade would need remediation in the
added PEs from both the 7th and 8th grades.

Added PEs for 6th grade (Course 1) as compared to Table 1: Conceptual Progressions Model
Course Map for Middle School, Appendix K (p. 11)

Physical Science Life Science Earth/Space Science
None None: This model moves two None
performance expectations — MS-
LS2-1 and MS-LS2-2 — to 7th
grade.

Added PEs for 7th grade (Course 2) as compared to Table 1: Conceptual Progressions Model
Course Map for Middle School, Appendix K (p. 11)

Physical Science Life Science Earth/Space Science

HS-PS4-1 MS-LS1-8 MS-ESS1-4

HS-PS4-2 MS-LS2-3 MS-ESS3-1
MS-LS2-4 MS-ESS3-3
MS-LS2-5 MS-ESS3-4
MS-LS3-1 MS-ESS3-5
MS-LS3-2
MS-LS4-1
MS-LS4-2
MS-LS4-3
MS-LS4-4
MS-LS4-5
MS-LS4-6
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Added PEs for 8th grade (Course 3) as compared to Table 1: Conceptual Progressions Model
Course Map for Middle School, Appendix K (p. 11)

Physical Science Life Science Earth/Space Science
HS-PS1-1 HS-LS1-1 HS-ESS2-1
HS-PS1-2 HS-LS1-2 HS-ESS2-2
HS-PS1-3 HS-LS1-3 HS-ESS2-3
HS-PS1-7 HS-LS1-4 HS-ESS2-4
HS-PS1-8 HS-LS2-1 HS-ESS2-5
HS-LS2-2 HS-ESS3-2

Added PEs for HS 1 (Course 4) as compared to Table 2: Conceptual Progressions Model Course
Map for High School, Appendix K (p. 12)

Physical Science Life Science Earth/Space Science
HS-PS3-5 HS-LS1-5 HS-ESS1-1
HS-PS4-4 HS-LS1-6 HS-ESS1-2
HS-LS1-7 HS-ESS1-3
HS-LS2-3 HS-ESS2-6
HS-LS2-4
HS-LS2-5

Added PEs for HS 2 (Course 5) as compared to Table 2: Conceptual Progressions Model Course
Map for High School, Appendix K (p. 12)

Note: This listing duplicates the PEs listed for Conceptual Progressions Map Course 3 since students entering the pathway at this point would
lack only the content reserved for that course.

Physical Science Life Science Earth/Space Science
HS-PS1-8 HS-LS2-6 HS-ESS1-5
HS-LS2-7 HS-ESS1-6
HS-LS2-8 HS=ESS2-7
HS-LS4-1 HS-ESS3-3
HS-LS4-2 HS-ESS3-4
HS-LS4-3 HS-ESS3-5
HS-LS4-4 HS-ESS3-6
HS-LS4-5
HS-L.S4-6

To understand how these tables are intended to be used, consider the scenario of a student who
decides to enter an accelerated pathway at the beginning of his or her 8th grade year. The table
above indicates that a student in this accelerated pathway will have received instruction in 19
additional PEs (two physical science, 12 life science, five Earth/space science) as compared to
students following the “standard” Conceptual Progressions Model for Middle School. Using this
table, an accelerated remediation plan could be designed to differentiate instruction and allow this
student to receive instruction in the gap standards.

If the same student wished to pursue this accelerated pathway at the end of 8th grade, there would
be a need to remediate the 17 “missing” PEs from 8th grade as well as the 19 identified from 7th
grade. From these two examples, it becomes clear that the challenges associated with facilitating
remediation become more difficult depending on how late students enter into the accelerated
pathways.
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In some cases, a focused system of interventions will be needed. Some possible strategies might
include:

e Before- or after-school individualized tutoring with faculty;

e Mentoring partnerships with higher education, local practitioners, or volunteers;

e Virtual content assistance from online content providers;

e Paired remediation with upper-level high school or college students in multiple courses;
e “Auditing” of portions of other science courses for needed PEs; and

Independent study or project-based learning outside the school day.
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Course Map 2 — Four-Year Model (Grades 6-9)
Process and Assumptions: How Was This Course Map Developed?

To create this Four-Year Model, careful consideration was given to instructional efficiency, and
the Five-Year Model, discussed above, was used as a starting point. To condense the Five-Year
Model further, the PEs of the middle course (Course 3, grade 8) were redistributed to the other four
courses (originally Courses 1, 2, 4, and 5). The reason for this was that the cognitive levels of the
first and last courses could not be redistributed because they were the least and most difficult PEs.
By redistributing the middle course, the PEs could be shifted to both higher and lower grade levels,
leading to thoughtful consideration of the DClIs covered in each course. While an integrated
approach was maintained, the overall instructional efficiency became crucial. For example,
although in both the Conceptual Progressions Model of the NGSS Appendix K and the Five-Year
Model the topics of heredity and evolution are introduced in early courses and covered in more
depth in later courses, it was determined that these highly complex and interdisciplinary concepts
would be better bundled together in the last course. This bundling allows students the time in other
courses to develop understanding of foundational DCIs so that they can apply that understanding
to these concepts in the last course. In such a condensed course map, it is critical that students
develop a deep understanding of each DCI at each exposure rather than spiraling DCIs and
building upon prior exposures. With proper instruction and support, students participating in
accelerated model pathways should be able to grasp all components of the PE within a single
course; therefore all repeated PEs from the Conceptual Progressions Model were placed in the
course in which they were introduced for the Five-Year Model. However, in at least one case, PEs
had to be placed in certain grade levels due to a dependence on the simultaneous mathematical
development of students. This highly condensed Four-Year Model serves to integrate DCIs with a
maximal depth of understanding. The relationships between PEs that address similar concepts were
again considered, (see the concept map in Figure 2). The Four-Year Model builds understanding of
each DCI from one course to another, allowing for a highly accelerated big-picture understanding
of DClIs and CCCs while integrating all SEPs within each course.

To be clear, the Four-Year Model is appropriate for only a very limited number of extremely
academically gifted and talented students. The degree of time compression needed to condense this
comprehensive set of standards into three middle school courses and one high school course
imparts additional challenges beyond those that are inherent in the rigor of the standards. Schools
wishing to employ this approach will need to carefully consider the demands on the classroom
instructional approaches required, as well as the supports available for maintaining such an intense
level of acceleration. Additionally, accommodating students who transition into the pathway after
6th grade will present significant challenges. Schools should consider this pathway only after
carefully considering these and other possible implications. Innovative instructional approaches
such as “flipped classrooms,” mentoring partnerships, fostering relationships with college faculty
and/or scientific practitioners, and virtual instructional support may be needed to facilitate the
effective implementation of this model. Many schools and their surrounding communities,
especially smaller or more rural ones, may not have the access to the supporting resources needed
to employ this model.
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Figure 2: Concept Progression for the Four-Year Model Course Map
The figure below outlines the first step of organizing the NGSS into accelerated courses for grades 6-9 based on a conceptual
progression of the concepts outlined in the DCIs of the Framework.

Course 1

MS.PS.1
Matter

MS.PS.2
Motion and
Forces

MS.ESS1
Earth’s Place in
the Universe

MS.ESS.2
Earth Systems

MS.ESS.3
Earth and
Human Activity
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Course 2

MS.LS.1
Structure and
Processes

MS.LS.2
HS.LS.2
Ecosystems

HS.ESS1
Earth’s Place in
the Universe

HS.ESS.2
Earth Systems

HS.ESS.3
Earth and
Human Activity
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Course 3

HS.PS.1
Matter

HS.PS.2
Motion and
Forces

HS.LS.1
Structure and
Processes

HS.LS.2
Ecosystems

HS.ESS1
Earth’s Place in
the Universe

HS.ESS.2
Earth Systems

Course 4

HS.PS.1
Matter

HS.LS.1
Structure and
Processes

HS.LS.2
Ecosystems

MS.LS.3
HS.LS.3
Heredity

MS.LS.4
HS.LS.4
Evolution

HS.ESS1
Earth’s Place in
the Universe

HS.ESS.2
Earth Systems

HS.ESS.3
Earth and
Human Activity
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Table 2: Four-Year Model Course Map (Grades 6-9)

The table below organizes the middle and high school NGSS PEs into the Four-Year Model in which student understanding of
concepts is built progressively throughout the course sequence. In this table, the component ideas are arranged into courses based
on the organization shown in Figure 2.

