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“Enhanced” Science High School Course Maps 
for 

Physical Sciences: Chemistry Courses 
that will  

Culminate in a Corresponding Regents Examination in Science  
 
 
 
 

This document is based on the Science High School Course Maps developed by NYSED and found at http://www.nysed.gov/curriculum-instruction/science-
standards-implementation-resources. Text has been drawn directly from the recently updated New York State Science Learning Standards (NYSSLS) which can be 
found at http://www.nysed.gov/curriculum-instruction/2016-adopted-science-learning-standards.  
 
It is important to note that not every part of the NYSSLS is included in this document; therefore, it should be used in conjunction with the standards, not in place of 
them.  In addition, the introduction to the initial NYSED Science High School Course Maps should be read before beginning work with this document for important 
contextualization. 
 
The “Enhanced” version of the Science High School Course Maps were developed by Staff and Curriculum Development at Madison-Oneida BOCES, in Verona.  
Please direct corrections to Jonathan Cornue at jcornue@moboces.org. 
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Topic Performance 

Expectations 
Clarifications and 

Assessment Boundaries 
Scientific and  

Engineering Practices Disciplinary Core Ideas Crosscutting Concepts Clarification for 
multi-course PEs 

HS. 
Structure 
and 
Properties 
of Matter  

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.] 

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.  
▪ Use a model to predict the relationships 
between systems or between 
components of a system. (HS-PS1-1)  
 

 

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)  
▪ 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)  

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

 

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-PS1-3), (HS-PS1-10)) 
 

 

None Indicated 

HS. 
Structure 
and 
Properties 
of Matter  

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 in 
solids, liquids, and gases, not on 
naming specific intermolecular 
forces (such as dipole-dipole). 
Examples of particles could include 
ions, atoms, molecules, and 
network solids. Examples of bulk 
scale properties of substances 
could include the melting point 
and boiling point, vapor pressure, 
and surface tension.] 

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)  

 

PS1.A: Structure and Properties of Matter  
▪ The structure and interactions of matter at 
the bulk scale are determined by electrical 
forces within and between atoms. (HS-PS1-
3),(secondary to HS-PS2-6)  
 
PS2.B: Types of Interactions  
• Attraction and repulsion between electric 
charges at the atomic scale explain the 
structure, properties, and transformations of 
matter, as well as the contact forces between 
material objects. (secondary to HS-PS1-
1),(secondary to HS-PS1-3),(HS-PS2-6). 

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-PS1-3), 
(HS-PS1-1), (HS-PS1-10) 
 

 

None Indicated 
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Topic Performance 

Expectations 
Clarifications and 

Assessment Boundaries 
Scientific and  

Engineering Practices Disciplinary Core Ideas Crosscutting Concepts Clarification for 
multi-course PEs 

HS. 
Structure 
and 
Properties 
of Matter  

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, positron, and gamma 
radioactive decays.] 

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-PS1-8)  
 

 

PS1.C: Nuclear Processes  
▪ Nuclear processes, including fusion, 
fission, and radioactive decays of unstable 
nuclei, involve release or absorption of 
energy. The total number of neutrons plus 
protons does not change in any nuclear 
process. (HSPS1-8)  
 

 

Energy and Matter  
▪ In nuclear processes, 
atoms are not conserved, 
but the total number of 
protons plus neutrons is 
conserved. (HS-PS1-8)  
 

 

Qualitative focus, 
understanding the 
conservation of 
mass and charge.  

HS. 
Structure 
and 
Properties 
of Matter  

HS-PS1-9. Analyze 
data to support the 
claim that the 
combined gas law 
describes the 
relationships 
among volume, 
pressure, and 
temperature for a 
simple of an ideal 
gas.  

 

[Clarification Statement: Real 
gases may be included at 
conditions near STP. The 
relationships of the variables in 
the combined gas law may be 
described both qualitatively and 
quantitatively.]  
 
[Assessment Boundary: 
Assessment is limited to the 
relationships among the variables 
of the combined gas law, not the 
gas law names, i.e. Boyle’s Law.] 

