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Dear Educator, 
 
As we embark upon a new and exciting science journey, Pearson is committed to offering its complete 
support as classrooms transition to the new Next Generation Science Standards (NGSS). Ready-to-use 
solutions for today and a forward-thinking plan for tomorrow connect teacher education and 
development, curriculum content and instruction, assessment, and information and school design and 
improvement. We’ll be here every step of the way to provide the easiest possible transition to the 
NGSS with a coherent, phased approach to implementation. 

Pearson has long-standing relationships with contributors and authors who have been involved with 
the development and review of the Next Generation Science Frameworks and subsequent Next 
Generation Science Standards. As such, the spirit and pedagogical approach of the NGSS initiative is 
embedded in all of our programs, such as Physical Science: Concepts in Action. 

The planning and development of Pearson’s Physical Science: Concepts in Action was informed by 
the same foundational research as the NGSS Framework. Specifically, our development teams used 
Project 2061, the National Science Education Standards (1996) developed by the National Research 
Council, as well as the Science Anchors Project 2009 developed by the National Science Teachers 
Association to inform the development of this program. As a result, students make connections 
throughout the program to concepts that cross disciplines, practice science and engineering skills, and 
build on their foundational knowledge of key science ideas. 
 
Physical Science: Concepts in Action helps students make the important connection between the 
science they read and what they experience every day. Relevant content, lively explorations and a 
wealth of hands-on activities take students' understanding of science beyond the page and into the 
world around them. 
 

21st Century Skills 

Each chapter in Physical Science begins with an activity geared toward developing one or more 21st 
century skills.  All of these activities task students to capture what they are learning in biology class 
and apply the knowledge to solving real-life problems in order to encourage productive, thoughtful 
members of the 21st century world. 
 

Virtual Physical Science 

A Pearson exclusive, this is the most robust interactive lab available. A proven formula for reading 
success before during, and after every lesson enables students to fully understand key concepts.   
 

The Complete Interactive Textbook 

Available online and on CD-ROM. Audio of the full text read-aloud supports English language learners 
and reluctant readers. PresentationEXPRESS helps you create dynamic presentations with slides, 
videos, and participatory activities. 
 
The following document demonstrates how Physical Science: Concepts in Action ©2011, supports 
the first draft of the Next Generation Science Standards (NGSS) for Grades 9-12.  Correlation 
references are to the Student Editions, Teacher Editions, and Teacher Lab Resources 
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PHYSICAL SCIENCE 
HS.PS-SPM.a.   Structure and Properties of Matter 
Students who demonstrate understanding can: 
a. Construct models showing that stable forms of matter are those with minimum magnetic and electrical 

field energy. [Clarification Statement: Examples of stable forms of matter can include noble gas atoms, 
simple molecules, and simple ionic substances.] [Assessment Boundary: Only for common substances- 
for example, water, carbon dioxide, common hydrocarbons, sodium chloride.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Energy levels of electrons in atoms are introduced in Section 4.3, “Modern Atomic Theory,” on 
SE/TE: 114-118. Students learn about orbitals on SE/TE: 117 and the maximum number of 
electrons each energy level can contain for the first four energy levels, introducing the concept of a 
filled orbital. The Key Concept on p. 118 explains that the most stable state is that in which the 
electrons are in orbitals with the lowest possible energies. Students obtain information on 
chemical bonds in several areas; Section 6.1, “Ionic Bonding,” SE/TE pages 158-164, Section 6.2, 
“Covalent Bonding,” on SE/TE pages 165-169, “Stable Electron Configurations” on SE/TE page 159, 
and “Sharing Electrons” on SE/TE page p. 166. Students learn that bonds contain energy in 
Section 7.3, “Energy Changes in Reactions” on SE/TE pages 206-211.  Information is presented on 
energy in Chapter 15, “Energy” on SE/TE page 447, Electric and Magnetic Fields in Chapter 20, 
“Electricity” on SE/TE page 602 and Chapter 21, “Magnetism” on SE/TE page 631.  
 
Students recognize stable electronic configurations in Section 6.1, Objective 6.1.1 on SE/TE page 
158. They observe how the ionic bond between a sodium atom and a chlorine atom results in a 
stable electronic configuration for both ions on SE/TE: 159. They learn how such molecules come 
together to form stable crystals on SE/TE: 162.  On SE/TE: 164, they describe the formation of 
anions, cations, and ionic bonds in the Evaluate Understanding feature.  Students build a model of 
an ammonia molecule in the Quick Lab: Modeling Molecules on SE/TE: 173. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Construct, revise, and use models to 

predict and explain relationships 
between systems and their 
components. 

 
Related Content:  
SE/TE:  
159, Figure 2;  
161, Ionic Compounds;  
166, Sharing Electrons;  
173, Quick Lab: Modeling 
Molecules; 
206-209, Energy in chemical 
bonds 
 
TE Only:  
159, Build Science Skills;  
166, L1 Build Reading Literacy 
 
 

PS1.A: Structure and Properties of 
Matter 
• Stable forms of matter are those in 

which the electric and magnetic 
field energy is minimized. A 
stable molecule has less energy, 
by an amount known as the 
binding energy, than the same 
set of atoms separated; one must 
provide at least this energy in 
order to take the molecule apart. 

 
SE/TE:  
114-115, Energy Levels;  
118, Electron Configuration;  
158, Stable Electron 
Configurations;  
166, Sharing Electrons 
 
TE Only:  
156C, From the Author, Big 
Ideas;  
156D, Electronegativity Values for 
Selected Elements 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
• [Clarification Statement for a: Stability is 

caused by minimization of 
energy.] 

 
Related Content:  
SE/TE: 116, Evidence for Energy 
Levels 
 
TE Only:  
116, Facts and Figures, “Emission 
and Absorption Spectra” 
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Related Content:  
TE Only: 
168, Teacher Demo: Modeling 
Overall Polarity; 
168, Build Science Skills: Using 
Models  
 
LAB:  
37, Investigation 4A, 
“Constructing Models of Atoms” 
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HS.PS-SPM.b.   Structure and Properties of Matter 
Students who demonstrate understanding can: 
b. Construct various types of models showing that energy is needed to take molecules apart and that energy 

is released when the atoms come together to form new molecules. [Assessment Boundary: Only for 
common substances- for example, water, carbon dioxide, common hydrocarbons, sodium chloride.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Students learn that energy is required to break a bond and is released when a bond forms in 
SE/TE: Section 7.3, “Energy Changes in Reactions.”  
 
Students describe the energy changes that take place during chemical reactions, classify 
chemical reactions as exothermic or endothermic, and explain how energy is conserved during 
chemical reactions, as articulated in “Chemical Bonds and Energy” on SE/TE: 206. Students also 
construct ball-and-stick molecular models in the Build Science Skills feature on TE: 206, during 
which they count the number of bonds broken in a combustion reaction.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Use multiple types of models to 

represent and explain 
phenomena and move flexibly 
between model types based on 
merits and limitations. 

 
SE/TE:  
10, Scientific Models;  
232, Reading Checkpoint;  
208, Figure 18, Parts A and B 
 
TE Only:  
206, Build Science Skills – 
Chemical Bonds and Energy 
 

PS1.A: Structure and Properties of 
Matter 
• Stable forms of matter are those in 

which the electric and magnetic 
field energy is minimized. A 
stable molecule has less energy, 
by an amount known as the 
binding energy, than the same 
set of atoms separated; one must 
provide at least this energy in 
order to take the molecule apart. 

 
SE/TE:  
206-209, Energy Changes in 
Reactions;  
200, Decomposition;  
201, How It Works: Automobile 
Safety: Air Bags;  
204, Combustion;  
209, Assessment #1 through #7 
215, Catalysts 
 
TE Only:  
190D, Energy Changes in 
Reactions;  
197, Facts and Figures: Baking 
Reactions;  
207, Customize for English 
Language Learners: Using 
Metaphors 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
 
SE/TE:  
200, Figure 10;  
204, Figure 14;  
207, Figure 17; 209, Figure 19 
 
TE Only:  
208, Build Science Skills: 
Exothermic and Endothermic 
Reactions 
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HS.PS-SPM.c.   Structure and Properties of Matter 
Students who demonstrate understanding can: 
c. Develop explanations about how the patterns of electrons in the outer level of atoms, as represented in 

the periodic table, reflect and can predict properties of elements. [Clarification Statement: An example of 
a pattern that predicts element properties is the first column of the periodic table: These elements all have 
one electron in the outer most energy level and as such are all highly reactive metals.] [Assessment 
Boundary: Only for main group elements (not transition metals or elements beyond the third row).] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Students explore the periodic table in Chapter 5, 
Section 5.1, and gain understanding of the idea of ordering elements. Section 5.2 covers the 
modern periodic table, and Section 5.3 discusses eight of the eighteen groups (the A groups) in 
detail, and examples of practical uses of elements in each group are given. Valence electrons are 
introduced and defined on SE/TE page 139. Students obtain information about the relationship 
between patterns of electrons in the outer level of atoms and the properties of nonmetallic 
elements in Section 6.1 on SE/TE: 158-164 and Section 6.2 on SE/TE: 165-169. Electrons and 
metallic bonding are presented on SE/TE: 176-177. 
 
Students compare and contrast elements from groups 1A and 2A on TE: 140, Use Visuals and 
Customize for English Language Learners, and they observe both similarities and differences. In 
the Assessment on p. 145, they explain why elements in a group have similar properties, and they 
relate the location of an alkali metal in Group 1A with its reactivity.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Construct and revise explanations and 

arguments based on evidence 
obtained from a variety of 
sources (e.g., scientific principles, 
models, theories) and peer 
review. 

 
SE/TE:  
140, Compare/Contrast Chart 
 
TE Only:  
104, Comparing Atomic Models 
 
LAB:  
37, Investigation 4A: 
Constructing Models of Atoms 
 

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. 

 
SE/TE:  
108, Key Concept;  
108-109, Protons, Electrons, and 
Neutrons;  
105, Discovery of the Nucleus; 
113-118, Modern Atomic Theory; 
114, Science and History: Models 
of the Atom 
 
TE Only:  
104, Comparing Atomic Models; 
115, Facts and Figures: De 
Broglie and Schrodinger 
 
LAB:  
37, Investigation 4A: 
Constructing Models of Atoms 
 
• 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. 

 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
• [Clarification Statement for c: The 

likelihood of interactions between 
elements is caused by the 
number of electrons in their 
valence shell, and thus the 
arrangement of the periodic 
table.] 

  
SE/TE:  
158, Stable Electron 
Configurations;  
159, Transfer of Electrons;  
161, Ionization Energy 
 
TE Only:  
124D, Diagonal Relationships; 
156D, Electronegativity Values for 
Selected Elements;  
158, Integrate Social Studies: 
Stable Electron Configurations; 
166, FYI 
 
 



A Correlation of  
Physical Science, Concepts in Action ©2011 

to the Next Generation Science Standards – DRAFT, May 2012 
Grades 9-12 

 

SE = Student Edition; TE = Teacher’s Edition; LAB = Laboratory Manual 8 

SE/TE:  
130-138, The Modern Periodic 
Table;  
139, Valence Electrons;  
140, The Alkali Metals;  
141, The Alkaline Earth Metals; 
142, The Boron Family;  
142, The Carbon Family;  
143, The Nitrogen Family;  
143, The Oxygen Family;  
144, The Halogens;  
145, The Noble Gases;  
164, Properties of Ionic 
Compounds;  
177, Explaining Properties of 
Metals 
 
TE Only:  
124C, Organizing the Elements; 
124D, Diagonal Relationships; 
126, Build Reading Literacy: The 
Search for Order 
 
LAB:  
47, Investigation 5A: Using clues 
to Identify Elements;  
53, Investigation 5B: Comparing 
Chemical Properties Within a 
Group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LAB:  
43, Investigation 4B: Modeling 
the Location of an Electron in an 
Atom;  
47, Investigation 5A: Using clues 
to Identify Elements;  
53, Investigation 5B: Comparing 
Chemical Properties Within a 
Group 
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HS.PS-SPM.d.   Structure and Properties of Matter 
Students who demonstrate understanding can: 
d. Construct arguments for which type of atomic and molecular representation best explains a given 

property of matter. [Clarification Statement: Types of atomic and molecular representations can include 
computer-based, simulations, physical, ball and stick, and symbolic. Properties of matter can include 
reactivity, and polar vs. non-polar.] [Assessment Boundary: Not theoretical models.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
The nuclear model of the atom is presented historically, starting with the ancient Greek concept 
and working through the Dalton, Thomson, Rutherford, and Bohr models, culminating with the 
modern electron-cloud model, in Section 4.3 SE/TE: 113-119.  The electron-dot diagram, structural 
formula, space-filling model, and the electron-cloud model for representing molecules are 
introduced in Figure 9 on SE/TE: 166. How the space-filling model indicates polarity is illustrated on 
SE/TE: 166, and the consequences of polarity are explored in SE/TE: 168-169, Modeling Overall 
Polarity, Polar and Nonpolar Molecules, and Connecting Concepts. The ball-and-stick model is used 
to illustrate the force on a polar molecule in TE only page 168, “Build Science Skills: Using Models.” 
 
Students make models or drawings of historic atomic models in Models of the Atom on TE: 115. 
Students make analogies to the electron cloud model in the Build Science Skills feature on TE:  
116. Students use electron dot structures in the Build Science Skills exercise on TE: 159. Students 
use ball-and-stick models to predict the polarity of an ammonia molecule in the Build Science 
Skills exercise on TE: 168. Students compare ball-and-stick models and structural formulas in  
TE: 264, Teacher Demo: Comparing Models of Molecules. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–
12 builds from K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific reasoning 
to defend and critique claims and 
explanations about the natural and 
designed world. Arguments may also come 
from current scientific or historical episodes 
in science. 
• Evaluate the merits of competing 

arguments, design solutions 
and/or models. 

 
SE/TE:  
100, Ancient Greek Models of 
Atoms;  
101, Dalton’s Atomic Theory; 
Evidence for Atoms;  
102, Thomson’s Model of the 
Atom; Thomson’s Experiments; 
103, Evidence for Subatomic 
Particles;  
104, Rutherford’s Atomic Theory;  
The Gold Foil Experiment;  
105, Discovery of the Nucleus; 
114-115, Science and History: 
Models of the Atom 
173, Quick Lab: Modeling 
Molecules 

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. 

 
SE/TE:  
105, Discovery of the Nucleus; 
108-109, Properties of Subatomic 
Particles;  
113-118, Modern Atomic Theory; 
114, Science and History: Models 
of the Atom 
264, Figure 4: Some Straight-
Chain Alkanes 
 
TE Only:  
104, Comparing Atomic Models; 
115, Facts and Figures: De 
Broglie and Schrodinger 
 
LAB:  
37, Investigation 4A: 
Constructing Models of Atoms; 
43, Investigation 4B: Modeling 
the Location of an Electron in an 
Atom 
 
 

Systems and System Models 
Models (e.g., physical, mathematical, 
computer models) can be used to simulate 
systems and interactions—including 
energy, matter, and information flows—
within and between systems at different 
scales. Models can be used to predict the 
behavior of a system, but these predictions 
have limited precision and reliability due to 
the assumptions and approximations 
inherent in models. 
 
SE/TE:  
105, Discovery of the Nucleus; 
108-109, Properties of Subatomic 
Particles;  
113-118, Modern Atomic Theory; 
114, Science and History: Models 
of the Atom;  
166, Figure 9 
 
TE Only:  
104, Comparing Atomic Models; 
168, Build Science Skills 
 
LAB:  
37, Investigation 4A: 
Constructing Models of Atoms; 
43, Investigation 4B: Modeling 
the Location of an Electron in an 
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TE Only:  
104, Teacher Demo: Comparing 
Atomic Models;  
105, Writing in Science 
 
Related Content: 
TE Only:  
168, Teacher Demo: Modeling 
Overall Polarity; 
168, Build Science Skills: Using 
Models; 
264, Teacher Demo: Comparing 
Models of Molecules 
 
LAB:  
37, Investigation 4A: 
Constructing Models of Atoms; 
43, Investigation 4B: Modeling 
the Location of an Electron in an 
Atom 
 
• Evaluate the claims, evidence, and 

reasoning of currently accepted 
explanations or solutions as a 
basis for the merits of the 
arguments. 

 
SE/TE:  
100, Ancient Greek Models of 
Atoms;  
101, Dalton’s Atomic Theory; 
Evidence for Atoms;  
102, Thomson’s Model of the 
Atom; Thomson’s Experiments; 
103, Evidence for Subatomic 
Particles;  
104, Rutherford’s Atomic Theory; 
The Gold Foil Experiment;  
105, Discovery of the Nucleus; 
114-115, Science and History: 
Models of the Atom 
 
TE Only:  
105, Build Science Skills: Using 
Models 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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. 

 
SE/TE:  
162, Crystal Lattices;  
164, Properties of Ionic 
compounds;  
164, Figure 7;  
165-167, Covalent Bonds;  
168, Polar covalent Bonds; Polar 
and Nonpolar Molecules;  
169, Attraction between 
molecules;  
177, Explaining Properties of 
Metals 
 
TE Only:  
168, Facts and Figures: Surface 
Tension;  
169, Teacher Demo: Surface 
Tension;  
177, Teacher Demo: Comparing 
Bond Types 
 
LAB:  
63, Investigation 6B: Comparing 
Ionic and Molecular Compounds 
 
 
 

Atom 
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HS.PS-SPM.e.   Structure and Properties of Matter 
Students who demonstrate understanding can: 
e. Analyze and interpret data obtained from measuring the bulk properties of various substances to 

explain the relative strength of the interactions among particles in the substance. [Clarification Statement: 
Bulk properties of substances can include melting point and point.] [Assessment Boundary: 
Comparisons between ionic and molecular species or network and molecular species are included, but 
those that require understanding of different intermolecular forces are not included. Only the following 
types of particles are included in data and explanations: atoms, ions, and molecules.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Attraction between molecules is explored in Section 6.2 on SE/TE: 165-169. Examples of how 
intermolecular forces affect bulk properties are given, including fracturing of ionic crystals in Figure 
7 on SE/TE: 164, a discussion of the molecular causes of surface tension on SE/TE: 168, a 
comparison of the boiling points of water vs. methane (an example of polar vs. nonpolar molecules) 
on SE/TE: 169, and viscosity of a liquid on SE/TE: 169, Connecting Concepts.  
 
