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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 with Earth and 
Space Science. 

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 with Earth and 
Space Science, ©2011, supports the Next Generation Science Standards (NGSS). Correlation 
references are to the Student Editions, Teacher Editions, and Teacher Lab Resources.
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HS-PS1 Matter and Its Interactions  
 

HS-PS1 Matter and Its Interactions  
HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based on the patterns of electrons 
in the outermost energy level of atoms. [Clarification Statement: Examples of properties that could be predicted from patterns could include reactivity of metals, 
types of bonds formed, numbers of bonds formed, and reactions with oxygen.] [Assessment Boundary: Assessment is limited to main group elements. Assessment does not include 
quantitative understanding of ionization energy beyond relative trends.]  
 
PHYSICAL SCIENCE, Concepts in Action: Information on the periodic table is presented in Chapter 5, The Periodic Table on SE/TE pages 
124-155. The organization of the table is described in Section 5.2, The Modern Periodic Table, on SE/TE pages 130-138. In Section 5.3, 
Representative Groups, the relationship of the outermost electrons to the periodic table is described in Valence Electrons on SE/TE page 139 
and the effect of valence electrons on the properties of elements in groups 1A through 8A are described on SE/TE pages 140-145. Chemistry 
Refresher, Metalloids, on TE only page 124D, discusses the metalloid area of the periodic table and the properties of metalloids. Chemistry 
Refresher, Diagonals, on TE only page 124D, discusses the diagonal relationships between some elements in the periodic chart and the 
relationship to predictions of properties of those elements 
 
In Section 5.3 Assessment question 1, on SE/TE page 145, students explain why elements in a group have similar properties; in question 5, 
students identify which group of elements is least reactive; in question 6, students explain why hydrogen is located in a group with reactive 
metals; in question 12, students generalize about the property of reactivity in metals. In Exploration Lab: Predicting the Density of an 
Element, SE/TE pages 150-151 and Lab pages 289-291, students predict the density of germanium based on the density of silicon, tin, and 
lead and the periodic table. In Teacher Demo, Variation Across a Period, on TE only page 138, students observe differences in electrical 
conductivity among three period 3 elements. In Valence Electrons: Integrate Space Science, on TE only page 139, students research and 
explain the conditions under which hydrogen has the properties of a metal. In Use Visuals: The Alkali Metals, on TE only page 140, students 
predict the reactivity of elements within one group. In Compare/Contrast Chart, on TE only page 140, students record similarities and 
differences between group 1A and 2A. In Build Science Skills, on TE only page 159, students predict the electron dot diagrams for various 
elements based on their position in the periodic chart. In Investigation 5A, Using Clues to Identify Elements, on Lab pages 47-52, students 
use their knowledge about valence electrons and the periodic table to identify 34 elements. In Investigation 5B, Comparing Chemical 
Properties Within a Group, on Lab pages 53-56, students predict reactivity of elements in the 2A group of the periodic table.  
 
 
HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction based on the outermost 
electron states of atoms, trends in the periodic table, and knowledge of the patterns of chemical properties.  
 [Clarification Statement: Examples of chemical reactions could include the reaction of sodium and chlorine, of carbon and oxygen, or of carbon and hydrogen.] [Assessment 
Boundary: Assessment is limited to chemical reactions involving main group elements and combustion reactions.]  
 
PHYSICAL SCIENCE, Concepts in Action: Chemical bonding is presented in Chapter 6, Chemical Bonds. Ionic bonding is introduced in 
Section 6.1, Ionic Bonding, on SE/TE pages 158-164. Covalent bonding content is located in Section 6.2, Covalent Bonding, on SE/TE pages 
165-169. Metal bonding is introduced in Section 6.4, The Structure of Metals, SE/TE pages 176-181.  Simple chemical reactions are 
introduced in Chapter 7, Chemical Reactions.  Types of reactions are p in Section 7.2, Types of Reactions, on SE/TE pages 199-205. Patterns 
in the periodic table are introduced in Section 5.3, Representative Groups, on SE/TE pages 139-145. The role of electrons in chemical bonds 
are discussed in the Bond Strength in Ionic Compounds, Electronegativity and Bond Types, and Metallic Bonding sections of Chemistry 
Refresher on TE only pages 156C-156D. 
 
In Section 6.1 Assessment question 6, on SE/TE page 164, students explain the outcome of reactions between elements from group 1A and 
group 7A in terms of valence electrons.  In Connection Concepts, on SE/TE page 164, students compare the reactivity of potassium and 
calcium based on their position in the periodic chart which is based on valence electrons. In Quick Lab, Identifying a Type of Reaction, on 
SE/TE page 203, students explain a replacement reaction. In Section 7.2 Assessment question 6, on SE/TE page 205, students explain a 
redox reaction in terms of electron transfer. In Writing in Science, on SE/TE page 205, students explain the reaction types when water is 
formed from hydrogen and oxygen. Instruct, Integrate Social Studies, on TE only page 158, students draw valence diagrams for boron, 
carbon, nitrogen, oxygen, and fluorine. In Build Science Skills, on TE only page 159, students predict the electron dot diagrams for various 
elements based on their position in the periodic chart. Students explain the outcome of simple chemical reactions in Investigation 6B, 
Comparing Ionic and Molecular Compounds, on Lab pages 63-66. Students predict the products and explain the outcome of simple 
chemical reactions in Investigation 7A, Using Single-Replacement Reactions to Compare Reactivities, on Lab pages 67-72. Students explain 
the outcome of a synthesis reaction in Investigation 7B, Recognizing a Synthesis Reaction, on Lab pages 73-76. 
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HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of substances at the bulk scale to 
infer the strength of electrical forces between particles. [Clarification Statement: Emphasis is on understanding the strengths of forces between particles, 
not on naming specific intermolecular forces (such as dipole-dipole). Examples of particles could include ions, atoms, molecules, and networked materials (such as graphite). 
Examples of bulk properties of substances could include the melting point and boiling point, vapor pressure, and surface tension.] [Assessment Boundary: Assessment does not 
include Raoult’s law calculations of vapor pressure.]  
 
PHYSICAL SCIENCE, Concepts in Action: Electrical forces between particles are presented in Section 6.1, Ionic Bonding, on SE/TE pages 
158-162 and 164, Section 6.2 Covalent Bonding, on SE/TE pages 165-169, and Section 7.4, The Structure of Metals, on SE/TE pages 176-
181.  
 
In Data Analysis, What Determines the Size of an Atom or Ion, on SE/TE page 160, students analyze data about atomic radii and infer the 
relationship between the number of valence electrons and atomic radius. In Connection Concepts, on SE/TE page 164, students infer the 
relative levels of the strength of electric forces in potassium and calcium atoms based on the bulk property reactivity. In Quick Lab, Analyzing 
Inks, on SE/TE 167 students compare the solubility of atoms in different inks to compare the strength of polar bonds. In Section 6.2 
Assessment question 7, on SE/TE page 169, students explain the difference in boiling points for water and chlorine in terms of the strength 
of electrical forces.  In Teacher Demo, Comparing Bond Types, on TE only page 177, students compare malleability of ionic and metal 
compounds.  
 
 
HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends 
upon the changes in total bond energy. [Clarification Statement: Emphasis is on the idea that a chemical reaction is a system that affects the energy change. 
Examples of models could include molecular-level drawings and diagrams of reactions, graphs showing the relative energies of reactants and products, and representations showing 
energy is conserved.] [Assessment Boundary: Assessment does not include calculating the total bond energy changes during a chemical reaction from the bond energies of reactants 
and products.]  
 
PHYSICAL SCIENCE, Concepts in Action: Energy in chemical reactions is presented in Section 7.3, Energy Changes in Reactions, on 
SE/TE pages 206-209.  
 
In figure 17, on SE/TE page 207, students model the release of energy from the combustion of propane. In figure 18, on SE/TE page 208, 
students use graphs to model the release of energy in exothermic reactions and the absorption of energy in endothermic reactions. In 
Teacher Lab, Exothermic Reaction, on TE only page 200, students observe the release of energy during a chemical reaction. In Build Science 
Skills, Chemical Bonds and Energy, on TE only page 206, students model the energy in a molecule of propane using ball-and-stick models. 
 
 
HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature 
or concentration of the reacting particles on the rate at which a reaction occurs. [Clarification Statement: Emphasis is on student reasoning that 
focuses on the number and energy of collisions between molecules.] [Assessment Boundary: Assessment is limited to simple reactions in which there are only two reactants; evidence 
from temperature, concentration, and rate data; and qualitative relationships between rate and temperature.]  
 
PHYSICAL SCIENCE, Concepts in Action: Energy change in chemical reactions is presented in Section 7.3, Energy Changes in Reactions, 
on SE/TE pages 206-209. Factors affecting reaction rates are covered in Section 7.4, Reaction Rates, on SE/TE pages 212-215. 
 
In figure 21, on SE/TE page 213, students explain how surface area affects reaction rates in a reaction between grain dust and oxygen. In 
Quick Lab, Observing the Action of Catalysts, on SE/TE page 214, students describe how a catalyst is able to promote a chemical reaction. 
In Writing in Science, on SE/TE page 215, students write a paragraph explaining how temperature, concentration, surface area, and 
catalysts affect reaction rates. In Section 7.4 Assessment question 3, on SE/TE page 215, students explain why reactions take place faster at 
higher temperatures.; in question 4, students predict the effect of dilution on a chemical reaction; in question 5, students explain how a 
catalyst makes a reaction go faster; in question 6, students predict the effect of a catalyst on a chemical reaction. In Teacher Demo, 
Temperature and Rate, on TE only page 213, students observe the effect of temperature on reaction rate. 
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HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that would produce increased 
amounts of products at equilibrium.* [Clarification Statement: Emphasis is on the application of Le Chatlier’s Principle and on refining designs of chemical reaction 
systems, including descriptions of the connection between changes made at the macroscopic level and what happens at the molecular level. Examples of designs could include 
different ways to increase product formation including adding reactants or removing products.] [Assessment Boundary: Assessment is limited to specifying the change in only one 
variable at a time. Assessment does not include calculating equilibrium constants and concentrations.]  
 
PHYSICAL SCIENCE, Concepts in Action: Equilibrium in chemical reactions is covered in Section 7.5, Equilibrium, on SE/TE pages 216-
219. 
 
In figure 25, on SE/TE page 217, students model equilibrium between aqueous and gaseous water. In Problem Solving Activity, Recreating 
High Altitudes, on SE/TE page 218, students change the density of oxygen in a closed space to model equilibrium between hemoglobin and 
oxygen at high altitudes. In Section 7.5 Assessment question 5, on SE/TE page 219, students infer how the increase in pressure on a 
reaction will alter the equilibrium for that reaction. In Design Your Own Lab, Manipulating Chemical Equilibrium, on SE/TE pages 220-221 and 
Lab pages 295-297, students change conditions in an experiment to alter the equilibrium of a chemical reaction. In Build Science Skills, 
Types of Equilibria, on TE only page 216, students model chemical equilibrium. 
 
 
HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, are conserved during a 
chemical reaction. [Clarification Statement: Emphasis is on using mathematical ideas to communicate the proportional relationships between masses of atoms in the 
reactants and the products, and the translation of these relationships to the macroscopic scale using the mole as the conversion from the atomic to the macroscopic scale. Emphasis 
is on assessing students’ use of mathematical thinking and not on memorization and rote application of problem-solving techniques.] [Assessment Boundary: Assessment does not 
include complex chemical reactions.]  
 
PHYSICAL SCIENCE, Concepts in Action: Mathematical representations of chemical reactions are presented in Section 7.1, Describing 
Reactions, on SE/TE pages 192-198. Conservation of mass is introduced on SE/TE page 193. 
 
In Figure 2, Burning Carbon, on SE/TE page 193, students explain how models of chemical reactions show conservation of mass. In Figure 
4, on SE/TE page 194, students explain how balanced chemical equations show conservation of mass. In Math Practice, on SE/TE page 195, 
students use mathematical expressions to show conservation of mass. In Use Visuals, Balancing Equations, on TE only page 194, students 
use models to create mathematical representations of balanced reactions. In Additional Problems, on TE only page 195, students use 
mathematical representations to show conservation of mass. In Investigation 7A, Using Single-Replacement Reactions to compare 
Reactivities, Analysis questions 6 and 8 on Lab pages 71-72 and the Go Further section on Lab page 72, students use mathematical 
representations to show the conservation of mass. In Investigation 7B, Recognizing a Synthesis Reaction on Lab, Analysis, question 7 on 
page 76, students use mathematical representations to show the conservation of mass in a reaction between copper and oxygen.  
 
 
HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy released 
during the processes of fission, fusion, and radioactive decay. [Clarification Statement: Emphasis is on simple qualitative models, such as pictures or 
diagrams, and on the scale of energy released in nuclear processes relative to other kinds of transformations.] [Assessment Boundary: Assessment does not include quantitative 
calculation of energy released. Assessment is limited to alpha, beta, and gamma radioactive decays.]  
 
PHYSICAL SCIENCE, Concepts in Action: Radioactive decay is introduced in Section 10.1, Radioactivity and 10.2, Rates of Nuclear 
Decay, on SE/TE pages 292-301. Changes in the nucleus through transmutation are introduced in Section 10.3, Artificial Transmutation, on 
SE/TE pages 303-305. Fission and fusion are introduced in Section 10.4, Fission and Fusion, on SE/TE pages 309-311 and 315. 
 