Course 1 Course 2 Course 3 Course 4
MS-PS1-1. MS-PS4-3 HS-PS1-1. HS-PS1-4
MS-PS1-2. Waves HS-PS4-1 HS-PS1-2. Matter HS-PS1-5
MS-PS1-3. HS-PS4-2 Matter HS-PS1-3. HS-PS1-6
Matter
MS-PS1-4. MS-LS1-1. HS-PS1-7 HS-LS1-1.
MS-PS1-5. MS-LS1-2. HS-PS1-8 Stucture and |HS-LS1-2.
MS-PS1-6. MS-LS1-3. HS-PS2-1. Process  [Hs-LS1-3.
MS-PS2-1. Structure and |MS-LS1-4. HS-PS2-2. HS-LS1-4.
MS-PS2-2. Process  [Ms-Ls1-5. Motion and |HS-PS2-3. HS-LS2-6
Motion and
Forces MS-PS2-3. MS-LS1-6. Forces HS-PS2-4. Ecosystems |HS-LS2-7
MS-PS2-4. MS-LS1-7. HS-PS2-5. HS-LS2-8
MS-PS2-5. MS-LS1-8. HS-PS2-6. MS-LS3-1
MS-PS3-1. MS-LS2-1. HS-PS3-1. MS-LS3-2
MS-PS3-2. MS-LS2-2. HS-PS3-2. Heredity — [HS-LS3-1
Energy MS-PS3-3. MS-LS2-3. Energy HS-PS3-3. HS-LS3-2
MS-PS3-4. Ecosystems |MS-Ls2-4. HS-PS3-4. HS-LS3-3
MS-PS3-5. MS-LS2-5. HS-PS3-5 MS-LS4-1.
MS-PS4-1. HS-LS2-1. HS-PS4-3 MS-LS4-2.
Waves
MS-PS4-2. HS-LS2-2. Waves HS-PS4-4 MS-LS4-3.
Earth's Place [MS-ESS1-1. Earth's Place HS-PS4-5 MS-LS44.
in the MS-ESS1-2. in the MS-ESS1-4 HS-LS1-5 MS-LS4-5.
Universe  |vs-Esst-3. Universe Structure and 2 ) MS-LS4-6.
Processes Evolution
MS-ESS2-1 HS-ESS2-1. HS-LS1-7 HS-LS4-1
MS-ESS2-2. HS-ESS2-2. HS-LS2-3 HS-LS4-2
Earth
Earth MS-ESS2-3. Systems HS-ESS2-3. Eosystems |HS-LS2-4 HS-LS4-3
Systems  |MS-ESS2-4. HS-ESS2-4. HS-LS2-5 HS-LS4-4
MS-ESS2-5 HS-ESS2-5 HS-ESS1-1 HS-LS4-5
MS-ESS2-6 MS-ESS3-2 Earth fhPIace HS-ESS1-2 HS-LS4-6
in the
MS-ESS3-3. . HS-ESS1-3
Earth and Earth and Universe Earth's Place |HS-ESS15
Human MS-ESS3-1. Human MS-ESS3-4 HS-ESS1-4 i th
Activity Activity MS-ESS3-5 Earth II".I €
HS-ESS2-6 Universe  [Hs-ESs1-6
MS-ETS1-1. HS-ESS3-2 Systems
Engineering MS-ETS1-2. MS-ETS1-1. MS-ETS1-1. Earth
: HS-ESS2-7
Design MS-ETS1-3. Engineering [MS-ETS1-2. Engineering [MS-ETS1-2. Systems
MS-ETS1-4. Design MS-ETS1-3. Design MS-ETS1-3. HS-ESS3-1
MS-ETS1-4. MS-ETS1-4. Earth and |HS-ESS3-3
Human HS-ESS3-4
Activity  |Hs-EsSs3-5
HS-ESS3-6
HS-ETS1-1.
Engineering [HS-ETS1-2.
Design HS-ETS1-3.
HS-ETS1-4.
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Accommodating Students Entering the Four-Year Model After 6th Grade

As with the Five-Year Model, students may not develop an interest in pursuing accelerated STEM
coursework until after 6th grade and may therefore seek to enter this accelerated pathway at a point
other than the beginning. Given the extremely demanding level of acceleration inherent in this
model, some sort of focused remediation is essential for even the most academically gifted and
talented students to have a reasonable expectation of successfully entering this course progression
midway through. For this reason, as well as the ones discussed earlier, schools and districts should
carefully weigh the level of support they can provide to students before offering this dramatically
accelerated course sequence. The same instructional suggestions listed with the Five-Year Model
could also be applied to this one, but with an even greater degree of intensity.

The tables below detail the additional accelerated PEs included in each year of the model as
compared to the Conceptual Progressions Model for Middle School. These tables are cumulative:
Students entering the accelerated pathway at the end of 8th grade would need remediation in the
added PEs from both the 7th and 8th grades.

Added PEs for 6th grade (Course 1) as compared to Table 1: Conceptual Progressions Model
Course Map for Middle School, Appendix K (p. 11)

Physical Science Life Science Earth/Space Science
None None: This model moves two None
performance expectations — MS-
LS2-1 and MS-LS2-2 — to 7th
grade.

Added PEs for 7th grade (Course 2) as compared to Table 1: Conceptual Progressions Model
Course Map for Middle School, Appendix K (p. 11)

Physical Science Life Science Earth/Space Science
HS-PS4-1 MS-LS1-8 MS-ESS1-4
HS-PS4-2 MS-LS2-3 HS-ESS2-1

MS-LS2-4 HS-ESS2-2
MS-LS2-5 HS-ESS2-3
HS-LS2-1 HS-ESS2-4
HS-LS2-2 HS-ESS2-5
MS-ESS3-3
MS-ESS3-4
MS-ESS3-5
HS-ESS3-2

Added PEs for 8th grade (Course 3) as compared to Table 1: Conceptual Progressions Model
Course Map for Middle School, Appendix K (p. 11)

Physical Science Life Science Earth/Space Science

HS-PS1-1 HS-LS1-5 HS-ESS1-1

HS-PS1-2 HS-LS1-6 HS-ESS1-2

HS-PS1-3 HS-LS1-7 HS-ESS1-3

HS-PS1-7 HS-LS2-3 HS-ESS1-4

HS-PS1-8 HS-LS2-4 HS-ESS2-6

HS-PS2-1 HS-LS2-5

HS-PS2-2

HS-PS2-3
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HS-PS2-4
HS-PS2-5
HS-PS2-6
HS-PS3-1
HS-PS3-2
HS-PS3-3
HS-PS3-4
HS-PS3-5
HS-PS4-3
HS-PS4-4
HS-PS4-5

Added PEs for HS 1 (Course 4) as compared to Table 2: Conceptual Progressions Model Course
Map for High School, Appendix K (p. 12)

Note: This listing duplicates the PEs listed for Conceptual Progressions Map Courses 2 and 3 since students entering the pathway at this point
would lack only the content reserved for Course 4.*

Physical Science

Life Science

Earth/Space Science

HS-PS3-5
HS-PS4-4
HS-PS1-8

HS-LS1-1
HS-LS1-2
HS-LS1-3
HS-LS1-4
HS-LS1-5
HS-LS1-6
HS-LS1-7
HS-LS2-3
HS-LS2-4
HS-LS2-5
HS-LS3-1
HS-LS3-2
HS-LS3-3
HS-LS2-6
HS-LS2-7
HS-LS2-8
HS-LS4-1
HS-LS4-2
HS-LS4-3
HS-LS4-4
HS-LS4-5
HS-LS4-6

HS-ESS1-1
HS-ESS1-2
HS-ESS1-3
HS-ESS2-1
HS-ESS2-2
HS-ESS2-3
HS-ESS2-4
HS-ESS2-6
HS-ESS3-1
HS-ESS1-5
HS-ESS1-6
HS=ESS2-7
HS-ESS3-3
HS-ESS3-4
HS-ESS3-5
HS-ESS3-6

*To present a coherent conceptual story, the Four-Year Model moves a number of middle school PEs into
the fourth course, which is presumed to be the first (and only) foundational high school course in this
pathway. Since students entering the pathway at the beginning of high school are presumed to have

experienced the entire set of middle school PEs, those PEs are not listed in this table.
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Course Map 3 — High School Schedule Model (Grades 9-10)

Process and Assumptions: How Was This Course Map Developed?

There may be some circumstances in which involving feeder middle schools in the meaningful
acceleration of science curriculum is either impossible or impractical. In those cases, the
opportunity still potentially exists to move students into AP courses at or even before the

beginning of their third year of high school through the use of condensed scheduling. Students may
learn the concepts of the NGSS by taking courses adhering to any of the unmodified Appendix K
models. “Acceleration,” in this case, would be the result of either concurrent or rapid sequential
scheduling rather than the shifting and compacting PEs into a smaller number of courses. This
approach could be employed in either of two ways:

1. Accelerated course sequence through block or trimester scheduling

Flexible schedule structures such as block or trimester scheduling provide additional opportunities
compared to the traditional year-long course structure. The three (or four) required foundational
NGSS science courses could potentially be scheduled in sequence and still allow students to have
completed the full span of the NGSS by the middle or end (in the case of the Four-Year Model) of
the second year. For example, in the Conceptual Progressions Model, a student could take Course
1 as a first-year, first-semester class; take Course 2 in the second semester of the first year; and
complete the sequence with Course 3 in the middle of the second year. Other variations could
obviously be employed, such as scheduling Course 1 as a full-year class and then Courses 2 and 3
as half-year blocks during the second year. The permutations of this approach are limited only by
the availability of certified staff, classroom space, and flexibility within the scheduling framework.

2. Accelerated sequence through concurrent scheduling

In this approach, students would be enrolled in two courses concurrently. This approach would
likely be more cognitively demanding than the sequential approach above. Careful consideration
would need to be given to which courses are offered concurrently, and student understanding
would benefit greatly if teachers communicate and coordinate, achieving maximum efficiency and
instructional impact.

Because the sequence of the Conceptual Progressions Model was intentionally designed to scaffold
student learning by arranging foundational concepts to be taught first, it is recommended that
concurrent scheduling not occur with Course 1. Rather, Course 2 and Course 3 could be scheduled
together as second-year courses. This would allow students to have received instruction in the
entire NGSS by the end of grade 10 and allow them to schedule two full years of AP courses.

Since the other course models from the NGSS Appendix K (Science Domains, Modified Science
Domains, and Modified Science Domains — Four Courses) do not imply a sequence or
progression, any two courses could potentially be scheduled concurrently. Such scheduling
decisions could be made based on logistical considerations and instructional factors such as staff
certifications and availability, student numbers, and the personal preferences of both teachers and
students.

Careful instructional planning would enhance courses offered concurrently by making logical
connections between/across their curricula. At its most basic, this approach would entail
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intentionally scheduling all concurrent acceleration students into the same two sections of the
courses so teachers could communicate and plan in a way that supports all such students. The
teachers could then construct curriculum maps that intentionally pair related concepts across the
two courses to maximize cognitive effort by allowing students to focus deeply on related concepts
in both courses rather than dividing their focus between two less similar ideas. In the case of a
student taking Courses 2 and 3 of the Conceptual Progressions Model concurrently,
communication between instructors would likely mean that ESS1.A (The Universe and its Stars)
was taught in Course 2 at the same time as PS1.C (Nuclear Processes) in Course 3 since nuclear
processes are the reason stars release energy. Another example would be learning ESS2.A (Earth
Materials and Systems) in Course 2 along with ESS3.C (Human Impacts on Earth Systems) in
Course 3.