Students make a chart that compares and contrasts polar covalent bonds and nonpolar covalent 
bonds. They discuss the bonding atoms’ attractions for electrons, partial charges, and attractions 
between molecules in Evaluate Understanding on TE: 169. In the Connecting Concepts section on 
page SE/TE: 169, they review the description of the physical property viscosity in Section 2.2. 
Students then write a paragraph explaining how attractions between molecules might affect the 
viscosity of a liquid. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

 
Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and/or models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific claims 
or determine an optimal design 
solution. 

 
SE/TE:  
93, Exploration Lab: Investigating 
Changes in Temperature During 
Heating of Solids; 
160, Data Analysis: What 
Determines the Size of an Atom 
or Ion;  
167, Quick Lab: Analyzing Inks; 
273, Data Analysis: Exploring 
Boiling Points of Chlorocarbons 
264, Figure 4: Some Straight-
Chain Alkanes 
 
TE Only:  
48, Teacher Demo: Comparing 
Melting Points; 
169, Evaluate Understanding 

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. 

 
SE/TE:  
164, Properties of Ionic 
Compounds; Figure 7;  
169, Attractions Between 
Molecules; Connecting Concepts 
 
TE Only:  
168, Facts and Figures: Surface 
Tension 
 
LAB:  
15, Investigation 2A: Recognizing 
Chemical and Physical Changes 
 
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. 

 
SE/TE:  
162, Crystal Lattices;  
164, Properties of Ionic 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination 
of the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem. The 
functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
their components are shaped and used, 
and the molecular substructures of its 
various materials. 
• [Clarification Statement for e: The 

relative strength of interactions 
among particles causes different 
bulk properties.] 

 
SE/TE:  
164, Figure 7;  
169, Attractions Between 
Molecules; Connecting Concepts 
 
TE Only:  
168, Facts and Figures: Surface 
Tension 
 
LAB:  
63, Investigation 6B: Comparing 
Ionic and Molecular Compounds 
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267, Teacher Demo: Fractional 
Distillation 

Compounds; Figure 7;  
168, Teacher Demo: Modeling 
Overall Polarity;  
169, Polar and Nonpolar 
Molecules; Attraction between 
molecules 
 
TE Only:  
160, Facts and Figures: Atomic 
and Ionic Radii;  
162, Build Science Skills: 
Applying Concepts;  
168, Teacher Demo: Modeling 
Overall Polarity;  
169, Teacher Demo: Surface 
Tension;  
177, Use Visuals: Explaining 
Properties of Metals 
 
LAB:  
63, Investigation 6B: Comparing 
Ionic and Molecular Compounds 
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HS.PS-CR.a.   Chemical Reactions 
Students who demonstrate understanding can: 
a. Analyze and interpret data to support claims that energy of molecular collisions and the concentration of 

the reacting particles affect the rate at which a reaction occurs. [Assessment Boundary: Limited to simple 
(zero or first order in each reactant) reactions. The exact relationshp between rate and temperature is not 
required.] 
 
PHYSICAL SCIENCE, Concepts in Action: Reaction rates are covered extensively in Section 7.4, 
SE/TE pages 213-214. Students learn about surface area, temperature, stirring, concentration, 
and catalysts.  
 
In the Teacher Demo: Temperature and Rate on TE: 213, students observe the effect of 
temperature on reaction rate in two chemical light sticks, one immersed in warm water, the other 
in cold.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and/or models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific claims 
or determine an optimal design 
solution. 

 
SE/TE:  
214, Figure 22 
 
TE Only:  
213, Teacher Demo: Temperature 
and Rate 
 
• Consider limitations (e.g., measurement 

error, sample selection) when 
analyzing and interpreting data. 

 

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 total binding energy 
(i.e., the sum of all bond energies 
in the set of molecules) that are 
matched by changes in kinetic 
energy. 

 
SE/TE:  
208, Exothermic and Endothermic 
Reactions;  
213-215, Factors Affecting 
Reaction Rates;  
219, Concentration 
 
TE Only:  
208, Facts and Figures: Activation 
Energy 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects.  
 
SE/TE:  
213-215, Factors Affecting 
Reaction Rates;  
218, Factors Affecting Chemical 
Equilibrium 
 
TE Only:  
213, Teacher Demo: Temperature 
and Rate 
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HS.PS-CR.b.   Chemical Reactions 
Students who demonstrate understanding can: 
b. Develop and use models to explain that atoms (and therefore mass) are conserved during a chemical 

reaction. [Clarification Statement: Models can include computer models, ball and stick models, and 
drawings.] [Assessment Boundary: Stoichiometric calculations are not required.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Conservation of mass in chemical reactions is 
explored in the “Inquiry Activity” on SE/TE: 191 and in Section 7.1 on SE/TE: 193. Space-filling 
models are used SE/TE: 194 to illustrate conservation of mass. 
 
Students use models to show mass is conserved in Figure 2 on SE/TE: 193. Students model 
several chemical reactions to demonstrate conservation of mass in Balancing Equations: Use 
Visuals on TE: 194. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Use multiple types of models to 

represent and explain 
phenomena and move flexibly 
between model types based on 
merits and limitations. 

 
SE/TE:  
192-193, Using Equations to 
Represent Reactions;  
193, Figure 2 
 
TE Only:  
193, Build Math Skills; Address 
Misconceptions;  
194, Use Visuals: Balancing 
Equations 
 
LAB:  
57, Investigation 6A: Playing the 
Ionic Compounds Card Game 
 
• Construct, revise, and use models to 

predict and explain relationships 
between systems and their 
components. 

 
SE/TE:  
192, Using Equations to 
Represent Reactions;  
193, Figure 2; Building Math 
Skills 
194, Balancing Equations;  
Figure 4 
 
 
 

PS1.B: Chemical Reactions 
• 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. 

 
SE/TE:  
191, Inquiry Activity: How is Mass 
Conserved in a Chemical Change? 
193, Conservation of Mass;  
194, Balancing Equations,  
Figure 4 
 
TE Only:  
190C, From the Author: Big 
Ideas;  
193, Address Misconceptions; 
194, Use Visuals: Balancing 
Equations 
 
LAB:  
57, Investigation 6A: Playing the 
Ionic Compounds Card Game 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
 
 
SE/TE:  
191, Inquiry Activity: How is Mass 
Conserved in a Chemical Change? 
 
TE Only:  
194, Use Visuals: Balancing 
Equations 
 
LAB:  
57, Investigation 6A: Playing the 
Ionic Compounds Card Game 
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TE Only:  
194, Use Visuals: Balancing 
Equations 
 
LAB: 
53, Investigation 5B: Comparing 
Chemical Properties Within a 
Group;  
57, Investigation 6A: Playing the 
Ionic Compounds Card Game 
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HS.PS-CR.c.   Chemical Reactions 
Students who demonstrate understanding can: 
c. Analyze and interpret data to make claims that reaction conditions can be used to optimize the output of a 

chemical process. [Assessment Boundary: Limited to simple reactions. Reaction conditions are limited to 
temperature, pressure, and concentrations of all substances in the system.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Reaction rates are covered in Section 7.4 on 
SE/TE: 212-215. Students learn about the output of chemical reactions and how they depend on 
ambient conditions in Section 7.5, Equilibrium, on SE/TE: 216-219. Examples of adjusting 
conditions to affect the outcome of a process are given on SE/TE: 218-219 and in the Integrate 
Industry feature on TE: 219, which describes the Haber process for the production of ammonia. 
The Design Your Own Lab, “Manipulating Chemical Equilibrium” on SE/TE pages 220-221 
demonstrates this concept. 
 
In the Integrate Industry feature on TE: 219, students explain which factors are used to optimize 
the output of ammonia. In the Design Your Own Lab, Manipulating Chemical Equilibrium, on SE/TE: 
220-221, students analyze and interpret data showing that changing conditions can change the 
equilibrium point which causes a change in the relative amount of output of products. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and/or models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific claims 
or determine an optimal design 
solution. 

 
SE/TE:  
220-21, Design Your Own Lab 
Manipulating Chemical Equilibrium 
 
TE Only:  
213, Teacher Demo: Temperature 
and Rate 
 
• Consider limitations (e.g., measurement 

error, sample selection) when 
analyzing and interpreting data. 

 

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. 

 
SE/TE:  
212-215, Reaction Rates;  
216-221, Equilibrium 
 
TE Only:  
216, Build Science Skills: Types of 
Equilibria;  
217, Customize for English 
Language Learners: Think-Pair-
Share; Address Misconceptions 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
 
SE/TE:  
220-221, Design Your Own Lab: 
Manipulating Chemical Equilibrium 
 
TE Only:  
213, Teacher Demo: Temperature 
and Rate 
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HS.PS-CR.d.   Chemical Reactions 
Students who demonstrate understanding can: 
d. Construct mathematical models to explain how energy changes in chemical reactions are caused by 

changes in binding energy as the reactants form products and in which changes in the kinetic energy of 
the system can be detected as change in temperature. [Assessment Boundary: Limited to calculating the 
change in binding energy and resulting change in thermal energy for simple chemical reactions, i.e. 
reactions of simple hydrocarbons with oxygen.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Essential background is presented in Section 7.3, Energy Changes in Reactions. Content about 
breaking bonds requiring energy is introduced on SE/TE: 207, and a quantitative description is 
given in the context of exothermic and endothermic reactions on SE/TE: 208-209. Students 
observe a rise in temperature as a consequence of an exothermic reaction in the Activity in TE: 
208. Students address the concept qualitatively in Assessments #11, #17, and #18 on SE/TE: 
223.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Use models (including mathematical and 

computational) to generate data 
to explain and predict 
phenomena, analyze systems, 
and solve problems. 

 
SE/TE:  
207, Figure 17 
 
TE Only:  
206, Build Science Skills – 
Chemical Bonds and Energy 
 

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 total binding energy 
(i.e., the sum of all bond energies 
in the set of molecules) that are 
matched by changes in kinetic 
energy. 

 
SE/TE:  
192-193, Chemical Equations; 
194, Balancing Equations;  
200, Synthesis;  
200, Decomposition;  
202, Single Replacement;  
203, Double Replacement;  
204, Combustion;  
206-207, Chemical Bonds and 
Energy;  
208-209, Exothermic and 
Endothermic Reactions;  
209, Conservation of Energy 
 
TE Only:  
194, Facts and Figures: Rocket 
Fuel;  
208, Build Science Skills: 
Exothermic and Endothermic 
Reactions 
 
PS3.A: Definitions of Energy 
• Chemical energy generally is used to 

mean the energy that can be 
released or stored in chemical 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
 
SE/TE:  
208-209, Exothermic and 
Endothermic Reactions 
 
TE Only:  
208, Build Science Skills: 
Exothermic and Endothermic 
Reactions 
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processes, and electrical energy 
may mean energy stored in a 
battery or energy transmitted by 
electric currents. Historically, 
different units and names were 
used for the energy present in 
these different phenomena, and it 
took some time before the 
relationships between them were 
recognized. 

 
SE/TE:  
208, Exothermic and Endothermic 
Reactions;  
209, Conservation of Energy 
 
TE Only:  
207, Customize for English 
Language Learners: Using 
Metaphors 
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HS.PS-CR.e.   Chemical Reactions 
Students who demonstrate understanding can: 
e. Construct and communicate explanations using the structure of atoms, trends in the periodic table and 

knowledge of the patterns of chemical properties to predict the outcome of simple chemical 
reactions. [Assessment Boundary: Only those chemical reactions readily predictable from the element's 
position on the periodic table and combustion reactions are intended.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The periodic table is presented in Chapter 5, 
specifically Section 5.2, SE/TE: 130-138, covers the modern periodic table. Eight of the eighteen 
groups (the A groups) are discussed in terms of valence electron patterns in Section 5.3 on SE/TE 
pages 139-145. Students learn about valence electrons on SE/TE page 139. Chemical Bonds are 
introduced in Chapter 6. The relation between patterns of electrons in the outer level of atoms and 
the properties of nonmetallic elements is developed in Section 6.1 on SE/TE pages 158-164 and 
Section 6.2 on SE/TE pages 165-169. Students obtain information about electrons and metallic 
bonding on SE/TE pages 176-177. Chemical reactions are covered in Chapter 7. Students predict 
the product of a synthesis reaction in Assessment exercise #7 on page 205. 
   

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Construct and revise explanations and 

arguments based on evidence 
obtained from a variety of 
sources (e.g., scientific principles, 
models, theories) and peer 
review. 

 
SE/TE:  
158, Key Concept;  
159, Figure 2;  
159, Transfer of Electrons;  
195, Math Practice;  
198, Math Practice;  
205, Assessment #7 
 
TE Only:  
159, Build Science Skills: 
Predicting 
 
LAB:  
53, Investigation 5B: Comparing 
Chemical Properties Within a 
Group;  
57, Investigation 6A: Playing the 
Ionic Compounds Card Game 
 

PS1.B: Chemical Reactions 
• 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. 

 
SE/TE:  
158, Key Concept;  
158, Stable Electronic 
Configurations;  
159, Key Concept;  
159, Transfer of Electrons;  
161, Ionization Energy;  
161, Ionic Compounds;  
165-168, Covalent Bonds;  
193, Conservation of Mass 
 
TE Only:  
159, Build Science Skills: 
Predicting;  
193, Address Misconceptions 
 
LAB:  
53, Investigation 5B: Comparing 
Chemical Properties Within a 
Group 
 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied 
and can provide evidence for causality in 
explanations of phenomena. Classifications 
or explanations used at one scale may fail 
or need revision when information from 
smaller or larger scales is introduced; thus 
requiring improved investigations and 
experiments. Patterns of performance of 
designed systems can be analyzed and 
interpreted to reengineer and improve the 
system. Mathematical representations are 
needed to identity some patterns. 
 
SE/TE:  
117, Atomic Orbitals;  
117, Figure 15;  
132-133, Periodic Table of the 
Elements;  
192, Using Equations to 
Represent Reactions;  
194, Balancing Equations;  
200, Synthesis 
200, Decomposition;  
202, Single Replacement;  
203, Double Replacement;  
204, Combustion;  
204, Oxidation;  
205, Reduction 
 
TE Only:  
159, Build Science Skills: 
Predicting;  
161, Facts and Figures: Ionization 
Energy;  
161, Use Visuals: Figure 3 
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LAB:  
53, Investigation 5B: Comparing 
Chemical Properties Within a 
Group;  
57, Investigation 6A: Playing the 
Ionic Compounds Card Game 
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HS.PS-CR.f.   Chemical Reactions 
Students who demonstrate understanding can: 
f. Construct and communicate explanations that show how chemical processes and/or properties of 

materials are central to biological and geophysical systems. [Clarification Statement: Chemical processes 
can include oxidation of hydrocarbons, and the reaction of CO2 and H2O to give hydrocarbons. Properties 
of materials can include water expanding when freezing.]  [Assessment Boundary: Restricted to overall 
chemical processes (for example, oxidation of carbon compounds), or construction of carbon 
compounds (photosynthesis); details of biochemical pathways are not required (for example, Krebs 
Cycle).] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Organic chemistry is introduced in Chapter 9, Carbon Chemistry, especially in Sections 9.3, 
Polymers, and 9.4, Reactions in Cells. 
 
Students construct and communicate explanations of the products of photosynthesis and cellular 
respiration in Assessment #24 on Page 287. They describe the role enzymes play in cells in 
Assessment #25.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Construct and revise explanations and 

arguments based on evidence 
obtained from a variety of 
sources (e.g., scientific principles, 
models, theories) and peer 
review. 

 
SE/TE:  
218, Problem-Solving Activity: 
Recreating at High Altitudes;  
287, Assessment #24, #25 
 
TE Only:  
283, Customize for Inclusion 
Students: Gifted 
 
LAB:  
89, Investigation 9A: Testing for 
Nutrients in Food; 
97, Investigation 9B: Cross-
Linked Polymers 
 

PS1.B: Chemical Reactions 
• Chemical processes and properties of 

materials underlie many 
important biological and 
geophysical phenomena.  

 
SE/TE:  
218, Problem-Solving Activity: 
Recreating at High Altitudes;  
249, Electrolytes;  
250-251, Concepts in Action: 
River of Life;  
267, Fossil Fuels;  
269, Acid Rain; 
278, Natural Polymers;  
279, Nucleic Acids;  
279, Figure 16;  
280, Proteins;  
282-284, Reactions in Cells;  
282, Photosynthesis;  
283, Figure 19;  
283, Cellular Respiration 
 
TE Only:  
282, Build Reading Literacy: 
Photosynthesis;  
282, Integrate Biology;  
283, Teacher Demo: 
Photosynthesis and Cellular 
Respiration;  
283, Customize for Inclusion 
Students: Gifted;  
284, Teacher Demo: Denaturing 
an Enzyme;  
476, Facts and Figures: Thermal 
Contraction 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied 
and can provide evidence for causality in 
explanations of phenomena. Classifications 
or explanations used at one scale may fail or 
need revision when information from smaller 
or larger scales is introduced; thus requiring 
improved investigations and experiments. 
Patterns of performance of designed 
systems can be analyzed and interpreted to 
reengineer and improve the system. 
Mathematical representations are needed to 
identity some patterns. 
 
SE/TE:  
278, Natural Polymers;  
279, Nucleic Acids;  
279, Figure 16;  
280, Proteins 
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LAB:  
89, Investigation 9A: Testing for 
Nutrients in Food;  
97, Investigation 9B: Cross-
Linked Polymers 
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HS.PS-CR.g.   Chemical Reactions 
Students who demonstrate understanding can: 
g. Use system models (computers or drawings) to construct molecular-level explanations to predict the 

behavior of systems where a dynamic and condition-dependent balance between a reaction and the 
reverse reaction determines the numbers of all types of molecules present. [Assessment Boundary: 
Limited to simple reactions, adding or removing one reactant or product at a time.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Equilibrium is explored in Section 7.5 on SE/TE: 219-219. Physical and chemical equilibria are 
distinguished on page 217. Le Châtelier’s principle is introduced on SE/TE:  218, and is applied to 
temperature, pressure, and concentration. The Haber process is briefly covered on SE/TE: 219. 
 