In Math Practice on SE/TE page 295, students use a mathematical model of radioactive decay to balance equations for nuclear decay. In 
Section 10.1 Assessment question 8, on SE/TE page 297, students use a model of nuclear decay to predict the effect of beta decay on the 
composition of a nucleus. In Math Practice, on SE/TE page 297, students use a mathematical model of radioactive decay to balance 
equations for nuclear decay. In Quick Lab Modeling Transmutation, on SE/TE page 304, students model changes during transmutation in the 
nuclei of boron and of nitrogen. In Section 10.3 Assessment question 4, on SE/TE page 305, students model the transmutation of oxygen to 
fluorine; in question 7, students model the transmutation of plutonium to curium. In Figure 15, on SE/TE page 308, students use models of 
nuclear and electric forces in the nucleus. In Figure 16, on SE/TE page 30, students use models of electric forces in the nucleus. In figure 
19, on SE/TE page 311, students use a model of nuclear fission to explain the isotope formation from uranium 235. In Exploration Lab, 
Modeling a Chain Reaction, on SE/TE pages 316-317 and Lab pages 305-308, students model a nuclear fission chain reaction. In Additional 
Problems, on TE only page 295, students use a mathematical model of radioactive decay to balance equations for nuclear decay. In 
Teacher Demo, Nuclear Process, on TE only page 311, students observe a model of nuclear fission and fusion. In Investigation 10A, 
Modeling Radioactive Decay, on Lab pages 101-106, students model radioactive decay. 
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Science and Engineering Practices  
Developing and Using Models  
Modeling in 9–12 builds on K–8 and progresses to using, 
synthesizing, and developing models to predict and show 
relationships among variables between systems and their 
components in the natural and designed worlds.  
Develop a model based on evidence to illustrate the 
relationships between systems or between components of 
a system. (HS-PS1-4),(HS-PS1-8)  
 
SE/TE:  
206-209 Section 7.3, Energy Changes in 
Reactions 
292-297 Section 10.1, Radioactivity 
298-302 Section 10.2, Rates of Nuclear 
Decay 
303-305 Section 10.3, Artificial 
Transmutation 
309-311, 315 Section 10.4, Fission and 
Fusion 
316-315 Exploration Lab, Modeling a Chain 
Reaction 
 
Use a model to predict the relationships between 
systems or between components of a system. (HS-PS1-1)  
 
SE/TE: 
130-138 Section 5.2, The Modern Periodic 
Table 
139-140 Section 5.3, Representative Groups 
 
Planning and Carrying Out Investigations  
Planning and carrying out investigations in 9-12 builds on 
K-8 experiences and progresses to include investigations 
that provide evidence for and test conceptual, 
mathematical, physical, and empirical models.  
Plan and conduct an investigation individually and 
collaboratively to produce data to serve as the basis for 
evidence, and in the design: decide on types, how much, 
and accuracy of data needed to produce reliable 
measurements and consider limitations on the precision of 
the data (e.g., number of trials, cost, risk, time), and 
refine the design accordingly. (HS-PS1-3)  
 
SE/TE: 
158-162, 164 Section 6.1, Ionic Bonding 
165-169 Section 6.2, Covalent Bonding 
176-181 Section 7.4, The Structure of Metals 
 
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 representations of phenomena to 
support claims. (HS-PS1-7)  
 
SE/TE: 
216-219 Section 7.5, Equilibrium 
 
 
 

Disciplinary Core Ideas  
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. (HS-PS1-1)  
 
SE/TE:  
130-138 Section 5.2, The Modern Periodic 
Table 
139-140 Section 5.3, Representative Groups 
 
The periodic table orders elements horizontally by the 
number of protons in the atom’s nucleus and places those 
with similar chemical properties in columns. The repeating 
patterns of this table reflect patterns of outer electron 
states. (HS-PS1-1),(HS-PS1-2)  
 
SE/TE:  
130-138 Section 5.2, The Modern Periodic 
Table 
139-145 Section 5.3, Representative Groups 
158-164 Section 6.1, Ionic Bonding 
165-169 Section 6.2, Covalent Bonding 
176-181 Section 6.4, The Structure of Metals 
199-205 Section 7.2, Types of Reactions 
 
The structure and interactions of matter at the bulk 
scale are determined by electrical forces within and 
between atoms. (HS-PS1-3),(secondary to HS-PS2-6)  
 
SE/TE:  
158-162, 164 Section 6.1, Ionic Bonding 
165-169 Section 6.2, Covalent Bonding 
176-181 Section 7.4, The Structure of Metals 
 
A stable molecule has less energy than the same set of 
atoms separated; one must provide at least this energy in 
order to take the molecule apart. (HS-PS1-4)  
 
SE/TE:  
206-209 Section 7.3, Energy Changes in 
Reactions 
 
PS1.B: Chemical Reactions  
Chemical processes, their rates, and whether or not 
energy is stored or released can be understood in terms 
of the collisions of molecules and the rearrangements of 
atoms into new molecules, with consequent changes in 
the sum of all bond energies in the set of molecules that 
are matched by changes in kinetic energy. (HS-PS1-
4),(HS-PS1-5)  
 
SE/TE: 
206-209 Section 7.3, Energy Changes in 
Reactions 
212-215 Section 7.4, Reaction Rates 
 
In many situations, a dynamic and condition-
dependent balance between a reaction and the reverse 
reaction determines the numbers of all types of molecules 
present. (HS-PS1-6)  
 
SE/TE:  
216-219 Section 7.5, Equilibrium  
 
 

Crosscutting Concepts  
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.  
(HS-PS1-1),(HS-PS1-2),(HS-PS-3),(HS-PS1-5)  
 
SE/TE:  
130-138 Section 5.2, The Modern Periodic 
Table 
139-140 Section 5.3, Representative Groups 
139-145 Section 5.3, Representative Groups 
158-164 Section 6.1, Ionic Bonding 
165-169 Section 6.2, Covalent Bonding 
176-181 Section 6.4, The Structure of Metals 
199-205 Section 7.2, Types of Reactions 
206-209 Section 7.3, Energy Changes in 
Reactions 
212-215 Section 7.4, Reaction Rates 
 
Energy and Matter  
In nuclear processes, atoms are not conserved, but the 
total number of protons plus neutrons is conserved. (HS-
PS1-8)  
 
SE/TE: 
292-297 Section 10.1, Radioactivity 
298-302 Section 10.2, Rates of Nuclear 
Decay 
303-305 Section 10.3, Artificial 
Transmutation 
309-311, 315 Section 10.4, Fission and 
Fusion 
316-315 Exploration Lab, Modeling a Chain 
Reaction 
 
The total amount of energy and matter in closed 
systems is conserved. (HS-PS1-7)  
 
SE/TE:  
216-219 Section 7.5, Equilibrium 
 
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. (HS-PS1-4)  
 
SE/TE: 
206-209 Section 7.3, Energy Changes in 
Reactions 
 
Stability and Change  
Much of science deals with constructing explanations of 
how things change and how they remain stable. (HS-PS1-
6)  
 
SE/TE:  
216-219 Section 7.5, Equilibrium 
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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 ideas, principles, and theories.  
Apply scientific principles and evidence to provide an 
explanation of phenomena and solve design problems, 
taking into account possible unanticipated effects. (HS-
PS1-5)  
 
SE/TE: 
206-209 Section 7.3, Energy Changes in 
Reactions 
212-215 Section 7.4, Reaction Rates 
 
Construct and revise an explanation based on valid and 
reliable evidence obtained from a variety of sources 
(including students’ own investigations, models, theories, 
simulations, peer review) and the assumption that 
theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in 
the future. (HS-PS1-2)  
 
SE/TE: 
139-145 Section 5.3, Representative Groups 
158-164 Section 6.1, Ionic Bonding 
165-169 Section 6.2, Covalent Bonding 
176-181 Section 6.4, The Structure of Metals 
199-205 Section 7.2, Types of Reactions 
 
Refine a solution to a complex real-world problem, 
based on scientific knowledge, student-generated sources 
of evidence, prioritized criteria, and tradeoff 
considerations. (HS-PS1-6)  
 
SE/TE: 
216-219 Section 7.5, Equilibrium 

・The fact that atoms are conserved, together with 
knowledge of the chemical properties of the elements 
involved, can be used to describe and predict chemical 
reactions. (HS-PS1-2),(HS-PS1-7)  
 
SE/TE:  
139-145 Section 5.3, Representative Groups 
158-164 Section 6.1, Ionic Bonding 
165-169 Section 6.2, Covalent Bonding 
176-181 Section 6.4, The Structure of Metals 
199-205 Section 7.2, Types of Reactions 
216-219 Section 7.5, Equilibrium 
 
PS1.C: Nuclear Processes  
Nuclear processes, including fusion, fission, and 
radioactive decays of unstable nuclei, involve release or 
absorption of energy. The total number of neutrons plus 
protons does not change in any nuclear process. (HS-PS1-
8)  
 
SE/TE: 
292-297 Section 10.1, Radioactivity 
298-302 Section 10.2, Rates of Nuclear 
Decay 
303-305 Section 10.3, Artificial 
Transmutation 
309-311, 315 Section 10.4, Fission and 
Fusion 
316-315 Exploration Lab, Modeling a Chain 
Reaction 
 
ETS1.C: Optimizing the Design Solution  
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. (secondary to HS-PS1-6)  
 
SE/TE:  
216-219 Section 7.5, Equilibrium 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

---------------------------------------------  
Connections to Nature of Science  
Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems  
Science assumes the universe is a vast single system in 
which basic laws are consistent. (HS-PS1-7)  
 
SE/TE:  
216-219 Section 7.5, Equilibrium 
 
 

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or 
Disciplinary Core Idea. 
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HS-PS2 Motion and Stability: Forces and Interactions  
 

HS-PS2 Motion and Stability: Forces and Interactions  
Students who demonstrate understanding can:  
HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship 
among the net force on a macroscopic object, its mass, and its acceleration. [Clarification Statement: Examples of data could include tables or 
graphs of position or velocity as a function of time for objects subject to a net unbalanced force, such as a falling object, an object rolling down a ramp, or a moving object being 
pulled by a constant force.] [Assessment Boundary: Assessment is limited to one-dimensional motion and to macroscopic objects moving at non-relativistic speeds.]  
 
PHYSICAL SCIENCE, Concepts in Action: Newton’s Second Law is introduced in Newton’s Second Law of Motion, on SE/TE pages 365 
and 368. Applications of Newton’s Second Law is discussed in Crash-Test Dummies, on SE/TE page 366 and in Facts and Figures, Bike 
Helmets, on TE only page 366. Mathematical representations of Newton’s Second Law are introduced in Math Skills and Math Practice, on 
SE/TE page 367 and in Additional Problems, on TE only page 367.  
 
In Quick Lab, Investigating Inertia, on SE/TE page 365, students observe the proportional relationship between force and inertia. Students 
solve mathematical problems that describe net force, mass, and acceleration in Math Practice, on SE/TE page 367, and in Additional 
Problems, on TE only page 367. In Math Practice, on SE/TE page 369, students calculate deceleration and net force using Newton’s Second 
Law. In Exploration Lab, Investigating a Balloon Jet, on SE/TE page 383 and Lab pages 311-312, students analyze data from a balloon jet 
experiment using support from Newton’s Second Law. In Teacher Demo, Force and Acceleration, on TE only page 365, students observe 
that acceleration is directly proportional to force applied. In Investigation 12A, Using a Pendulum to Measure the Acceleration Due to Force of 
Gravity, on Lab pages 123-128, students use Newton’s Second Law to determine the value of acceleration due to gravity. In Investigation 
12B, Testing Galileo’s Hypothesis, on Lab pages 129-132, students use Newton’s Second Law to test Galileo’s Hypothesis that freely falling 
objects fall at a constant rate. 
 
 
HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a system of objects is 
conserved when there is no net force on the system. [Clarification Statement: Emphasis is on the quantitative conservation of momentum in interactions and 
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to systems of two macroscopic bodies moving in one dimension.]  
 
PHYSICAL SCIENCE, Concepts in Action: Conservation of momentum is discussed in Conservation of Momentum, on SE/TE pages 376-
377. 
 
In figure 17, on SE/TE page 376, students analyze data from collisions to show that the total momentum of the system does not change. In 
Data Analysis, Momentum, on SE/TE page 377, students analyze data in a graph that shows that momentum is conserved. In Section 12.3 
Assessment question 3, on SE/TE page 377, students describe the necessary conditions for conservation of momentum. 
 
 
HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes the force on a 
macroscopic object during a collision.* [Clarification Statement: Examples of evaluation and refinement could include determining the success of the device at 
protecting an object from damage and modifying the design to improve it. Examples of a device could include a football helmet or a parachute.] [Assessment Boundary: Assessment 
is limited to qualitative evaluations and/or algebraic manipulations.]  
 
PHYSICAL SCIENCE, Concepts in Action: Newton’s Second Law is introduced on SE/TE pages 365 and 368. Applications of Newton’s 
Second Law is discussed in Crash-Test Dummies, on SE/TE page 366, and in Facts and Figures, Bike Helmets, on TE only page 366. 
Mathematical representations of Newton’s Second Law are introduced in Math Skills and Math Practice, on SE/TE page 367, and in Additional 
Problems, on TE only page 367. In Concepts in Action, on SE/TE pages 370-371, parachutes and terminal velocity are explained. Newton’s 
Third Law is introduced on SE/TE pages 373. Conservation of momentum is discussed in Conservation of Momentum, on SE/TE pages 376-
377. 
 
In Figure 12, on SE/TE pages 364-365, students analyze the functioning of air bags in automobiles that are used to minimize the force on a 
body during an accident. In Build Science Skills, on TE only page 370, students evaluate a model of a parachute. 
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HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to describe and predict the 
gravitational and electrostatic forces between objects. [Clarification Statement: Emphasis is on both quantitative and conceptual descriptions of gravitational 
and electric fields.] [Assessment Boundary: Assessment is limited to systems with two objects.]  
 
PHYSICAL SCIENCE, Concepts in Action: Universal forces are introduced in Section 12.4, Universal Forces, on SE/TE pages 378-382. 
Electromagnetic forces are discussed on SE/TE pages 378-379. Gravitational forces are discussed on SE/TE pages 380-382. Newton’s law of 
universal gravitation is defined on SE/TE page 380. Electric force is further discussed in Section 20.1, Electric Charge and Static Electricity, on 
SE/TE pages 600-603. Coulomb’s law is defined on SE/TE page 601. In Facts and Figures, Electrical Force an Gravitational Force, on TE only 
page 602, the strength of electric and gravitational forces in a nucleus of an atom are calculated and compared. 
 
In Quick Lab, Investigating Force and Distance, on SE/TE page 380, students describe how the force of electrostatic attraction is affected by 
distance. In Figure 21, on SE/TE page 380, students use models of the mathematical relationships in Newton’s law of universal gravitation. 
In Figure 3, on SE/TE page 601, students use models of the mathematical relationships in Coulomb’s law. In Section 20.1 Assessment 
question 6, on SE/TE page 603, students explain how electric force depends on the amount of charge and the distance between charges. In 
Teacher Demo, Electric Attraction and Repulsion, on TE only page 601, students observe electric forces.  
 
 
HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can produce a magnetic field and 
that a changing magnetic field can produce an electric current. [Assessment Boundary: Assessment is limited to designing and conducting investigations 
with provided materials and tools.]  
 
PHYSICAL SCIENCE, Concepts in Action: Electric current is defined and described on SE/TE page 604. Magnetic field is defined and 
described on SE/TE page 631. Electromagnetism is introduced in Section 21.2, Electromagnetism, on SE/TE pages 635-639.  
 
In Quick Lab, Making an Electromagnet, on SE/TE page 637, students produce a magnetic field using an electric current. In Application Lab, 
Investigating an Electric Generator, on SE/TE pages 648-649 and Lab pages 333-334, students build an electric generator using magnets. In 
Teacher Demo, Magnetic Field from Electric Current, on TE only page 636, students observe how an electric current produces a magnetic 
field. In Teacher Demo, Electromagnetic Force, on TE only page 638, students observe the magnetic force exerted on a wire carrying an 
electric current. In Investigation 21A, Studying Electromagnetic Induction, on Lab pages 221-225, students investigate inducing a current 
using a bar magnet.  
 
 
HS-PS2-6. Communicate scientific and technical information about why the molecular-level structure is important in the 
functioning of designed materials.* [Clarification Statement: Emphasis is on the attractive and repulsive forces that determine the functioning of the material. 
Examples could include why electrically conductive materials are often made of metal, flexible but durable materials are made up of long chained molecules, and pharmaceuticals are 
designed to interact with specific receptors.] [Assessment Boundary: Assessment is limited to provided molecular structures of specific designed materials.]  
 
PHYSICAL SCIENCE, Concepts in Action: Bulk properties of elements and the influence of those properties on their use are discussed in 
Section 5.3, Representative Groups, on SE/TE page 139-145. The relationship between the crystal structure of ionic compounds and their use 
is discussed in Properties of ionic Compounds, on SE/TE page 164. The relationship between the structure of lattices in metals and bulk 
properties such as malleability and ductility are discussed in Explaining the Properties of Metals, on SE/TE page 177. The properties of alloys 
and their use in designed products are discussed in Alloys, on SE/TE pages 178-181. The relationship between the atomic structure of silicon 
and their use in silicon chips is discussed in Concepts in Action, Chipping In, on SE/TE pages 182-183. 
 