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-PS1-9)  
 

 

PS1.A: Structure and Properties of Matter  
▪ (NYSED) The concept of an ideal gas is a 
model to explain behavior of gases. A real 
gas is most like an ideal gas when the real 
gas is at low pressure and high temperature. 
(HS-PS1-9)  
 

  

Patterns  
▪ Mathematical 
representations can be 
used to identify certain 
patterns. (HS-PS1-9)  
 

 

None Indicated 
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HS. 
Structure 
and 
Properties 
of Matter  

HS-PS1-10.Use 
evidence to 
support claims 
regarding the 
formation, 
properties and 
behaviors of 
solutions at bulk 
scales.  

  

[Clarification Statement: Examples 
of physical properties could 
include colligative properties, 
degree of saturation, physical 
behavior of solutions, solvation 
process and conductivity. 
Examples of solution types could 
include solid-liquid, liquid-liquid, 
and gas-liquid solutions. 
Concentrations can be 
quantitatively expressed in ppm, 
molarity, and percent by mass]  
 
[Assessment Boundary: 
Assessment of colligative 
properties is limited to qualitative 
statements of boiling point 
elevation and freezing point 
depression.] 

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 worlds. Arguments may also 
come from current scientific or historical 
episodes in science.  
▪ Evaluate the claims, evidence, and 
reasoning behind currently accepted 
explanations or solutions to determine 
the merits of arguments. (HS-PS1-10)  
 

 

PS1.A: Structure and Properties of Matter  
▪ (NYSED) Solutions possess characteristic 
properties that can be described 
qualitatively and quantitatively. (HSPS1-10)  
 

 

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-PS1-10), 
(HS-PS1-1), (HS-PS1-3)  
 

 

None Indicated 

HS. 
Structure 
and 
Properties 
of Matter  

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

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

[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 
particulate structures of specific 
designed materials.] 

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)  
 

 

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

 

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-PS26)  
 

  

None Indicated 
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Scientific and  
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HS. 
Chemical 
Reactions  

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.] 

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.  
▪ 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)  

PS1.A: Structure and Properties of Matter  
▪ The periodic table orders elements 
horizontally by the number of protons in the 
atom’s nucleus and places those with similar 
chemical properties in columns. The repeating 
patterns of this table reflect patterns of outer 
electron states. (HS-PS1-2) (Note: This 
Disciplinary Core Idea is also addressed by HS-
PS1-1.)  
 
PS1.B: Chemical Reactions  
▪ The fact that atoms are conserved, together 
with knowledge of the chemical properties of 
the elements involved, can be used to 
describe and predict chemical reactions. (HS-
PS1-2), (HS-PS1-7) 

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-PS1-2), (HS-PS1-5), (HS-
PS1-11) 

None Indicated 

HS. 
Chemical 
Reactions  

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.] 

Developing and Using Models  
Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
developing models to predict and shos 
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)  

PS1.A: Structure and Properties of Matter  
▪ A stable molecule has less energy than the 
same set of atoms separated; one must 
provide at least this energy in order to take 
the molecule apart. (HS-PS1-4)  
 
PS1.B: Chemical Reactions  
▪ (NYSED) Chemical processes, their rates, and 
whether or not energy is stored or released 
can be understood in terms of the collisions of 
particles and the rearrangements of particles 
into new substances, with consequent 
changes in the sum of all bond energies in the 
set of substances that are matched by changes 
in energy. (HS-PS1-4), (HS-PS1-5) 
  

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-
PS1-4), (HS-PS1-12)  

None Indicated 
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Topic Performance 

Expectations 
Clarifications and 

Assessment Boundaries 
Scientific and  

Engineering Practices Disciplinary Core Ideas Crosscutting Concepts Clarification for 
multi-course PEs 

HS. Chemical 
Reactions  

HS-PS1-5. Apply 
scientific principles 
and evidence to 
explain how the rate 
of a physical or 
chemical change is 
affected when 
conditions are varied. 
 

[Clarification Statement: 
Explanations should be based on 
three variables in collision theory: 
number of collisions per unit time, 
particle orientation on collision, and 
energy required to produce the 
change. Conditions that affect these 
three variables include temperature, 
pressure, nature of reactants, 
concentrations of reactants, mixing, 
particle size, surface area, and 
addition of a catalyst.]  
 