Students model equilibrium between aqueous and solid water at the molecular level in Section 7.5  
Assessment #6 on SE/TE: 219. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Construct, revise, and use models to 

predict and explain relationships 
between systems and their 
components. 

 
SE/TE:  
216, Build Science Skills: Types of 
Equilibria;  
217, Physical Equilibrium;  
217, Chemical Equilibrium;  
217, Figure 25 
 
TE Only:  
217, Use Visuals 
 

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. 

 
SE/TE:  
216-219, Equilibrium; 
218, Problem-Solving Activity: 
Recreating High Altitudes;  
220-221, Design Your Own Lab 
 
TE Only:  
219, Integrate Industry 
 
 

Energy and Matter 
The total amount of energy and matter in 
closed systems is conserved. Changes of 
energy and matter in a system can be 
described in terms of energy and matter 
flows into, out of, and within that system. 
Energy cannot be created or destroyed—it 
only moves between one place and another 
place, between objects and/or fields, or 
between systems. Energy drives the cycling 
of matter within and between systems. In 
nuclear processes, atoms are not 
conserved, but the total number of protons 
plus neutrons is conserved. 
• [Clarification Statement for g: Dynamic 

and condition-dependent 
balances are dependent on 
matter and energy flows.] 

 
SE/TE:  
191, Inquiry Activity: How is Mass 
Conserved in a Chemical 
Change?;  
193, Conservation of Mass;  
206, Chemical Bonds and Energy; 
208, Exothermic and Endothermic 
Reactions;  
209, Conservation of Energy; 
217, Figure 25 
 
TE Only:  
208, Build Science Skills: 
Exothermic and Endothermic 
Reactions;  
209, Address Misconceptions 
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HS.PS-CR.h.   Chemical Reactions 
Students who demonstrate understanding can: 
h. Construct explanations using data from system models or simulations to support the claim that systems 

with many molecules have predictable behavior, but that the behavior of individual molecules is 
unpredictable. 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Much of Chapter 3, States of Matter, SE/TE pages 66-95, contains atomic and molecular 
explanations of macroscopic properties (pressure, temperature, volume). Students learn about 
kinetic theory in Section 3.1 on SE/TE: 71, applied to the behavior of gases, SE/TE: 72, liquids, 
SE/TE: 73, and solids SE/TE: 74.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Make quantitative claims regarding the 

relationship between dependent 
and independent variables. 

• Apply scientific reasoning, theory, and 
models to link evidence to claims 
and show why the data are 
adequate for the explanation or 
conclusion. 

 

PS2.C: Stability and Instability in 
Physical Systems 
• When a system has a great number of 

component pieces, one may not 
be able to predict much about its 
precise future. For such systems 
(e.g., with very many colliding 
molecules), one can often predict 
average but not detailed 
properties and behaviors (e.g., 
average temperature, motion, 
and rates of chemical change but 
not the trajectories or other 
changes of particular molecules). 

 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
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HS.PS-NP.a.   Nuclear Processes 
Students who demonstrate understanding can: 
a. Construct models to explain changes in nuclear energies during the processes of fission, fusion, and 

radioactive decay and the nuclear interactions that determine nuclear stability. [Assessment Boundary: 
Models to exclude mathematical representations. Radioactive decays limited to alpha, beta, and gamma.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Fission, fusion, radioactive decay, and the energy associated with each are presented in Chapter 
10, Nuclear Chemistry.  Students learn about alpha, beta, and gamma decay are in the first 
section, 10.1. Fission, fusion, and their associated energy balances are explored in Section 10.4, 
which includes Einstein’s mass-energy relation, E=mc2. Fission as a source of energy is covered on 
SE/TE: 312-313.  
 
Students balance a nuclear equation on SE/TE: 295. Students model a chain reaction in the 
Exploration Lab on SE/TE: 316-317.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Construct, revise, and use models to 

predict and explain relationships 
between systems and their 
components. 

 
SE/TE: 
316-317, Exploration Lab: 
Modeling a Chain Reaction;  
320, Assessment #23, #24 
 
TE Only:  
310, Build Math Skills;  
 
LAB:  
101, Investigation 10A: Modeling 
Radioactive Decay;  
 

PS1.C: Nuclear Processes 
• Nuclear processes, including fusion, 

fission, and radioactive decays of 
unstable nuclei, involve changes 
in nuclear binding energies. 

 
SE/TE:  
310, Figure 18;  
310, Converting Mass Into 
Energy;  
311, Figure 19 
 
• The total number of neutrons plus 

protons does not change in any 
nuclear process. 

 
SE/TE:  
292, Nuclear Decay;  
293-294, Types of Nuclear 
Radiation;  
295, Math Skills: Balancing 
Nuclear Equations 
TE Only:  
295, Additional Problems 
 
• Strong and weak nuclear interactions 

determine nuclear stability and 
processes. 

SE/TE:  
308, Nuclear Forces;  
308, Key Concept;  
379, Key Concept;  
379, Strong Nuclear Force;  
380, Weak Nuclear Force 
TE Only:  
308, Use Visuals: Nuclear Forces; 
379, Teacher Demo: Nuclear 
Forces 
 

Energy and Matter 
The total amount of energy and matter in 
closed systems is conserved. Changes of 
energy and matter in a system can be 
described in terms of energy and matter 
flows into, out of, and within that system. 
Energy cannot be created or destroyed—
only moves between one place and another 
place, between objects and/or fields, or 
between systems. Energy drives the cycling 
of matter within and between systems. In 
nuclear processes, atoms are not 
conserved, but the total number of protons 
plus neutrons is conserved. 
 
SE/TE:  
310, Converting Mass Into 
Energy;  
312, Nuclear Energy from Fission; 
315, Fusion 
 
TE Only:  
310, Build Math Skills 
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HS.PS-NP.b.   Nuclear Processes 
Students who demonstrate understanding can: 
b. Analyze and interpret data sets to determine the age of samples (rocks, organic material) using the 

mathematical model of radioactive decay. [Assessment Boundary: Mathematical model limited to 
graphical representations.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Related content: Radioisotope dating is explored in Section 10.2, Rates of Nuclear Decay. 
Carbon-14 receives the primary focus, but the use of other isotopes with longer half lives for dating 
geological samples is covered on page 301. Students model half-life in the Quick Lab on SE/TE: 
300.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific claims 
or determine an optimal design 
solution. 

 
Using Mathematics and Computational 
Thinking 
Mathematical and computational thinking at 
the 9–12 level builds on K–8 and 
progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear 
functions including trigonometric functions, 
exponentials and logarithms, and 
computational tools for statistical analysis to 
analyze, represent, and model data. 
Students also use and create simple 
computational simulations based on 
mathematical models of basic assumptions. 
• Use statistical and mathematical 

techniques and structure data 
(e.g., displays, tables, and 
graphs) to find regularities, 
patterns (e.g., fitting 
mathematical curves to data), 
and relationships in data. 

 

PS1.C: Nuclear Processes 
• Spontaneous radioactive decays follow 

a characteristic exponential 
decay law. Nuclear lifetimes allow 
radiometric dating to be used to 
determine the ages of rocks and 
other materials from the isotope 
ratios present. 

 
SE/TE:  
299, Half Life; Figure 9; Figure 
10;  
300, Radioactive Dating 
300-301, Quick Lab: Modeling 
Half-Life;  
 
TE Only:  
299, Use Visuals: Half Life;  
Teacher Demo: Predicting Decay; 
Customize for Inclusion Students: 
Visually Impaired; 
300, Facts and Figures: 
Radiocarbon Dating 
 
 

Stability and Change 
Much of science deals with constructing 
explanations of how things change and how 
they remain stable. Change and rates of 
change can be quantified and modeled over 
very short or very long periods of time. 
Some system changes are irreversible. 
Feedback (negative or positive) can 
stabilize or destabilize a system. Systems 
can be designed for greater or lesser 
stability.  
 
SE/TE:  
299, Half Life; Figure 9; Figure 
10;  
300, Quick Lab: Modeling Half-
Life 
 
TE Only:  
299, Use Visuals: Half Life;  
Teacher Demo: Predicting Decay;  
Customize for Inclusion Students: 
Visually Impaired 
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HS.PS-NP.c.   Nuclear Processes 
Students who demonstrate understanding can: 
c. Ask questions and make claims about the relative merits of nuclear processes compared to other types 

of energy production. [Clarification Statement: Students are given data about energy production methods, 
such as burning coal versus using nuclear reactors.] [Assessment Boundary: Students only analyze data 
provided. Merits only include economic, safety, and environmental.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Nuclear power is explored in Section 10.4 on SE/TE: 308-315. Students learn about coal 
gasification on SE/TE: 270-271, and solar power, both in heating and photovoltaic generated 
electricity, on SE/TE: 484-485. Conventional power plants are presented on SE/TE: 642-647. 
 
Students compare fossil fuel combustion with nuclear fission as an energy source in the 
Connecting Concepts feature in the Section 10.4 Assessment, Connecting Concepts, on SE/TE: 315. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Asking Questions and Defining 
Problems 
Asking questions and defining problems in 
grades 9–12 builds from grades K–8 
experiences and progresses to formulating, 
refining, and evaluating empirically testable 
questions and explanatory models and 
simulations. 
• Ask questions that challenge the 

premise of an argument, the 
interpretation of a data set, or the 
suitability of a design. 

 
SE/TE:  
312, Science and History: Nuclear 
Chemistry;  
314, Section 10.4 Assessment: 
Connecting Concepts  
 
TE Only:  
313, Use Community Resources 
 
Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific claims 
or determine an optimal design 
solution. 

 

PS3.D: Energy in Chemical Processes 
and Everyday Life 
• All forms of electricity generation and 

transportation fuels have 
associated economic, social, and 
environmental costs and benefits, 
both short and long term. 

 
SE/TE:  
270-271, Concepts in Action: 
Breathing Easy;  
312, Nuclear Energy from Fission 
 

Connections to Engineering, 
Technology, and Applications of 
Science 
  
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including 
some that were not anticipated. Analysis of 
costs and benefits is a critical aspect of 
decisions about technology. 
 
SE/TE: 
270-271, Concepts in Action: 
Breathing Easy;  
312, Nuclear Energy from Fission; 
314, How It Works: Nuclear 
Power Station,  
484-485, Solar Home 
 
TE Only:  
312, Science and History: Nuclear 
Chemistry;  
313, Use Community Resources 
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HS.PS-FM.a.   Forces and Motion 
Students who demonstrate understanding can: 
a. Plan and carry out investigations to show that the algebraic formulation of Newton’s second law of 

motion accurately predicts the relationship between the net force on macroscopic objects, their mass, 
and acceleration and the resulting change in motion. [Assessment Boundary: Restricted to one- and two-
dimensional motion and does not include rotational motion. Does not apply in the case of subatomic 
scales or for speeds close to the speed of light. Calculations restricted to macroscopic objects moving at 
non-relativistic speeds.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Newton’s laws are presented in Sections 12.2 and 12.3. The Exploration Lab on SE/TE: 383 directs 
students to construct an experiment and evaluate the average velocity of balloon jets with 
different masses. The lab may easily be extended to include using the algebraic form of Newton’s 
second law using data collected in the lab. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them. 

 
Related Content  
SE/TE: 
383, Exploration Lab: 
Investigating a Balloon Jet 
 
TE Only:  
365, Teacher Demo: Newton’s 
Second Law of Motion;  
367, Teacher Demo: Newton’s 
Second Law of Motion 
 

PS2.A: Forces and Motion 
• Newton’s second law accurately predicts 

changes in the motion of 
macroscopic objects, but it 
requires revision for subatomic 
scales or for speeds close to the 
speed of light. 

 
Related content:  
SE/TE:  
365-369, Newton’s Second Law of 
Motion;  
383, Exploration Lab: 
Investigating a Balloon Jet;  
Address Misconceptions 
 
TE Only:  
365, Teacher Demo: Newton’s 
Second Law of Motion;  
367, Teacher Demo: Newton’s 
Second Law of Motion 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
 
Related content:  
SE/TE:  
383, Exploration Lab: 
Investigating a Balloon Jet;  
386, Assessment #29 
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HS.PS-FM.b.   Forces and Motion 
Students who demonstrate understanding can: 
b. Generate and analyze data to support the claim that the total momentum of a closed system of 

objects before an interaction is the same as the total momentum of the system of objects after an 
interaction. [Clarification Statement: Conservation of momentum is the focus.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science: Concepts in Action where this idea is introduced. 
 
Momentum and its conservation are explored in SE/TE Section 12.3, Newton’s third law of motion 
and momentum. Students calculate momentum on SE/TE: 375. They also analyze data from the 
momentum of a falling object vs. time on SE/TE: 377.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and/or models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific 
claims. 

 
SE/TE: 
378, Data Analysis: Momentum  

PS2.A: Forces and Motion 
• Momentum is defined for a particular 

frame of reference; it is the mass 
times the velocity of the object. 

• In any system, total momentum is 
always conserved. 

 
SE/TE:  
372, Newton’s Third Law of 
Motion;  
374-375,  Momentum;  
376-377, Conservation of 
Momentum;  
376, Figure 17;  
378, Data Analysis: Momentum 
 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models. 
 
SE/TE:  
376, Figure 17 
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HS.PS-FM.c.   Forces and Motion 
Students who demonstrate understanding can: 
c. Use algebraic equations to predict the velocities of objects after an interaction when the masses and 

velocities of objects before the interaction are known. [Assessment Boundary: Restricted to macroscopic 
interactions and only two objects moving in one or two dimensions.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Momentum and conservation of momentum are 
introduced in Section 12.3, “Newton’s Third Law of Motion and Momentum” on SE/TE pages 372-
377.  
 
Students calculate momentum and speed using algebraic equations in Data Analysis: Momentum 
on SE/TE page 377.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Using Mathematics and Computational 
Thinking 
Mathematical and computational thinking at 
the 9–12 level builds on K–8 and 
progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear 
functions including trigonometric functions, 
exponentials and logarithms, and 
computational tools for statistical analysis to 
analyze, represent, and model data. Simple 
computational simulations are created and 
used based on mathematical models of 
basic assumptions. 
• Use mathematical expressions to 

represent phenomena or design 
solutions in order to solve 
algebraically for desired 
quantities. 

 
SE/TE:  
377, Data analysis 
 

PS2.A: Forces and Motion 
• In any system, total momentum is 

always conserved. 
 
SE/TE:  
376, Conservation of Momentum; 
Figure 17 
 
• If a system interacts with objects outside 

itself, the total momentum of the 
system can change; however, 
any such change is balanced by 
changes in the momentum of 
objects outside the system. 

 
SE/TE:  
372, Newton’s Third Law of 
Motion;  
374-375,  Momentum;  
376-377, Conservation of 
Momentum;  
376, Figure 17;  
378, Data Analysis: Momentum 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
 
SE/TE:  
383, Exploration Lab 
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HS.PS-FM.d.   Forces and Motion 
Students who demonstrate understanding can: 
d. Design and evaluate devices that minimize the force on a macroscopic object during a collision. 

 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Momentum and conservation of momentum are explored in Section 12.3, Newton’s Third Law of 
Motion and Momentum, on SE/TE: 372-377. Students gain understanding of momentum through 
the Teacher Demo on TE: 374, padding a water balloon to keep it from bursting on impact with the 
ground.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Apply scientific knowledge to solve 

design problems by taking into 
account possible unanticipated 
effects. 

 
• Evaluate the claims, evidence, and 

reasoning of currently accepted 
explanations or solutions as a 
basis for the merits of the 
arguments. 

 
SE/TE:  
377, Assessment #5-7; Writing in 
Science 

PS2.A: Forces and Motion 
• If a system interacts with objects outside 

itself, the total momentum of the 
system can change; however, 
any such change is balanced by 
changes in the momentum of 
objects outside the system. 

 
SE/TE:  
366, How It Works: Crash-Test 
Dummies; 
372, Newton’s Third Law of 
Motion;  
374-375,  Momentum;  
376-377, Conservation of 
Momentum 
 
PS2.C: Stability and Instability in 
Physical Systems 
• Systems often change in predictable 

ways; understanding the forces 
that drive the transformations and 
cycles within a system, as well as 
the forces imposed on the system 
from outside, helps predict its 
behavior under a variety of 
conditions. 

 
SE/TE:  
372, Newton’s Third Law of 
Motion;  
374-375,  Momentum;  
376-377, Conservation of 
Momentum 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
 
SE/TE:  
377, Assessment #5-7;  
383, Exploration lab: 
Investigating a Balloon Jet 
 
TE Only:  
364, Build Science Skills: 
Inferring 
 
Connections to Engineering, 
Technology, Applications of Science 
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including 
some that were not anticipated. Analysis of 
costs and benefits is a critical aspect of 
decisions about technology. 
 
SE/TE:  
364-365, Figure 12  
TE Only:  
201, For Enrichment;  
366, Facts and Figures, Bike 
Helmets 
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HS.PS-FM.e.   Forces and Motion 
Students who demonstrate understanding can: 
e. Construct a scientific argument supporting the claim that the predictability of changes within systems 

can be understood by defining the forces and changes in momentum both inside and outside the 
system. [Assessment Boundary: Restricted to macroscopic interactions.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Momentum and conservation of momentum are explored in Section 12.3, Newton’s Third Law of 
Motion and Momentum on SE/TE: 372-377. Students learn about universal forces in Section 12.4, 
Universal Forces, SE/TE: 378-382. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–
12 builds from K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific reasoning 
to defend and critique claims and 
explanations about the natural and 
designed world. Arguments may also come 
from current scientific or historical episodes 
in science. 
• Evaluate the claims, evidence, and 

reasoning of currently accepted 
explanations or solutions as a 
basis for the merits of the 
arguments. 