In Section 6.4 Assessment question 3, on SE/TE page 181, students communicate how scientists design alloys with specific properties; in 
question 5, students explain why metals are good conductors of electric current; in question 6 on SE/TE page 181, students communicate 
how adding carbon to steel makes the steel harder and stronger. In Writing in Science, on SE/TE page 181, students write a paragraph 
comparing the properties of ionic compounds and alloys. In Going Further, on SE/TE page 183, students write about the use of silicon in the 
development of transistors. In Consumer Lab, Improving the Dyeing of Nonpolar Fabrics, on SE/TE pages 184-185 and Lab pages 293-294, 
students observe the effect of polar bonds on the ability of a fabric to absorb dye. In Teacher Demo, on TE only page 177, students observe 
the difference in malleability of rock salt and copper wire and explain the difference in terms of the molecular structure of the materials. 
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Science and Engineering Practices  
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 provide evidence for and test conceptual, 
mathematical, physical and empirical models.  
Plan and conduct an investigation individually and 
collaboratively to produce data to serve as the basis for 
evidence, and in the design: decide on types, how much, 
and accuracy of data needed to produce reliable 
measurements and consider limitations on the precision of 
the data (e.g., number of trials, cost, risk, time), and 
refine the design accordingly. (HS-PS2-5)  
 
SE/TE: 
604 Electric Current 
631 Magnetic Fields 
648-649 Application Lab, Investigating an 
Electric Generator 
 
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.  
Analyze data using tools, technologies, and/or models 
(e.g., computational, mathematical) in order to make valid 
and reliable scientific claims or determine an optimal 
design solution. (HS-PS2-1)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies’ 
367 Math Skills and Math Practice 
 
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 representations of phenomena to 
describe explanations. (HS-PS2-2),(HS-PS2-4)  
 
SE/TE: 
376-377 “Conservation of Momentum” 
378-382 Section 12.4, Universal Forces 
600-603 Section 20.1, Electric Charge and 
Static Electricity 
 
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 ideas, principles, and theories.  
Apply scientific ideas to solve a design problem, taking 
into account possible unanticipated effects. (HS-PS2-3)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies’ 
367 Math Skills and Math Practice 
373 “Newton’s Third Law” 

Disciplinary Core Ideas  
PS2.A: Forces and Motion  
Newton’s second law accurately predicts changes in 
the motion of macroscopic objects. (HS-PS2-1)  
 
SE/TE:  
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies” 
367 Math Skills and Math Practice 
 
Momentum is defined for a particular frame of 
reference; it is the mass times the velocity of the object. 
(HS-PS2-2)  
 
SE/TE: 
376-377 “Conservation of Momentum” 
378-382 Section 12.4, Universal Forces 
600-603 Section 20.1, Electric Charge and 
Static Electricity 
 
If a system interacts with objects outside itself, the 
total momentum of the system can change; however, any 
such change is balanced by changes in the momentum of 
objects outside the system. (HS-PS2-2),(HS-PS2-3)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies” 
367 Math Skills and Math Practice 
373 “Newton’s Third Law” 
376-377 “Conservation of Momentum” 
378-382 Section 12.4, Universal Forces 
600-603 Section 20.1, Electric Charge and 
Static Electricity 
 
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. (HS-PS2-4)  
 
TE Only: 380 
 
Forces at a distance are explained by fields 
(gravitational, electric, and magnetic) permeating space 
that can transfer energy through space. Magnets or 
electric currents cause magnetic fields; electric charges or 
changing magnetic fields cause electric fields. (HS-PS2-
4),(HS-PS2-5)  
 
SE/TE: 
604 Electric Current 
631 Magnetic Fields 
648-649 Application Lab, Investigating an 
Electric Generator 
 
Attraction and repulsion between electric charges at 
the atomic scale explain the structure, properties, and 
transformations of matter, as well as the contact forces 
between material objects. (HS-PS2-6),(secondary to HS-
PS1-1),(secondary to HS-PS1-3)  
 
SE/TE: 
139-145 Section 5.3, Representative Groups 
177 “Explaining the Properties of Metals” 

Crosscutting Concepts  
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. (HS-
PS2-4)  
 
SE/TE: 
378-382 Section 12.4, Universal Forces 
600-603 Section 20.1, Electric Charge and 
Static Electricity 
 
Cause and Effect  
Empirical evidence is required to differentiate between 
cause and correlation and make claims about specific 
causes and effects. (HS-PS2-1),(HS-PS2-5)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies” 
367 Math Skills and Math Practice 
604 Electric Current 
631 Magnetic Fields 
648-649 Application Lab, Investigating an 
Electric Generator 
 
Systems can be designed to cause a desired effect. 
(HS-PS2-3)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies’ 
367 Math Skills and Math Practice 
373 “Newton’s Third Law” 
376-377 “Conservation of Momentum” 
 
Systems and System Models  
When investigating or describing a system, the 
boundaries and initial conditions of the system need to be 
defined. (HS-PS2-2)  
 
SE/TE: 
376-377 “Conservation of Momentum” 
378-382 Section 12.4, Universal Forces 
600-603 Section 20.1, Electric Charge and 
Static Electricity 
 
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. (HS-PS2-6)  
 
SE/TE: 
139-145 Section 5.3, Representative Groups 
177 “Explaining the Properties of Metals” 
178-181 “Alloys” 
182-183 Concepts in Action, Chipping In 
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376-377 “Conservation of Momentum” 
 
Obtaining, Evaluating, and Communicating 
Information  
Obtaining, evaluating, and communicating information in 
9–12 builds on K–8 and progresses to evaluating the 
validity and reliability of the claims, methods, and designs.  
Communicate scientific and technical information (e.g. 
about the process of development and the design and 
performance of a proposed process or system) in multiple 
formats (including orally, graphically, textually, and 
mathematically). (HS-PS2-6)  
 
SE/TE: 
139-145 Section 5.3, Representative Groups 
177 “Explaining the Properties of Metals” 
178-181 “Alloys” 
182-183 Concepts in Action, Chipping In 
-----------------------------------------------------  

Connections to Nature of Science 
Science Models, Laws, Mechanisms, and Theories 
Explain Natural Phenomena  
Theories and laws provide explanations in science. 
(HS-PS2-1),(HS-PS2-4)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies” 
367 Math Skills and Math Practice 
378-382 Section 12.4, Universal Forces 
600-603 Section 20.1, Electric Charge and 
Static Electricity 
 
Laws are statements or descriptions of the 
relationships among observable phenomena. (HS-PS2-
1),(HS-PS2-4)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies” 
367 Math Skills and Math Practice 
378-382 Section 12.4, Universal Forces 
600-603 Section 20.1, Electric Charge and 
Static Electricity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

178-181 “Alloys” 
182-183 Concepts in Action, Chipping In 
 
PS3.A: Definitions of Energy  
…and “electrical energy” may mean energy stored in a 
battery or energy transmitted by electric currents. 
(secondary to HS-PS2-5)  
 
SE/TE: 
604 Electric Current 
631 Magnetic Fields 
648-649 Application Lab, Investigating an 
Electric Generator 
 
ETS1.A: Defining and Delimiting Engineering 
Problems  
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. (secondary to HS-PS2-
3)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies’ 
367 Math Skills and Math Practice 
373 “Newton’s Third Law” 
376-377 “Conservation of Momentum” 
 
ETS1.C: Optimizing the Design Solution  
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. (secondary to HS-PS2-3)  
 
SE/TE: 
365, 368 “Newton’s Second Law of Motion” 
366 “Crash-Test Dummies” 
367 Math Skills and Math Practice 
373 “Newton’s Third Law” 
376-377 “Conservation of Momentum” 
 

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or 
Disciplinary Core Idea. 
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HS-PS3 Energy  
 

HS-PS3 Energy  
Students who demonstrate understanding can:  
HS-PS3-1. Create a computational model to calculate the change in the energy of one component in a system when the 
change in energy of the other component(s) and energy flows in and out of the system are known. [Clarification Statement: Emphasis is 
on explaining the meaning of mathematical expressions used in the model.] [Assessment Boundary: Assessment is limited to basic algebraic expressions or computations; to systems 
of two or three components; and to thermal energy, kinetic energy, and/or the energies in gravitational, magnetic, or electric fields.]  
 
PHYSICAL SCIENCE, Concepts in Action: Equations for calculating kinetic and gravitational potential energy are presented in Section 
15.1, Energy and Its Forms, on SE/TE pages 447 and 449. Energy conversion and conservation are covered in Section 15.2, Energy 
Conversion and Conservation, on SE/TE pages 453-459. In Math Skills, on SE/TE page 458, the equations for conservation of mechanical 
energy are introduced. 
 
In Math Practice, on SE/TE pages 448 and 452, students calculate kinetic and potential energies. In Math Practice, on SE/TE page 458 and 
459, students calculate the change in energy when two of three of variables are known. In Investigation 15B, Determining the Kinetic 
Energy of a Pendulum, on Lab pages 163-166, students calculate the kinetic energy of a pendulum under various conditions. 
 
 
HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination 
of energy associated with the motions of particles (objects) and energy associated with the relative position of particles 
(objects). [Clarification Statement: Examples of phenomena at the macroscopic scale could include the conversion of kinetic energy to thermal energy, the energy stored due to 
position of an object above the earth, and the energy stored between two electrically-charged plates. Examples of models could include diagrams, drawings, descriptions, and 
computer simulations.]  
 
PHYSICAL SCIENCE, Concepts in Action: Energy as moving particles is presented in Thermal Energy and in Chemical Energy, on SE/TE 
page 451.  Energy as fields is introduced in Electric Fields, on SE/TE page 602 and in Magnetic Fields, on SE/TE pages 631-632.  
 
Students use models of particles accounting for energy in Figure 2, on SE/TE page 475. Students use a model of electric charges and 
fields to illustrate static electricity discharge in Figure 6, on SE/TE page 603. In Writing in Science, on SE/TE page 603, students use a 
model of electric fields to explain how a person might receive a shock from a metal door knob on a dry winter day. 
 
 
HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another 
form of energy.* [Clarification Statement: Emphasis is on both qualitative and quantitative evaluations of devices. Examples of devices could include Rube Goldberg devices, 
wind turbines, solar cells, solar ovens, and generators. Examples of constraints could include use of renewable energy forms and efficiency.] [Assessment Boundary: Assessment for 
quantitative evaluations is limited to total output for a given input. Assessment is limited to devices constructed with materials provided to students.]  
 
PHYSICAL SCIENCE, Concepts in Action: Information about devices that convert one form of energy to another is presented in How It 
Works, Wind Turbine, on SE/TE page 465; in Concepts in Action, Solar Home, on SE/TE page 484; in Heat Engines on SE/TE pages 486-487; 
in Electric Motor on SE/TE page 639; and Generators on SE/TE pages 643-644.  
 
Students build an electric generator in Application Lab, Investigating an Electric Generator, on SE/TE pages 648-649 and Lab pages 333-334. 
 
 
HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal energy when two components 
of different temperature are combined within a closed system results in a more uniform energy distribution among the 
components in the system (second law of thermodynamics). [Clarification Statement: Emphasis is on analyzing data from student investigations and using 
mathematical thinking to describe the energy changes both quantitatively and conceptually. Examples of investigations could include mixing liquids at different initial temperatures or 
adding objects at different temperatures to water.] [Assessment Boundary: Assessment is limited to investigations based on materials and tools provided to students.]  
 
PHYSICAL SCIENCE, Concepts in Action: Thermal energy is presented in Section 16.1, Thermal Energy and Matter, on SE/TE pages 474-
478.  
 
In Teacher Demo, Calorimetry, on TE only page 478, students observe that a cold object placed in warmer water becomes warmer as the 
water becomes colder.  
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HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces 
between objects and the changes in energy of the objects due to the interaction. [Clarification Statement: Examples of models could include 
drawings, diagrams, and texts, such as drawings of what happens when two charges of opposite polarity are near each other, including an explanation of how the change in energy 
of the objects is related to the change in energy of the field.] [Assessment Boundary: Assessment is limited to systems containing two objects.]  
 
PHYSICAL SCIENCE, Concepts in Action: Energy as fields is introduced in Electric Fields, on SE/TE page 602 and in Magnetic Fields, on 
SE/TE pages 631-632.  
 
Students use a model of electric charges and fields in Figure 4, on SE/TE page 602. Students use a model of the effect of charged particles 
being close together in Figure 5, on SE/TE page 602. Students use a model of electric charges and fields to illustrate static electricity 
discharge in Figure 6, on SE/TE page 603. In Writing in Science, on SE/TE page 603, students use a model of electric fields to explain how a 
person might receive a shock from a metal door knob on a dry winter day. Students use a model of magnetic fields to understand their 
forces in Figure 2 and Figure 3, on SE/TE page 631. Students use a model of magnetic and electric fields in How MRI Works, on SE/TE page 
641.   
 