The efficiency of this model can be maximized by intentional planning across/between concurrent
courses to maintain some sense of a coherent story when transitioning from one class to the other.
Some connections are obvious, such as when concepts share the same DCI element, as in the ESS
examples below. Others may require a careful reading of the Framework to establish logical and
coherent connections. As with most models, there is no single “right” way to organize concurrent
courses, and instructional plans may be influenced based on factors outside of the standards
themselves.

In the first table (Chemistry and Physics), an obvious connection is the suggestion that the ESS2
DCI elements be taught concurrently. The pairing of PS1.C (Nuclear Processes) with ESS2.B
(Plate Tectonics) is not as immediately apparent and is an example of a connection being made
based on a strong conceptual relationship. The radioactive decay of isotopes inside the Earth
produces the heat driving the convection currents responsible for tectonic activity, making the
teaching of the two ideas concurrently a logical instructional decision.

The example below offers suggestions for concurrent teaching of concepts at the DCI element
level. It is based upon the Modified Science Domains Model from the NGSS Appendix K.

Possible DCIs to be taught concurrently

Chemistry Physics

PS1.C: Nuclear Processes ESS2.B: Plate Tectonics & Large-Scale
System Interactions
PS3.B: Conservation of Energy & Energy | PS3.A: Definitions of Energy

Transfer PS3.C: Relationship Between Energy &
PS3.D: Energy in Chemical Processes & Forces
Everyday Life

ESS2.C: Role of Water in Earth’s Surface | ESS2.A: Earth Materials & Systems
Processes
ESS2.D: Weather & Climate
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Possible DCIs to be taught concurrently

Biology

Chemistry

LS1.C: Organization for Matter & Energy
Flow in Ecosystems

PS1.B: Chemical Reactions

LS2.B: Cycles of Matter & Energy
Transfer in Ecosystems

PS3.B: Conservation of Energy & Energy
Transfer

PS3.D: Energy in Chemical Processes &
Everyday Life

ESS2.E: Biogeology

ESS2.C: The Roles of Water in Earth
Surface Processes
ESS2.D: Weather & Climate

ESS3.B: Natural Hazards
ESS3.C: Human Impacts on Earth Systems

ESS3.D: Global Climate Change

Possible DCIs to be taught concurrently

Biology

Physics

LS1.C: Organization for Matter & Energy
Flow in Ecosystems

LS2.B: Cycles of Matter & Energy
Transfer in Ecosystems

PS3.A: Definitions of Energy

LS1.D: Information Processing

PS4.A: Wave Properties

ESS1.C: History of Planet Earth

ESS1.A: The Universe and Its Stars
ESS1.B: Earth & the Solar System

ESS2.E: Biogeology

ESS2.A: Earth Materials
ESS2.B: Plate Tectonics & Large-Scale
System Interactions

As with the other models, these suggested connections may merely be a springboard for local
curriculum design. They also do not attempt to explicitly assign or connect the engineering design
PEs since connecting them to particular science domains or concepts is a very individualized

decision based on a host of local factors.

Implementing multiple approaches: Nothing in this approach is incompatible with the
curriculum-narrowing approaches described elsewhere. Concurrently or sequentially offered

courses could deviate from the NGSS Appendix K model by narrowing their focus in the same
way that accelerated models might be narrowed.
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Considerations for Advanced Placement (AP) in the ANMCM

Process and Assumptions: How Was This Section Developed?

Creating the accelerated conceptual course maps was the first step in the process of creating
accelerated model course pathways, and for some districts those models alone may provide
sufficient guidance. However, these course maps ignore the commonality of science concepts
between the NGSS and many upper-level science courses, including AP courses. Given the
number of shared concepts, a guide for how the shared conceptual ideas are addressed between the
sets of standards is an essential tool for improving the instructional efficiency of the accelerated
pathway(s) offered by allowing the option of reducing instructional redundancy.

To that end, the content in the NGSS was compared to the content in the AP science course guides
to identify areas of conceptual similarity. AP courses were used as an example of upper-level
science courses for this comparison because they are used widely throughout the country and have
a consistent course structure. For this example comparison, the specific language of each AP
essential knowledge (AP EK) statement was compared to the DCI elements associated with each
NGSS PE to determine whether the two share similar content or a conceptual foundation. In most
cases, the NGSS content builds a thorough foundation for the concepts in the AP EK statements. In
areas where the NGSS and the AP EK statements overlap significantly, the overlap is rarely
complete because the NGSS are written for all students at the high school level, whereas AP EK
statements are meant to cover college-level content. Consequently, the comparisons and overlaps
are not one-to-one and instead illustrate how the NGSS form a foundation for the college-level
concepts addressed in the AP science courses. In the individual charts appended to this document,
a general description of the overlap is provided, along with any exceptions to this scenario.

While the structure of the NGSS places equal importance on content, practices, and CCCs, the AP
science course guides emphasize content and practices. Both sets of standards have expectations
for student performance, but their structures are not the same. In the NGSS, each PE is constructed
with a practice, disciplinary content, and a CCC. In the AP course guides, the learning objectives,
which could be likened to the NGSS PEs, combine content with reasoning and inquiry skills from
the AP science practices.

Like the NGSS PEs, the AP learning objectives clearly articulate what students should know by
the end of a course and allow teachers to see how practices and content work together when
integrated. However, the AP learning objectives do not include a dimension for the CCCs that are
found in the NGSS.

Although the AP course guides do not have an explicit and separate group of CCCs, the content
and many learning objectives integrate CCCs similar to the ones seen in the NGSS. For example,
in AP Biology, Learning Objective 1.1 includes the concept of cause and effect. Other learning
objectives in the AP science course guides have students analyze and identify patterns and
relationships between different groups, look at the movement of matter and energy, and work with
systems. Since CCCs are not explicitly pulled out and identified in the AP course guides and are
not consistently integrated with every AP learning objective, the comparison process described in
this document does not include the overlaps in the CCCs that may exist between the two sets of
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standards. This does not mean that overlaps do not exist but rather that the overlaps do not lend
themselves to one-to-one comparisons because of their structures.

Similarly, the science practices found in each set of standards were not included in the comparison
process due to differences in their structures and content. The NGSS identifies eight practices for
science and engineering that are essential for students to learn and engage in. Each practice has
several elements that build in complexity and depth across grades. The AP science courses
highlight seven practices and emphasize the importance of integrating them with content. Each AP
science practice also has multiple parts, but there is no grade progression since an AP science
course is meant to be taught in one grade level. When looking at the NGSS and AP practices side
by side, there are both similarities and differences in terms of the actual practices. For example,
both sets of standards ask students to use models to communicate scientific phenomena, engage in
scientific questioning, analyze and evaluate data, and conduct investigations. However, the AP
courses do not explicitly separate out the practices of argument and explanation, as is the case in
the NGSS. Instead, AP incorporates the components of the argument practice with explanation into
Science Practice 6 (the student can work with scientific explanations and theories) in part 6.1 (the
student can justify claims with evidence). Although the practices overlap and both the NGSS and
AP emphasize the importance of integrating practices with content, the overlaps do not lend
themselves to one-to-one comparisons because the structure, content, and integration of the
practices into the learning objectives differ.

Due to the nature of the difference in format and content emphasis between the NGSS and the AP
course guides, particularly the emphasis in the NGSS on three dimensions and their components
found in the foundation boxes, the comparison in this document focuses solely on the overlap of
disciplinary content rather than on any similarities related to the practices or CCCs. When
comparing the AP EK content to the NGSS, not all components of the PE were evaluated. Only the
DCI elements associated with each PE were used in the comparison, and the PE code is included in
the tables and appended charts as a reference point to these DCI elements. This is not to be taken
as a devaluation of the practices or CCCs but rather solely reflects the fact that the AP course
guides themselves tend to emphasize content that more closely aligns with the DCIs.

The comparison process described above was undertaken using three AP course guides: AP
Biology, AP Chemistry, and AP Physics 1 and 2. Appendices A, B, and C include the three
comparison charts, one for each AP course, that were produced as a result of the comparison
process. The charts are organized by the AP EK statements and include any NGSS DCI elements
that overlap with and/or build a foundation for the AP content in each AP EK statement. AP EK
statements are not included in the course chart if no direct connections were found between them
and the NGSS content. Similarly, NGSS PEs and DCls are not included in the course charts if no
similarity was found between them and the AP content. The comments in each AP EK statement
row include a general description of the content similarity between the two sets of standards. Each
AP comparison chart is also accompanied by a quick reference comparison grid that illustrates the
connections between the AP course and the NGSS, using the NGSS PE codes to stand in for the
associated DCI content.
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The following tables — Table 3A, 3B, and 3C — are simplified versions of the course charts in
Appendices A, B, and C. The tables show the AP EK statements and possible corresponding
NGSS PEs that build toward them for each AP course. Once again, it is important to note that the
actual PEs were not used in the comparison process for the reasons described above, unless
otherwise indicated in the chart comments. The table and the appended course charts include the
PE code so that it easier to identify the DCI elements that overlap with or provide a foundation for
the AP EK statements.

The charts and tables are not meant to limit or dictate curriculum. They illustrate content and
conceptual overlaps between AP science courses and the NGSS to allow educators to more easily
provide connections between the two sets of standards. It is important to note that the connections
outlined in the appended charts are not the only connections that can be made between the NGSS
and the AP science courses. Because of the coherence in the NGSS, relationships can be found
across multiple disciplines. For simplicity, the charts reflect only the most related aspects.