 

PS2.A: Forces and Motion 
• If a system interacts with objects outside 

itself, the total momentum of the 
system can change; however, 
any such change is balanced by 
changes in the momentum of 
objects outside the system. 

 
SE/TE:  
372, Newton’s Third Law of 
Motion;  
374-375,  Momentum;  
376-377, Conservation of 
Momentum;  
378-379,  Electromagnetic 
Forces;  
379-380, Nuclear Forces;  
380-382, Gravitational Forces 
 
PS2.C: Stability and Instability in 
Physical Systems 
• Systems often change in predictable 

ways; understanding the forces 
that drive the transformations and 
cycles within a system, as well as 
the forces imposed on the system 
from outside, helps predict its 
behavior under a variety of 
conditions. 

 
SE/TE:  
372, Newton’s Third Law of 
Motion;  
374-375,  Momentum;  
376-377, Conservation of 
Momentum;  
378-379,  Electromagnetic 
Forces;  
379-380, Nuclear Forces;  
380-382, Gravitational Forces 
 
 
 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models. 
 
SE/TE:  
372, Newton’s Third Law of 
Motion;  
374-375,  Momentum;  
376-377, Conservation of 
Momentum;  
378-379,  Electromagnetic 
Forces;  
379-380, Nuclear Forces;  
380-382, Gravitational Forces 
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HS.PS-FM.f.   Forces and Motion 
Students who demonstrate understanding can: 
f. Communicate arguments to support claims that Newton’s laws of motion apply to macroscopic objects 

but not to objects at the subatomic scales or speeds close to the speed of light. [Assessment Boundary: 
No details of quantum physics or relativity are included.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The focus of this program is to enable all students 
to make the important connection between the science they read and what they experience every 
day. This expectation falls outside of the program scope and sequence. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–
12 builds from K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific reasoning 
to defend and critique claims and 
explanations about the natural and 
designed world. Arguments may also come 
from current scientific or historical episodes 
in science. 
• Evaluate the claims, evidence, and 

reasoning of currently accepted 
explanations or solutions as a 
basis for the merits of the 
arguments. 

 

PS2.A: Forces and Motion 
• Newton’s second law accurately predicts 

changes in the motion of 
macroscopic objects, but it 
requires revision for subatomic 
scales or for speeds close to the 
speed of light. 
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HS.PS-IF.a.   Interactions of Forces 
Students who demonstrate understanding can: 
a. Use mathematical expressions to determine the relationship between the variables in Newton's Law of 

Gravitation and Coulomb's Law and use these to predict the electrostatic and gravitational forces 
between objects. [Assessment Boundary: Only situations with two objects are predicted.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Newton’s law of gravitation is explored in Section 12.4 on SE/TE: 380-382 and in Facts and 
Figures, on TE: 380. Students learn Coulomb’s law in Section 20.1 on SE/TE: 601. A quantitative 
comparison with gravity is presented in Facts and Figures on TE: 602.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Using Mathematics and Computational 
Thinking 
Mathematical and computational thinking at 
the 9–12 level builds on K–8 and 
progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear 
functions including trigonometric functions, 
exponentials and logarithms, and 
computational tools for statistical analysis to 
analyze, represent, and model data. Simple 
computational simulations are created and 
used based on mathematical models of 
basic assumptions. 
• Use mathematical expressions to 

represent phenomena or design 
solutions in order to solve 
algebraically for desired 
quantities. 

 
TE Only:  
380, Facts and Figures;  
602, Facts and Figures 
 
 

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. 

 
SE/TE:  
380, Gravitational Force;  
380, Figure 21;  
601, Electric Forces, Figure 3; 
602, Electric Fields 
 
TE Only:  
380, Facts and Figures;  
598C, Physics Refresher: Electric 
Charges, Forces, and Fields; 
602, Facts and Figures 
 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects.  
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HS.PS-IF.b.   Interactions of Forces 
Students who demonstrate understanding can: 
b. Use models to demonstrate that electric forces at the atomic scale affect and determine the structure, 

properties (including contact forces), and transformations of matter. [Clarification Statement: Models can 
include graphical and computer models. Examples of properties and transformations of matter can 
include intermolecular forces, chemical bonding, and enzyme-substrate interaction.] [Assessment 
Boundary: Only a qualitative understanding is expected.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science: Concepts in Action where this idea is introduced. 
 
Crystal lattices are presented on SE/TE: 162, and How It Works, Synthetic Rubies, SE/TE: 163, 
explains the production of a synthetic crystal. Students learn about electrical attractions between 
molecules in Section 6.2 on SE/TE: 165-169. Examples of how intermolecular forces affect other 
bulk properties are provided, including a comparison of the boiling points of water vs. methane (an 
example of polar vs. nonpolar molecules) on SE/TE: 169, a discussion of the molecular causes of 
surface tension on SE/TE: 168, fracturing of ionic crystals on SE/TE: 164, Figure 7, and viscosity of 
a liquid on SE/TE: 169, Connecting Concepts.  
 
In the Connecting Concepts feature on SE/TE: 169, students review the description of the physical 
property viscosity in Section 2.2. They write a paragraph explaining how attractions between 
molecules might affect the viscosity of a liquid. Students compare and contrast polar covalent 
bonds and nonpolar covalent bonds in a chart that they create in Evaluate Understanding on TE: 
169. They discuss the bonding atoms’ attractions for electrons, partial charges, and attractions 
between molecules. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Construct, revise, and use models to 

predict and explain relationships 
between systems and their 
components. 

 
SE/TE:  
162, Figure 5;  
164, Figure 7 
 
TE Only:  
168, Teacher Demo: Modeling 
Overall Polarity;  
 
LAB:  
43, Investigation 4B: Modeling 
the Location of an Electron in an 
Atom;   

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. 

 
SE/TE:  
162, Crystal Lattices;  
164, Properties of Ionic 
compounds; Figure 7;  
165-167, Covalent Bonds;  
168, Polar covalent Bonds; Polar 
and Nonpolar Molecules;  
169, Attraction between 
molecules 
177, Explaining Properties of 
Metals 
 
TE Only:  
168, Facts and Figures: Surface 
Tension;  
169, Teacher Demo: Surface 
Tension;  
177, Teacher Demo: Comparing 
Bond Types 
LAB:  
63, Investigation 6B: Comparing 
Ionic and Molecular Compounds;  

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
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HS.PS-IF.c.   Interactions of Forces 
Students who demonstrate understanding can: 
c. Plan and carry out investigations to demonstrate the claim that magnets, electric currents, or changing 

electric fields cause magnetic fields and electric charges or changing magnetic fields cause electric 
fields. [Assessment Boundary: Qualitative observations only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Electric fields are presented on SE/TE: 602.  Students learn about magnetic fields on SE/TE: 631-
632. The connection between electricity and magnetism is covered on SE/TE: 533. The connection 
between electricity and magnetism is further explored on SE/TE: 634-636. 
 
Students construct an electromagnet in the Quick Lab on SE/TE: 637. They are directed to 
explain how the electric current created a magnet. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them. 

 
SE/TE:  
637, Quick Lab: Making an 
Electromagnet 
 
TE Only:  
638, Teacher Demo: 
Electromagnetic Force 
 
LAB:  
221, Investigation 21A: Studying 
Electromagnetic Induction;  
227, Investigation 21B: Making a 
Compass 
 
 

PS2.B: Types of Interactions 
• Forces at a distance are explained by 

fields permeating space that can 
transfer energy through space. 
Magnets or changing electric 
fields cause magnetic fields; 
electric charges or changing 
magnetic fields cause electric 
fields.  

 
SE/TE:  
533, What are Electromagnetic 
Waves?  
602, Electric Fields;  
631-632, Magnetic Fields;  
635-636, Electricity and 
Magnetism  
 
TE Only:  
636, Teacher Demo: Magnetic 
Field from Electrical Current;  
637, Facts and Figures: Big 
Magnets 
 
LAB:  
221, Investigation 21A: Studying 
Electromagnetic Induction 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects.  
 
SE/TE:  
637-638, Solenoids and 
Electromagnets 
 
LAB:  
221, Investigation 21A: Studying 
Electromagnetic Induction 
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HS.PS-IF.d.   Interactions of Forces 
Students who demonstrate understanding can: 
d. Obtain, evaluate, and communicate information to show that strong and weak nuclear interactions inside 

atomic nuclei determine which nuclear isotopes are stable, and that the pattern of decay of an unstable 
nucleus can often be predicted. [Clarification Statement: Types of decay in unstable nuclei can inlude 
alpha or beta radiation.] [Assessment Boundary: Only a qualitative understanding of nuclear interactions 
is expected.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Nuclear chemistry is explored in Chapter 10 on 
SE/TE: 290-321. Students learn about nuclear decay on SE/TE: 292-296 and SE/TE: 298-299. The 
strong nuclear force is presented on SE/TE: 308-309 and both strong and weak forces are covered 
on SE/TE: 379-380. The effect of size on the stability of nuclei is presented on SE/TE: 309.  
 
Students communicate information on SE/TE: 297, Section 10.1 Assessment #1 and 8, and on 
SE/TE: 315, Section 10.4 Assessment #1, 3, and 7. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and communicating 
information in 9–12 builds on 6–8 and 
progresses to evaluate the validity and 
reliability of the claims, methods, and 
designs. 
• Generate, synthesize, communicate, 

and critique claims, methods and 
designs that appear in scientific 
and technical texts or media 
reports. 

 
SE/TE:   
308, Figure 15;  
309, Figure 16; 309, The Effect of 
Size on Nuclear Forces; Unstable 
Nuclei 
 
TE Only:  
296, Use Community Resources; 
Integrate Earth Science;  
297, Detecting Nuclear Radiation; 
309, Build Reading Literacy: 
Fission 
 

PS2.B: Types of Interactions 
• The strong and weak nuclear 

interactions are important inside 
atomic nuclei—for example, they 
determine the patterns of which 
nuclear isotopes are stable and 
what kind of decays occur for 
unstable ones. 

 
SE/TE:  
299-300, Half-Life; 
308, Nuclear Forces;  
309, The Effect of Size on Nuclear 
Forces; Unstable Nuclei;  
379-380, Nuclear Forces 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects.  
 
SE/TE:  
309, The Effect of Size on Nuclear 
Forces; Figure 16; Unstable 
Nuclei 
 
TE Only:  
309, Build Reading Literacy: 
Fission 
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HS.PS-IF.e.   Interactions of Forces 
Students who demonstrate understanding can: 
e. Obtain, evaluate, and communicate information to show how scientists and engineers take advantage 

of the effects of electrical and magnetic forces in materials to design new devices and materials through a 
process of research and development. [Clarification Statement: Designed devices can include magnetic 
strips on credit cards, laser printers, and photo copiers.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Section 20.4 presents electronic devices and the physics of how they work, covering the most basic 
materials in electronics, semiconductors, diodes, and transistors on SE/TE: 621-622. Magnetic 
materials are introduced and their underlying physics explained, on SE/TE: 632-633.  Students 
learn about applications to specific devices on SE/TE: 622, Integrated Circuits and 
Communications Technology, SE/TE: 608, a comparison of fuel cell vs. battery technology for 
electric cars; SE/TE page 634, “Anti-Theft Security Devices;” and SE/TE pages 640-641, magnetic-
resonance imaging. They obtain information about more basic devices such as Galvanometers on 
SE/TE: 638; Electric Motors and Loudspeakers; SE/TE: 639, Generators; SE/TE: 643, Transformers 
including cores; SE/TE: 644 and the Application Lab on SE/TE: 648-649, where they build an 
electric generator.   

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and communicating 
information in 9–12 builds on 6–8 and 
progresses to evaluate the validity and 
reliability of the claims, methods, and 
designs. 
• Generate, synthesize, communicate, 

and critique claims, methods and 
designs that appear in scientific 
and technical texts or media 
reports. 

 
SE/TE:  
641, Going Further 
 
TE Only:  
634, For Enrichment;  
639, Evaluate Understanding 
 

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. 

 
SE/TE:  
162, Crystal Lattices;  
163, How it Works: Synthetic 
Rubies; 
164, Properties-Ionic Compounds;  
164, Figure 7;  
165-167, Covalent Bonds;  
168, Polar covalent Bonds;  
168, Polar and Nonpolar 
Molecules;  
169, Attraction between 
molecules;  
177, Explaining Properties of 
Metals 
182, Concepts in Action: Chipping 
In 
 
TE Only:  
168, Facts and Figures: Surface 
Tension;  
169, Teacher Demo: Surface 
Tension;  
177, Teacher Demo: Comparing 
Bond Types 
LAB:  
63, Investigation 6B: Comparing 
Ionic and Molecular Compounds 

Connections to Engineering, 
Technology, and Applications of 
Science 
Interdependence of Science, 
Engineering, and Technology 
Science and engineering complement each 
other in the cycle known as research and 
development (R&D). Many R&D projects 
may involve scientists, engineers, and 
others with wide ranges of expertise. 
 
Related Content:  
SE/TE:  
178-179, Science and History:  
Milestones in Metallurgy;  
312-313, Science and History: 
Nuclear Chemistry;  
422-423, Science and History: 
Innovations of the Industrial 
Revolution;  
518-519, Science and History: 
Sound Recording;  
582-583, Science and History: 
Photography 
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HS.PS-E.a.   Energy 
Students who demonstrate understanding can: 
a. Construct and defend models and mathematical representations that show that over time the total energy 

within an isolated system is constant, including the motion and interactions of matter and radiation within 
the system. [Assessment Boundary: Computational accounting for energy in a system limited to systems 
of two or three components.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science: Concepts in Action where this idea is introduced. 
 
Conservation of energy is presented in the context of chemical reactions, specifically endothermic 
vs. exothermic, in Section 7.3, on SE/TE: 209. It is covered again and in more detail on SE/TE: 455 
and in “Facts and Figures: Dark Energy and the Expanding Universe” on TE: 455. Students learn  
about the conversion of energy into various forms in Section 15.2 on SE/TE: 454 and 456-459.  
 
Students help demonstrate conservation of energy and the conversion between kinetic and 
potential energy in a pendulum in the Teacher Demo on TE: 456. Students observe the rise in 
temperature in their hands after kinetic energy is converted into thermal energy via friction in the 
Address Misconceptions feature on TE: 457.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Use multiple types of models to 

represent and explain 
phenomena and move flexibly 
between model types based on 
merits and limitations. 

 
Using Mathematics and Computational 
Thinking 
Mathematical and computational thinking at 
the 9–12 level builds on K–8 and 
progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear 
functions including trigonometric functions, 
exponentials and logarithms, and 
computational tools for statistical analysis to 
analyze, represent, and model data. Simple 
computational simulations are created and 
used based on mathematical models of 
basic assumptions. 
• Use mathematical or algorithmic 

representations of phenomena or 
design solutions to create 
explanation, computational 
models, or simulations. 

 
SE/TE:  
458, Math Skills: Conservation of 
Mechanical Energy; Math 
Practice;  
459, Section 15.2 Assessment  
#7-10 
 

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. 

 
SE/TE:  
206-207, Chemical Bonds and 
Energy; 
446-452, Energy and its forms; 
453-461, Energy Conservation 
and Conversion 
 
TE Only:  
455, Facts and Figures: Dark 
Energy and the Expanding 
Universe 
 
• 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.  

 
SE/TE:  
209-209, Exothermic and 
Endothermic Reactions; 
209, Conservation of Energy; 
454, Energy Conversion;  
455, Conservation of Energy; 
456-458, Energy Conversions; 
481, Radiation 
 
 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models.  
• [Clarification Statement for all PEs: 

Energy transfer cannot be directly 
studied – a model must be used. 
In design for maximal or minimal 
energy transfer, the boundaries 
of a systems must be defined.] 

 
SE/TE:  
457, Energy Conversion 
Calculations;  
458, Math Practice, Math Skills: 
Conservation of Mechanical 
Energy 
 
TE Only:  
456, Teacher Demo: Energy 
Conversions;  
459, Evaluate Understanding 
 



A Correlation of  
Physical Science, Concepts in Action ©2011 

to the Next Generation Science Standards – DRAFT, May 2012 
Grades 9-12 

 

SE = Student Edition; TE = Teacher’s Edition; LAB = Laboratory Manual 40 

TE Only:  
458, For Extra Help 
 
LAB:  
163, Investigation 15B: 
Determining the Kinetic Energy of 
a Pendulum 
 
 

TE Only:  
455, Facts and Figures: Dark 
Energy and the Expanding 
Universe;  
456, Teacher Demo: Energy 
Conversions 
464, Teacher Demo: Simple Solar 
Cell 
 
LAB:  
163, investigation 15B: 
Determining the Kinetic Energy of 
a Pendulum” 
 
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.  

 
SE/TE:  
209, Conservation of Energy; 
454, Energy Conversion;  
455, Conservation of Energy 
 
LAB:  
163, Investigation 15B: 
Determining the Kinetic Energy of 
a Pendulum 
 
• 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.  

 
SE/TE:  
457, Energy Conversion 
Calculations;  
458, Math Skills: Conservation of 
Mechanical Energy 
 
LAB:  
163, Investigation 15B: 
Determining the Kinetic Energy of 
a Pendulum 
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HS.PS-E.b.   Energy 
Students who demonstrate understanding can: 
b. Identify problems and suggest design solutions to optimize the energy transfer into and out of a 

system. [Clarification Statement: Design solution examples can include insulation, microchip temperature 
control, cooking electronics, and roller coaster design.] [Assessment Boundary: Limited to mechanical 
and thermal systems.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
In Figure 11, Inferring, on SE/TE:455, students name two ways that skaters could reduce friction. 
In the Concepts in Action features on SE/TE: 460-461 and 484-485, students examine how energy 
transfer is important to the design of roller coasters and solar homes.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Asking Questions and Defining 
Problems 
Asking questions and defining problems in 
grades 9–12 builds from grades K–8 
experiences and progresses to formulating, 
refining, and evaluating empirically testable 
questions and explanatory models and 
simulations. 
• Ask questions that challenge the 

premise of an argument, the 
interpretation of a data set, or the 
suitability of a design. 