 

Science and Engineering Practices  
Developing and Using Models  
Modeling in 9–12 builds on K–8 and progresses to using, 
synthesizing, and developing models to predict and show 
relationships among variables between systems and their 
components in the natural and designed worlds.  
・Develop and use a model based on evidence to illustrate 
the relationships between systems or between 
components of a system. (HS-PS3-2),(HS-PS3-5)  
 
SE/TE: 
451 “Thermal Energy and in Chemical 
Energy” 
602 “Electric Fields” 
631-632 “Magnetic Fields” 
 
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 provide evidence for and test conceptual, 
mathematical, physical, and empirical models.  
Plan and conduct an investigation individually and 
collaboratively to produce data to serve as the basis for 
evidence, and in the design: decide on types, how much, 
and accuracy of data needed to produce reliable 
measurements and consider limitations on the precision of 
the data (e.g., number of trials, cost, risk, time), and 
refine the design accordingly. (HS-PS3-4)  
 
SE/TE: 
474-475 Section 16.1, Thermal Energy and 
Matter 
 
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.  
Create a computational model or simulation of a 
phenomenon, designed device, process, or system. (HS-
PS3-1)  
 
SE/TE: 
446-452 Section 15.1, Energy and Its Forms 
453-459 Section 15.2, Energy Conversion 
and Conservation 

Disciplinary Core Ideas  
PS3.A: Definitions of Energy  
Energy is a quantitative property of a system that 
depends on the motion and interactions of matter and 
radiation within that system. That there is a single 
quantity called energy is due to the fact that a system’s 
total energy is conserved, even as, within the system, 
energy is continually transferred from one object to 
another and between its various possible forms. (HS-PS3-
1),(HS-PS3-2)  
 
SE/TE: 
446-452 Section 15.1, Energy and Its Forms 
453-459 Section 15.2, Energy Conversion 
and Conservation 
451 “Thermal Energy and in Chemical 
Energy” 
602 “Electric Fields” 
631-632 “Magnetic Fields” 
 
At the macroscopic scale, energy manifests itself in 
multiple ways, such as in motion, sound, light, and 
thermal energy. (HS-PS3-2) (HS-PS3-3)  
 
SE/TE: 
451 “Thermal Energy and in Chemical 
Energy” 
465 How It Works, Wind Turbine 
484 Concepts in Action, Solar Home 
486-487 “Heat Engines” 
602 “Electric Fields” 
631-632 “Magnetic Fields” 
639 “Electric Motor” 
634-635 “Generators” 
 
These relationships are better understood at the 
microscopic scale, at which all of the different 
manifestations of energy can be modeled as a 
combination of energy associated with the motion of 
particles and energy associated with the configuration 
(relative position of the particles). In some cases the 
relative position energy can be thought of as stored in 
fields (which mediate interactions between particles). This 
last concept includes radiation, a phenomenon in which 
energy stored in fields moves across space. (HS-PS3-2)  
 
SE/TE: 
451 “Thermal Energy and in Chemical 

Crosscutting Concepts  
Cause and Effect  
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. (HS-PS3-5)  
 
SE/TE: 
602 “Electric Fields” 
631-632 “Magnetic Fields” 
 
Systems and System Models  
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. (HS-PS3-4)  
 
SE/TE: 
474-475 Section 16.1, Thermal Energy and 
Matter 
 
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. (HS-PS3-1)  
 
SE/TE: 
446-452 Section 15.1, Energy and Its Forms 
453-459 Section 15.2, Energy Conversion 
and Conservation 
 
Energy and Matter  
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. (HS-PS3-3)  
 
SE/TE: 
465 How It Works, Wind Turbine 
484 Concepts in Action, Solar Home 
486-487 “Heat Engines” 
634-635 “Generators” 
639 “Electric Motor” 
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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 ideas, principles, and theories.  
Design, evaluate, and/or refine a solution to a complex 
real-world problem, based on scientific knowledge, 
student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. (HS-PS3-3)  
 
SE/TE: 
465 How It Works, Wind Turbine 
484 Concepts in Action, Solar Home 
486-487 “Heat Engines” 
634-635 “Generators” 
639 “Electric Motor” 
 

Energy” 
602 “Electric Fields” 
631-632 “Magnetic Fields” 
 
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. (HS-PS3-1)  
 
SE/TE: 
446-452 Section 15.1, Energy and Its Forms 
453-459 Section 15.2, Energy Conversion 
and Conservation 
 
Energy cannot be created or destroyed, but it can be 
transported from one place to another and transferred 
between systems. (HS-PS3-1),(HS-PS3-4)  
 
SE/TE: 
446-452 Section 15.1, Energy and Its Forms 
453-459 Section 15.2, Energy Conversion 
and Conservation 
474-475 Section 16.1, Thermal Energy and 
Matter 
 
Mathematical expressions, which quantify how the 
stored energy in a system depends on its configuration 
(e.g. relative positions of charged particles, compression 
of a spring) and how kinetic energy depends on mass and 
speed, allow the concept of conservation of energy to be 
used to predict and describe system behavior. (HS-PS3-1)  
 
The availability of energy limits what can occur in any 
system. (HS-PS3-1)  
 
SE/TE: 
446-452 Section 15.1, Energy and Its Forms 
453-459 Section 15.2, Energy Conversion 
and Conservation 
 
Uncontrolled systems always evolve toward more 
stable states—that is, toward more uniform energy 
distribution (e.g., water flows downhill, objects hotter 
than their surrounding environment cool down). (HS-PS3-
4)  
 
SE/TE: 
474-475 Section 16.1, Thermal Energy and 
Matter 
 
PS3.C: Relationship Between Energy and Forces  
When two objects interacting through a field change 
relative position, the energy stored in the field is changed. 
(HS-PS3-5)  
 
SE/TE: 
602 “Electric Fields” 
631-632 “Magnetic Fields” 
 
 
 
 
 
 
 
 
 

Energy cannot be created or destroyed—only moves 
between one place and another place, between objects 
and/or fields, or between systems. (HS-PS3-2)  
 
SE/TE: 
451 “Thermal Energy and in Chemical 
Energy” 
602 “Electric Fields” 
631-632 “Magnetic Fields” 
 
------------------------------------------------  

Connections to Engineering, Technology, and 
Applications of Science 

 
Influence of Science, Engineering, and Technology 
on Society and the Natural World  
Modern civilization depends on major technological 
systems. Engineers continuously modify these 
technological systems by applying scientific knowledge 
and engineering design practices to increase benefits 
while decreasing costs and risks. (HS-PS3-3)  
 
SE/TE: 
465 How It Works, Wind Turbine 
484 Concepts in Action, Solar Home 
486-487 “Heat Engines” 
634-635 “Generators” 
639 “Electric Motor” 
 
---------------------------------------------  

Connections to Nature of Science 
 

Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems  
 
Science assumes the universe is a vast single system in 
which basic laws are consistent. (HS-PS3-1)  
 
SE/TE: 
446-452 Section 15.1, Energy and Its Forms 
453-459 Section 15.2, Energy Conversion 
and Conservation 
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PS3.D: Energy in Chemical Processes  
Although energy cannot be destroyed, it can be 
converted to less useful forms—for example, to thermal 
energy in the surrounding environment. (HS-PS3-3),(HS-
PS3-4)  
 
SE/TE: 
465 How It Works, Wind Turbine 
474-475 Section 16.1, Thermal Energy and 
Matter 
484 Concepts in Action, Solar Home 
486-487 “Heat Engines” 
639 “Electric Motor” 
634-635 “Generators” 
 
ETS1.A: Defining and Delimiting Engineering 
Problems  
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. (secondary to HS-PS3-
3)  
 
SE/TE: 
465 How It Works, Wind Turbine 
484 Concepts in Action, Solar Home 
486-487 “Heat Engines” 
639 “Electric Motor” 
634-635 “Generators” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or 
Disciplinary Core Idea. 
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HS-PS4 Waves and Their Applications in Technologies for Information Transfer  
 

HS-PS4 Waves and Their Applications in Technologies for Information Transfer  
Students who demonstrate understanding can:  
HS-PS4-1. Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, 
and speed of waves traveling in various media. [Clarification Statement: Examples of data could include electromagnetic radiation traveling in a vacuum and 
glass, sound waves traveling through air and water, and seismic waves traveling through the Earth.] [Assessment Boundary: Assessment is limited to algebraic relationships and 
describing those relationships qualitatively.]  
 
PHYSICAL SCIENCE, Concepts in Action: Waves are presented in Section 17.1, Mechanical Waves, on SE/TE pages 500-507. Frequency, 
wavelength, and speed of waves are discussed in Section 17.2, Properties of Mechanical Waves, on SE/TE pages 504-507. Calculation of 
wave speed is introduced in Math Skills, on SE/TE page 506. Sound waves are described on SE/TE pages 514-515, seismic waves on SE/TE 
pages 686-687, and electromagnetic waves in Section 18.1, Electromagnetic Waves, on SE/TE pages 532-538. 
 
Students calculate speed, wavelength, and frequency in Math Practice, on SE/TE page 506. In Section 17.2 Assessment question 6, on 
SE/TE page 507, students relate a change in frequency the period of the wave. In question 8, students predict how the wavelength will 
change when the frequency of a wave is doubled.  
 
 
HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of information. [Clarification 
Statement: Examples of advantages could include that digital information is stable because it can be stored reliably in computer memory, transferred easily, and copied and shared 
rapidly. Disadvantages could include issues of easy deletion, security, and theft.]  
 
PHYSICAL SCIENCE, Concepts in Action: Personal computers are discussed in Concepts in Action, Getting Personal with Computers, on 
SE/TE pages 614-617. Analog and digital signals are contrasted in Electronic Signals, on SE/TE pages 618-619. Digital cameras are discussed 
in How It Works, Digital Camera, on SE/TE page 620. Digital phones are discussed in Communications Technology, on SE/TE page 622.  
 
In Section 20.4 Assessment question 5, on SE/TE page 622, students explain how microchips are beneficial for communication devices. In 
Build Science Skills, Comparing and Contrasting, on TE only page 619, students compare analog and digital signals. In For Enrichment, on 
TE only page 620, students research questions about digital cameras and image technology.  
 
 
HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be described 
either by a wave model or a particle model, and that for some situations one model is more useful than the other.  
 [Clarification Statement: Emphasis is on how the experimental evidence supports the claim and how a theory is generally modified in light of new evidence. Examples of a 
phenomenon could include resonance, interference, diffraction, and photoelectric effect.] [Assessment Boundary: Assessment does not include using quantum theory.]  
 
PHYSICAL SCIENCE, Concepts in Action: The particle and wave theories of light are covered in Wave or Particle? on SE/TE pages 536-
537.  
 
Students predict what would happen in Young’s slit interference experiment if light behaved like a stream of particles on TE only page 536. 
In Reading Checkpoint, on SE/TE page 536, students are prompted to describe the evidence that light travels like a wave. In Reading 
Checkpoint, on SE/TE page 537, students are prompted to describe the photoelectric effect, which is evidence for the particle theory of 
light. In Teacher Demo, The Photoelectric Effect, on TE only page 537, students indirectly observe the photoelectric effect. 
 
 
HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that different frequencies of 
electromagnetic radiation have when absorbed by matter. [Clarification Statement: Emphasis is on the idea that different frequencies of light have different 
energies, and the damage to living tissue from electromagnetic radiation depends on the energy of the radiation. Examples of published materials could include trade books, 
magazines, web resources, videos, and other passages that may reflect bias.] [Assessment Boundary: Assessment is limited to qualitative descriptions.]  
 
PHYSICAL SCIENCE, Concepts in Action: This expectation falls outside of the program scope and sequence. See Miller & Levine 
Biology, ISBN: 978-013-361465-7, Chapter 32. 
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HS-PS4-5. Communicate technical information about how some technological devices use the principles of wave behavior 
and wave interactions with matter to transmit and capture information and energy.* [Clarification Statement: Examples could include solar 
cells capturing light and converting it to electricity; medical imaging; and communications technology.] [Assessment Boundary: Assessments are limited to qualitative information. 
Assessments do not include band theory.]  
 
PHYSICAL SCIENCE, Concepts in Action: Solar panels are discussed in Concepts in Action, Solar Home, on SE/TE page 485. Radio, 
television, and radar are covered in Radio Waves, on SE/TE pages 541-543. Telescopes, cameras, and microscopes are discussed in Section 
19.3, Optical Instruments, on SE/TE pages 580-584. Fiber optics are presented in Concepts in Action, Fiber Optics, on SE/TE pages 586-587. 
Magnetic Resonance Imaging is discussed in Concepts in Action, Peeking Inside the Human Body, on SE/TE pages 640-641. Doppler radar is 
covered in Doppler Radar on SE/TE pages 774-775.  
 
In Data Analysis, How Long Does an Antenna Need to Be? on SE/TE page 542, students determine the relationship between the length of 
an antenna and the wavelength of a radio transmission. In Writing in Science, “Compare-Contrast Paragraph,” on SE/TE page 583, students 
write a comparison of analog and digital cameras. In Quick Lab, Building a Pinhole Viewer, on SE/TE page 585, students build a pinhole 
viewer and describe the formation of an inverted image by a pinhole camera. In Going Further on SE/TE page 587, students research how 
fiber optic strands are manufactured and communicate their findings to the class. In Build Science, Observe, on TE only page 540, students 
observe and explain the variability of radio reception in different locations. In Teacher Demo, Radio Reception, on TE only page 541, 
students observe factors that affect radio signal reception. In Build Science Skills, on TE only page 587, students observe the properties of 
optical fibers.  
 

 
 

Disciplinary Core Ideas  
PS3.D: Energy in Chemical Processes  
Solar cells are human-made devices that likewise 
capture the sun’s energy and produce electrical energy. 
(secondary to HS-PS4-5)  
 
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. (HS-PS4-1)  
 
SE/TE: 
500-503 Section 17.1, Mechanical Waves 
504-507 Section 17.2, Properties of 
Mechanical Waves 
514-515 “Properties of Sound Waves” 
532-538 Section 18.1, Electromagnetic 
Waves, 
686-687 “Earthquakes and Seismic Waves”  
 
Information can be digitized (e.g., a picture stored as 
the values of an array of pixels); in this form, it can be 
stored reliably in computer memory and sent over long 
distances as a series of wave pulses. (HS-PS4-2),(HS-PS4-
5)  
 
SE/TE: 
485 Concepts in Action, Solar Home 
541-543 “Radio Waves” 
580-584 Section 19.3, Optical Instruments 
586-587 Concepts in Action, Fiber Optics 
614-615 Concepts in Action, Getting Personal 
with Computers 
618-619 “Electronic Signals” 
620 How It Works, Digital Camera 
622 “Communications Technology” 
640-641 Concepts in Action, Peeking Inside 
the Human Body 
774-775 “Doppler Radar” 
 
 
 

Crosscutting Concepts  
Cause and Effect  
Empirical evidence is required to differentiate between 
cause and correlation and make claims about specific 
causes and effects. (HS-PS4-1)  
 
SE/TE: 
500-503 Section 17.1, Mechanical Waves 
504-507 Section 17.2, Properties of 
Mechanical Waves 
514-515 “Properties of Sound Waves” 
532-538 Section 18.1, Electromagnetic 
Waves 
686-687 “Earthquakes and Seismic Waves”  
 
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. (HS-PS4-4)  
 
SE/TE:  
500-503 Section 17.1, Mechanical Waves 
504-507 Section 17.2, Properties of 
Mechanical Waves 
514-515 “Properties of Sound Waves” 
532-538 Section 18.1, Electromagnetic 
Waves 
686-687 “Earthquakes and Seismic Waves”  
 
Systems can be designed to cause a desired effect. 
(HS-PS4-5)  
 
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. 
(HS-PS4-3)  
 
SE/TE: 
536-537 “Wave or Particle?” 
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[From the 3–5 grade band endpoints] Waves can add 
or cancel one another as they cross, depending on their 
relative phase (i.e., relative position of peaks and troughs 
of the waves), but they emerge unaffected by each other. 
(Boundary: The discussion at this grade level is qualitative 
only; it can be based on the fact that two different sounds 
can pass a location in different directions without getting 
mixed up.) (HS-PS4-3)  
 
SE/TE: 
536-537 “Wave or Particle?” 
 
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. (HS-PS4-3)  
 
SE/TE: 
536-537 “Wave or Particle?” 
 