Teachers can use these connections when designing curricula for foundational NGSS-aligned
courses and for AP science courses, and the comparisons are only one contributing piece to the
overall curriculum design process. Using this information, districts can begin to strategically
consider connections between courses and may choose to modify the accelerated course maps
described earlier in this document to suit the particular combination of circumstances, staff,
certifications, and AP course offerings unique to their circumstances. An example of how this
information can be useful to teachers can be found on page 33.

A note regarding AP Physics: For the purposes of this document, the comparison was done only
for AP Physics 1 and AP Physics 2, which are the equivalent of introductory, algebra-based
college physics courses. The College Board combines the full course descriptions for both
introductory physics courses into one course guide, and accordingly, the comparison between the
NGSS and both AP Physics courses was done in one chart. The appendices and corresponding
charts indicate which AP Physics course is referenced when looking at the overlaps with the
NGSS. The chart differentiates between content in the two courses by using “P1” for AP Physics 1
and “P2” for AP Physics 2. For students taking only one AP Physics course, careful attention
needs to be paid to the conceptual similarity in that specific course rather than the entire chart. The
College Board’s other two AP physics courses, AP Physics C: Mechanics and AP Physics C:
Electricity and Magnetism, were not evaluated.

A note regarding AP Environmental Science: The AP Environmental Science course guide has yet
to undergo the same level of revision by the College Board as have the course guides for AP
Biology, Chemistry, and Physics. Since the current AP Environmental Science course guide does
not contain the level of detail as the other revised subject guides, a substantial comparison cannot
be made, and this course was not evaluated.
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Table 3A: AP Biology Comparison

The table below organizes the middle and high school NGSS PEs that overlap with or form a
foundation for content taught in the AP Biology course as described in the AP EK statements. It is
important to note that not all of the components of each PE were considered in the overlap. Only
the DCI elements associated with each PE were compared to the AP EK statements, and the PE
codes are included as a reference to these DCI elements.

APEK | NGSS PE(s)

1A1 HS-LS2-6, HS-LS3-2, HS-LS3-3, HS-LS4-2, HS-LS4-3, HS-LS4-4, HS-LS4-5
1A2 HS-LS2-7, HS-LS3-2, HS-LS3-3, HS-LS4-2, HS-LS4-3, HS-LS4-4, HS-LS4-6
1A4 HS-LS4-1, HS-ESS1-5

1B2 HS-LS4-1

1C1 HS-LS2-7, HS-LS4-5

1.C2 HS-LS4-4, HS-LS4-5

1.C3 HS-LS4-1, HS-LS4-5

1D.2 HS-ESS1-6

2.A1 HS-LS1-7, HS-LS2-4, HS-PS1-4, HS-PS3-4

2.A2 MS-LS1-2, HS-LS1-5, HS-LS1-6, HS-LS1-7, HS-LS2-3, HS-PS1-4, HS-PS3-2
2.A3 HS-LS1-6, HS-LS2-5, HS-ESS2-5

2B.1 MS-LS1-2, HS-PS1-3

2.B.2 MS-LS1-2, HS-PS3-4

2.B.3 MS-LS1-2

2C.1 HS-LS1-3

2.C.2 HS-LS1-3

2D.1 HS-LS2-1, HS-LS2-2, HS-LS2-4, HS-LS2-6

2D3 HS-LS2-6, HS-LS2-7, HS-LS4-6

2E1 HS-LS1-4, HS-LS3-1, HS-LS3-2

2E3 HS-LS2-8, HS-LS4-5

3A1 HS-LS1-1, HS-LS3-1, HS-LS3-2

3A2 MS-LS3-2, HS-LS1-4, HS-LS3-1, HS-LS3-2

3A3 MS-LS3-2, HS-LS3-1, HS-LS3-2

3B.1 HS-LS1-4, HS-LS3-1

3.B.2 HS-LS1-4

3C1 MS-LS3-1, HS-LS3-2, HS-LS4-3

3.C.2 HS-LS3-2

3D.2 MS-LS1-8

3E1 HS-LS2-8, HS-LS4-3
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3.E2 MS-LS1-8, HS-LS1-2, HS-PS3-5

4A.1 HS-LS1-1, HS-LS1-6, HS-PS2-6

4.A.2 MS-LS1-2, HS-LS1-5

4.A3 HS-LS1-1, HS-LS1-2, HS-LS1-4, HS-LS3-1, HS-LS3-3

4.A4 HS-LS1-2

4.A.5 MS-LS2-2, HS-L.S2-1, HS-LS2-2, HS-LS2-6, HS-LS2-7, HS-L.S4-6, HS-ESS3-5,
HS-ESS3-6

4.A.6 HS-LS2-1, HS-LS2-2, HS-LS2-4, HS-L.S2-5, HS-LS2-7, HS-LS4-6, HS-ESS3-6

4B.1 HS-PS2-6

4.B.2 MS-LS1-2, HS-LS1-1, HS-LS1-2

4.B.3 MS-LS2-2, HS-LS2-2, HS-LS2-6, HS-LS2-7, HS-LS2-8, HS-LS4-6

4.B.4 HS-LS2-7, HS-LS4-6, HS-ESS2-2, HS-ESS3-1, HS-ESS3-6

4.C.1 MS-LS3-2

4.C.2 HS-LS3-3

4.C.3 HS-LS3-3, HS-LS4-5

4.CA4A HS-LS2-2, HS-LS4-5
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APPENDIX B
NGSS & AP Chemistry Comparison Chart

What was evaluated and compared?

For this comparison, the specific language of each AP Essential Knowledge (AP EK) statement was compared to the Disciplinary Core Idea (DCl) elements associated with
each Next Generation Science Standards (NGSS) Performance Expectation (PE) to determine whether the two share a similar content or conceptual foundation.

The NGSS and the AP course guides are very different in intended format, audience (the NGSS is for all students whereas the AP course guides cover college-level
content), and content emphasis, particularly the emphasis in the NGSS on all three components of the foundation boxes. Therefore, this document focuses solely on the
overlap of disciplinary content rather than on any similarities related to the practices or crosscutting concepts. When comparing the AP EK content to the NGSS, only
the DCI elements associated with each PE were used in the comparison. This is not to be taken as a devaluation of the practices or crosscutting concepts. A discussion of
practices and crosscutting concepts can be found on page 23.

How is the chart organized?

The charts are organized by the AP EK statements and include some possible DCI elements that overlap with or build a foundation for the AP content in each EK
statement. AP EK statements are not included in the course chart if no similarity was found between them and the NGSS content.

The entirety of the EK text is not included in each row. Most EK statements have a general statement and then multiple supporting parts for the statement. While all
parts of the EK text were evaluated for the comparison, the chart only includes the general EK statement. Where appropriate, the comments in each row refer to
individual parts of the EK text. For the full EK text, please see the AP Chemistry Course and Exam Description from College Board.

The full text for each identified DCl is not included in the chart. Only the DCI elements that overlap with or provide a foundation for the AP EK statements are included
in the chart.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

1.C Elements
display periodicity
in their properties
when the elements
are organized
according to
increasing atomic
number. This
periodicity can be
explained by the
regular variations
that occur in the
electronic
structures of atoms.
Periodicity is a
useful principle of
understanding
properties and
predicting trends in
properties. Its
modern-day uses
range from
examining the
composition of
materials to
generating ideas for
designing new
materials.

1.C.2 The currently
accepted best model
of the atom is based
on the quantum
mechanical model.

HS.PS2.B: Types of Interactions

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.

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 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the
gravitational and electrostatic forces
between objects.

NGSS HS.PS2.B forms a
foundation for AP EK 1.C.2
by describing Coulomb's
law in reference to
subatomic particles. EK
1.C.2 goes beyond the
NGSS, however, by
describing the quantum
mechanical model of the
atom, including electron
spin.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.A Two systems
with different
temperatures that
are in thermal
contact will
exchange energy.
The quantity of
thermal energy
transferred from
one system to
another is called
heat.

5.A.1 Temperatureis a
measure of the
average kinetic energy
of atoms and
molecules.

MS.PS3.A: Definitions of Energy

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.B: Conservation of Energy and Energy Transfer
Energy is spontaneously transferred out of hotter regions or objects and
into colder ones.

HS.PS3.A: Definitions of Energy

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.

At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy
associated with the configuration (relative position of the particles). In
some cases the relative position energy can be thought of as 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.B: Conservation of Energy and Energy Transfer
Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems.

Uncontrolled systems always evolve toward more stable states—that is,
toward more uniform energy distribution (e.g., water flows downbhill,
objects hotter than their surrounding environment cool down).

HS.PS3.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms--for example, to thermal energy in the surrounding environment.

MS-PS3-3 Apply scientific principles
to design, construct, and test a
device that either minimizes or
maximizes thermal energy transfer.*

HS-PS3-2 Develop and use models to
illustrate that energy at the
macroscopic scale can be accounted
for as a combination of energy
associated with the motions of
particles (objects) and energy
associated with the relative position
of particles (objects).

HS-PS3-4 Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

The NGSS and AP EK 5.A.1
both include that
temperature provides a
description of the average
kinetic energy of particles
(atoms and molecules). EK
5.A.1 goes beyond the
NGSS by including a
description of the Kelvin
temperature scale (part b)
and of the Maxwell-
Boltzmann distribution
(partc).
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.A Two systems
with different
temperatures that
are in thermal
contact will
exchange energy.
The quantity of
thermal energy
transferred from
one system to
another is called
heat.

5.A.2 The process of
kinetic energy transfer
at the particulate scale
is referred to in this
course as heat
transfer, and the
spontaneous direction
of the transfer is
always from a hotto a
cold body.