[Assessment Boundary: Assessment 
is limited to simple reactions in which 
there are only two reactants and to 
specifying the change in only one 
condition at a time.] 

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)  
 

PS1.B: Chemical Reactions  
▪ (NYSED) Chemical processes, their rates, 
and whether or not energy is stored or 
released can be understood in terms of the 
collisions of particles and the 
rearrangements of particles into new 
substances, with consequent changes in the 
sum of all bond energies in the set of 
substances that are matched by changes in 
energy. (HS-PS1-5), (HS-PS1-4)  
 

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-PS1-5), 
(HS-PS1-2), (HS-PS1-11) 
 

None Indicated 

HS. Chemical 
Reactions  

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

[Clarification Statement: 
Emphasis is on the application of 
Le Chatelier’s Principle and on 
refining designs of chemical 
reaction systems, including 
descriptions of the connection 
between changes made at the 
macroscopic level and what 
happens at the molecular level. 
Examples of designs could 
include different ways to increase 
product formation including 
adding reactants or removing 
products.]  
 

[Assessment Boundary: 
Assessment is limited to 
specifying the change in only one 
variable at a time. Assessment 
does not include calculating 
equilibrium constants and 
concentrations.] 

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.  
▪ 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)  
 

PS1.B: Chemical Reactions  
▪ (NYSED) In many situations, a dynamic and 
condition dependent balance between a 
reaction and the reverse reaction determines 
the numbers of all types of particles present. 
(HS-PS1-6)  

Stability and Change  
▪ Much of science deals 
with constructing 
explanations of how things 
change and how they 
remain stable. (HS-PS1-6)  

None Indicated 
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HS. Chemical 
Reactions  

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.] 

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)  

PS1.B: Chemical Reactions  
▪ The fact that atoms are conserved, 
together with knowledge of the chemical 
properties of the elements involved, can be 
used to describe and predict chemical 
reactions. (HS-PS1-7), (HS-PS1-2) 

Energy and Matter  
▪ The total amount of 
energy and matter in 
closed systems is 
conserved. (HS-PS1 7) 
 
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)  
  

None Indicated 
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Expectations 
Clarifications and 

Assessment Boundaries 
Scientific and  

Engineering Practices Disciplinary Core Ideas Crosscutting Concepts Clarification for 
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HS. Chemical 
Reactions  

HS-PS1-11. Plan and 
conduct an 
investigation to 
compare properties 
and behaviors of 
acids and bases.  

[Clarification Statement: 
Examples of properties could 
include pH values 
(concentration), neutralization 
capability and conductivity. 
Observations of behaviors could 
include the effects on indicators, 
reactions with other substances, 
and efficacy in performing 
titrations.]  
 
[Assessment Boundary: Reactions 
are limited to Arrhenius and 
Bronsted-Lowry acid-base 
reactions.] 

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-PS1-11)  
▪ Select appropriate tools to collect, 
record, analyze, and evaluate data. (HS-
PS1-11)  

PS1.B: Chemical Reactions  
▪ (NYSED) Acids and bases play an important 
role in the daily lives of humans and other 
organisms (e.g. agricultural applications, 
environmental impacts (acid rain), animal 
and plant physiology). (HS-PS1-11)   
 

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-PS1-11), 
(HS-PS1-2), (HS-PS1-5)  
 

None Indicated 

HS. Chemical 
Reactions  

HS-PS1-12. Use 
evidence to illustrate 
that some chemical 
reactions involve the 
transfer of electrons 
as an energy 
conversion occurs 
within a system.  

[Clarification Statement: 
Evidence could include half-
reactions, net ionic equations, 
and electrochemical cells to 
illustrate the mechanism of 
electron transfer.]  
 
[Assessment Boundary: 
Assessment is limited to 
completing and/or balancing 
oxidation and reduction half-
reactions. Energy conversions are 
limited to qualitative statements] 

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 worlds. Arguments may also 
come from current scientific or historical 
episodes in science.  
▪ Evaluate the claims, evidence, and 
reasoning behind currently accepted 
explanations or solutions to determine 
the merits of arguments. (HS-PS1-12)  

PS1.B: Chemical Reactions  
▪ (NYSED) Oxidation-reduction reactions are 
the prevailing source of power for many of 
today’s modern conveniences. (HS-PS1-12) 
 
 

Energy and Matter  
▪ The total amount of 
energy and matter in 
closed systems is 
conserved. (HS-PS1-12), 
(HS-PS1-7)  
▪ 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-PS1-12), (HS-
PS1-4)  

None Indicated 
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HS. Energy  HS-PS3-1. Create a 
computational model 
to calculate the 
change in the energy 
of one component in 
a system when the 
change in energy of 
the other 
component(s) and 
energy flows in and 
out of the system are 
known.  