When light or longer wavelength electromagnetic 
radiation is absorbed in matter, it is generally converted 
into thermal energy (heat). Shorter wavelength 
electromagnetic radiation (ultraviolet, X-rays, gamma 
rays) can ionize atoms and cause damage to living cells. 
(HS-PS4-4)  
 
SE/TE: 
570-573 Section 19.1, Mirrors 
 
Photovoltaic materials emit electrons when they absorb 
light of a high-enough frequency. (HS-PS4-5)  
 
SE/TE: 
485 Concepts in Action, Solar Home 
541-543 “Radio Waves” 
580-584 Section 19.3, Optical Instruments 
586-587 Concepts in Action, Fiber Optics 
640-641 Concepts in Action, Peeking Inside 
the Human Body 
774-775 “Doppler Radar” 
 
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. (HS-PS4-
5)  
 
SE/TE: 
485 Concepts in Action, Solar Home 
541-543 “Radio Waves” 
580-584 Section 19.3, Optical Instruments 
586-587 Concepts in Action, Fiber Optics 
640-641 Concepts in Action, Peeking Inside 
the Human Body 
774-775 “Doppler Radar” 
 

Stability and Change  
Systems can be designed for greater or lesser stability. 
(HS-PS4-2)  
 
SE/TE: 
614-615 Concepts in Action, Getting Personal 
with Computers 
618-619 “Electronic Signals” 
620 How It Works, Digital Camera 
622 “Communications Technology” 
 
 

--------------------------------------------- 
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). (HS-
PS4-5)  
 
SE/TE: 
485 Concepts in Action, Solar Home 
541-543 “Radio Waves” 
580-584 Section 19.3, Optical Instruments 
586-587 Concepts in Action, Fiber Optics 
640-641 Concepts in Action, Peeking Inside 
the Human Body 
774-775 “Doppler Radar” 
 
 
Influence of Engineering, Technology, and Science 
on Society and the Natural World  
Modern civilization depends on major technological 
systems. (HS-PS4-2),(HS-PS4-5)  
 
SE/TE: 
614-615 Concepts in Action, Getting Personal 
with Computers 
618-619 “Electronic Signals” 
620 How It Works, Digital Camera 
622 “Communications Technology” 
 
Engineers continuously modify these technological 
systems by applying scientific knowledge and engineering 
design practices to increase benefits while decreasing 
costs and risks. (HS-PS4-2)  
 
SE/TE: 
614-615 Concepts in Action, Getting Personal 
with Computers 
618-619 “Electronic Signals” 
620 How It Works, Digital Camera 
622 “Communications Technology” 
 

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or 
Disciplinary Core Idea. 
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HS-ESS1 Earth’s Place in the Universe  
 

HS-ESS1 Earth’s Place in the Universe  
Students who demonstrate understanding can:  
HS-ESS1-1. Develop a model based on evidence to illustrate the life span of the sun and the role of nuclear fusion in the 
sun’s core to release energy that eventually reaches Earth in the form of radiation. [Clarification Statement: Emphasis is on the energy transfer 
mechanisms that allow energy from nuclear fusion in the sun’s core to reach Earth. Examples of evidence for the model include observations of the masses and lifetimes of other 
stars, as well as the ways that the sun’s radiation varies due to sudden solar flares (“space weather”), the 11-year sunspot cycle, and non-cyclic variations over centuries.] 
[Assessment Boundary: Assessment does not include details of the atomic and sub-atomic processes involved with the sun’s nuclear fusion.]  
 
PHYSICAL SCIENCE, Concepts in Action: The role of nuclear fusion in the sun’s core is discussed in Energy From the Sun, on SE/TE 
pages 832-833. Transfer of energy from the sun’s core to the surface of the sun is discussed in The Sun’s Interior, on SE/TE pages 834-835 
and The Sun’s Atmosphere, on SE/TE page 835. The life span of stars, including the sun, is discussed in Section 26.3, Life Cycles of Stars, on 
SE/TE pages 844-848. 
 
In Figure 2, on SE/TE page 833, students use a model of nuclear fusion in the sun’s core. In Figure 4, on SE/TE page 834, students use a 
model of the sun’s interior. In Section 26.1 Assessment question 1, on SE/TE page 837, students explain the source of the sun’s energy. In 
Writing in Science, on SE/TE page 837, students develop a model of the sun’s interior and describe it in a few paragraphs. In Figure 17, 
on SE/TE pages 846-847, students use a model of the life cycle of stars. In Section 26.3 Assessment question 2, on SE/TE page 848, 
students describe the factors that determine the length of a star’s life. 
 
 
HS-ESS1-2. Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra, motion of 
distant galaxies, and composition of matter in the universe. [Clarification Statement: Emphasis is on the astronomical evidence of the red shift of light 
from galaxies as an indication that the universe is currently expanding, the cosmic microwave background as the remnant radiation from the Big Bang, and the observed composition 
of ordinary matter of the universe, primarily found in stars and interstellar gases (from the spectra of electromagnetic radiation from stars), which matches that predicted by the Big 
Bang theory (3/4 hydrogen and 1/4 helium).]  
 
PHYSICAL SCIENCE, Concepts in Action: The Big Bang Theory is discussed in Section 26.5, The Expanding Universe, on SE/TE pages 
856-859.  
 
In Section 26.5 Assessment question 1, on SE/TE page 859, students construct an explanation of the expanding universe; in question 2, 
students explain how the universe began according to the Big Bang Theory; in question 3, students describe the evidence for the Big Bang 
Theory, including cosmic microwave background radiation, and the red shift caused by the motion of distant galaxies. In the Quick Lab, 
Modeling the Expansion of the Universe, on SE/TE page 859, students explain why farther galaxies are receding faster, which further 
supports the Big Bang Theory. 
 
 
HS-ESS1-3. Communicate scientific ideas about the way stars, over their life cycle, produce elements. [Clarification Statement: 
Emphasis is on the way nucleosynthesis, and therefore the different elements created, varies as a function of the mass of a star and the stage of its lifetime.] [Assessment Boundary: 
Details of the many different nucleosynthesis pathways for stars of differing masses are not assessed.]  
 
PHYSICAL SCIENCE, Concepts in Action: Nucleosynthesis is discussed in Facts and Figures, A Changing Sun, on TE only page 834 and in 
High-Mass Stars, on SE/TE pages 847-848. 
 
In Writing for Science, on SE/TE page 848, students write a paragraph to communicate scientific ideas explaining the sequence of events 
that resulted in the creation of the elements in stars. 
 
 
HS-ESS1-4. Use mathematical or computational representations to predict the motion of orbiting objects in the solar system. 
[Clarification Statement: Emphasis is on Newtonian gravitational laws governing orbital motions, which apply to human-made satellites as well as planets and moons.] [Assessment 
Boundary: Mathematical representations for the gravitational attraction of bodies and Kepler’s Laws of orbital motions should not deal with more than two bodies, nor involve 
calculus.]  
 
PHYSICAL SCIENCE, Concepts in Action: Newton’s law of universal gravitation is discussed in Gravitational Force, on SE/TE pages 380-
382. Kepler’s Laws are discussed in Planetary Orbits, on SE/TE page 796.  
 
In Teacher Demo, Planetary Orbits, on TE only page 796, students observe the shape of planetary orbits. In Investigation 25B, Exploring 
Orbits, on Lab pages 267-270, students calculate the eccentricity of constructed ellipses and compare them to the orbits of the planets and 
then compare and contrast the shapes of the orbits of planets. 
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HS-ESS1-5. Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate 
tectonics to explain the ages of crustal rocks. [Clarification Statement: Emphasis is on the ability of plate tectonics to explain the ages of crustal rocks. Examples 
include evidence of the ages oceanic crust increasing with distance from mid-ocean ridges (a result of plate spreading) and the ages of North American continental crust increasing 
with distance away from a central ancient core (a result of past plate interactions).]  
 
PHYSICAL SCIENCE, Concepts in Action: Evidence supporting the theory of plate tectonics is presented in Section 22.4, Plate Tectonics, 
on SE/TE pages 676-683. Evidence of continental crust movement is discussed on SE/TE page 677. Evidence of oceanic crust movement is 
covered on SE/TE pages 678-679. The methods of dating the age of rocks are discussed in Determining the Age of Rocks, on SE/TE pages 
732-734. 
 
In Section 23.6 Assessment question 1, on SE/TE page 738, students describe the evidence that geologists use to determine the relative age 
of rocks.  In question 2, students describe how the absolute age of rocks is determined. 
  
 
HS-ESS1-6. Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces 
to construct an account of Earth’s formation and early history. [Clarification Statement: Emphasis is on using available evidence within the solar system 
to reconstruct the early history of Earth, which formed along with the rest of the solar system 4.6 billion years ago. Examples of evidence include the absolute ages of ancient 
materials (obtained by radiometric dating of meteorites, moon rocks, and Earth’s oldest minerals), the sizes and compositions of solar system objects, and the impact cratering record 
of planetary surfaces.]  
 
PHYSICAL SCIENCE, Concepts in Action: Section 23.6, Earth’s History, on SE/TE pages 732-738, discusses the history of Earth and the 
methods of determining that history. Additional information on the earliest history of Earth is covered in Facts and Figures, Early History, on 
TE only page 735.  
 
In Section 23.6 Assessment question 3, on SE/TE page 738, students describe the evidence that geologists use to develop the geologic time 
scales. In question 4, students describe how the geologic time scale divides Earth’s history. 
 

Science and Engineering Practices  
Developing and Using Models  
Modeling in 9–12 builds on K–8 experiences and 
progresses to using, synthesizing, and developing models 
to predict and show relationships among variables 
between systems and their components in the natural and 
designed world(s).  
Develop a model based on evidence to illustrate the 
relationships between systems or between components of 
a system. (HS-ESS1-1)  
 
SE/TE: 
832-833 “Energy From the Sun” 
834-835 “The Sun’s Interior” 
835 “The Sun’s Atmosphere” 
844-848 Section 26.3, Life Cycles of Stars 
 
Using Mathematical and Computational Thinking  
Mathematical and computational thinking in 9–12 builds 
on K–8 experiences and progresses to using algebraic 
thinking and analysis, a range of linear and nonlinear 
functions including trigonometric functions, exponentials 
and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple 
computational simulations are created and used based on 
mathematical models of basic assumptions.  
Use mathematical or computational representations of 
phenomena to describe explanations. (HS-ESS1-4)  
 
SE/TE: 
380-382 “Gravitational Force” 
796 “Planetary Orbits” 
 
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 ideas, principles, and theories.  

Disciplinary Core Ideas  
ESS1.A: The Universe and Its Stars  
The star called the sun is changing and will burn out 
over a lifespan of approximately 10 billion years. (HS-
ESS1-1)  
 
SE/TE: 
832-833 “Energy From the Sun” 
834-835 “The Sun’s Interior” 
835 “The Sun’s Atmosphere” 
844-848 Section 26.3, Life Cycles of Stars 
 
The study of stars’ light spectra and brightness is used 
to identify compositional elements of stars, their 
movements, and their distances from Earth. (HS-ESS1-
2),(HS-ESS1-3)  
 
SE/TE: 
847-848 “High-Mass Stars” 
856-859 Section 26.5, The Expanding 
Universe 
TE only: 
834 Facts and Figures, A Changing Sun 
 
The Big Bang theory is supported by observations of 
distant galaxies receding from our own, of the measured 
composition of stars and non-stellar gases, and of the 
maps of spectra of the primordial radiation (cosmic 
microwave background) that still fills the universe. (HS-
ESS1-2)  
 
SE/TE: 
856-859 Section 26.5, The Expanding 
Universe 
 
 
 
 

Crosscutting Concepts  
Patterns  
Empirical evidence is needed to identify patterns. (HS-
ESS1-5)  
 
SE/TE: 
676-683 Section 22.4, Plate Tectonics 
732-734 “Determining the Age of Rocks 
 
Scale, Proportion, and Quantity  
The significance of a phenomenon is dependent on the 
scale, proportion, and quantity at which it occurs. (HS-
ESS1-1)  
 
SE/TE: 
832-833 “Energy From the Sun” 
834-835 “The Sun’s Interior” 
835 “The Sun’s Atmosphere” 
844-848 Section 26.3, Life Cycles of Stars 
 
Algebraic thinking is used to examine scientific data 
and predict the effect of a change in one variable on 
another (e.g., linear growth vs. exponential growth). (HS-
ESS1-4)  
 
SE/TE: 
380-382 “Gravitational Force” 
796 “Planetary Orbits” 
 
Energy and Matter  
Energy cannot be created or destroyed–only moved 
between one place and another place, between objects 
and/or fields, or between systems. (HS-ESS1-2)  
 
SE/TE: 
856-859 Section 26.5, The Expanding 
Universe 
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・Construct an explanation based on valid and reliable 
evidence obtained from a variety of sources (including 
students’ own investigations, theories, simulations, peer 
review) and the assumption that theories and laws that 
describe the natural world operate today as they did in 
the past and will continue to do so in the future. (HS-
ESS1-2)  
 
SE/TE: 
856-859 Section 26.5, The Expanding 
Universe 
 
Apply scientific reasoning to link evidence to the claims 
to assess the extent to which the reasoning and data 
support the explanation or conclusion. (MS-ESS1-6)  
 
SE/TE: 
732-738 Section 23.6, Earth’s History 
 
Engaging in Argument from Evidence  
Engaging in argument from evidence in 9–12 builds on K–
8 experiences and progresses to using appropriate and 
sufficient evidence and scientific reasoning to defend and 
critique claims and explanations about the natural and 
designed world(s). Arguments may also come from 
current scientific or historical episodes in science.  
・Evaluate evidence behind currently accepted 
explanations or solutions to determine the merits of 
arguments. (HS-ESS1-5)  
 
SE/TE: 
676-683 Section 22.4, Plate Tectonics 
732-734 “Determining the Age of Rocks” 
 
Obtaining, Evaluating, and Communicating 
Information  
Obtaining, evaluating, and communicating information in 
9–12 builds on K–8 experiences and progresses to 
evaluating the validity and reliability of the claims, 
methods, and designs.  
Communicate scientific ideas (e.g. about phenomena 
and/or the process of development and the design and 
performance of a proposed process or system) in multiple 
formats (including orally, graphically, textually, and 
mathematically). (HS-ESS1-3)  
 
SE/TE: 
847-848 “High-Mass Stars” 
TE only: 
834 Facts and Figures, A Changing Sun 
 

----------------------------------------------- 
Connections to Nature of Science 

Science Models, Laws, Mechanisms, and Theories 
Explain Natural Phenomena  
A scientific theory is a substantiated explanation of 
some aspect of the natural world, based on a body of 
facts that have been repeatedly confirmed through 
observation and experiment and the science community 
validates each theory before it is accepted. If new 
evidence is discovered that the theory does not 
accommodate, the theory is generally modified in light of 
this new evidence. (HS-ESS1-2),(HS-ESS1-6)  
 
SE/TE: 
732-738 Section 23.6, Earth’s History 
856-859 Section 26.5, The Expanding 
Universe 
 

Other than the hydrogen and helium formed at the 
time of the Big Bang, nuclear fusion within stars produces 
all atomic nuclei lighter than and including iron, and the 
process releases electromagnetic energy. Heavier 
elements are produced when certain massive stars 
achieve a supernova stage and explode. (HS-ESS1-2),(HS-
ESS1-3)  
 
SE/TE: 
847-848 “High-Mass Stars” 
856-859 Section 26.5, The Expanding 
Universe 
TE only: 
834 Facts and Figures, A Changing Sun 
 
ESS1.B: Earth and the Solar System  
Kepler’s laws describe common features of the motions 
of orbiting objects, including their elliptical paths around 
the sun. Orbits may change due to the gravitational 
effects from, or collisions with, other objects in the solar 
system. (HS-ESS1-4)  
 
SE/TE: 
380-382 “Gravitational Force” 
796 “Planetary Orbits” 
 
ESS1.C: The History of Planet Earth  
Continental rocks, which can be older than 4 billion 
years, are generally much older than the rocks of the 
ocean floor, which are less than 200 million years old. 
(HS-ESS1-5)  
 
SE/TE: 
676-683 Section 22.4, Plate Tectonics 
732-734 “Determining the Age of Rocks 
 
Although active geologic processes, such as plate 
tectonics and erosion, have destroyed or altered most of 
the very early rock record on Earth, other objects in the 
solar system, such as lunar rocks, asteroids, and 
meteorites, have changed little over billions of years. 
Studying these objects can provide information about 
Earth’s formation and early history. (HS-ESS1-6)  
 