HS.PS3.A: Definitions of Energy

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.

At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy
associated with the configuration (relative position of the particles). In
some cases the relative position energy can be thought of as 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.B: Conservation of Energy and Energy Transfer
Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems.

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.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms--for example, to thermal energy in the surrounding environment.

HS-PS3-2 Develop and use models to
illustrate that energy at the
macroscopic scale can be accounted
for as a combination of energy
associated with the motions of
particles (objects) and energy
associated with the relative position
of particles (objects).

HS-PS3-4 Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

Both the NGSS and AP EK
5.A.2 describe energy
transfer from one object to
another, kinetic energy of
particles association with
temperature, and the
tendency of systems to
move toward a uniform
energy distribution. EK
5.A.2 part f goes beyond
the NGSS by describing
specific heat capacities.
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AP Enduring AP Essential . NGSS Performance Comments about the
. NGSS Disciplinary Core Idea Element(s) . .
Understanding Knowledge Focus Expectation(s) Connections
5.B Energy is 5.B.1 Energy is HS.PS3.A: Definitions of Energy HS-PS3-1 Create a computational Both the NGSS and AP EK

neither created nor
destroyed, but only
transformed from
one form to
another.

transferred between
systems either
through heat transfer
or through one system
doing work on the
other system.

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.

At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy
associated with the configuration (relative position of the particles). In
some cases the relative position energy can be thought of as 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.B: Conservation of Energy and Energy Transfer

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.

Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems.

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.

The availability of energy limits what can occur in any system.

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.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms--for example, to thermal energy in the surrounding environment.

model to calculate the change in the
energy of one component in a
system when the change in energy
of the other component(s) and
energy flows in and out of the
system are known.

HS-PS3-2 Develop and use models to
illustrate that energy at the
macroscopic scale can be accounted
for as a combination of energy
associated with the motions of
particles (objects) and energy
associated with the relative position
of particles (objects).

HS-PS3-3 Design, build, and refine a
device that works within given
constraints to convert one form of
energy into another form of energy.

HS-PS3-4 Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

5.B.1 describe transfer of
energy between objects
and from one form to
another. EK 5.B.1 part c
goes beyond the NGSS by
explicitly describing work
done by a gas.
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AP Enduring AP Essential . NGSS Performance Comments about the
. NGSS Disciplinary Core Idea Element(s) . .
Understanding Knowledge Focus Expectation(s) Connections
5.B Energy is 5.B.2 When two HS.PS3.A: Definitions of Energy HS-PS3-1 Create a computational Both the NGSS and AP EK

neither created nor
destroyed, but only
transformed from
one form to
another.

systems are in contact
with each other and
are otherwise isolated,
the energy that comes
out of one system is
equal to the energy
that goes into the
other system. The
combined energy of
the two systems
remains fixed. Energy
transfer can occur
though either heat
exchange or work.

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.

HS.PS3.B: Conservation of Energy and Energy Transfer

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.

Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems.

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.

The availability of energy limits what can occur in any system.

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.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms--for example, to thermal energy in the surrounding environment.

model to calculate the change in the
energy of one component in a
system when the change in energy
of the other component(s) and
energy flows in and out of the
system are known.

HS-PS3-4 Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

5.B.2 describe the transfer,
transformation, and
conservation of energy
between systems, including
the transfer of thermal
energy. EK 5.B.2 goes
beyond the NGSS by
explicitly naming "work."
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AP Enduring AP Essential . NGSS Performance Comments about the
. NGSS Disciplinary Core Idea Element(s) . .
Understanding Knowledge Focus Expectation(s) Connections
5.B Energy is 5.B.3 Chemical HS.PS1.A: Structure and Properties of Matter HS-PS1-3 Plan and conduct an The NGSS and AP EK 5.B.3

neither created nor
destroyed, but only
transformed from
one form to
another.

systems undergo three
main processes that
change their energy:
heating/cooling, phase
transitions, and
chemical reactions.

The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

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.B: Chemical Reactions

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.

HS.PS2.B: Types of Interactions

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.PS3.A: Definitions of Energy

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.

At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy
associated with the configuration (relative position of the particles). In
some cases the relative position energy can be thought of as 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.B: Conservation of Energy and Energy Transfer

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.

(continued on next page)

investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between
particles.

HS-PS1-4 Develop a model to
illustrate that the release or
absorption of energy from a
chemical reaction system depends
upon the changes in total bond
energy.

HS-PS3-1 Create a computational
model to calculate the change in the
energy of one component in a
system when the change in energy
of the other component(s) and
energy flows in and out of the
system are known.

HS-PS3-2 Develop and use models to
illustrate that energy at the
macroscopic scale can be accounted
for as a combination of energy
associated with the motions of
particles (objects) and energy
associated with the relative position
of particles (objects).

both describe thermal
energy transfer between
systems and to the
surroundings, and chemical
reactions that either store
or release energy. The
NGSS also provide a
foundation for
understanding phase
transitions by describing
kinetic energy of particles
(HS.PS3.A) and by
describing properties of
different states of matter,
in another section not
listed here (MS.PS1.A). EK
5.B.3 goes beyond the
NGSS by describing specific
heat capacity, molar
enthalpy of vaporization,
and enthalpy change of
reactions.
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AP Enduring AP Essential . NGSS Performance Comments about the
. NGSS Disciplinary Core Idea Element(s) . .
Understanding Knowledge Focus Expectation(s) Connections
5.B.3 Chemical Energy cannot be created or destroyed, but it can be transported from
systems undergo three | one place to another and transferred between systems.
main processes that
change their energy: Mathematical expressions, which quantify how the stored energy in a
heating/cooling, phase | system depends on its configuration (e.g. relative positions of charged
transitions, and particles, compression of a spring) and how kinetic energy depends on
chemical reactions. mass and speed, allow the concept of conservation of energy to be used to
predict and describe
system behavior.
The availability of energy limits what can occur in any system.
5.B Energy is 5.B.4 Calorimetry isan | MS.PS3.A: Definitions of Energy MS-PS3-4 Plan an investigation to The NGSS provide a

neither created nor
destroyed, but only
transformed from
one form to
another.

experimental
technique that is used
to determine the heat
exchanged/transferred
in a chemical system.

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.B: Conservation of Energy and Energy Transfer

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.

HS.PS3.B: Conservation of Energy and Energy Transfer
Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems.

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.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms—for example, to thermal energy in the surrounding environment.

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

HS-PS3-4 Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

foundation for AP EK 5.B.4
by describing transfer of
thermal energy,
conservation of energy,
and the connection
between temperature and
kinetic energy of particles.
EK 5.B.4 goes beyond the
NGSS by describing the
details of calorimetry.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.C Breaking bonds
requires energy,
and making bonds
releases energy.

5.C.1 Potential energy
is associated with a
particular geometric
arrangement of atoms
or ions and the
electrostatic
interactions between
them.

HS.PS1.A: Structure and Properties of Matter
The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

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.B: Chemical Reactions

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.

HS.PS2.B: Types of Interactions

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.PS3.A: Definitions of Energy

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.

At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy
associated with the configuration (relative position of the particles). In
some cases the relative position energy can be thought of as 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.C: Relationship Between Energy and Forces
When two objects interacting through a field change relative position, the
energy stored in the field is changed.

HS-PS1-3 Plan and conduct an
investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between
particles.

HS-PS1-4 Develop a model to
illustrate that the release or
absorption of energy from a
chemical reaction system depends
upon the changes in total bond
energy.

HS-PS3-2 Develop and use models to
illustrate that energy at the
macroscopic scale can be accounted
for as a combination of energy
associated with the motions of
particles (objects) and energy
associated with the relative position
of particles (objects).

HS-PS3-5 Develop and use a model
of two objects interacting through
electric or magnetic fields to
illustrate the forces between objects
and the changes in energy of the
objects due to the interaction.

The NGSS and AP EK 5.C.1
both describe energy
associated with the
configuration of particles
and electrostatic
interactions between
them. Both also describe
bond energies. EK 5.C.1
parts a and e go beyond
the NGSS by describing
bond length and atomic
vibration, and EK 5.C.1 part
d describes double and
triple bonds.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.C Breaking bonds
requires energy,
and making bonds
releases energy.

5.C.2 The net energy
change during a
reaction is the sum of
the energy required to
break the bonds in the
reactant molecules
and the energy
released in forming
the bonds of the
product molecules.
The net change in
energy may be
positive for
endothermic reactions
where energy is
required, or negative
for exothermic
reactions where
energy is released.

HS.PS1.A: Structure and Properties of Matter
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.B: Chemical Reactions

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.

HS.PS3.A: Definitions of Energy
At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

HS.PS3.B: Conservation of Energy and Energy Transfer
Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems.

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.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms—for example, to thermal energy in the surrounding environment.

HS-PS1-4 Develop a model to
illustrate that the release or
absorption of energy from a
chemical reaction system depends
upon the changes in total bond
energy.

HS-PS3-3 Design, build, and refine a
device that works within given
constraints to convert one form of

energy into another form of energy.

HS-PS3-4 Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

Both the NGSS and AP EK
5.C.2 describe bonds
broken and formed during
chemical reactions,
potential and kinetic
energy of chemical
systems, conservation of
energy, and thermal
equilibrium. EK 5.C.2 goes
beyond the NGSS by
describing the details of
kinetic and potential
energy assumptions that
can be made about
reactants and products in
endothermic vs.
exothermic reactions (part
d), by describing parts of
Hess's law (part f), and by
discussing uses of tables of
standard enthalpies of
formation (part g).
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.D Electrostatic
forces exist
between molecules
as well as between
atoms or ions, and
breaking the
resultant
intermolecular
interactions
requires energy.

5.D.1 Potential energy
is associated with the
interaction of
molecules; as
molecules draw near
each other, they
experience an
attractive force.