 
Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Apply scientific knowledge to solve 

design problems by taking into 
account possible unanticipated 
effects. 

 
SE/TE:  
460-461, Concepts in Action: 
Roller Coasters; 
484-485, Concepts in Action: 
Solar Home 

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.  

SE/TE:  
209, Conservation of Energy; 
455, Conservation of Energy; 
479, Conduction;  
480, Convection;  
481, Radiation;  
482-483, Thermodynamics 
TE Only:  
481, Facts and Figures: 
Blackbody Radiation 
LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
 
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. Machines are 
judged as efficient or inefficient 
based on the amount of energy 
input needed to perform a 
particular useful task. Inefficient 
machines are those that produce 
more waste heat while 
performing the task and thus 
require more energy input. It is 
therefore important to design for 
high efficiency so as to reduce 
costs, waste materials, and many 
environmental impacts. 

SE/TE: 
208, Exothermic and endothermic 
reactions;  
209, Conservation of energy; 
421-423, Mechanical Advantage; 
425, Efficiency 

Connections to Engineering, 
Technology, and Applications of 
Science 
  
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including 
some that were not anticipated. Analysis of 
costs and benefits is a critical aspect of 
decisions about technology. 
 
SE/TE:  
270-271, Concepts in Action: 
Breathing Easy;  
315, Connecting Concepts 
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HS.PS-E.c.   Energy 
Students who demonstrate understanding can: 
c. Analyze data to support claims that closed systems move toward more uniform energy distribution. 

 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  This concept is covered indirectly in the 
discussion of the second law of thermodynamics on SE/TE: 482-483.  
 
In the Teacher Demo on TE: 478, students collect and analyze data, showing movement towards 
more uniform energy distribution in a closed system.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and/or models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific 
claims. 

 
SE/TE:  
478, Teacher Demo: Measuring 
Heat Changes;  
478, Assessment #11;  
481, Quick Lab: Observing 
Convection 
 
TE Only:  
482, Build Science Skills: 
Thermodynamics” 
 
LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
 

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. 

 
SE/TE:  
209, Conservation of Energy; 
455, Conservation of Energy; 
479, Conduction;  
480, Convection;  
481, Radiation;  
482-483, Thermodynamics 
 
TE Only:  
481, Facts and Figures: 
Blackbody Radiation 
 
LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
 
• 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.  

 
SE/TE:  
206-207, Chemical Bonds and 
Energy;  
445, Inquiry Activity: How Can 
Energy Change Form?;  
447, Energy and Work; Kinetic 
Energy;  
448, Potential Energy;  
450-452, Forms of Energy;  
453-461, Energy Conversion and 
Conservation 
 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models. 
• [Clarification Statement for all PEs: 

Energy transfer cannot be directly 
studied – a model must be used. 
In design for maximal or minimal 
energy transfer, the boundaries 
of a system must be defined.] 

 
SE/TE:  
209, Conservation of Energy; 
455, Conservation of Energy; 
479, Conduction;  
480, Convection;  
481, Radiation;  
482-483, Thermodynamics 
 
TE Only:  
482, Build Science Skills: 
Thermodynamics 
 
LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
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TE Only:  
444D, Energy Conversions;  
451, Facts and Figures: Sound as 
Energy 
 
LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
 
• 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). 

 
SE/TE:  
483, The Second Law of 
Thermodynamics;  
483, Assessment #10 
 
TE Only:  
478, Teacher Demo: Measuring 
Heat Changes;  
483, Integrate Space Science 
 
LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
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HS.PS-E.d.   Energy 
Students who demonstrate understanding can: 
d. Design a solution to minimize or slow a system’s inclination to degrade to identify the effects on the flow 

of the energy in the system. [Clarification Statement: Examples of system degradation can include 
wearing down due to friction, increase in disorder, and radioactive decay.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
The second law of thermodynamics is presented on SE/TE: 482. Students learn about the 
implications to the order of any closed system on SE/TE: 483.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Apply scientific knowledge to solve 

design problems by taking into 
account possible unanticipated 
effects. 

 

PS3.B: Conservation of Energy and 
Energy Transfer 
• The availability of energy limits what can 

occur in any system. 
 
Related Content:  
SE/TE:  
206-209, Energy Changes in 
Reactions;  
213, Factors Affecting Reaction 
Rates;  
218, Factors Affecting Chemical 
Equilibrium;  
 
• 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). 

 
SE/TE:  
483, The Second Law of 
Thermodynamics 
 
TE Only:  
483, Integrate Space Science 
 
• Any object or system that can degrade 

with no added energy is unstable. 
Eventually it will do so, but if the 
energy releases throughout the 
transition are small, the process 
duration can be very long (e.g., 
long-lived radioactive isotopes). 

 
SE/TE:  
292-297, Radioactivity; 
299-300, Half-Life 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models.  
• [Clarification Statement for all PEs: 

Energy transfer cannot be directly 
studied – a model must be used. 
In design for maximal or minimal 
energy transfer, the boundaries 
of a system must be defined.] 
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HS.PS-E.e.   Energy 
Students who demonstrate understanding can: 
e. Construct models to show that energy is transformed and transferred within and between living 

organisms. [Assessment Boundary: Does not mean particular biological processes such as Krebs cycle.]
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Energy transformation in biological systems is explored in Section 9.4. Students learn about 
photosynthesis on SE/TE: 282 and cellular respiration on SE/TE: 283.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Construct, revise, and use models to 

predict and explain relationships 
between systems and their 
components. 

 

PS3.A: Definitions of Energy 
• 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.  
 

SE/TE:  
209, Conservation of Energy; 
454, Energy Conversion; Key 
Concept;  
455, Conservation of Energy; Key 
Concept;  
465, How It Works: Wind 
Turbine; 481, Radiation 
 
TE Only:  
455, Facts and Figures: Dark 
Energy and the Expanding 
Universe;  
456, Teacher Demo: Energy 
Conversions;  
464, Teacher Demo: Simple Solar 
Cell 
 
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. 

 
SE/TE:  
209, Conservation of Energy; 
455, Conservation of Energy; 
479, Conduction;  
480, Convection;  
481, Radiation;  
482-483, Thermodynamics 
 
TE Only:  
481, Facts and Figures: 
Blackbody Radiation 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models.  
• [Clarification Statement for all PEs: 

Energy transfer cannot be directly 
studied – a model must be used. 
In design for maximal or minimal 
energy transfer, the boundaries 
of a systems must be defined.] 

 
SE/TE:  
282, Photosynthesis;  
283, Figure 19; Cellular 
Respiration;  
287, Assessment #25;  
288, Assessment #38-#39;  
 Performance-Based Assessment 
 
TE Only:  
282, Build Reading Literacy: 
Photosynthesis;  
282, Integrate Biology;  
283, Address Misconceptions; 
Teacher Demo: Photosynthesis 
and Cellular Respiration 
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LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
 
• 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).  

 
SE/TE:  
483, The Second Law of 
Thermodynamics 
 
TE Only:  
478, Teacher Demo: Measuring 
Heat Changes;  
483, Integrate Space Science 
 
PS3.D: Energy in Chemical Processes 
• The main way in which that solar energy 

is captured and stored on Earth is 
through the complex chemical 
process known as 
photosynthesis. 

 
SE/TE:  
282, Photosynthesis 
 
• A variety of multistage physical and 

chemical processes in living 
organisms, particularly within 
their cells, account for the 
transport and transfer (release or 
uptake) of energy needed for life 
functions.  

 
SE/TE:  
282, Photosynthesis;  
283, Cellular respiration 
 
TE Only:  
260D, Chemistry Refresher: 
Reactions in Cells; 
283, Teacher Demo 
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HS.PS-E.f.   Energy 
Students who demonstrate understanding can: 
f. Construct models to represent and explain that all forms of energy can be viewed as either the movement of 

particles or energy stored in fields. [Assessment Boundary: Models representing field energies need not be 
mathematical.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
The root concept behind this expectation is presented on SE/TE: 450 under Forms of Energy; “All 
energy can be considered to be kinetic energy, potential energy, or the energy in fields such as those 
produced by electromagnetic waves.” Students learn about chemical energy, which is stored in the 
fields involved in chemical bonds, in Section 7.3. Kinetic energy and potential energy are explored in 
Section 15.1. Students obtain information about other forms of energy on SE/TE: 450, mechanical, 
SE/TE: 451 thermal. Both involve movement of particles and involve fields; chemical on SE/TE: 451, 
and electrical, electromagnetic, and nuclear on SE/TE: 452.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Use multiple types of models to 

represent and explain 
phenomena and move flexibly 
between model types based on 
merits and limitations. 

 

PS3.A: Definitions of Energy 
• These relationships are better 

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

 
SE/TE:  
475, Thermal Energy; Figure 2; 
481, Radiation 
 
TE Only: 
475, Address Misconceptions: 
Temperature 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial conditions 
of the system need to be defined and their 
inputs and outputs analyzed and described 
using models. Models (e.g., physical, 
mathematical, computer models) can be 
used to simulate systems and interactions—
including energy, matter, and information 
flows—within and between systems at 
different scales. Models can be used to 
predict the behavior of a system, but these 
predictions have limited precision and 
reliability due to the assumptions and 
approximations inherent in models. 
• [Clarification Statement for all PEs: 

Energy transfer cannot be directly 
studied – a model must be used. 
In design for maximal or minimal 
energy transfer, the boundaries of 
a system must be defined.] 
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HS.PS-E.g.   Energy 
Students who demonstrate understanding can: 
g. Construct representations that show that some forms of energy may be best understood at the molecular 

or atomic scale. [Clarification Statement: Forms of energy represented can include thermal, 
electromagnetic, and sound.] [Assessment Boundary: Limited to conceptual understanding; quantitative 
representations are not required.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science: Concepts in Action where this idea is introduced. 
 
Kinetic energy and motion is explored at the molecular level on SE/TE: 70-74. Students learn 
about thermal and chemical energy at the molecular level on SE/TE: 451. They obtain 
information about nuclear energy on SE/TE: 452.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Construct, revise, and use models to 

predict and explain relationships 
between systems and their 
components.  

 
SE/TE:  
71-72, Motion in Gases; 
72, Figure 6; Figure 7;  
73, Kinetic Theory of Gases; 
Explaining the Behavior of 
Liquids; Figure 8;  
74, Explaining the Behavior of 
Solids 
 
TE Only:  
72, Teacher Demo: Detecting the 
Motion of a Gas;  
73, Build Science Skills: 
Explaining the Behavior of 
Liquids; Address Misconceptions;  
74, Build Science Skills: 
Explaining the Behavior of Solids 
 

PS3.A: Definitions of Energy 
• These relationships are better 

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

 
SE/TE:  
475, Thermal Energy; Figure 2;  
479-480, Conduction; 
480-481, Convection; 
481, Radiation; 
514-515, Properties of Sound 
Waves; 
537-538, Wave or Particle? 
 
TE Only:  
475, Address Misconceptions: 
Temperature; Use Visuals: 
Thermal Energy 
 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models. 
• [Clarification Statement for all PEs: 

Energy transfer cannot be directly 
studied – a model must be used. 
In design for maximal or minimal 
energy transfer, the boundaries 
of a system must be defined.] 

 
SE/TE:  
71, Kinetic Theory;  
72, Explaining the Behavior of 
Gases; Motion in Gases;  
73, Kinetic Theory of Gases; 
Explaining the Behavior of 
Liquids;  
74, Explaining the Behavior of 
Solids 
 
TE Only:  
71, FYI: Kinetic Theory; 
72, Facts and Figures: Mean Free 
Path; Teacher Demo: Detecting 
the Motion of a Gas;   
73, Build Science Skills: 
Explaining the Behavior of 
Liquids; Address Misconceptions;  
74, Build Science Skills: 
Explaining the Behavior of Solids 
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HS.PS-E.h.   Energy 
Students who demonstrate understanding can: 
h. Design, build, and evaluate devices that convert one form of energy into another form of 

energy. [Clarification Statement: Examples of devices can include roller coasters, Rube Goldberg devices, 
wind turbines, and generators.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Work, power, and machines are presented in 
Chapter 14 on SE/TE: 410-443. Students learn about energy and its various forms in Chapter 15 
on SE/TE: 444-471. Conversion of one form of energy into another and the conservation of energy 
are explored in Section 15.2 on SE/TE: 453-459. Wind turbines are discussed in the How It Works 
feature on SE/TE: 465. 
 
Students design, build, and evaluate a simple electric generator in the Application Lab on SE/TE: 
648-649. They predict the effect of reversing the polarity of the magnet and the coil. They 
construct a graph of their results, analyze their data, and they are asked to speculate whether a 
generator could be built with a stationary magnet and a coil that moves. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Apply scientific knowledge to solve 

design problems by taking into 
account possible unanticipated 
effects. 

 
SE/TE:  
648-649, Application Lab: 
Investigating an Electric 
Generator 
 
TE Only:  
461, Build Science Skills: Using 
Models 
 
LAB:  
207, Investigation 19B: 
Harnessing Solar Energy;  
211, Investigation 20A: 
Constructing a Telephone;  
221, Investigation 21A: Studying 
Electromagnetic Induction 
 

PS3.A: Definitions of Energy 
• 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.  

 
SE/TE:  
209, Conservation of Energy; 
454, Energy Conversion;  
455, Conservation of Energy; 
456-458, Energy Conversions;  
460, Concepts in Action: Roller 
Coasters; 
465, How it Works: Wind Turbine; 
481, Radiation; 
520, How it Works: The Piano 
 
TE Only:  
455, Facts and Figures: Dark 
Energy and the Expanding 
Universe;  
456, Teacher Demo: Energy 
Conversions;  
464, Teacher Demo: Simple Solar 
Cell 
 
• At the macroscopic scale, energy 

manifests itself in multiple ways, 
such as in motion, sound, light, 
and thermal energy. Mechanical 
energy generally refers to some 
combination of motion and stored 
energy in an operating machine. 

 
 
 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions—including energy, matter, and 
information flows—within and between 
systems at different scales. Models can be 
used to predict the behavior of a system, 
but these predictions have limited precision 
and reliability due to the assumptions and 
approximations inherent in models. 
• [Clarification Statement for all PEs: 

Energy transfer cannot be directly 
studied – a model must be used. 
In design for maximal or minimal 
energy transfer, the boundaries 
of a systems must be defined.] 

 
SE/TE:  
465, How It Works: Wind 
Turbines 
 
TE Only:  
461, Build Science Skills: Using 
Models 
 
LAB:  
207, Investigation 19B: 
Harnessing Solar Energy;  
211, Investigation 20A: 
Constructing a Telephone; 2 
21, Investigation 21A: Studying 
Electromagnetic Induction 
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SE/TE:  
314, How it Works: Nuclear Power 
Station; 
436, Concepts in Action: Gearing 
Up for Better Bikes; 
447, Kinetic Energy; Figure 2;  
448, Potential Energy; Math 
Skills: Calculating Kinetic Energy;  
Math Practice;  
449, Gravitational Potential 
Energy;  
450, Elastic Potential Energy; 
Forms of Energy; Mechanical 
Energy;  
451, Thermal Energy; Chemical 
Energy;  
452, Electrical Energy;  
Electromagnetic Energy; Nuclear 
Energy 
520, How it Works: The Piano 
 
TE Only:  
448, Address Misconceptions: 
Potential Energy;  
451, Facts and Figures: Sound as 
Energy 
 
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. 

 
SE/TE:  
209, Conservation of Energy; 
454, Energy Conversion;  
455, Conservation of Energy 
 
LAB:  
163, investigation 15B: 
Determining the Kinetic Energy of 
a Pendulum 
 
• Energy cannot be created or destroyed, 

but it can be transported from 
one place to another and 
transferred between systems. 

 
SE/TE:  
209, Conservation of Energy; 
314, How it Works: Nuclear Power 
Station; 
455, Conservation of Energy; 
479, Conduction;  
480, Convection;  
481, Radiation;  
482-483, Thermodynamics 
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TE Only:  
481, Facts and Figures: 
Blackbody Radiation 
 
LAB:  
167, Investigation 16A: Thermal 
Conduction and Surface Area 
 
PS3.D: Energy in Chemical Processes 
• Solar cells are human-made devices 

that likewise capture the sun’s 
energy and produce electrical 
energy. 

SE/TE:  
485, Concepts in Action: Solar 
Panels; 
536, Wave or Particle?  
537, Figure 6; Evidence for the 
Particle Model 
 
TE Only:  
537, Teacher Demo The 
Photoelectric Effect 
 
• Although energy cannot be destroyed, it 

can be converted to less useful 
forms—for example, to thermal 
energy in the surrounding 
environment. Machines are 
judged as efficient or inefficient 
based on the amount of energy 
input needed to perform a 
particular useful task. Inefficient 
machines are those that produce 
more waste heat while 
performing the task and thus 
require more energy input. It is 
therefore important to design for 
high efficiency so as to reduce 
costs, waste materials, and many 
environmental impacts. 

 
SE/TE: 
454, Quick Lab: Exploring Energy 
Conversion;  
456, Energy Conversions;  
474, Work and Heat;  
482, Second Law of 
Thermodynamics;  
483, Third Law of 
Thermodynamics;  
486, Heat Engines 
 
TE Only:  
451, Teacher Demo: Burning a 
Peanut;  
454, Energy Conversion 
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HS.PS-FE.a.   Forces and Energy 
Students who demonstrate understanding can: 
a. Plan and carry out investigations in which a force field is mapped to provide evidence that forces can 

transmit energy across a distance. [Assessment Boundary: Mapping limited to the direction of the force 
field.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The concept of a field is presented in the context 
of electrostatics on SE/TE: 602. Mapping of a magnetic field is illustrated in Figure 3 on SE/TE: 
631.  
 
Students use a magnetic compass to map the magnetic fields of two bar magnets in the Build 
Science Skills activity on TE: 631. They infer that energy is being transmitted across a distance. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them.  