SE/TE: 
732-738 Section 23.6, Earth’s History 
 
ESS2.B: Plate Tectonics and Large-Scale System 
Interactions  
Plate tectonics is the unifying theory that explains the 
past and current movements of the rocks at Earth’s 
surface and provides a framework for understanding its 
geologic history. (ESS2.B Grade 8 GBE) (secondary to HS-
ESS1-5)  
 
SE/TE: 
676-683 Section 22.4, Plate Tectonics 
732-734 “Determining the Age of Rocks” 
 
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. (secondary to HS-ESS1-5),(secondary to 
HS-ESS1-6)  
 
SE/TE: 
732-738 Section 23.6, Earth’s History 

In nuclear processes, atoms are not conserved, but the 
total number of protons plus neutrons is conserved. (HS-
ESS1-3)  
 
SE/TE: 
847-848 “High-Mass Stars” 
TE only: 
834 Facts and Figures, A Changing Sun 
 
Stability and Change  
Much of science deals with constructing explanations of 
how things change and how they remain stable. (HS-
ESS1-6)  
 
SE/TE: 
732-738 Section 23.6, Earth’s History 
 

---------------------------------------------- 
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. (HS-ESS1-2),(HS-
ESS1-4)  
 
SE/TE: 
380-382 “Gravitational Force” 
796 “Planetary Orbits” 
 
--------------------------------------------  
Connections to Nature of Science  
Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems  
Scientific knowledge is based on the assumption that 
natural laws operate today as they did in the past and 
they will continue to do so in the future. (HS-ESS1-2)  
 
SE/TE: 
856-859 Section 26.5, The Expanding 
Universe 
 
Science assumes the universe is a vast single system in 
which basic laws are consistent. (HS-ESS1-2)  
 
SE/TE: 
856-859 Section 26.5, The Expanding 
Universe 
 



A Correlation of 
Physical Science: Concepts in Action, with Earth and Space Science, ©2011 

to the Next Generation Science Standards, May 2013 
Grades 9-12 

 

SE = Student Edition; TE = Teacher’s Edition; Lab = Laboratory Manual 23 

Models, mechanisms, and explanations collectively 
serve as tools in the development of a scientific theory. 
(HS-ESS1-6)  
 
SE/TE: 
732-738 Section 23.6, Earth’s History 
 

PS3.D: Energy in Chemical Processes and Everyday 
Life  
Nuclear Fusion processes in the center of the sun 
release the energy that ultimately reaches Earth as 
radiation. (secondary to HS-ESS1-1)  
 
SE/TE: 
832-833 “Energy From the Sun” 
834-835 “The Sun’s Interior” 
835 “The Sun’s Atmosphere” 
844-848 Section 26.3, Life Cycles of Stars 
 
PS4.B Electromagnetic Radiation  
Atoms of each element emit and absorb characteristic 
frequencies of light. These characteristics allow 
identification of the presence of an element, even in 
microscopic quantities. (secondary to HS-ESS1-2)  
 
SE/TE: 
856-859 Section 26.5, The Expanding 
Universe 
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HS-ESS2 Earth’s Systems  
 

HS-ESS2 Earth’s Systems  
Students who demonstrate understanding can:  
HS-ESS2-1. Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and 
temporal scales to form continental and ocean-floor features. [Clarification Statement: Emphasis is on how the appearance of land features (such as 
mountains, valleys, and plateaus) and sea-floor features (such as trenches, ridges, and seamounts) are a result of both constructive forces (such as volcanism, tectonic uplift, and 
orogeny) and destructive mechanisms (such as weathering, mass wasting, and coastal erosion).] [Assessment Boundary: Assessment does not include memorization of the details of 
the formation of specific geographic features of Earth’s surface.]  
 
PHYSICAL SCIENCE, Concepts in Action: Slow processes that create continental and ocean-floor features are discussed in Section 22.4, 
Plate Tectonics, on SE/TE pages 676-683. Continental drift is introduced on SE/TE page 677, sea-floor spreading on SE/TE pages 678-679, 
and mountain building on SE/TE page 683. In Facts and Figures, Early Supercontinents, on TE only page 678, the history of continents is 
sketched. In Facts and Figures, Pole Reversals, on TE only page 679 the time scale for magnetic pole reversals is described. In Facts and 
Figures, Tectonics, on TE only page 680, the time scale for convection cells in the mantle is covered.  In Facts and Figures, The Formation of 
the Himalayas, on TE only page 682, an example of mountain building is given. Processes that work at a quicker rate are detailed in Section 
23.2, Weathering and Mass Movement, on SE/TE pages 709-712. Erosion is discussed on SE/TE page 709, Weathering on SE/TE pages 710-
711, and mass movements on SE/TE page 712. Erosion is also discussed in Section 23.3, Water Shapes the Land, on SE/TE pages 713-717,  
and in Section 23.4, Glaciers and Wind, on SE/TE pages 719-723. Rapid changes are discussed in Section 22.5, Earthquakes, on SE/TE pages 
684-689 and in Section 22.6, Volcanoes, on SE/TE pages 690-696. 
 
Students use a model of continental drift in Figure 24, on SE/TE page 677. Students use a model of sea-floor spreading in Figure 26, on 
SE/TE page 678. Students use a model of magnetic polarity switching in the ocean crust in Figure 27, on SE/TE page 679. Students use a 
model of plate boundary and plate movements in Figure 30, on SE/TE page 682. In Section 22.4 Assessment questions 1 through 4, on 
SE/TE page 683, they explain the plate tectonic model; in question 5, they explain the mountain building mode; in questions 8 and 9, they 
apply the plate tectonic model to explain the location of ocean trenches and predict the result of two plates converging. In Connection 
Concepts, on SE/TE page 683, students relate the general model of thermal convection currents to a specific model convection cells in the 
mantle of Earth. Students use a model of waves from earthquakes moving through Earth in Figure 37, on SE/TE page 689. In Section 22.5 
Assessment question 4, on SE/TE page 689, students apply the plate tectonic model to explain where earthquakes occur most often. 
Students use a model of a composite volcano in Figure 39, on SE/TE page 691.They use a model of plate tectonics to explain the 
distribution of volcanoes in Figure 42, on SE/TE page 693. In Section 22.3 Assessment question 3, on SE/TE page 696, students use the 
plate tectonics model to explain the distribution of volcanoes on Earth’s surface. In Exploration Lab, Using Earthquakes to Map Plate 
Boundaries, on SE/TE page 697 and Lab pages 337-338, students create a model of the boundary between two plates. Students use a 
model of mass movement in Figure 11, on SE/TE page 712. In Quick Lab, Running Water Erodes the Land, on SE/TE page 714, students 
model deposition by running water. They use a model of stream erosion and deposition creating land features in Figure 14, on SE/TE page 
715. Students use a model of how land features are formed by glacial deposition in How It Works, Glacial Deposition, on SE/TE page 722. 
Students use a model of wind erosion and deposition in Figure 22, on SE/TE page 723. In Exploration Lab, Modeling Erosion, on SE/TE page 
739 and Lab page 339-340, students create a model of erosion. In Teacher Demo, Convection and Plate Motion, on TE only page 680, 
students observe a model of how convection cells move crustal masses. In Build Science Skills, Using Models, on TE only page 686, they 
create a model of the motion in Earth’s crust during an earthquake. In Build Science Skills, Types of Volcanoes, on TE only page 694, 
students use information from models of volcano types to identify the type of volcano from which different types of igneous rocks came. In 
Teacher Demo, Chemical Weathering, on TE only page 710, students observe how rock can be broken down by a chemical reaction. In 
Teacher Demo, Glacial Erosion and Deposition, on TE only page 720, students observe a model of how glaciers move boulders and create 
depositional features. In Investigation 23B, Beach Erosion, on Lab page 247-250, students create a model of beach erosion and deposition. 
 
 
HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause 
changes to other Earth’s systems. [Clarification Statement: Examples should include climate feedbacks, such as how an increase in greenhouse gases causes a rise in 
global temperatures that melts glacial ice, which reduces the amount of sunlight reflected from Earth’s surface, increasing surface temperatures and further reducing the amount of 
ice. Examples could also be taken from other system interactions, such as how the loss of ground vegetation causes an increase in water runoff and soil erosion; how dammed rivers 
increase groundwater recharge, decrease sediment transport, and increase coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further reduces the 
wetland extent.]  
 
PHYSICAL SCIENCE, Concepts in Action: Changes in Earth systems that cause feedback changes in other Earth systems is discussed in 
Section 24.7, Climate, on SE/TE pages 778-786. Long-term changes, such as mountain building causing a rain shadow which, in turn, creates 
a desert climate are covered in Factor Affecting Precipitation, on SE/TE page 780. Very long-term changes caused by the movement of 
tectonic plates are discussed in Plate Tectonics, on SE/TE page 782. The connection between ice ages and the orbit of Earth around the sun 
is discussed in Earth’s Position Relative to the Sun, on SE/TE page 782. Short-term changes in ocean currents and conditions that occur 
during an El Niño or La Niña event, and effect the amount of precipitation, are presented in Ocean Circulation, on SE/TE page 783.             
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The cooling effect caused by large volcanic eruptions is discussed in Volcanic Activity, on SE/TE page 783. The increase in global air 
temperature due to increases in man-made greenhouse gases is discussed in Human Activities and Climate Change, on SE/TE pages 784-785. 
 
In Data Analysis, Tracking Climate Change, on SE/TE page 783, students analyze climate data to track the effects of El Niño events and the 
eruption of Mount Pinatubo. Students analyze data of Atmospheric Carbon Dioxide, 1000-2010, in Figure 38, on SE/TE page 784. In For 
Enrichment, Natural Climate Change, on TE only page 782, students research the different ways in which plate tectonics alters Earth’s 
climates and the resulting consequences for life on Earth. In Teacher Demo, Earth’s Motions and Climate, on TE only page 782, students 
observe how changes in Earth’s motions affect Earth’s climate. In Investigation 24B, Modeling Global Warming, On Lab pages 257-260, 
students analyze data from a simulation of the greenhouse effects of carbon dioxide in the atmosphere. 
 
 
HS-ESS2-3. Develop a model based on evidence of Earth’s interior to describe the cycling of matter by thermal convection. 
[Clarification Statement: Emphasis is on both a one-dimensional model of Earth, with radial layers determined by density, and a three-dimensional model, which is controlled by 
mantle convection and the resulting plate tectonics. Examples of evidence include maps of Earth’s three-dimensional structure obtained from seismic waves, records of the rate of 
change of Earth’s magnetic field (as constraints on convection in the outer core), and identification of the composition of Earth’s layers from high-pressure laboratory experiments.]  
 
PHYSICAL SCIENCE, Concepts in Action: The structure of Earth’s interior is presented in a Cross Section of Earth, on SE/TE pages 661-
663. Cycling of matter by thermal convection is covered in The Theory of Plate Tectonics, on SE/TE pages 679-680. In Facts and Figures, 
Tectonics, on TE only page 680, the cycling of oceanic lithosphere within the mantle is discussed. Smaller scale cycling of matter by 
convection is discussed in Formation of a Volcano, on SE/TE page 691. 
 
In Connection Concepts, on SE/TE page 683, students relate the general model of thermal convection currents to develop a model of 
convection cells in the mantle of Earth. In Teacher Demo, Convection and Plate Motion, on TE only page 680, students observe a model of 
how convection cells move crustal masses by thermal convection. 
 
 
HS-ESS2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in 
climate. [Clarification Statement: Examples of the causes of climate change differ by timescale, over 1-10 years: large volcanic eruption, ocean circulation; 10-100s of years: 
changes in human activity, ocean circulation, solar output; 10-100s of thousands of years: changes to Earth's orbit and the orientation of its axis; and 10-100s of millions of years: 
long-term changes in atmospheric composition.] [Assessment Boundary: Assessment of the results of changes in climate is limited to changes in surface temperatures, precipitation 
patterns, glacial ice volumes, sea levels, and biosphere distribution.]  
 
PHYSICAL SCIENCE, Concepts in Action: Climate change is introduced in Section 24.7, Climate, on SE/TE pages 778-786. Natural 
Climate change is discussed on SE/TE pages 782-783. Topics covered include changes due to continental drift, due to the relative position of 
Earth to the sun, solar activity, and changes in ocean circulation and volcanic activity. Human activities and climate change are discussed on 
SE/TE pages 784-786. Topics covered include the effects of raising livestock, the use of fire, and the effects of increased emissions of 
greenhouse gases. 
 
Students use a model of Earth’s orbit in relation to the sun in Figure 37, on SE/TE page 782. Students analyze data of Atmospheric Carbon 
Dioxide, 1000-2010, in Figure 38 on SE/TE page 784. In For Enrichment, Natural Climate Change, on TE only page 782, students research 
the different ways in which plate tectonics alter Earth’s climates and the resulting consequences for life on Earth. In Teacher Demo, Earth’s 
Motions and Climate, on TE only page 782, students observe how changes in Earth’s motions affect Earth’s climate. In Investigation 24B, 
Modeling Global Warming, On Lab pages 257-260, students analyze data from a simulation of the greenhouse effects of carbon dioxide in 
the atmosphere. 
 
HS-ESS2-5. Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface 
processes. [Clarification Statement: Emphasis is on mechanical and chemical investigations with water and a variety of solid materials to provide the evidence for connections 
between the hydrologic cycle and system interactions commonly known as the rock cycle. Examples of mechanical investigations include stream transportation and deposition using a 
stream table, erosion using variations in soil moisture content, or frost wedging by the expansion of water as it freezes. Examples of chemical investigations include chemical 
weathering and recrystallization (by testing the solubility of different materials) or melt generation (by examining how water lowers the melting temperature of most solids).]  
 
PHYSICAL SCIENCE, Concepts in Action: Water at the surface of Earth is discussed in Section 23.1, Fresh Water, on SE/TE pages 704-
708. The effects of water on Earth’s surface are discussed in Section 23.3 Water Shapes the Land, on SE/TE pages 713-717. The effect of 
glaciers on Earth’s surface is discussed in Glacial Erosion and Deposition, on SE/TE pages 720-721 and How It Works, Glacial Deposition, on 
SE/TE page 722.  
 
Students investigate the water cycle in Quick Lab, Modeling the Water Cycle, on SE/TE page 705. Students investigate erosion and 
deposition in streams in Quick Lab, Forming Sedimentary Layers, on SE/TE page 714. Students investigate water sheds in Build Science 
Skills, Using Models, on TE only page 706. In Teacher Demo, Glacial Erosion and Deposition, on TE only page 720, students observe a 
model of how glaciers move boulders and create depositional features. In Investigation 23B, Beach Erosion, on Lab pages 247-250, students 
create a model of beach erosion and deposition. 
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HS-ESS2-6. Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, geosphere, 
and biosphere. [Clarification Statement: Emphasis is on modeling biogeochemical cycles that include the cycling of carbon through the ocean, atmosphere, soil, and biosphere 
(including humans), providing the foundation for living organisms.]  
 