HS.PS1.A: Structure and Properties of Matter
The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

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.B: Chemical Reactions

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.

HS.PS2.B: Types of Interactions

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.

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.

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.PS3.A: Definitions of Energy

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

At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

(continued on next page)

HS-PS1-3 Plan and conduct an
investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between
particles.

HS-PS1-4 Develop a model to
illustrate that the release or
absorption of energy from a
chemical reaction system depends
upon the changes in total bond
energy.

HS-PS2-4 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the
gravitational and electrostatic forces
between objects.

HS-PS3-2 Develop and use models to
illustrate that energy at the
macroscopic scale can be accounted
for as a combination of energy
associated with the motions of
particles (objects) and energy
associated with the relative position
of particles (objects).

HS-PS3-5 Develop and use a model
of two objects interacting through
electric or magnetic fields to
illustrate the forces between objects
and the changes in energy of the
objects due to the interaction.

The NGSS and AP EK 5.D.1
both include discussions of
potential energy in
chemical systems and of
electrostatic interactions
between atoms or
molecules. EK 5.D.1 goes
beyond the NGSS by
distinguishing dipole-
dipole, dipole-induced
dipole, and induced dipole-
induced dipole interactions
(part a); naming dispersion
forces (part b); and
describing hydrogen
bonding (part c).
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.D.1 Potential energy
is associated with the
interaction of
molecules; as
molecules draw near
each other, they
experience an
attractive force.

These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy
associated with the configuration (relative position of the particles). In
some cases the relative position energy can be thought of as 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.C: Relationship Between Energy and Forces
When two objects interacting through a field change relative position, the
energy stored in the field is changed.

5.D Electrostatic
forces exist
between molecules
as well as between
atoms orions, and
breaking the
resultant
intermolecular
interactions
requires energy.

5.D.2 At the particular
scale, chemical
processes can be
distinguished from
physical processes
because chemical
bonds can be
distinguished from
intermolecular
interactions.

PS1.A: Structure and Properties of Matter

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.

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.

PS1.B: Chemical Reactions

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.

HS-PS1-2 Construct and revise an
explanation for the outcome of a
simple chemical reaction based on
the outermost electron states of
atoms, trends in the periodic table,
and knowledge of the patterns of
chemical properties.

HS-PS1-4 Develop a model to
illustrate that the release or
absorption of energy from a
chemical reaction system depends
upon the changes in total bond
energy.

The NGSS and AP EK 5.D.2
both describe bonds
breaking and forming in
chemical reactions, and
also describe
intermolecular interactions
in different phases of
matter. EK 5.D.2 goes
beyond the NGSS by
comparing chemical versus
physical changes and
discussing interactions that
could be classified either
way (e.g., dissolution of a
salt in water).
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.D Electrostatic
forces exist
between molecules
as well as between
atoms or ions, and
breaking the
resultant
intermolecular
interactions
requires energy.

5.D.3 Noncovalent and
intermolecular
interactions play
important roles in
many biological and
polymer systems.

HS.PS1.A: Structure and Properties of Matter
The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

HS.PS2.B: Types of Interactions

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

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.

As matter and energy flow through different organizational levels of living
systems, chemical elements are recombined in different ways to form
different products.

HS-PS1-3 Plan and conduct an
investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between
particles.

HS-PS2-6 Communicate scientific
and technical information about why
the molecular-level structure is
important in the functioning of
designed materials.

HS-LS1-6 Construct and revise an
explanation based on evidence for
how carbon, hydrogen, and oxygen
from sugar molecules may combine
with other elements to form amino
acids and/or other large carbon-
based molecules.

Both the NGSS and AP EK
5.D.3 describe the effect of
the structure of substances
on the properties of those
substances. The NGSS also
provide a foundation for EK
5.D.3 by describing that
large carbon-based
molecules (including
proteins) are formed from
smaller molecules,
including carbon,
hydrogen, and oxygen. EK
5.D.3 goes beyond the
NGSS by describing
noncovalent interactions
and their effect on the
shape of molecules (such
as enzymes).
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

5.E Chemical or
physical processes
are driven by a
decrease in
enthalpy or an
increase in entropy,
or both.

5.E.1 Entropyisa
measure of the
dispersal of matter
and energy.

HS.PS3.A: Definitions of Energy

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.

At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

These relationships are better understood at the microscopic scale, at
which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy
associated with the configuration (relative position of the particles). In
some cases the relative position energy can be thought of as 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.B: Conservation of Energy and Energy Transfer

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.

Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems.

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.

The availability of energy limits what can occur in any system.

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.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms--for example, to thermal energy in the surrounding environment.

HS-PS3-1 Create a computational
model to calculate the change in the
energy of one componentin a
system when the change in energy
of the other component(s) and
energy flows in and out of the
system are known.

HS-PS3-2 Develop and use models to
illustrate that energy at the
macroscopic scale can be accounted
for as a combination of energy
associated with the motions of
particles (objects) and energy
associated with the relative position
of particles (objects).

HS-PS3-4 Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

The NGSS build a
foundation for AP EK 5.E.1
by describing that
uncontrolled systems
always evolve toward a
more stable and uniform
state, and by describing
kinetic energy of particles.
EK 5.E.1 goes beyond the
NGSS by describing Entropy
in detail, including
predictions of entropy
change.
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AP Enduring AP Essential . NGSS Performance Comments about the
. NGSS Disciplinary Core Idea Element(s) . .
Understanding Knowledge Focus Expectation(s) Connections
6.A Chemical 6.A.1 In many classes HS.PS1.B: Chemical Reactions HS-PS1-6 Refine the design of a Both the NGSS and AP EK

equilibrium is a
dynamic, reversible
state in which rates

of reactions, it is
important to consider
both the forward and

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.

chemical system by specifying a
change in conditions that would
produce increased amounts of

6.A.1 describe reversible
reactions. EK 6.A.1 goes
beyond the NGSS by

of opposing reverse reaction. products at equilibrium. describing specific

processes are examples of reversible

equal. reactions, such as transfer
of protons in acid-base
reactions and transfer of
electrons in redox
reactions.

6.A Chemical 6.A.3 When a system HS.PS1.B: Chemical Reactions HS-PS1-6 Refine the design of a The NGSS and AP EK 6.A.3

equilibrium is a
dynamic, reversible
state in which rates

is at equilibrium, all
macroscopic variables,
such as

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.

chemical system by specifying a
change in conditions that would
produce increased amounts of

both describe equilibrium
in chemical systems, and
reversible reactions. EK

of opposing concentrations, partial products at equilibrium. 6.A.3 goes beyond the
processes are pressures, and HS.PS3.B: Conservation of Energy and Energy Transfer NGSS by including more
equal. temperature, do not Energy cannot be created or destroyed, but it can be transported from HS-PS3-4 Plan and conduct an specificity about
change over time. one place to another and transferred between systems. investigation to provide evidence equilibrium, including
Equilibrium results that the transfer of thermal energy describing Q and K.
from an equality Uncontrolled systems always evolve toward more stable states— that is, when two components of different
between the rates of toward more uniform energy distribution (e.g., water flows downhill, temperature are combined within a
the forward and objects hotter than their surrounding environment cool down). closed system results in a more
reverse reactions, at uniform energy distribution among
which point Q=K. HS.PS3.D: Energy in Chemical Processes the components in the system
Although energy cannot be destroyed, it can be converted to less useful (second law of thermodynamics).
forms—for example, to thermal energy in the surrounding environment.
6.A Chemical 6.A.4 The magnitude HS.PS1.A: Structure and Properties of Matter HS-PS1-2 Construct and revise an The NGSS and AP EK 6.A.4

equilibrium is a
dynamic, reversible
state in which rates
of opposing
processes are
equal.

of the equilibrium
constant, K, can be
used to determine
whether the
equilibrium lies
toward the reactant
side or produce side.

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.B: Chemical Reactions

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.

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.

explanation for the outcome of a
simple chemical reaction based on
the outermost electron states of
atoms, trends in the periodic table,
and knowledge of the patterns of
chemical properties.

HS-PS1-6 Refine the design of a
chemical system by specifying a
change in conditions that would
produce increased amounts of
products at equilibrium.

both describe equilibrium
in chemical systems,
reversible reactions, and
properties of elements. EK
6.A.4 goes beyond the
NGSS by describing the
equilibrium constant, K,
and its use in making
predictions about the
outcome of chemical
reactions.

Version 1-published October 2015

View Creative Commons Attribution 3.0 Unported License at
http://creativecommons.org/licenses/by/3.0/. Educators may use or adapt

Page 119 of 156




AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance
Expectation(s)

Comments about the
Connections

6.B Systems at
equilibrium are
responsive to
external
perturbations, with
the response
leading to a change
in the composition
of the system.

6.B.1 Systems at
equilibrium respond to
disturbances by
partially countering
the effect of the
disturbance (Le
Chatelier's principle).

HS.PS1.B: Chemical Reactions

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 Refine the design of a
chemical system by specifying a
change in conditions that would
produce increased amounts of
products at equilibrium.

Both the NGSS and AP EK
6.B.1 describe Le
Chatelier's principle. This is
explicit in the HS-PS1-6
clarification statement (not
shown). EK 6.B.1 goes
beyond the NGSS by
specifying stresses that
should be used to predict
the effect on the system.

6.C Chemical
equilibrium plays an
important role in
acid-base chemistry
and in solubility.

6.C.3 The solubility of
a substance can be
understood in terms of
chemical equilibrium.

HS.PS1.B: Chemical Reactions

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 Refine the design of a
chemical system by specifying a
change in conditions that would
produce increased amounts of
products at equilibrium.