 
Related Content:  
TE Only:  
601, Teacher Demo: Electric 
Attraction and Repulsion;  
631, Build Science Skills: 
Inferring 
 

PS3.C: Relationship Between Energy 
and Forces 
• Force fields (gravitational, electric, and 

magnetic) contain energy and 
can transmit energy across space 
from one object to another.  

 
Related Content:  
SE/TE:  
378, Electromagnetic Forces; 
379, Nuclear Forces;  
380, Gravitational Force;  
448, Potential Energy 
 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied 
and can provide evidence for causality in 
explanations of phenomena. Classifications 
or explanations used at one scale may fail 
or need revision when information from 
smaller or larger scales is introduced; thus 
requiring improved investigations and 
experiments. Patterns of performance of 
designed systems can be analyzed and 
interpreted to reengineer and improve the 
system. Mathematical representations are 
needed to identity some patterns. 
• [Clarification Statement for a: Mapping 

force fields requires evidence of 
the pattern of the field lines.] 

 
Related Content:  
SE/TE:  
380, Figure 21;  
601, Figure 3;  
631, Magnetic Fields; Figure 2; 
Figure 3 
 
TE Only:  
380, Facts and Figures: Law of 
Universal Gravitation;  
598C, Electric Charges, Forces, 
and Fields;  
628C, Electromagnetism 
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HS.PS-FE.b.   Forces and Energy 
Students who demonstrate understanding can: 
b. Develop arguments to support the claim that when objects interact at a distance, the energy stored in the 

field changes as the objects change relative position. [Clarification Statement: An example of this 
phenomenon could include repelling magnets moving apart, reducing the repelling force and the strength 
of the field between them.] [Assessment Boundary: Qualitative comparisons only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
The concept of a field is presented in the context of electrostatics on SE/TE: 602. Students gain 
understanding of a magnetic field through the illustration in Figure 3 on SE/TE: 631. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–
12 builds from K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific reasoning 
to defend and critique claims and 
explanations about the natural and 
designed world. Arguments may also come 
from current scientific or historical episodes 
in science. 
• Evaluate the claims, evidence, and 

reasoning of currently accepted 
explanations or solutions as a 
basis for the merits of the 
arguments.  

 

PS3.C: Relationship Between Energy 
and Forces 
• When two objects interacting through a 

force field change relative 
position, the energy stored in the 
force field is changed. 

 
Related Content: 
SE/TE: 
635-639, Electromagnetism; 
642-643, Generating Electric 
Current; 
643-644, Generators 
 
TE Only: 
598C, Physics Refresher: Electric 
Charges, Forces, and Fields; 
628C-628D, Physics Refresher: 
Electromagnetism and Electrical 
Energy Generation 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied 
and can provide evidence for causality in 
explanations of phenomena. Classifications 
or explanations used at one scale may fail 
or need revision when information from 
smaller or larger scales is introduced; thus 
requiring improved investigations and 
experiments. Patterns of performance of 
designed systems can be analyzed and 
interpreted to reengineer and improve the 
system. Mathematical representations are 
needed to identity some patterns. 
• [Clarification Statement for b: Coulomb’s 

law: Proportion is a pattern.] 
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HS.PS-FE.c.   Forces and Energy 
Students who demonstrate understanding can: 
c. Evaluate natural and designed systems where there is an exchange of energy between objects and 

fields and characterize how the energy is exchanged. [Clarification Statement: Examples of these systems 
could include motors, generators, speakers, microphones, planets orbiting a start, etc.] [Assessment 
Boundary: Characterizations limited to qualitative descriptors] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Energy is explored in Chapter 15; potential 
energy is presented in Section 15.1. Students learn about energy conservation and conversion in 
Section 15.2. Examples of conversion between kinetic and potential energy include roller coasters 
on SE/TE: 460-461 and hydroelectric plants on SE/TE: 463. Students obtain information about 
various systems; wind turbines, SE/TE page 465; heat engines, SE/TE: 483 and 486-492; electric 
fields, SE/TE: 602, and magnetic fields, SE/TE: 631. Section 21.3, Electric Energy Generation and 
Transmission, on SE/TE: 642-647 discusses generators and transformers. 
 
Students construct and investigate their own, simple generator in the Application Lab on SE/TE: 
648-649. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and communicating 
information in 9–12 builds on 6–8 and 
progresses to evaluate the validity and 
reliability of the claims, methods, and 
designs. 
• Generate, synthesize, communicate, 

and critique claims, methods, and 
designs that appear in scientific 
and technical texts or media 
reports. 

 

PS3.C: Relationship Between Energy 
and Forces 
• When two objects interacting through a 

force field change relative 
position, the energy stored in the 
force field is changed. 

 
Related Content:  
SE/TE: 378-382, Universal 
Forces;  
446-452, Energy and its Forms; 
602, Electric Fields;  
603, Charging by Induction;  
635-639, Electromagnetism;  
642-647, Electrical Energy 
Generation and Transmission 
 
TE Only:  
448, Address Misconceptions: 
Potential Energy;  
449, Use Visuals;  
449, Build Math Skills: Formulas 
and Equations;  
598C, Electric Charges, Forces, 
and Fields;  
628D, Electrical Energy 
Generation 
 
• Each force between the two interacting 

objects acts in the direction such 
that motion in that direction would 
reduce the energy in the force 
field between the objects. 
However, prior motion and other 
forces also affect the actual 
direction of motion. 

 

Connections to Engineering, 
Technology, and Applications of 
Science 
Interdependence of Science, 
Engineering, and Technology 
Science and engineering complement each 
other in the cycle known as research and 
development (R&D). Many R&D projects 
may involve scientists, engineers, and 
others with wide ranges of expertise. 
 
SE/TE:  
335, How It Works: Measuring 
Distance and Speed;  
460, Concepts in Action: Roller 
Coasters;  
465, How It Works: Wind Turbine 
484, Concepts in Action: Solar 
Home;  
488, How It Works: Hybrid 
Automobile;  
560, How It Works: Gas Laser; 
582, Science and History: 
Photography;  
634, How It Works: Anti-Theft 
Security Devices; 
640-641, Concepts in Action: 
Peeking Inside the human Body 
TE Only:  
461, Video Trip: Physics of Fun;  
464, Teacher Demo: Simple Solar 
Cell; Facts and Figures: Extreme 
Solar Energy;  
484, Build Science Skills: 
Observing 
485, Going Further;  
488, For Enrichment;  
560, For Enrichment 
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HS.PS-W.a.   Waves 
Students who demonstrate understanding can: 
a. Plan and carry out investigations to determine the mathematical relationships among wave speed, 

frequency, and wavelength, and how they are affected by the medium through which the wave 
travels. [Assessment Boundary: Algebraic calculations only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Quantitative relationships between frequency, 
wavelength, speed, and amplitude of waves are explored in Section 17.2 on SE/TE: 504-507. 
 
In the Quick Lab on SE/TE: 505, students measure the speed, frequency, and amplitude of a wave 
in a rope. They analyze their data to reach a conclusion about the relationship between wave 
speed and frequency.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them.  

 
SE/TE:  
505, Quick Lab: Comparing 
Frequency and Wave Speed 
 
LAB:  
177, Investigation 17A: 
Measuring the Speed of Sound; 
183, Investigation 17B: Sounds in 
Solids 
 

PS4.A: Wave Properties 
• The wavelength and frequency of a 

wave are related to one another 
by the speed of travel of the 
wave, which depends on the type 
of wave and the medium through 
which it is passing. The reflection, 
refraction, and transmission of 
waves at an interface between 
two media can be modeled on 
the basis of these properties.  

 
SE/TE:  
504, Frequency and Period;  
505, Wavelength; Wave Speed;  
506, Math Skills: Speed of 
Mechanical Waves; Math Practice;  
507, Math Practice; 
508, Reflection;  
509, Refraction;  
510, Diffraction; Interference;  
Figure 11 
 
TE Only:  
504, Instruct: Frequency and 
Period;  
505, Build Science Skills: 
Wavelength;  
506, Build Science Skills: 
Inferring; Address 
Misconceptions;  
508, Teacher Demo: Reflection; 
509, Address Misconceptions: 
Refraction;  
510, Use Visuals: Diffraction; 
Address Misconceptions: 
Interference 
 
LAB:  
177, Investigation 17A: 
Measuring the Speed of Sound; 
183, Investigation 17B: Sounds in 
Solids 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied 
and can provide evidence for causality in 
explanations of phenomena. Classifications 
or explanations used at one scale may fail 
or need revision when information from 
smaller or larger scales is introduced; thus 
requiring improved investigations and 
experiments. Patterns of performance of 
designed systems can be analyzed and 
interpreted to reengineer and improve the 
system. Mathematical representations are 
needed to identity some patterns. 
 
Related Content:  
SE/TE:  
504, Frequency and Period;  
505, Wavelength; Wave Speed;  
506, Math Skills: Speed of 
Mechanical Waves;  
508, Reflection; 
509, Refraction;  
510, Diffraction; Interference;  
Figure 11 
 
TE Only: 
504, Instruct: Frequency / Period;  
505, Build Science Skills: 
Wavelength;  
506, Build Science Skills: 
Inferring; Address 
Misconceptions;  
508, Teacher Demo: Reflection; 
509, Address Misconceptions: 
Refraction;  
510, Use Visuals: Diffraction; 
Address Misconceptions: 
Interference 
LAB:  
177, Investigation 17A: 
Measuring the Speed of Sound; 
183, Investigation 17B: Sounds in 
Solids 
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HS.PS-W.b.   Waves 
Students who demonstrate understanding can: 
b. Carry out an investigation to describe a boundary between two media that affects the reflection, 

refraction, and transmission of waves crossing the boundary. [Clarification Statement: Descriptions 
should include mathematical relationships.] [Assessment Boundary: Descriptions requiring trigonometric 
functions are excluded.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Reflection and refraction of mechanical waves are 
explored in Section 17.3, “Behavior of Waves” on SE/TE: 508-512.  Students learn about reflection 
and refraction of light waves in Chapter 19, Optics on SE/TE: 570-578. The effect of crossing a 
boundary between two media is discussed in Index of Refraction of Light on SE/TE: 574-575 and in 
Data Analysis: Properties of Gemstones on SE/TE: 575. 
 
In Part B of Refraction and Reflection on Lab: 203-206, students investigate the movement of 
light across a boundary between air to water and then between water to air. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them.  

 
TE Only:  
509, Build Science Skills: Posing 
Questions 
 
LAB:  
203-206, Investigation 19A: 
Refraction and Reflection, Part B 
 
Using Mathematics and Computational 
Thinking 
Mathematical and computational thinking at 
the 9–12 level builds on K–8 and 
progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear 
functions including trigonometric functions, 
exponentials and logarithms, and 
computational tools for statistical analysis to 
analyze, represent, and model data. Simple 
computational simulations are created and 
used based on mathematical models of 
basic assumptions. 
• Use mathematical expressions to 

represent phenomena or design 
solutions in order to solve 

PS4.A: Wave Properties 
• The wavelength and frequency of a 

wave are related to one another 
by the speed of travel of the 
wave, which depends on the type 
of wave and the medium through 
which it is passing. The reflection, 
refraction, and transmission of 
waves at an interface between 
two media can be modeled on 
the basis of these properties.  

 
SE/TE:  
504, Frequency and Period;  
505, Wavelength; Wave Speed;  
506, Math Skills: Speed of 
Mechanical Waves; Math Practice; 
507, Assessment #1-9; Math 
Practice;  
508, Reflection;  
509, Refraction;  
510, Diffraction; Interference;  
Figure 11 
 
TE Only:  
504, Instruct: Frequency and 
Period;  
505, Build Science Skills: 
Wavelength;  
506, Build Science Skills: 
Inferring; Address 
Misconceptions;  
508, Teacher Demo: Reflection; 
509, Address Misconceptions: 
Refraction;  
510, Use Visuals: Diffraction;  
Address Misconceptions: 
Interference 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects.  
 
SE/TE:  
574-575, Index of Refraction of 
Light 
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algebraically for desired 
quantities. 

 
SE/TE:  
575, Data Analysis: Properties of 
Gemstones;  
578, Section 19.2 Assessment: 
Connecting Concepts: Speed of 
Light 
 
TE Only:  
575, Use Visuals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LAB: 177, Investigation 17A: 
Measuring the Speed of Sound; 
183, Investigation 17B: Sounds in 
Solids 
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HS.PS-W.c.   Waves 
Students who demonstrate understanding can: 
c. Investigate the patterns created when waves of different frequencies combine, and explain how these 

patterns are used to encode and transmit information. [Assessment Boundary: Qualitative only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Students learn about interference and diffraction patterns between waves of the same frequency in 
Section 17.3, SE/TE: 510-512. Applications of electromagnetic waves are discussed in Section 
18.2, SE/TE: 539-545. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them.  

 
Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Construct and revise explanations and 

arguments based on evidence 
obtained from a variety of 
sources (e.g., scientific principles, 
models, theories) and peer 
review. 

 

PS4.A: Wave Properties 
• Combining waves of different 

frequencies can make a wide 
variety of patterns and thereby 
encode and transmit information.  

 
Related Content: 
SE/TE: 
539-540, The Waves of the 
Spectrum; 
540-541, Radio Waves 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied 
and can provide evidence for causality in 
explanations of phenomena. Classifications 
or explanations used at one scale may fail 
or need revision when information from 
smaller or larger scales is introduced; thus 
requiring improved investigations and 
experiments. Patterns of performance of 
designed systems can be analyzed and 
interpreted to reengineer and improve the 
system. Mathematical representations are 
needed to identity some patterns.  
 
Related Content:  
SE/TE: 510, Diffraction;  
Interference; Figure 11 
 
TE Only:  
510, Use Visuals: Diffraction; 
Address Misconceptions: 
Interference 
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HS.PS-W.d.   Waves 
Students who demonstrate understanding can: 
d. Use drawings, physical replicas or computer simulation models to explain that resonance occurs when 

waves add up in phase in a structure, and that structures have a unique frequency at which resonance 
occurs. [Clarification Statement: Constructive and destructive interference of waves results in a standing 
wave pattern (resonance).] [Assessment Boundary: Qualitative explanations only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Constructive and destructive wave interference 
are explored on SE/TE: 510-511. Students learn about standing waves on SE/TE: 512. 
 
Students observe the relationship between wavelength, frequency, and length of a rope in the 
Teacher Demo on TE: 512.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
constructing models to predict and explain 
relationships between systems and their 
components in the natural and designed 
world. 
• Use models (including mathematical and 

computational) to generate data 
to explain and predict 
phenomena, analyze systems, 
and solve problems. 

 
SE/TE:  
512, Key Concept; Teacher Demo 
 
Related Content: 
TE Only:  
515, Build Science Skills: 
Observing 
 

PS4.A: Wave Properties 
• Resonance is a phenomenon in which 

waves add up in phase in a 
structure, growing in amplitude 
due to energy input near the 
natural vibration frequency. 
Structures have particular 
frequencies at which they 
resonate. This phenomenon 
(e.g., waves in a stretched string, 
vibrating air in a pipe) is used in 
speech and in the design of all 
musical instruments.  

 
SE/TE:  
511, Constructive and Destructive 
Interference;  
512, Key Concept;  
515, Frequency and Pitch; 
521, Music 
 
TE Only:  
514, Use Community Resources: 
Properties of Sound Waves 
 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied 
and can provide evidence for causality in 
explanations of phenomena. Classifications 
or explanations used at one scale may fail 
or need revision when information from 
smaller or larger scales is introduced; thus 
requiring improved investigations and 
experiments. Patterns of performance of 
designed systems can be analyzed and 
interpreted to reengineer and improve the 
system. Mathematical representations are 
needed to identity some patterns.  
• [Clarification Statement for d: 

Constructive and destructive 
interference of waves results in a 
standing wave pattern, i.e. 
resonance.] 

 
SE/TE:  
512, Standing Waves;  
527, Assessment #17-18;  
528, Assessment #26;  
Performance-Based Assessment 
 
TE Only:  
515, Build Science Skills: 
Observing 
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HS.PS-ER.a.  Electromagnetic Radiation 
Students who demonstrate understanding can: 
a. Use arguments to support the claim that electromagnetic radiation can be described using both a wave 

model and a particle model, and determine which model provides a better explanation of 
phenomena. [Assessment Boundary: Limited to the understanding that the quantum theory relates the 
two models, but students do not need to know the specifics of the quantum theory.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science: Concepts in Action where this idea is introduced. 
 
Wave-particle duality is explored in Section 18.1, on SE/TE: 536-537.  In support of the wave 
model, students observe a two-slit interference pattern on SE/TE: 536 and predict the expected 
interference on the last screen. For evidence supporting the particle model, students observe a 
Teacher Demo of the photoelectric effect from TE: 537 and infer the fate of the red light, photons 
with energy below the work function of the metal, after it strikes its target.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–
12 builds from K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific reasoning 
to defend and critique claims and 
explanations about natural and designed 
world. Arguments may also come from 
current scientific or historical episodes in 
science. 
• Construct a counter-argument that is 

based in data and evidence that 
challenges another proposed 
argument. 

 

PS4.B: Electromagnetic Radiation 
• Electromagnetic radiation (e.g., radio, 

microwaves, light) can be 
modeled as a wave of changing 
electric and magnetic fields or as 
particles called photons. The 
wave model is useful for 
explaining many features of 
electromagnetic radiation, and 
the particle model explains other 
features. Quantum theory relates 
the two models. (Boundary: 
Quantum theory is not explained 
further at this grade level.)  

 
SE/TE:  
536-537, Wave or Particle? 
536, Figure 5;  
537, Figure 6 
 
TE Only:  
537, Teacher Demo 
 
 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination 
of the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem. The 
functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
their components are shaped and used, 
and the molecular substructures of its 
various materials. 
• [Clarification Statement for a: The way 

something (e.g. visible light) 
functions can be best understood 
through a particular 
representation of its structure.] 

 
SE/TE:  
536-537, Wave or Particle? 
536, Figure 5 
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HS.PS-ER.b.  Electromagnetic Radiation 
Students who demonstrate understanding can: 
b. Obtain, evaluate, and communicate scientific literature to show that all electromagnetic radiation travels 

through a vacuum at the same speed, called the speed of light. 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science: Concepts in Action where this idea is introduced. 
 