PHYSICAL SCIENCE, Concepts in Action: The chemistry of carbon atoms and molecules is introduced in Chapter 9, Carbon Chemistry. In 
Section 9.1, Carbon Compounds, on SE/TE pages 262-269, the various forms of carbon and some of their uses are described. In Section 9.2, 
Substituted Hydrocarbons, on SE/TE pages 272-274 and Section 9.3, Polymers, on SE/TE pages 275-280, more forms of carbon, including 
organic compounds, are discussed. In Section 9.4, Reactions in Cells, on SE/TE pages 282-284, photosynthesis and cellular respiration 
reactions are described.  
 
 
HS-ESS2-7. Construct an argument based on evidence about the simultaneous coevolution of Earth’s systems and life on 
Earth. [Clarification Statement: Emphasis is on the dynamic causes, effects, and feedbacks between the biosphere and Earth’s other systems, whereby geoscience factors control 
the evolution of life, which in turn continuously alters Earth’s surface. Examples of include how photosynthetic life altered the atmosphere through the production of oxygen, which in 
turn increased weathering rates and allowed for the evolution of animal life; how microbial life on land increased the formation of soil, which in turn allowed for the evolution of land 
plants; or how the evolution of corals created reefs that altered patterns of erosion and deposition along coastlines and provided habitats for the evolution of new life forms.] 
[Assessment Boundary: Assessment does not include a comprehensive understanding of the mechanisms of how the biosphere interacts with all of Earth’s other systems.]  
 
PHYSICAL SCIENCE, Concepts in Action: The history of life on Earth and geologic time periods are presented in A Brief History of Earth, 
on SE/TE pages 734-738. 
 
 

Science and Engineering Practices  
Developing and Using Models  
Modeling in 9–12 builds on K–8 experiences and 
progresses to using, synthesizing, and developing models 
to predict and show relationships among variables 
between systems and their components in the natural and 
designed world(s).  
Develop a model based on evidence to illustrate the 
relationships between systems or between components of 
a system. (HS-ESS2-1),(HS-ESS2-3),(HS-ESS2-6)  
 
SE/TE: 
262-269 Section 9.1, Carbon Compounds  
272-274 Section 9.2, Substituted 
Hydrocarbons 
275-280 Section 9.3, Polymers 
282-284 Section 9.4, Reactions in Cells 
661-663 “Cross Section of Earth” 
676-683 Section 22.4, Plate Tectonics 
684-689 Section 22.5, Earthquakes 
690-696 in Section 22.6, Volcanoes 
709-712 Section 23.2, Weathering and Mass 
Movement 
713-717 Section 23.3, Water Shapes the 
Land 
719-723 Section 23.4, Glaciers and Wind 
TE only 
679 Facts and Figures, Pole Reversals 
680 Facts and Figures, Tectonics 
682 Facts and Figures, The Formation of the 
Himalayas 
 
Use a model to provide mechanistic accounts of 
phenomena. (HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
 

Disciplinary Core Ideas  
ESS1.B: Earth and the Solar System  
Cyclical changes in the shape of Earth’s orbit around the 
sun, together with changes in the tilt of the planet’s axis 
of rotation, both occurring over hundreds of thousands of 
years, have altered the intensity and distribution of 
sunlight falling on the earth. These phenomena cause a 
cycle of ice ages and other gradual climate changes. 
(secondary to HS-ESS2-4)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
ESS2.A: Earth Materials and Systems  
Earth’s systems, being dynamic and interacting, cause 
feedback effects that can increase or decrease the original 
changes. (HS-ESS2-1),(HS-ESS2-2)  
 
SE/TE: 
676-683 Section 22.4, Plate Tectonics 
684-689 Section 22.5, Earthquakes 
690-696 in Section 22.6, Volcanoes 
709-712 Section 23.2, Weathering and Mass 
Movement 
713-717 Section 23.3, Water Shapes the 
Land 
719-723 Section 23.4, Glaciers and Wind 
778-786 Section 24.7, Climate 
TE only 
679 Facts and Figures, Pole Reversals 
680 Facts and Figures, Tectonics 
682 Facts and Figures, The Formation of the 
Himalayas 
 
 
 
 
 
 
 
 
 
 

Crosscutting Concepts  
Cause and Effect  
Empirical evidence is required to differentiate between 
cause and correlation and make claims about specific 
causes and effects. (HS-ESS2-4)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
Energy and Matter  
The total amount of energy and matter in closed 
systems is conserved. (HS-ESS2-6)  
 
SE/TE: 
262-269 Section 9.1, Carbon Compounds  
272-274 Section 9.2, Substituted 
Hydrocarbons 
275-280 Section 9.3, Polymers 
282-284 Section 9.4, Reactions in Cells 
 
Energy drives the cycling of matter within and between 
systems. (HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
TE only: 
680 Facts and Figures, Tectonics 
 
Structure and Function  
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. 
(HS-ESS2-5)  
 
SE/TE: 
704-708 Section 23.1, Fresh Water 
713-717 Section 23.3 Water Shapes the Land 
720-721 “Glacial Erosion and Deposition” 
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TE only: 
680 Facts and Figures, Tectonics 
 
Planning and Carrying Out Investigations  
Planning and carrying out investigations in 9-12 builds on 
K-8 experiences and progresses to include investigations 
that provide evidence for and test conceptual, 
mathematical, physical, and empirical models.  
Plan and conduct an investigation individually and 
collaboratively to produce data to serve as the basis for 
evidence, and in the design: decide on types, how much, 
and accuracy of data needed to produce reliable 
measurements and consider limitations on the precision of 
the data (e.g., number of trials, cost, risk, time), and 
refine the design accordingly. (HS-ESS2-5)  
 
SE/TE: 
704-708 Section 23.1, Fresh Water 
713-717 Section 23.3 Water Shapes the Land 
720-721 “Glacial Erosion and Deposition” 
 
Analyzing and Interpreting Data  
Analyzing data in 9–12 builds on K–8 experiences and 
progresses to introducing more detailed statistical 
analysis, the comparison of data sets for consistency, and 
the use of models to generate and analyze data.  
Analyze data using tools, technologies, and/or models 
(e.g., computational, mathematical) in order to make valid 
and reliable scientific claims or determine an optimal 
design solution. (HS-ESS2-2)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
Engaging in Argument from Evidence  
Engaging in argument from evidence in 9–12 builds on K–
8 experiences and progresses to using appropriate and 
sufficient evidence and scientific reasoning to defend and 
critique claims and explanations about the natural and 
designed world(s). Arguments may also come from 
current scientific or historical episodes in science.  
Construct an oral and written argument or counter-
arguments based on data and evidence. (HS-ESS2-7)  
 
SE/TE: 
734-738 “A Brief History of Earth” 

-------------------------------------------------------- 
Connections to Nature of Science 

Scientific Knowledge is Based on Empirical 
Evidence  
Science knowledge is based on empirical evidence. 
(HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
TE only: 
680 Facts and Figures, Tectonics 
 
Science disciplines share common rules of evidence 
used to evaluate explanations about natural systems. (HS-
ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 

Evidence from deep probes and seismic waves, 
reconstructions of historical changes in Earth’s surface 
and its magnetic field, and an understanding of physical 
and chemical processes lead to a model of Earth with a 
hot but solid inner core, a liquid outer core, a solid mantle 
and crust. Motions of the mantle and its plates occur 
primarily through thermal convection, which involves the 
cycling of matter due to the outward flow of energy from 
Earth’s interior and gravitational movement of denser 
materials toward the interior. (HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
TE only: 
680 Facts and Figures, Tectonics 
 
The geological record shows that changes to global 
and regional climate can be caused by interactions among 
changes in the sun’s energy output or Earth’s orbit, 
tectonic events, ocean circulation, volcanic activity, 
glaciers, vegetation, and human activities. These changes 
can occur on a variety of time scales from sudden (e.g., 
volcanic ash clouds) to intermediate (ice ages) to very 
long-term tectonic cycles. (HS-ESS2-4)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
ESS2.B: Plate Tectonics and Large-Scale System 
Interactions  
The radioactive decay of unstable isotopes continually 
generates new energy within Earth’s crust and mantle, 
providing the primary source of the heat that drives 
mantle convection. Plate tectonics can be viewed as the 
surface expression of mantle convection. (HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
TE only: 
680 Facts and Figures, Tectonics 
 
Plate tectonics is the unifying theory that explains the 
past and current movements of the rocks at Earth’s 
surface and provides a framework for understanding its 
geologic history. Plate movements are responsible for 
most continental and ocean-floor features and for the 
distribution of most rocks and minerals within Earth’s 
crust. (ESS2.B Grade 8 GBE) (HS-ESS2-1)  
 
SE/TE: 
676-683 Section 22.4, Plate Tectonics 
684-689 Section 22.5, Earthquakes 
690-696 in Section 22.6, Volcanoes 
709-712 Section 23.2, Weathering and Mass 
Movement 
713-717 Section 23.3, Water Shapes the 
Land 
719-723 Section 23.4, Glaciers and Wind 
TE only 
679 Facts and Figures, Pole Reversals 
680 Facts and Figures, Tectonics 
 

Stability and Change  
Much of science deals with constructing explanations of 
how things change and how they remain stable. (HS-
ESS2-7)  
 
SE/TE: 
734-738 “A Brief History of Earth” 
 
Change and rates of change can be quantified and 
modeled over very short or very long periods of time. 
Some system changes are irreversible. (HS-ESS2-1)  
 
SE/TE: 
676-683 Section 22.4, Plate Tectonics 
684-689 Section 22.5, Earthquakes 
690-696 in Section 22.6, Volcanoes 
709-712 Section 23.2, Weathering and Mass 
Movement 
713-717 Section 23.3, Water Shapes the 
Land 
719-723 Section 23.4, Glaciers and Wind 
TE only 
679 Facts and Figures, Pole Reversals 
680 Facts and Figures, Tectonics 
682 Facts and Figures, The Formation of the 
Himalayas 
 
Feedback (negative or positive) can stabilize or 
destabilize a system. (HS-ESS2-2)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 

---------------------------------------- 
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. (HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
TE only: 
680 Facts and Figures, Tectonics 
 
Influence of Engineering, Technology, and Science 
on Society and the Natural World  
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. (HS-ESS2-2)  
 
SE/TE: 
778-786 Section 24.7, Climate 
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TE only: 
680 Facts and Figures, Tectonics 
 
Science includes the process of coordinating patterns 
of evidence with current theory. (HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
TE only: 
680 Facts and Figures, Tectonics 
 
Science arguments are strengthened by multiple lines 
of evidence supporting a single explanation. (HS-ESS2-4) 
 
SE/TE: 
778-786 Section 24.7, Climate 
 

682 Facts and Figures, The Formation of the 
Himalayas 
 
ESS2.C: The Roles of Water in Earth’s Surface 
Processes  
The abundance of liquid water on Earth’s surface and 
its unique combination of physical and chemical properties 
are central to the planet’s dynamics. These properties 
include water’s exceptional capacity to absorb, store, and 
release large amounts of energy, transmit sunlight, 
expand upon freezing, dissolve and transport materials, 
and lower the viscosities and melting points of rocks. (HS-
ESS2-5)  
 
SE/TE: 
704-708 Section 23.1, Fresh Water 
713-717 Section 23.3 Water Shapes the Land 
720-721 “Glacial Erosion and Deposition” 
 
ESS2.D: Weather and Climate  
The foundation for Earth’s global climate systems is the 
electromagnetic radiation from the sun, as well as its 
reflection, absorption, storage, and redistribution among 
the atmosphere, ocean, and land systems, and this 
energy’s re-radiation into space. (HS-ESS2-4)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
Gradual atmospheric changes were due to plants and 
other organisms that captured carbon dioxide and 
released oxygen. (HS-ESS2-6),(HS-ESS2-7)  
 
SE/TE: 
262-269 Section 9.1, Carbon Compounds  
272-274 Section 9.2, Substituted 
Hydrocarbons 
275-280 Section 9.3, Polymers 
282-284 Section 9.4, Reactions in Cells 
734-738 “A Brief History of Earth” 
 
Changes in the atmosphere due to human activity have 
increased carbon dioxide concentrations and thus affect 
climate. (HS-ESS2-6),(HS-ESS2-4)  
 
SE/TE: 
262-269 Section 9.1, Carbon Compounds  
272-274 Section 9.2, Substituted 
Hydrocarbons 
275-280 Section 9.3, Polymers 
282-284 Section 9.4, Reactions in Cells 
778-786 Section 24.7, Climate 
 
ESS2.E: Biogeology  
The many dynamic and delicate feedbacks between the 
biosphere and other Earth systems cause a continual co-
evolution of Earth’s surface and the life that exists on it. 
(HS-ESS2-7)  
 
SE/TE: 
734-738 “A Brief History of Earth” 
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PS4.A: Wave Properties  
Geologists use seismic waves and their reflection at 
interfaces between layers to probe structures deep in the 
planet. (secondary to HS-ESS2-3)  
 
SE/TE: 
661-663 “Cross Section of Earth” 
679-680 “The Theory of Plate Tectonics” 
691 “Formation of a Volcano” 
TE only: 
680 Facts and Figures, Tectonics 
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HS-ESS3 Earth and Human Activity  
 

HS-ESS3 Earth and Human Activity  
Students who demonstrate understanding can:  
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural 
hazards, and changes in climate have influenced human activity. [Clarification Statement: Examples of key natural resources include access to fresh 
water (such as rivers, lakes, and groundwater), regions of fertile soils such as river deltas, and high concentrations of minerals and fossil fuels. Examples of natural hazards can be 
from interior processes (such as volcanic eruptions and earthquakes), surface processes (such as tsunamis, mass wasting and soil erosion), and severe weather (such as hurricanes, 
floods, and droughts). Examples of the results of changes in climate that can affect populations or drive mass migrations include changes to sea level, regional patterns of 
temperature and precipitation, and the types of crops and livestock that can be raised.]  
 
PHYSICAL SCIENCE, Concepts in Action:  In Section 15.3, Energy Resources, students learn about nonrenewable and renewable energy 
resources.  Human Activities and Climate Change is covered in Chapter 24, “Weather and Climate” on SE/TE pages 784-786.  
 
In “Conserving Energy Resources,” SE/TE page 466, students gain understanding of energy conservation. In Figure 19, students explain 
how mass transportation saves energy.  In Writing in Science, students write a proposal explaining how to avoid future shortages of 
electricity. Students obtain knowledge of human activity influenced by climate changes in “Limiting Global Warming: on SE/TE page 786. 
In Assessment: Connecting Concepts, students choose an energy resource and explain how its use would reduce global warming.  
 
 
HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources 
based on cost-benefit ratios.* [Clarification Statement: Emphasis is on the conservation, recycling, and reuse of resources (such as minerals and metals) where 
possible, and on minimizing impacts where it is not. Examples include developing best practices for agricultural soil use, mining (for coal, tar sands, and oil shales), and pumping (for 
petroleum and natural gas). Science knowledge indicates what can happen in natural systems—not what should happen.]  
 
PHYSICAL SCIENCE, Concepts in Action: Nonrenewable and renewable energy resources are contrasted in Section 15.3, Energy 
Resources, on SE/TE pages 462-466. 
 
In Writing in Science, on SE/TE page 466, students propose ways to help avoid future shortages of electricity in a city. 
 
 
HS-ESS3-3. Create a computational simulation to illustrate the relationships among management of natural resources, the 
sustainability of human populations, and biodiversity. [Clarification Statement: Examples of factors that affect the management of natural resources include 
costs of resource extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that affect human sustainability include 
agricultural efficiency, levels of conservation, and urban planning.] [Assessment Boundary: Assessment for computational simulations is limited to using provided multi-parameter 
programs or constructing simplified spreadsheet calculations.]  
 