Both the NGSS and AP EK
6.C.3 describe Le
Chatelier's principle,
reversible reactions, and
equilibrium. EK 6.C.3 goes
beyond the NGSS by
discussing details of
solubility and free energy
change, and listing
particular salts that are
soluble in water. This
concept is also related to
NGSS HS-PS1-3.
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APPENDIX C
NGSS & AP Physics 1 and 2 Comparison Chart

What was evaluated and compared?

e For this comparison, the specific language of each AP Essential Knowledge (AP EK) statement was compared to the Disciplinary Core Idea (DCl) elements associated with
each Next Generation Science Standards (NGSS) Performance Expectation (PE) to determine whether the two share a similar content or conceptual foundation.

e The NGSS and the AP course guides are very different in intended format, audience (the NGSS is for all students whereas the AP course guides cover college-level
content), and content emphasis, particularly the emphasis in the NGSS on all three components of the foundation boxes. Therefore, this document focuses solely on the
overlap of disciplinary content rather than on any similarities related to the practices or crosscutting concepts. When comparing the AP EK content to the NGSS, only
the DCI elements associated with each PE were used in the comparison. This is not to be taken as a devaluation of the practices or crosscutting concepts. A discussion of
practices and crosscutting concepts can be found on page 23.

How is the chart organized?
e The charts are organized by the AP EK statements and include some possible DCI elements that overlap with or build a foundation for the AP content in each EK
statement. AP EK statements are not included in the course chart if no similarity was found between them and the NGSS content.
e The entirety of the EK text is not included in each row. Most EK statements have a general statement and then multiple supporting parts for the statement. While all
parts of the EK text were evaluated for the comparison, the chart only includes the general EK statement. Where appropriate, the comments in each row refer to
individual parts of the EK text. For the full EK text, please see the AP Physics 1 and 2 Course and Exam Description from College Board.

e The full text for each identified DCl is not included in the chart. Only the DCI elements that overlap with or provide a foundation for the AP EK statements are included
in the chart.

Note: For the purpose of this document, the comparison was only done for AP Physics 1 and AP Physics 2, which are the equivalent of introductory, algebra-based physics
college courses. College Board combines the full course descriptions for both introductory Physics courses into one course guide, and accordingly, the comparison between
NGSS and both AP Physics courses was done in one chart. The chart differentiates instructional similarity with content in AP Physics 1 by using “P1” and in AP Physics 2 by using
“P2.” The College Board’s other two AP physics courses, AP Physics C: Mechanics and AP Physics C: Electricity and Magnetism were not evaluated.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

1.A The internal
structure of a
system determines
many properties of
the system.

1.A.3 Nuclei have
internal structures
that determine their
properties. (P2)

HS.PS1.A: Structure and Properties of Matter
Each atom has a charged substructure consisting of a nucleus, which is
made of protons and neutrons, surrounded by electrons.

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.C: Nuclear Processes

Nuclear processes, including fusion, fission, and 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.

HS-PS1-1 Use the periodic table as a
model to predict the relative
properties of elements based on the
patterns of electrons in the outermost
energy level of atoms.

HS-PS1-8 Develop models to illustrate
the changes in the composition of the
nucleus of the atom and the energy
released during the processes of
fission, fusion, and radioactive decay.

AP EK 1.A.3 and the NGSS
both describe that atomic
nuclei have internal
structures that determine
their properties; that the
nucleus is composed of
different particles; and
that radioactive decay
involves the nucleus. The
NGSS also contain ideas
about other nuclear
processes that are beyond
the scope of EK 1.A.3.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

1.A The internal
structure of a
system determines
many properties of
the system.

1.A.4 Atoms have
internal structures
that determine their
properties. (P2)

HS.PS1.A: Structure and Properties of Matter
Each atom has a charged substructure consisting of a nucleus, which is
made of protons and neutrons, surrounded by electrons.

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.

The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

HS.PS4.B: Electromagnetic Radiation

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.

HS.ESS1.A: The Universe and Its Stars

The study of stars’ light spectra and brightness is used to identify
compositional elements of stars, their movements, and their distances
from Earth.

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.

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-PS1-1 Use the periodic table as a
model to predict the relative
properties of elements based on the
patterns of electrons in the outermost
energy level of atoms.

HS-PS1-3 Plan and conduct an
investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between particles.

HS-ESS1-2 Construct an explanation
of the Big Bang theory based

on astronomical evidence of light
spectra, motion of distant

galaxies, and composition of matter in
the universe.

AP EK 1.A.4 and the NGSS
both describe that atoms
have internal structures
that determine their
properties, including that
the number of electrons,
or the electrical forces
between atoms,
determine observable
structure and interactions
of bulk matter. Both EK
1.A.4 and the NGSS also
address the concept of
spectra. However, EK
1.A.1 goes beyond the
NGSS by relating spectra
to distinct atomic
transitions, and by
identifying the Bohr
model and energy
transitions.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

1.A The internal
structure of a
system determines
many properties of
the system.

1.A.5 Systems have
properties determined
by the properties and
interactions of their
constituent atomic
and molecular
substructures. In AP
Physics, when the
properties of the
constituent parts are
not important in
modeling the behavior
of the macroscopic
system, the system
itself may be referred
to as an object. (P1,
P2)

HS.PS1.A: Structure and Properties of Matter
The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

HS-PS1-3 Plan and conduct an
investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between particles.

AP EK 1.A.5 and NGSS
HS.PS1.A both describe
that properties of matter
can be determined
through the electrostatic
forces between particles.

1.B Electric charge
is a property of an
object or system
that affects its
interactions with
other objects or
systems containing
charge.

1.B.2 There are only
two kinds of electric
charge. Neutral
objects or systems
contain equal
quantities of positive
and negative charge,
with the exception of
some fundamental
particles that have no
electric charge. (P1,
P2)

MS.PS2.B: Types of Interactions

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
interacting objects.

HS.PS2.B: Types of Interactions

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.

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.PS3.C: Relationship Between Energy and Forces
When two objects interacting through a field change relative position, the
energy stored in the field is changed.

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

HS-PS2-4 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

HS-PS3-5 Develop and use a model of
two objects interacting through
electric or magnetic fields to illustrate
the forces between objects and the
changes in energy of the objects due
to the interaction.

AP EK 1.B.2 and the NGSS
both describe the concept
of attractive and repulsive
forces in electrostatics,
that objects can interact
through electric fields,
and the concept of the
forces between charges.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

1.C Objects and
systems have
properties of
inertial mass and
gravitational mass
that are
experimentally
verified to be the
same and that
satisfy
conservation
principles.

1.C.1 Inertial mass is
the property of an
object or a system
that determines how
its motion changes
when it interacts with
other objects or
systems. (P1)

MS.PS2.A: Forces and Motion

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.

All positions of objects and the directions of force 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.

HS.PS2.A: Forces and Motion
Newton’s second law accurately predicts changes in the motion
of macroscopic objects.

MS-PS2-2 Plan an investigation to
provide evidence that the change in
an object’s motion depends on the
sum of the forces on the object and
the mass of the object.

HS-PS2-1 Analyze data to support the
claim that Newton’s second law of
motion describes the mathematical
relationship among the net force on a
macroscopic object, its mass, and its
acceleration.

AP EK 1.C.1 and the NGSS
both describe that objects
have mass and that they
interact through the
exertion of forces. EK
1.C.1 goes beyond the
NGSS by identifying the
concept of inertial mass.

1.C Objects and
systems have
properties of
inertial mass and
gravitational mass
that are
experimentally
verified to be the
same and that
satisfy
conservation
principles.

1.C.2 Gravitational
mass is the property
of an object or a
system that
determines the
strength of the
gravitational
interaction with other
objects, systems, or
gravitational fields.
(P1)

MS.PS2.B: Types of Interactions

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.

HS.PS2.A: Forces and Motion
Newton’s second law accurately predicts changes in the motion of
macroscopic objects.

HS.PS2.B: Types of Interactions

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.

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.

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

HS-PS2-1 Analyze data to support the
claim that Newton’s second law of
motion describes the mathematical
relationship among the net force on a
macroscopic object, its mass, and its
acceleration.

HS-PS2-4 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

AP EK 1.C.2 and NGSS
HS.PS2.A both describe
that objects have mass
and that they interact
through the exertion of
forces. EK 1.C.2 and NGSS
HS.PS2.B both describe
gravitational fields. EK
1.C.2 connects with NGSS
MS.PS2.B by identifying
the connection between
mass as the source of a
gravitational field, but
goes beyond the NGSS by
identifying the common
acceleration of objects
near the surface of the
Earth.
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AP Endurln-g AP Essential NGSS Disciplinary Core Idea Element(s) NGSS Performance Expectation(s) Comments a!)out the
Understanding Knowledge Focus Connections
1.D Classical 1.D.2 Certain HS.PS3.A: Definitions of Energy HS-PS3-3 Design, build, and refine a AP EK 1.D.2 and the NGSS
mechanics cannot phenomena classically | At the macroscopic scale, energy manifests itself in multiple ways, such as device that works within given both describe the wave-
describe all thought of as waves in motion, sound, light, and thermal energy. constraints to convert one form of particle duality of
properties of can exhibit properties energy into another form of energy electromagnetic radiation
objects. of particles. (P2) HS.PS3.B: Conservation of Energy and Energy Transfer and that the energy of

Energy cannot be created or destroyed, but it can be transported from one
place to another and transferred between systems.

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.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful
forms—for example, to thermal energy in the surrounding environment.

HS-PS3-4 Plan and conduct an
investigation to provide evidence that
the transfer of thermal energy when
two components of different
temperature are combined within a
closed system results in a more
uniform energy distribution among
the components in the system (second
law of thermodynamics).

electromagnetic radiation
is frequency dependent.
EK 1.D.2 goes beyond the
NGSS by specifically
referring to photons.

1.E Materials have
many macroscopic
properties that
result from the
arrangement and
interactions of the
atoms and
molecules that
make up the
material.