Students obtain information about the constant speed of electromagnetic waves in Section 18.1 
on SE/TE: 534.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and communicating 
information in 9–12 builds on 6–8 and 
progresses to evaluate the validity and 
reliability of the claims, methods, and 
designs. 
• Critically read scientific literature 

adapted for classroom use to 
identify key ideas and major 
points and to evaluate the validity 
and reliability of the claims, 
methods, and designs. 

 

PS4.B: Electromagnetic Radiation 
• All electromagnetic radiation travels 

through a vacuum at the same 
speed, called the speed of light. 
Its speed in any other given 
medium depends on its 
wavelength and the properties of 
that medium.  

 
SE/TE:  
534, The Speed of 
Electromagnetic Waves;  
535, Wavelength and Frequency; 
Math Skills 
 
TE Only:  
534, Facts and Figures: Speed of 
Light;  
535, Build Math Skills;  
543, Address Misconceptions 
 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination 
of the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem. The 
functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
their components are shaped and used, 
and the molecular substructures of its 
various materials. 
 
SE/TE:  
534, The Speed of 
Electromagnetic Waves;  
534, The Speed of Light 
 
TE Only:  
534, Facts and Figures: Speed of 
Light;  
535, Build Math Skills;  
543, Address Misconceptions 
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HS.PS-ER.c.  Electromagnetic Radiation 
Students who demonstrate understanding can: 
c. Obtain, evaluate, and communicate scientific literature about the effects different wavelengths of 

electromagnetic radiation have on matter when the matter absorbs it. [Assessment Boundary: Only IR, 
UV, and gamma radiation are intended; qualitative descriptions only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
The subject effects of different wavelengths of electromagnetic radiation are presented in relation 
to the photoelectric effect on SE/TE: 537, and in the Teacher Demo on TE: 537. Students obtain 
information about the full electromagnetic spectrum in Section 18.2 on SE/TE: 539-545, including 
a discussion of how each form of electromagnetic radiation interacts with matter.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and communicating 
information in 9–12 builds on 6–8 and 
progresses to evaluate the validity and 
reliability of the claims, methods, and 
designs. 
• Critically read scientific literature 

adapted for classroom use to 
identify key ideas and major 
points and to evaluate the validity 
and reliability of the claims, 
methods, and designs. 

 

PS4.B: Electromagnetic Radiation 
• When light or longer wavelength 

electromagnetic radiation is 
absorbed in matter, it is generally 
converted into thermal energy 
(heat). 

 
SE/TE:  
481, Radiation 
 
TE Only:  
537, Build Science Skills 
 
• Shorter wavelength electromagnetic 

radiation (ultraviolet, X-rays, 
gamma rays) can ionize atoms 
and cause damage to living 
cells.  

 
SE/TE:  
544, Ultraviolet Rays; X-Rays;  
545, Gamma Rays 
 
 

Connections to Engineering, 
Technology, and Applications of 
Science 
  
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including 
some that were not anticipated. Analysis of 
costs and benefits is a critical aspect of 
decisions about technology. 
 
Related Content:  
SE/TE:  
543, Infrared Rays;  
544, Ultraviolet Rays; X-Rays; 
Quick Lab: Evaluating Sunscreen;  
545, Gamma Rays 
 
TE Only:  
545, Integrate Biology: X-Rays; 
Integrate Space Science: Gamma 
Rays 
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HS.PS-ER.d.  Electromagnetic Radiation 
Students who demonstrate understanding can: 
d. Analyze and interpret data of both atomic emission and absorption spectra of different samples to make 

claims about the presence of certain elements in the sample. [Assessment Boundary: Identification of 
elements to be based on comparison of spectral lines.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  Atomic emission and absorption spectra are 
explored in Using Flame Tests on SE/TE: 119. Line spectra of different neon lights are presented in 
Neon Light on SE/TE: 561.  
 
Students experiment with emission spectra in the Forensics Lab on SE/TE: 119 by heating a 
variety of substances, recording the colors of the resulting flames to create a data table matching 
flame color to substance. Then identify the content of a solution by heating the sample and 
comparing it to the data table. Students use spectroscopes and observe emission spectra of any 
neon lights they can find near their homes and identify the gas or combination of gasses in the 
lights in Build Science Skills: Neon Light on TE: 561. They investigate absorption spectra in 
Predicting Spectra on LAB: 187-191. Students collect data, enter it within the data table, analyze, 
and interpret results.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and models 

(e.g. computational and 
mathematical) to plan, gather, 
and analyze data to make valid 
and reliable scientific claims or 
justify an optimal solution. 

 
SE/TE:  
116, Evidence for Energy Levels; 
119, Forensics Lab: Using Flame 
Tests 
 
TE Only:  
561, Build Science Skills: Neon 
Light 
 
LAB:  
188-190, Investigation 18A: 
Predicting Spectra 
 

PS4.B: Electromagnetic Radiation 
• Atoms of each element emit and absorb 

characteristic frequencies of light, 
and nuclear transitions have 
distinctive gamma ray 
wavelengths. These 
characteristics allow identification 
of the presence of an element, 
even in microscopic quantities.  

 
SE/TE:  
119, Forensics Lab: Using Flame 
Tests;  
561, Neon Lights 
 
TE Only:  
116, Facts and Figures: Emission 
and Absorption Spectra;  
561, Build Science Skills: Neon 
Light 
 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination 
of the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem. The 
functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
their components are shaped and used, 
and the molecular substructures of its 
various materials.  
• [Clarification Statement for d: From the 

spectra (the way they function) 
the structure can be inferred.] 

 
SE/TE:  
116, Evidence for Energy Levels; 
119, Forensics Lab: Using Flame 
Tests 
 
TE Only:  
116, Facts and Figures: Emission 
and Absorption Spectra;  
561, Build Science Skills: Neon 
Light 
 
LAB:  
187, Investigation 18A: Predicting 
Spectra 
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HS.PS-ER.e.  Electromagnetic Radiation 
Students who demonstrate understanding can: 
e. Construct an explanation of how photovoltaic materials work using the particle model of light, and 

describe their application in everyday devices. [Clarification Statement: Everyday devices can include 
solar cells and barcodes.] [Assessment Boundary: Qualitative descriptors only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Photovoltaic cells are introduced in the Teacher Demo on TE: 464 and in Concepts in Action: Solar 
Home on SE/TE: 484-485. Students obtain information about how photovoltaic cells work on 
SE/TE: 485.  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Construct and revise explanations and 

arguments based on evidence 
obtained from a variety of 
sources (e.g., scientific principles, 
models, theories) and peer 
review.  

 
 

PS4.B: Electromagnetic Radiation 
• Photovoltaic materials emit electrons 

when they absorb light of a high-
enough frequency. 

 
SE/TE:  
485, Concepts in Action: Solar 
Panels 
 
TE Only:  
537, Teacher Demo The 
Photoelectric Effect 
 
PS4.C: Information Technologies and 
Instrumentation 
• Multiple technologies based on the 

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

 
Related Content:  
SE/TE:  
580-581, Telescopes;  
582-583, Cameras;  
584, Microscopes;  
586-587, Concepts in Action: 
Fiber Optics;  
591 Laser Eye Surgery;  
640-641, Concepts in Action: 
Peeking Inside the Human Body 
 
TE Only:  
641, Video Field Trip: Magnetic 
Viewpoints 
 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination 
of the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem. The 
functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
their components are shaped and used, 
and the molecular substructures of its 
various materials.  
 
SE/TE:  
485, Concepts in Action: Solar 
Panels 
 
TE Only:  
464, Teacher Demo: Simple Solar 
Cell 
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HS.PS-ER.f.  Electromagnetic Radiation 
Students who demonstrate understanding can: 
f. Obtain, evaluate, and communicate scientific literature about the differences and similarities between 

analog and digital representations of information to describe the relative advantages and 
disadvantages. [Assessment Boundary: Qualitative explanations only.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science: Concepts in Action where this idea is introduced. 
 
Analog and digital signals are introduced and compared in Section 20.4, “Electronic Devices” on 
SE/TE: 619.  In Use Community Resources: Electronic Signals on TE: 618, teachers are encouraged 
to visit a local telephone company with their students on a field trip, so they can explore the 
differences between analog and digital signals in that context. Students explain in their own words 
these differences and their relative importance. In the Build Science Skills feature on TE: 619, 
students make a chart comparing and contrasting analog and digital signals. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and communicating 
information in 9–12 builds on 6–8 and 
progresses to evaluate the validity and 
reliability of the claims, methods, and 
designs. 
• Critically read scientific literature 

adapted for classroom use to 
identify key ideas and major 
points and to evaluate the validity 
and reliability of the claims, 
methods, and designs.  

 

PS4.A: Wave Properties 
• Information can be digitized (e.g., a 

picture stored as the values of an 
array of pixels); in this form, it can 
be stored reliably in computer 
memory and sent over long 
distances as a series of wave 
pulses. 

 
SE/TE:  
619, Analog Signals; Digital 
Signals; Figure 17 
 
TE Only:  
619, Build Science Skills: 
Comparing and Contrasting 
 
PS4.C: Information Technologies and 
Instrumentation 
• Multiple technologies based on the 

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

 
SE/TE:  
620, How It Works: Digital 
Camera 
 

Connections to Engineering, Technology, 
and Applications of Science 
  
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including some 
that were not anticipated. Analysis of costs 
and benefits is a critical aspect of decisions 
about technology. 
 
 
SE/TE:  
614-615, Concepts in Action: 
Getting Personal with Computers; 
616-617, Concepts in Action: 
Using Computers;  
620, How It Works: Digital Camera 
 
TE Only:  
615, Build Science Skills: 
Communicating Results;  
616, Build Science Skills: Applying 
Concepts;  
617, Going Further;  
621, Facts and Figures: Smaller 
Components  
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HS.PS-ER.g.  Electromagnetic Radiation 
Students who demonstrate understanding can: 
g. Construct explanations for why the wavelength of an electromagnetic wave determines its use for certain 

applications. [Clarification Statement: Examples of wavelength determining applications can include 
visible light not being used to observe atoms, and x-rays being used for bone imaging.] [Assessment 
Boundary: Only qualitative descriptors in the explanation are intended.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
 
Different wavelengths of electromagnetic radiation and their various uses are explored in Section 
18.2 on SE/TE: 540-545. Students learn about wavelength-specific applications, such as in AM 
radio (e-skip propagation), X-rays (medical imaging), and gamma rays (radiotherapy for cancer 
and positron-emission tomography for imaging activity inside a living brain).  
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Construct and revise explanations and 

arguments based on evidence 
obtained from a variety of 
sources (e.g., scientific principles, 
models, theories) and peer 
review. 

 
SE/TE:  
542, Data Analysis: How Long 
Does an Antenna Need to Be? 
 
TE Only:  
540, Build Science Skills: 
Observing; 
542, Facts and Figures: 
Microwave Cooking; 
545, Evaluate Understanding 
 

PS4.B: Electromagnetic Radiation 
• Because a wave is not much disturbed 

by objects that are small 
compared with its wavelength, 
visible light cannot be used to 
see such objects as individual 
atoms. 

 
• All electromagnetic radiation travels 

through a vacuum at the same 
speed, called the speed of light. 
Its speed in any other given 
medium depends on its 
wavelength and the properties of 
that medium. 

 
SE/TE:  
534, The Speed of 
Electromagnetic Waves;  
535, Wavelength and Frequency; 
Math Skills 
 
TE Only:  
534, Facts and Figures: Speed of 
Light;  
535, Build Math Skills;  
543, Address Misconceptions 

 
• When light or longer wavelength 

electromagnetic radiation is 
absorbed in matter, it is generally 
converted into thermal energy 
(heat). 

 
SE/TE:  
481, Radiation 
 
TE Only:  
537, Build Science Skills 
 
 
 
 
 

Connections to Engineering, 
Technology, and Applications of 
Science 
  
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including 
some that were not anticipated. Analysis of 
costs and benefits is a critical aspect of 
decisions about technology. 
 
SE/TE:  
540, Radio Waves;  
541, Radio; Television;  
542, Microwaves; Radar;  
543, Thermograms; Figure 12;  
Visible Light;  
544, Ultraviolet Rays; X-Rays;  
545, Gamma Rays;  
560-561, How It Works: Gas 
Laser 
 
TE Only:  
541, Use Community Resources; 
Teacher Demo: Radio Reception;  
545, Integrate Space Science: 
Gamma Rays; Evaluate 
Understanding 
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• Shorter wavelength electromagnetic 
radiation (ultraviolet, X-rays, 
gamma rays) can ionize atoms 
and cause damage to living 
cells.  

 
SE/TE:  
544, Ultraviolet Rays; X-Rays;  
545, Gamma Rays 
 
PS4.C: Information Technologies and 
Instrumentation 
• Multiple technologies based on the 

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

 
SE/TE: 
540, Radio Waves;  
541, Radio; Television;  
542, Microwaves; Radar; 
543, Thermograms; Figure 12; 
Visible Light;  
544, Ultraviolet Rays; X-Rays;  
545, Gamma Rays;  
560-561, How It Works: Gas 
Laser 
 
TE Only:  
541, Use Community Resources; 
Teacher Demo: Radio Reception;  
545, Integrate Space Science: 
Gamma Rays; Evaluate 
Understanding 
 
• Knowledge of quantum physics enabled 

the development of 
semiconductors, computer chips, 
and lasers, all of which are now 
essential components of modern 
imaging, communication, and 
information technologies. 
(Boundary: Details of quantum 
physics are not formally taught at 
this grade level.)  

 
SE/TE:  
560-561, How It Works: Gas 
Laser;  
621, Semiconductors;  
621, Solid-State Components 
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TE Only:  
560, Build Reading Literacy: 
Laser Light; Facts and Figures: 
Diverging Laser Beams;  
621, Teacher Demo: 
Semiconductors and Current; 
Address Misconceptions 
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ENGINEERING, TECHNOLOGY, AND APPLICATIONS OF SCIENCE 
HS.ETS-ED.a.   Engineering Design 
Students who demonstrate understanding can: 
a. Ask questions and collect information to quantify the scope and impacts of a major global problem on 

local communities and find evidence of possible causes by breaking the problem down into parts and 
investigating the mechanisms that may contribute to each part.  [Clarification Statement: For example, 
students ask questions to quantify the scope and impacts of acid rain in a local community by 
investigating the mechanisms involved in stone monument erosion.] [Assessment Boundary: Limit to 
asking questions and gathering information to better understand the problem and possible causes; not 
finding solutions.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Asking Questions and Defining 
Problems 
Asking questions and defining problems in 
grades 9–12 builds from grades K–8 
experiences and progresses to formulating, 
refining, and evaluating empirically testable 
questions and explanatory models and 
simulations 
• Ask questions that arise from 

phenomena, models, or 
unexpected results. 

 
• Ask questions to determine quantitative 

relationships between 
independent and dependent 
variables. 

 
Related Content: 
SE/TE: 
646, Problem-Solving Activity: 
Transmitting Electricity to a New 
School 

ETS1.A: Defining and Delimiting an 
Engineering Problem 
• Humanity faces major global challenges 

today, such as the need for 
supplies of clean water and food 
or for energy sources that 
minimize pollution, which can be 
addressed through engineering. 
These global challenges may 
also have manifestations in local 
communities. But, whatever the 
scale, the first thing that 
engineers do is define the 
problem and specify the criteria 
and constraints for potential 
solutions. 

 
Related Content: 
SE/TE: 
52-53, Concepts in Action: 
Getting a Fresh Start; 
268-269, Combustion of Fossil 
Fuels; 
270, Concepts in Action: 
Breathing Easy; 
463, Data Analysis: World Energy 
Use; 
463-466, Renewable Energy 
Resources; 
466, Conserving Energy 
Resources 
 
ETS1.B: Developing Possible Solutions 
• To design something complicated one 

may need to break the problem 
into parts and attend to each part 
separately but must then bring 
the parts together to test the 
overall plan. 

 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
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HS.ETS-ED.b.   Engineering Design 
Students who demonstrate understanding can: 
b. Analyze input and output data and functioning of a human-built system to define opportunities to improve 

the system's performance so it better meets the needs of end users while taking into account constraints 
(e.g., materials, costs, scientific principles). [Clarification Statement: Analyze data and functioning of a 
human-built system such as a school’s heating and cooling system; or throughput and functioning of a 
city’s wastewater system.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The citations below indicate areas in Physical 
Science, Concepts in Action where this idea is introduced. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific claims 
or determine an optimal design 
solution. 

 
Related Content: 
SE/TE: 
438-439, Consumer Lab: 
Determining Mechanical 
Advantage; 
648, Application Lab: 
Investigating an Electric 
Generator 

ETS1.A: Defining and Delimiting an 
Engineering Problem 
• Design criteria and constraints, which 

typically reflect the needs of the 
end-user of a technology or 
process, address such things as 
the product’s or system’s function 
(what job it will perform and how), 
its durability, and limits on its size 
and cost. 

 
• Criteria and constraints also include 

satisfying any requirements set 
by society, such as taking issues 
of risk mitigation into account, 
and they should be quantified to 
the extent possible and stated in 
such a way that one can tell if a 
given design meets them. 

 
Related Content: 
SE/TE: 
433, Data Analysis: Pulley System 
Performance; 
436-437, Concepts in Action: 
Gearing up for Better Bikes; 
542, Data Analysis: How Long 
Does an Antenna Need to Be? 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions within and between systems at 
different scales. Models can be used to 
predict the behavior of a system, but these 
predictions have limited precision and 
reliability due to the assumptions and 
approximations inherent in models. 
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HS.ETS-ED.c.   Engineering Design 
Students who demonstrate understanding can: 
c. Evaluate different solutions to a problem by identifying criteria (e.g., cost, safety, reliability, aesthetics) 

and possible impacts on society and the natural environment, and using a trade-off matrix or numerical 
weighting system to choose the best solution. [Clarification Statement: Example problems for which 
multiple solutions can be proposed and evaluated include de-icing a parking lot; increasing yield of a 
garden or farm; or mining a natural resource with minimal environmental damage.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The focus of this program is to enable all students 
to make the important connection between the science they read and what they experience every 
day. This expectation falls outside of the program scope and sequence. 
 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–
12 builds from K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific reasoning 
to defend and critique claims and 
explanations about natural and designed 
world. Arguments may also come from 
current scientific or historical episodes in 
science. 
• Evaluate the merits of competing 

arguments, design solutions 
and/or models. 