PHYSICAL SCIENCE, Concepts in Action: The relationships among management of natural resources, the sustainability of human 
populations, and biodiversity falls outside of the program scope and sequence. See Miller & Levine Biology, ISBN: 978-013-361465-7, 
Chapter 2. 
 
 
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.* 
[Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species diversity, 
or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could range from local efforts 
(such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere 
or ocean).]  
 
PHYSICAL SCIENCE, Concepts in Action: The relationships among management of natural resources, the sustainability of human 
populations, and biodiverisity falls outside of the program scope and sequence. See Miller & Levine Biology, ISBN: 978-013-361465-7, 
Chapter 6. 
 
 
HS-ESS3-5. Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the 
current rate of global or regional climate change and associated future impacts to Earth systems. [Clarification Statement: Examples of 
evidence, for both data and climate model outputs, are for climate changes (such as precipitation and temperature) and their associated impacts (such as on sea level, glacial ice 
volumes, or atmosphere and ocean composition).] [Assessment Boundary: Assessment is limited to one example of a climate change and its associated impacts.]  
 
PHYSICAL SCIENCE, Concepts in Action: Climate change is introduced in Section 24.7, Climate, on SE/TE pages 778-786. Natural 
climate change is discussed on SE/TE pages 782-783. Topics covered include changes due to continental drift due to the relative position of 
Earth to the sun, solar activity, and changes in ocean circulation and volcanic activity. Human activities and climate change are discussed on 
SE/TE pages 784-786. Topics covered include the effects of raising livestock, the use of fire, and the effects of increased emissions of 
greenhouse gases. 
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Students analyze data of Atmospheric Carbon Dioxide, Years 1000-2010, in Figure 38, on SE/TE page 784. In Investigation 24B, Modeling 
Global Warming, on Lab pages 257-260, students analyze data from a simulation of the greenhouse effects of carbon dioxide in the 
atmosphere. 
 
 
HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those 
relationships are being modified due to human activity. [Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, 
atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an 
increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: 
Assessment does not include running computational representations but is limited to using the published results of scientific computational models.]  
 
PHYSICAL SCIENCE, Concepts in Action: Climate change is introduced in Section 24.7, Climate, on SE/TE pages 778-786. Human 
activities and climate change are discussed on SE/TE pages 784-786. Topics covered include the effects of raising livestock, the use of fire, 
and the effects of increased emissions of greenhouse gases. 
 
Students analyze data of Atmospheric Carbon Dioxide, Years 1000-2010, in Figure 38, on SE/TE page 784. In Investigation 24B, Modeling 
Global Warming, on Lab pages 257-260, students analyze data from a simulation of the greenhouse effects of carbon dioxide in the 
atmosphere. 
 
 

Science and Engineering Practices  
Analyzing and Interpreting Data  
Analyzing data in 9–12 builds on K–8 experiences and 
progresses to introducing more detailed statistical 
analysis, the comparison of data sets for consistency, and 
the use of models to generate and analyze data.  
Analyze data using computational models in order to 
make valid and reliable scientific claims. (HS-ESS3-5)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
Using Mathematics and Computational Thinking  
Mathematical and computational thinking in 9-12 builds on 
K-8 experiences and progresses to using algebraic 
thinking and analysis, a range of linear and nonlinear 
functions including trigonometric functions, exponentials 
and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple 
computational simulations are created and used based on 
mathematical models of basic assumptions.  
Create a computational model or simulation of a 
phenomenon, designed device, process, or system. (HS-
ESS3-3)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources 
 
Use a computational representation of phenomena or 
design solutions to describe and/or support claims and/or 
explanations. (HS-ESS3-6)  
 
SE/TE: 
778-786 Section 24.7, Climate 
466 Writing in Science 
 
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.  
 
 
 
 
 

Disciplinary Core Ideas  
ESS2.D: Weather and Climate  
Current models predict that, although future regional 
climate changes will be complex and varied, average 
global temperatures will continue to rise. The outcomes 
predicted by global climate models strongly depend on the 
amounts of human-generated greenhouse gases added to 
the atmosphere each year and by the ways in which these 
gases are absorbed by the ocean and biosphere. 
(secondary to HS-ESS3-6)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
ESS3.A: Natural Resources  
Resource availability has guided the development of 
human society. (HS-ESS3-1)  
 
SE/TE: 
466 Conserving Energy Resources 
 
All forms of energy production and other resource 
extraction have associated economic, social, 
environmental, and geopolitical costs and risks as well as 
benefits. New technologies and social regulations can 
change the balance of these factors. (HS-ESS3-2)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources  
 
ESS3.B: Natural Hazards  
Natural hazards and other geologic events have shaped 
the course of human history; [they] have significantly 
altered the sizes of human populations and have driven 
human migrations. (HS-ESS3-1)  
 
ESS3.C: Human Impacts on Earth Systems  
The sustainability of human societies and the 
biodiversity that supports them requires responsible 
management of natural resources. (HS-ESS3-3)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources 
 
 
 
 
 

Crosscutting Concepts  
Cause and Effect  
Empirical evidence is required to differentiate between 
cause and correlation and make claims about specific 
causes and effects. (HS-ESS3-1)  
 
786 Connecting Concepts 
 
Systems and System Models  
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. (HS-ESS3-6)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
Stability and Change  
Change and rates of change can be quantified and 
modeled over very short or very long periods of time. 
Some system changes are irreversible. (HS-ESS3-3),(HS-
ESS3-5)  
 
SE/TE: 
462 Nonrenewable Energy Resources 
778-786 Section 24.7, Climate 
 
Feedback (negative or positive) can stabilize or 
destabilize a system. (HS-ESS3-4)  
 
-----------------------------------------------  
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. (HS-ESS3-1),(HS-ESS3-3)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources 
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Construct an explanation based on valid and reliable 
evidence obtained from a variety of sources (including 
students’ own investigations, models, theories, 
simulations, peer review) and the assumption that 
theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in 
the future. (HS-ESS3-1)  
Design or refine a solution to a complex real-world 
problem, based on scientific knowledge, student-
generated sources of evidence, prioritized criteria, and 
tradeoff considerations. (HS-ESS3-4)  
 
SE/TE: 
466 Writing in Science 
786 Connecting Concepts 
 
Engaging in Argument from Evidence  
Engaging in argument from evidence in 9–12 builds on K–
8 experiences and progresses to using appropriate and 
sufficient evidence and scientific reasoning to defend and 
critique claims and explanations about natural and 
designed world(s). Arguments may also come from 
current scientific or historical episodes in science.  
Evaluate competing design solutions to a real-world 
problem based on scientific ideas and principles, empirical 
evidence, and logical arguments regarding relevant 
factors (e.g. economic, societal, environmental, ethical 
considerations). (HS-ESS3-2)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources  
 

---------------------------------------------- 
Connections to Nature of Science 

Scientific Investigations Use a Variety of Methods  
Science investigations use diverse methods and do not 
always use the same set of procedures to obtain data. 
(HS-ESS3-5)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
New technologies advance scientific knowledge. (HS-
ESS3-5)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
Scientific Knowledge is Based on Empirical 
Evidence  
Science knowledge is based on empirical evidence. 
(HS-ESS3-5) 
 
SE/TE: 
778-786 Section 24.7, Climate 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scientists and engineers can make major contributions 
by developing technologies that produce less pollution and 
waste and that preclude ecosystem degradation. (HS-
ESS3-4)  
 
SE/TE: 
463-464 Renewable Energy Resources 
 
ESS3.D: Global Climate Change  
Though the magnitudes of human impacts are greater 
than they have ever been, so too are human abilities to 
model, predict, and manage current and future impacts. 
(HS-ESS3-5)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
Through computer simulations and other studies, 
important discoveries are still being made about how the 
ocean, the atmosphere, and the biosphere interact and 
are modified in response to human activities. (HS-ESS3-6)  
 
SE/TE: 
778-786 Section 24.7, Climate 
 
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. (secondary to HS-ESS3-
2),(secondary HS-ESS3-4)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources  
 

Engineers continuously modify these technological 
systems by applying scientific knowledge and engineering 
design practices to increase benefits while decreasing 
costs and risks. (HS-ESS3-2),(HS-ESS3-4)  
 
SE/TE: 
Section 15.3, Energy Resources  
 
New technologies can have deep impacts on society 
and the environment, including some that were not 
anticipated. (HS-ESS3-3)  
Analysis of costs and benefits is a critical aspect of 
decisions about technology. (HS-ESS3-2)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources  
 

---------------------------------------------- 
Connections to Nature of Science 

Science is a Human Endeavor  
Science is a result of human endeavors, imagination, 
and creativity. (HS-ESS3-3)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources 
 
Science Addresses Questions About the Natural 
and Material World  
Science and technology may raise ethical issues for 
which science, by itself, does not provide answers and 
solutions. (HS-ESS3-2)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources  
 
Science knowledge indicates what can happen in 
natural systems—not what should happen. The latter 
involves ethics, values, and human decisions about the 
use of knowledge. (HS-ESS3-2)  
 
SE/TE: 
462-466 Section 15.3, Energy Resources  
 
Many decisions are not made using science alone, but 
rely on social and cultural contexts to resolve issues. (HS-
ESS3-2)  
 
SE/TE: 
S462-466 Section 15.3, Energy Resources  
 
 

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or 
Disciplinary Core Idea. 
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HS-ETS1 Engineering Design  
 

HS-ETS1 Engineering Design  
Students who demonstrate understanding can:  
HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions 
that account for societal needs and wants.  
 
PHYSICAL SCIENCE, Concepts in Action: In Issues in Science, Genetically Modified Organisms, on SE/TE page 281, students analyze 
problems associated with genetically modified food. In Issues in Science, Are Regulations Needed to Protect Whales from Noise Pollution? on 
SE/TE page 513, they analyze the challenge posed by noise pollution in the oceans. In Issues in Science, Human Impact on the 
Environment, on SE/TE page 718, students analyze problems associated with human uses of natural resources. 
 
 
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems 
that can be solved through engineering.  
 
PHYSICAL SCIENCE, Concepts in Action: A solution to the complex real-world problem of water purification, in which the solution is 
broken down into numerous smaller parts, is discussed in Concepts in Action, Getting a Fresh Start, on SE/TE pages 52-53. A solution to the 
complex problem of air pollution, in which the solution is broken down into numerous smaller parts, is discussed in Concepts in Action, 
Breathing Easier, on SE/TE pages 270-271. A solution to the complex real-world problem of airplane flight controls is presented in Concepts in 
Action, Airplane Motion, on SE/TE pages 398-399.  
 
In Problem-Solving Activity, Transmitting Electricity to a new School, on SE/TE page 646, students design a method of transmitting energy 
from a power plant to a school. 
 
 
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for 
a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and 
environmental impacts.  
 
PHYSICAL SCIENCE, Concepts in Action: In Issues in Science, What Should Be Done With Arsenic-Treated Wood? on SE/TE page 59, 
students evaluate different plans for disposing arsenic contaminated wood. In Data Analysis, What Is the Real Cost of a Washing Machine? 
on SE/TE page 491, students evaluate the costs of running washing machines in homes. 
 
  
HS-ETS1-4. Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with 
numerous criteria and constraints on interactions within and between systems relevant to the problem.  
 
PHYSICAL SCIENCE, Concepts in Action: Computer simulations fall outside of the program scope and sequence. Students evaluate 
different plans for disposing arsenic contaminated wood in Issues in Science, What Should Be Done With Arsenic-Treated Wood? on SE/TE 
page 59.  In Data Analysis, What Is the Real Cost of a Washing Machine? on SE/TE page 491, students evaluate the costs of running 
washing machines in homes. 
 
Science and Engineering Practices  
Asking Questions and Defining Problems  
Asking questions and defining problems in 9–12 builds on 
K–8 experiences and progresses to formulating, refining, 
and evaluating empirically testable questions and design 
problems using models and simulations.  
Analyze complex real-world problems by specifying 
criteria and constraints for successful solutions. (HS-ETS1-
1)  
 
SE/TE: 
281 Issues in Science, Genetically Modified 
Organisms 
513 Issues in Science, Are Regulations 
Needed to Protect Whales from Noise 
Pollution? 
646 Problem-Solving Activity 

Disciplinary Core Ideas  
ETS1.A: Defining and Delimiting Engineering 
Problems  
Criteria and constraints also include satisfying any 
requirements set by society, such as taking issues of risk 
mitigation into account, and they should be quantified to 
the extent possible and stated in such a way that one can 
tell if a given design meets them. (HS-ETS1-1)  
 
SE/TE: 
281 Issues in Science, Genetically Modified 
Organisms 
513 Issues in Science, Are Regulations 
Needed to Protect Whales from Noise 
Pollution? 
718 Issues in Science, Human Impact on the 

Crosscutting Concepts  
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. 
HS-ETS1-4)  

--------------------------------------------- 
Connections to Engineering, Technology, 

and Applications of Science 
Influence of Science, Engineering, and Technology 
on Society and the Natural World  
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. (HS-ETS1-1) (HS-
ETS1-3)  
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718 Issues in Science, Human Impact on the 
Environment 
 
Using Mathematics and Computational Thinking  
Mathematical and computational thinking in 9-12 builds 
on K-8 experiences and progresses to using algebraic 
thinking and analysis, a range of linear and nonlinear 
functions including trigonometric functions, exponentials 
and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple 
computational simulations are created and used based on 
mathematical models of basic assumptions.  
Use mathematical models and/or computer simulations 
to predict the effects of a design solution on systems 
and/or the interactions between systems. (HS-ETS1-4)  
 
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 ideas, principles and theories.  
Design a solution to a complex real-world problem, 
based on scientific knowledge, student-generated sources 
of evidence, prioritized criteria, and tradeoff 
considerations. (HS-ETS1-2)  
 
SE/TE: 
52-53 Concepts in Action, Getting a Fresh 
Start 
270-271 Concepts in Action, Breathing Easier 
398-399 Concepts in Action, Airplane Motion 
646 Problem-Solving Activity 
 
Evaluate a solution to a complex real-world problem, 
based on scientific knowledge, student-generated sources 
of evidence, prioritized criteria, and tradeoff 
considerations. (HS-ETS1-3)  
 
SE/TE: 
59 Issues in Science, What Should Be Done 
With Arsenic-Treated Wood? 
491 Data Analysis, What Is the Real Cost of a 
Washing Machine? 
 

Environment 
 
Humanity faces major global challenges today, such as 
the need for supplies of clean water and food or for 
energy sources that minimize pollution, which can be 
addressed through engineering. These global challenges 
also may have manifestations in local communities. (HS-
ETS1-1)  
 
SE/TE: 
281 Issues in Science, Genetically Modified 
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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. (HS-ETS1-3)  
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Both physical models and computers can be used in 
various ways to aid in the engineering design process. 
Computers are useful for a variety of purposes, such as 
running simulations to test different ways of solving a 
problem or to see which one is most efficient or 
economical; and in making a persuasive presentation to a 
client about how a given design will meet his or her 
needs. (HS-ETS1-4)  
 
ETS1.C: Optimizing the Design Solution  
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. (HS-ETS1-2)  
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