1.E.1 Matter has a
property called
density. (P2)

MS.PS1.A: Structure and Properties of Matter

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.B: Chemical Reactions

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 Analyze and interpret data
on the properties of substances before
and after the substances interact to
determine if a chemical reaction has
occurred.

AP EK 1.E.1 and the NGSS
both describe density as a
property that can be used
to identify a substance.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

1.E Materials have
many macroscopic
properties that
result from the
arrangement and
interactions of the
atoms and
molecules that
make up the
material.

1.E.2 Matter has a
property called
resistivity. (P1, P2)

HS.PS1.A: Structure and Properties of Matter
Each atom has a charged substructure consisting of a nucleus, which is
made of protons and neutrons, surrounded by electrons.

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.

The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

HS.PS2.B: Types of Interactions

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-PS1-1 Use the periodic table as a
model to predict the relative
properties of elements based on the
patterns of electrons in the outermost
energy level of atoms.

HS-PS1-3 Plan and conduct an
investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between particles.

HS-PS2-6 Communicate scientific and
technical information about why the
molecular-level structure is important
in the functioning of designed
materials.*

The NGSS establish a
foundation for AP EK 1.E.2
by describing how atomic
and molecular structure
and interactions
determine the properties
of matter. EK 1.E.2 goes
beyond the NGSS by
specifically highlighting
resistivity.

1.E Materials have
many macroscopic
properties that
result from the
arrangement and
interactions of the
atoms and
molecules that
make up the
material.

1.E.3 Matter has a
property called
thermal conductivity.
(P2)

HS.PS1.A: Structure and Properties of Matter
Each atom has a charged substructure consisting of a nucleus, which is
made of protons and neutrons, surrounded by electrons.

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.

The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms.

HS.PS2.B: Types of Interactions

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-PS1-1 Use the periodic table as a
model to predict the relative
properties of elements based on the
patterns of electrons in the outermost
energy level of atoms

HS-PS1-3 Plan and conduct an
investigation to gather evidence to
compare the structure of substances
at the bulk scale to infer the strength
of electrical forces between particles.

HS-PS2-6 Communicate scientific and
technical information about why the
molecular-level structure is important
in the functioning of designed
materials.*

The NGSS establish a
foundation for AP EK 1.E.3
by identifying how the
atomic and molecular
structure and interactions
determine the properties
of matter. NGSS HS.PS1.A
and HS.PS2.B can be
applied to explain thermal
conductivity, among other
properties, and build an
understanding towards EK
1.E.3, which focuses
specifically on the
property of thermal
conductivity.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

2.A Afield
associates a value
of some physical
quantity with
every point in
space. Field
models are useful
for describing
interactions that
occur at a distance
(long-range forces)
as well as a variety
of other physical
phenomena.

2.A.1 A vector field
gives, as a function of
position (and perhaps
time), the value of a
physical quantity that
is described by a
vector. (P1, P2)

MS.PS2.B: Types of Interactions
Forces that act at a distance (electric, magnetic, and gravitational) can be

explained by fields that extend through space and can be mapped by their

effect on a test object (a charged object, or a ball, respectively).

HS.PS2.B: Types of Interactions

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.

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.

MS-PS2-5 Conduct an investigation
and evaluate the experimental design
to provide evidence that fields exist
between objects exerting forces on
each other even though the objects
are not in contact.

HS-PS2-4 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects

Both the NGSS and AP
describe the concept of
fields of force determined
by mass or charge. NGSS
HS.PS2.B establishes a
foundation for
understanding vectors in
AP EK 2.A.1.

2.A Afield
associates a value
of some physical
quantity with
every point in
space. Field
models are useful
for describing
interactions that
occur at a distance
(long-range forces)
as well as a variety
of other physical
phenomena.

2.A.2 A scalar field
gives, as a function of
position (and perhaps
time), the value of a
physical quantity that
is described by a
scalar. In Physics 2,
this should include
electric potential. (P2)

HS.PS2.B: Types of Interactions

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.

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 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

Both the NGSS and AP
describe the concept of
fields of force determined
by mass or charge. AP EK
2.A.2 goes beyond the
NGSS by identifying scalar
fields.

2.B A gravitational
field is caused by
an object with
mass.

2.B.1 A gravitational
field g at the location
of an object with mass
m causes a
gravitational force of
magnitude mg to be
exerted on the object
in the direction of the
field. (P1)

HS.PS2.B: Types of Interactions

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.

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 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

AP EK 2.B.1 and NGSS
HS.PS2.B both describe
that gravitational force
results from the
interaction between the
mass of an object and the
gravitational field
(Newton’s Law of
Gravitation).
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

2.B A gravitational
field is caused by
an object with
mass.

2.B.2 The gravitational
field caused by a
spherically symmetric
object with mass is
radial and, outside the
object, varies as the
inverse square of the
radial distance from
the center of that
object. (P1)

HS.PS2.B: Types of Interactions

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.

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 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

AP EK 2.B.2 and NGSS
HS.PS2.B both describe
how the gravitational
force exerted on an object
by another object varies
with distance between
the objects. The NGSS
establish a foundation for
deeply understanding this
concept by describing
how fields explain forces
acting at a distance.

2.C An electric
field is caused by
an object with
electric charge.

2.C.1 The magnitude
of the electric force F
exerted on an object
with electric charge g
by an electric field 2
is— =q—.The

F E
direction of the force
is determined by the
direction of the field
and the sign of the
charge, with positively
charged objects
accelerating in the
direction of the field
and negatively
charged objects
accelerating in the
direction opposite the
field. This should
include a vector field
map for positive point
charges, negative
point charges,
spherically symmetric
charge distribution,
and uniformly charged
parallel plates. (P2)

MS.PS2.B: Types of Interactions

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
interacting objects.

HS.PS2.B: Types of Interactions

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.

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

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

HS-PS2-4 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

AP EK 2.C.1 and the NGSS
both describe Coulomb's
law. EK 2.C.1 goes beyond
the NGSS by specifying
the field of parallel plates.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

2.C An electric
field is caused by
an object with
electric charge.

2.C.2 The magnitude
of the electric field
vector is proportional
to the net electric
charge of the object(s)
creating that field.
This includes positive
point charges,
negative point
charges, spherically
symmetric charge
distributions, and
uniformly charged
parallel plates. (P2)

HS.PS2.B: Types of Interaction

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.

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 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

AP EK 2.C.2 and the NGSS
both describe Coulomb's
law. EK 2.C.2 goes beyond
the NGSS by specifying
types of contributing
charges.

2.C An electric
field is caused by
an object with
electric charge.

2.C.3 The electric field
outside a spherically
symmetric charged
object is radial and its
magnitude varies as
the inverse square of
the radial distance
from the center of
that object. Electric
field lines are not in
the curriculum.
Students will be
expected to rely only
on the rough intuitive
sense underlying field
lines, wherein the field
is viewed as analogous
to something
emanating uniformly
from a source. (P2)

HS.PS2.B: Types of Interaction

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.

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 Use mathematical
representations of Newton’s Law of
Gravitation and Coulomb’s Law to
describe and predict the gravitational
and electrostatic forces between
objects.

Both AP EK 2.C.3 and the
NGSS describe Coulomb's
law.
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AP Enduring
Understanding

AP Essential
Knowledge Focus

NGSS Disciplinary Core Idea Element(s)

NGSS Performance Expectation(s)

Comments about the
Connections

2.D A magnetic
field is caused by a
magnet or a
moving electrically
charged object.
Magnetic fields
observed in nature
always seem to be
produced either by
moving charged
objects or by
magnetic dipoles
or combinations of
dipoles and never
by single poles.

2.D.1 The magnetic
field exerts a force on
a moving electrically
charged object. That
magnetic force is
perpendicular to the
direction of velocity of
the object and to the
magnetic field and is
proportional to the
magnitude of the
charge, the magnitude
of the velocity, and
the magnitude of the
magnetic field. It also
depends on the angle
between the velocity
and the magnetic field
vectors. Treatment is
quantitative for angles
of 0°, 90°, or 180° and
qualitative for other
angles. (P2)

HS.PS2.B: Types of Interactions

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.

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.

PS3.A: Definitions of Energy
“Electrical energy” may mean energy stored in a battery or energy
transmitted by electric currents.

HS-PS2-5 Plan and conduct an
investigation to provide evidence that
an electric current can produce a
magnetic field and that a changing
magnetic field can produce an electric
current.

Both the NGSS and AP
describe that electrical
and magnetic fields can
interact with one another.
The NGSS establish a
foundation for AP EK
2.D.1 by describing that
electric currents
contribute to the
production of magnetic
fields. EK 2.D.1 goes
beyond the NGSS and
builds on this
understanding with the
concepts of magnitude of
charge, and geometry,
magnitude, and
orientation of the field.

2.D A magnetic
field is caused by a
magnet or a
moving electrically
charged object.
Magnetic fields
observed in nature
always seem to be
produced either by
moving charged
objects or by
magnetic dipoles
or combinations of
dipoles and never
by single poles.

2.D.2 The magnetic
field vectors around a
straight wire that
carries electric current
are tangent to
concentric circles
centered on the wire.
The field has no
component toward
the current-carrying
wire. (P2)

HS.PS2.B: Types of Interactions

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.

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.

PS3.A: Definitions of Energy
“Electrical energy” may mean energy stored in a battery or energy
transmitted by electric currents.

HS-PS2-5 Plan and conduct an
investigation to provide evidence that
an electric current can produce a
magnetic field and that a changing
magnetic field can produce an electric
current.

Both the NGSS and AP
describe interactions
between electric currents
and magnetic fields. AP EK
2.D.2 builds on the
conceptual foundation
established in the NGSS
with more sophisticated
concepts of magnitude
and orientation of the
field.
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