 

ETS1.B: Developing Possible Solutions 
• When evaluating solutions, it is 

important to take into account a 
range of constraints, including 
cost, safety, reliability, and 
aesthetics, and to consider 
social, cultural, and 
environmental impacts. 

ETS1.C: Optimizing the Design Solution 
• The comparison of multiple designs can 

be aided by a trade-off matrix. 
Sometimes a numerical weighting 
system can help evaluate a 
design against multiple criteria. 
When evaluating solutions, all 
relevant considerations, including 
cost, safety, reliability, and 
aesthetic, social, cultural, and 
environmental impacts, should be 
included. 

 

Connections to Engineering, 
Technology, and Applications of 
Science 
  
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including 
some that were not anticipated. Analysis of 
costs and benefits is a critical aspect of 
decisions about technology. 
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HS.ETS-ED.d.   Engineering Design 
Students who demonstrate understanding can: 
d. Plan and carry out a quantitative investigation with physical models or prototypes to develop evidence on 

the effectiveness of design solutions, leading to at least two rounds of testing and improvement. 
[Clarification Statement: For example, physical models or prototypes to conduct a quantitative 
investigation to determine if an ultraviolet light can purify water equally well as a chlorine-based system.]
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The focus of this program is to enable all students 
to make the important connection between the science they read and what they experience every 
day. This expectation falls outside of the program scope and sequence. 
 
   

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9 – 12 builds on K – 8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical, and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them. 

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

 

ETS1.B: Developing Possible Solutions 
• Testing should lead to improvements in 

the design through an iterative 
procedure. Both physical models 
and computer models can be 
used in various ways to aid in the 
engineering design process. 
Physical models, or prototypes, 
are helpful in testing product 
ideas or the properties of different 
materials. 

 
ETS1.C: Optimizing the Design Solution 
• Testing should lead to design 

improvements through an 
iterative process, and computer 
simulations are one useful way of 
running such tests. 

 

Systems and System Models 
Systems can be designed to do specific 
tasks. When investigating or describing a 
system, the boundaries and initial 
conditions of the system need to be defined 
and their inputs and outputs analyzed and 
described using models. Models (e.g., 
physical, mathematical, computer models) 
can be used to simulate systems and 
interactions within and between systems at 
different scales. Models can be used to 
predict the behavior of a system, but these 
predictions have limited precision and 
reliability due to the assumptions and 
approximations inherent in models. 
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HS.ETS-ED.e.   Engineering Design 
Students who demonstrate understanding can: 
e. Use computational thinking to create, simulate and compare different design solutions, checking to be 

certain that the simulation "makes sense" when compared to the real world. [Clarification Statement: For 
example, students create a computer simulation of a model building to see how different modifications 
could save energy and reduce CO2 emissions.] [Assessment Boundary: Students use existing modeling 
software.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The focus of this program is to enable all students 
to make the important connection between the science they read and what they experience every 
day. This expectation falls outside of the program scope and sequence. 
 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Using Mathematics and Computational 
Thinking 
Mathematical and computational thinking at 
the 9–12 level builds on K–8 and 
progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear 
functions including trigonometric functions, 
exponentials and logarithms, and 
computational tools for statistical analysis to 
analyze, represent, and model data. Simple 
computational simulations are created and 
used based on mathematical models of 
basic assumptions. 
• Use simple limit cases to test 

mathematical expressions, 
computer programs or 
algorithms, or simulations to see 
if a model “makes sense” by 
comparing the outcomes with 
what is known about the real 
world. 

 
 

ETS1.B: Developing Possible Solutions 
• Computer models are useful for a variety 

of purposes, such as in 
representing a design in 3-D 
through CAD software; in 
troubleshooting to identify and 
describe a design problem; in 
running simulations to test 
different ways of solving a 
problem or to see which one is 
most efficient or economical; and 
in making a persuasive 
presentation to a client about how 
a given design will meet his or 
her needs. 

 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
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HS.ETS-ED.f.   Engineering Design 
Students who demonstrate understanding can: 
f. Refine a solution by prioritizing criteria and taking into account the life cycle of a given product or 

technological system and factors such as safety, reliability and aesthetics to achieve an optimal solution. 
[Clarification Statement: For example, choose the best possible heat pump technology for a campus 
building; determine the optimum method for extracting oil and natural gas; or best method for treating 
soil prior to planting crops.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The focus of this program is to enable all students 
to make the important connection between the science they read and what they experience every 
day. This expectation falls outside of the program scope and sequence. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 
student-generated sources of evidence 
consistent with scientific knowledge, 
principles, and theories. 
• Apply scientific knowledge to solve 

design problems by engaging in 
all steps of the design cycle, 
taking into account possible 
unanticipated effects. 

 

ETS1.C: Optimizing the Design Solution 
• The aim of engineering design is not 

simply to find a solution to a 
problem but to design the best 
solution under the given 
constraints and criteria. 
Optimization can be complex for 
a design problem with numerous 
desired qualities or outcomes. 
Criteria may need to be broken 
down into simpler ones that can 
be approached systematically, 
and decisions about the priority of 
certain criteria over others (trade-
offs) may be needed. 

 

Connections to Engineering, Technology, 
and Applications of Science 
Influence of Engineering, Technology, 
and Science on Society and the Natural 
World 
Modern civilization depends on major 
technological systems, such as agriculture, 
health, water, energy, transportation, 
manufacturing, construction, and 
communications. Engineers continuously 
modify these systems to increase benefits 
while decreasing costs and risks. New 
technologies can have deep impacts on 
society and the environment, including some 
that were not anticipated. Analysis of costs 
and benefits is a critical aspect of decisions 
about technology. 
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HS-ETS-ETSS.a.   Links Among Engineering, Technology, Science, and Society 
Students who demonstrate understanding can: 
a. Plan and carry out an investigation to improve a technology and suggest ideas for further related 

scientific study. [Clarification Statement: For example, a group of students investigate the environmental 
conditions needed to maintain a healthy aquatic population, apply findings to improving an aquarium, and 
recommend research that can be done with the improved technology to study aquatic ecosystems.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The focus of this program is to enable all students 
to make the important connection between the science they read and what they experience every 
day. This expectation falls outside of the program scope and sequence. 
 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Planning and Carrying Out 
Investigations 
Planning and carrying out investigations to 
answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that build, test, and revise 
conceptual, mathematical, physical and 
empirical models. 
• Plan and carry out investigations 

individually and collaboratively 
and test designs as part of 
building and revising models, 
explaining phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects, and ensure that the 
investigation’s design has 
controlled for them. 

 

ETS2.A: Interdependence of Science, 
Engineering, and Technology 
• Science and engineering complement 

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

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

 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
  



A Correlation of  
Physical Science, Concepts in Action ©2011 

to the Next Generation Science Standards – DRAFT, May 2012 
Grades 9-12 

 

SE = Student Edition; TE = Teacher’s Edition; LAB = Laboratory Manual 76 

 
HS-ETS-ETSS.b.   Links Among Engineering, Technology, Science, and Society 
Students who demonstrate understanding can: 
b. Gather evidence to evaluate different explanations for the widespread adoption of a modern technology, 

including the role of societal demands, market forces, evaluations by scientists and engineers, and 
possible government regulation. [Clarification Statement: For example, students evaluate explanations for 
the rapid spread of cell phones, LED lighting, or genetically engineered crops for farming.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The focus of this program is to enable all students 
to make the important connection between the science they read and what they experience every 
day. This expectation falls outside of the program scope and sequence. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and communicating 
information in 9–12 builds on 6–8 and 
progresses to evaluating the validity and 
reliability of the claims, methods, and 
designs. 
• Critically read scientific literature 

adapted for classroom use to 
identify key ideas and major 
points and to evaluate the validity 
and reliability of the claims, 
methods, and designs.  

 
• Generate, synthesize, communicate, 

and critique claims, methods, and 
designs that appear in scientific 
and technical texts or media 
reports. 

  
 

ETS2.B: Interactions of Engineering, 
Technology, Science, Society, and the 
Natural Environment 
• Widespread adoption of technological 

innovations often depends on 
market forces or other societal 
demands, but it may also be 
subject to evaluation by scientists 
and engineers and to eventual 
government regulation. 

  

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. Cause and effect relationships can 
be suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 
Systems can be designed to cause a 
desired effect. Changes in systems may 
have various causes that may not have 
equal effects. 
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HS-ETS-ETSS.c.   Links Among Engineering, Technology, Science, and Society 
Students who demonstrate understanding can: 
c. Analyze data to compare different technologies designed to accomplish the same function regarding their 

relative environmental impacts, costs, risks, and benefits, and what might need to be done to reduce 
unanticipated negative effects. [Clarification Statement: Comparisons include paper vs. electronic books, 
nuclear vs. coal-fired power plants.][Assessment Boundary: Analysis limited to data available online or 
provided to students.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The text covers a wide variety of technologies. 
Students compare the benefits and drawbacks of nuclear vs. coal-fired power plants on SE/TE:  
312. They analyze the arguments in favor of batteries vs. fuel cells for electric cars on SE/TE: 608. 
They compare and contrast digital and analog signals on TE: 619. 
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and 
progresses to introducing more detailed 
statistical analysis, the comparison of data 
sets for consistency, and the use of models 
to generate and analyze data. 
• Use tools, technologies, and models 

(e.g., computational, 
mathematical) to generate and 
analyze data in order to make 
valid and reliable scientific claims 
or determine an optimal design 
solution. 

 

ETS2.B: Interactions of Engineering, 
Technology, Science, Society, and the 
Natural Environment 
• New technologies can have deep 

impacts on society and the 
environment, including some that 
were not anticipated or that may 
build up over time to a level that 
requires attention or mitigation.   

  
SE/TE:  
178-179, Science and History: 
Milestones in Metallurgy;  
179, Writing in Science;  
312-313, Science and History: 
Nuclear Chemistry;  
313, Writing in Science;  
314, How It Works: Nuclear 
Power Station;  
374-375, Science and History: 
Amusement Park Rides;  
402, How It Works: Submarine; 
422-423, Science and History: 
Innovations of the Industrial 
Revolution;  
434, How It Works: Elevator; 
465, How It Works: Wind 
Turbine;  
488, How It Works: Hybrid 
Automobile;  
518-519, Science and History: 
Sound Recording;  
520, How It Works: The Piano; 
560, How It Works: Gas Laser; 
582-583, Science and History: 
Photography;  
583, Writing in Science;  
591, How It Works: Laser Eye 
Surgery;  
620, How It Works: Digital 
Camera;  
634, How It Works: Anti-Theft 
Security Devices 

Stability and Change 
Much of science deals with constructing 
explanations of how things change and how 
they remain stable. Change and rates of 
change can be quantified and modeled over 
very short or very long periods of time. 
Some system changes are irreversible. 
Feedback (negative or positive) can 
stabilize or destabilize a system. Systems 
can be designed for greater or lesser 
stability. 
 
SE/TE:  
482, Second Law of 
Thermodynamics 
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TE Only:  
178, Use Community Resources: 
Alloys;  
179, Facts and Figures: Bronze; 
313, Use Community Resources; 
422, Customize for English-
Language Learners: Use Personal 
Experience;  
518, Facts and Figures: Sound 
Reproduction;  
519, Integrate Social Studies  
 
• Analysis of costs, environmental 

impacts, risks and benefits, are 
critical aspects of decisions about 
technology use. 

 
SE/TE:  
59, Issues in Science: What 
Should Be Done With Arsenic-
Treated Wood?;  
281, Issues in Science: Should 
People Conserve Fossil Fuels?; 
302, Issues In Science: Should 
Radon Testing in Schools Be 
Mandatory?;  
513, Issues in Science: Are 
Regulations Needed to Protect 
Whales from Noise Pollution?; 
579, Issues in Science: Is Video 
Surveillance an Invasion of 
Privacy?;  
608, Issues in Science: Should 
Car Companies Be Required to 
Make Electric Cars? 
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HS-ETS-ETSS.d.   Links Among Engineering, Technology, Science, and Society 
Students who demonstrate understanding can: 
d. Construct or critique arguments based on evidence concerning the costs, risks, and benefits of changes 

in major technological systems related to agriculture, health, water, energy, transportation, 
manufacturing, or construction, needed to support a growing world population. [Clarification Statement: 
For example, students construct arguments concerning the costs and benefits of shifting from centralized 
to distributed energy generation systems or natural to genetically engineered crops.] [Assessment 
Boundary: Limited to relative comparison of costs and benefits of different technological changes.] 
 
PHYSICAL SCIENCE, CONCEPTS IN ACTION:  The “Issues in Science” feature requires students 
to address the pros and cons of various technologies. Feature focus: SE/TE: 59, the environmental 
impact of arsenic-treated wood used to prevent termite infestation; SE/TE: 281, genetically-
modified organisms; SE/TE: 302, radon testing in schools; SE/TE: 513, marine noise pollution and 
its effect on cetaceans; SE/TE: 579, video surveillance and human rights; and SE/TE: 608, 
batteries vs. fuel cells for use in electric cars. These issues address housing, food, health, the 
impact of humans on other species in the environment, and transportation and clean energy, all of 
which are increasingly important to support a growing world population. In each Issues in Science 
feature, students are asked to define the issue, analyze competing viewpoints, form their own 
opinion, and articulate their position.   
  

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science 
Education: 

Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–
12 builds from K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific reasoning 
to defend and critique claims and 
explanations about natural and designed 
world. Arguments may also come from 
current scientific or historical episodes in 
science. 
• Construct a counter-argument that is 

based in data and evidence that 
challenges another proposed 
argument.  

  
SE/TE:  
179, Writing in Science;  
312-313, Science and History: 
Nuclear Chemistry; 
 313, Writing in Science;  
314, How It Works: Nuclear 
Power Station;  
374-375, Science and History: 
Amusement Park Rides;  
488, How It Works: Hybrid 
Automobile;  
560, How It Works: Gas Laser; 
582-583, Science and History: 
Photography;  
583, Writing in Science 
 
TE Only:  
178, Use Community Resources: 
Alloys;  
313, Use Community Resources; 
422, Customize for English-
Language Learners: Use Personal 

ETS2.B: Interactions of Engineering, 
Technology, Science, Society, and the 
Natural Environment 
• Modern civilization depends on major 

technological systems, including 
those related to agriculture, 
health, water, energy, 
transportation, manufacturing, 
construction, and 
communications.  

  
SE/TE:  
178-179, Science and History: 
Milestones in Metallurgy;  
179, Writing in Science;  
312-313, Science and History: 
Nuclear Chemistry;  
313, Writing in Science;  
314, How It Works: Nuclear 
Power Station;  
374-375, Science and History: 
Amusement Park Rides;  
402, How It Works: Submarine; 
422-423, Science and History: 
Innovations of the Industrial 
Revolution;  
434, How It Works: Elevator; 
465, How It Works: Wind 
Turbine;  
488, How It Works: Hybrid 
Automobile;  
518-519, Science and History: 
Sound Recording;  
520, How It Works: The Piano; 
560, How It Works: Gas Laser; 
582-583, Science and History: 

Stability and Change 
Much of science deals with constructing 
explanations of how things change and how 
they remain stable. Change and rates of 
change can be quantified and modeled over 
very short or very long periods of time. 
Some system changes are irreversible. 
Feedback (negative or positive) can 
stabilize or destabilize a system. Systems 
can be designed for greater or lesser 
stability. 
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Experience; 
518, Facts and Figures: Sound 
Reproduction;  
519, Integrate Social Studies 
 
• Criticize and evaluate arguments and 

design solutions in light of new 
evidence, limitations (e.g., trade-
offs), constraints, and ethical 
issues. 

 
SE/TE:  
312-313, Science and History: 
Nuclear Chemistry;  
313, Writing in Science;  
314, How It Works: Nuclear 
Power Station 
 

Photography;  
583, Writing in Science;  
591, How It Works: Laser Eye 
Surgery;  
620, How It Works: Digital 
Camera;  
634, How It Works: Anti-Theft 
Security Devices 
 
TE Only:  
178, Use Community Resources: 
Alloys;  
179, Facts and Figures: Bronze; 
313, Use Community Resources; 
422, Customize for English-
Language Learners: Use Personal 
Experience;  
518, Facts and Figures: Sound 
Reproduction;  
519, Integrate Social Studies 
 
• Engineers continuously modify these 

technological systems by 
applying scientific and 
engineering knowledge and 
practices to increase benefits 
while decreasing costs and risks. 

 
SE/TE:  
178-179, Science and History: 
Milestones in Metallurgy;  
179, Writing in Science;  
312-313, Science and History: 
Nuclear Chemistry;  
313, Writing in Science;  
314, How It Works: Nuclear 
Power Station;  
374-375, Science and History: 
Amusement Park Rides;  
402, How It Works: Submarine; 
422-423, Science and History: 
Innovations of the Industrial 
Revolution;  
434, How It Works: Elevator; 
465, How It Works: Wind 
Turbine;  
488, How It Works: Hybrid 
Automobile;  
518-519, Science and History: 
Sound Recording;  
520, How It Works: The Piano; 
560, How It Works: Gas Laser; 
582-583, Science and History: 
Photography;  
583, Writing in Science;  
591, How It Works: Laser Eye 
Surgery;  
620, How It Works: Digital 
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Camera;  
634, How It Works: Anti-Theft 
Security Devices 
 
TE Only:  
178, Use Community Resources: 
Alloys;  
179, Facts and Figures: Bronze; 
313, Use Community Resources; 
422, Customize for English-
Language Learners: Use Personal 
Experience;  
518, Facts and Figures: Sound 
Reproduction;  
519, Integrate Social Studies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