[Clarification Statement: 
Emphasis is on explaining the 
meaning of mathematical 
expressions for energy, work, and 
power used in the model.]  
 
[Assessment Boundary: 
Assessment is limited to basic 
algebraic expressions or 
computations; to systems of two 
or three components; and to 
work, power, thermal energy, 
kinetic energy, potential energy, 
electrical energy and/or the 
energies in gravitational, 
magnetic, or electric fields.]  
 

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)  

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)  
▪ 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)  
▪ (NYSED) Energy exists in many forms, and 
when these forms change, energy is 
conserved. (HS-PS3- 1), (HS-PS3-3), (HS-PS3-
4) 
 
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. (HSPS3-
1),(HS-PS3-2)  

Systems and System 
Models  
▪ 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) 
 
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)  

Conservation of 
energy, thermal 
energy, endothermic 
and exothermic 
reactions. 
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Scientific and  

Engineering Practices Disciplinary Core Ideas Crosscutting Concepts Clarification for 
multi-course PEs 

HS. Waves and 
Electromagnetic 
Radiation  

HS-PS4-4. Evaluate 
the validity and 
reliability of claims in 
published materials 
of the effects that 
different frequencies 
of electromagnetic 
radiation have when 
absorbed by matter.  
 

[Clarification Statement: 
Emphasis is on the idea that 
photons associated with different 
frequencies of light have 
different energies, and the 
damage to living tissue from 
electromagnetic radiation 
depends on the energy of the 
radiation. Examples of published 
materials could include scientific 
journals, trade books, magazines, 
web resources, videos, and other 
passages that may reflect bias.]  
 
[Assessment Boundary: 
Assessment is limited to 
qualitative descriptions.] 

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.  
▪ Evaluate the validity and reliability of 
multiple claims that appear in scientific 
and technical texts or media reports, 
verifying the data when possible. (HS-PS4-
4)  
 

PS4.B: Electromagnetic Radiation.  
▪ 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)  
 

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-PS4-4)  
 

None Indicated 

HS. Matter and 
Energy in 
Organisms and 
Ecosystems  

HS-LS1-5. Use a 
model to illustrate 
how photosynthesis 
transforms light 
energy into stored 
chemical energy.  

[Clarification Statement: 
Emphasis is on illustrating inputs 
and outputs of matter and the 
transfer and transformation of 
energy in photosynthesis by 
plants and other 
photosynthesizing organisms. 
Examples of models could include 
diagrams, chemical equations, 
and conceptual models.]  
 
[Assessment Boundary: 
Assessment does not include 
specific biochemical steps.]  

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 
worlds.  
▪ Use a model based on evidence to 
illustrate the relationships between 
systems or between components of a 
system. (HS-LS1-5), (HS-LS1-7) 

LS1.C: Organization for Matter and Energy 
Flow in Organisms  
▪ The process of photosynthesis converts 
light energy to stored chemical energy by 
converting carbon dioxide plus water into 
sugars plus released oxygen. (HS-LS1-5)  

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-LS1-5), (HS-
LS1-6) 

Balancing chemical 
equations.  
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HS. Engineering 
Design  

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.  
 

None Indicated 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)  
 

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)  
▪ 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)  

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)  

None Indicated 

HS. Engineering 
Design  

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.  
 

None Indicated 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)  

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)  

None Indicated None Indicated 
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HS. Engineering 
Design  

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.  

None Indicated 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.  
▪ 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)  
 

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)  

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-ETS1-3), (HS-
ETS1-1)  
 

None Indicated 

HS. Engineering 
Design  
 

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.  
 

None Indicated 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)  
 

ETS1.B: Developing Possible Solutions  
▪ 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)  
 

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)  
 

 

 


