H PHYSICAL SCIENCE

HS-PS1-1 Matter and Its Interactions

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)
@ 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.
© Planning and carrying out
investigations
O Analyzing and interpreting data
© Using mathematics and computational
thinking
@ Constructing explanations (for science)
and designing solutions (for
engineering)
@ Engaging in argument from evidence
® Obtaining, evaluating, and
communicating information

Structure and Properties of Matter:

e Each atom has a charged substructure
consisting of a nucleus, which is made
of protons and neutrons, surrounded by
electrons.

® The periodic table orders elements
horizontally by the number of protons
in the atom’s nucleus and places those
with similar chemical properties in
columns. The repeating patterns of
this table reflect patterns of outer
electron states.

HS-PS1-1
Students who demonstrate
understanding can:

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.

Crosscutting Concepts: Patterns

e 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.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

RST.9-10.7 Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table or
chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.

N/A

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

HS-PS1-2 Matter and Its Interactions

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)

@ Developing and using models

© Planning and carrying out
investigations

O Analyzing and interpreting data

© Using mathematics and computational
thinking

@ Constructing explanations

(for science) and designing solutions

(for engineering)

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.

e Construct and revise an explanation
based on valid and reliable
evidence obtained from a variety
of sources (including students’
own investigations, models, theories,
simulations, peer review) and the
assumption that theories and laws
that describe the natural world
operate today as they did in the
past and will continue to do so in
the future.

@ Engaging in argument from evidence
© Obtaining, evaluating, and
communicating information

Structure and Properties of Matter:

e 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.

Chemical Reactions:

e 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
Students who demonstrate
understanding can:

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,
knowledge of the patterns

of chemical properties, and
formation of compounds.

Clarification Statement:

Examples of chemical reactions
could include the reaction of sodium
and chlorine, of carbon and oxygen,
or of carbon and hydrogen. Reaction
classification aids in the prediction of
products (e.g. synthesis/combustion,
decomposition, single displacement,
double displacement).

Assessment Boundary:
Assessment is limited to chemical
reactions involving main group
elements and combustion reactions.

Crosscutting Concepts: Patterns

e 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.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

WHST.9-12.2 Write informative/explanatory texts, including the
narration of historical events, scientific procedures/ experiments,

or technical processes.

WHST.9-12.5 Develop and strengthen writing as needed by
planning, revising, editing, rewriting, or trying a new approach,
focusing on addressing what is most significant for a specific

purpose and audience.

HSN-Q.A.1 Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations
on measurement when reporting quantities.

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

HS-PS1-5 Matter and Its Interactions

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)

@ Developing and using models

© Planning and carrying out
investigations

O Analyzing and interpreting data

© Using mathematics and computational
thinking

@ Constructing explanations
(for science) and designing solutions

Chemical Reactions:

e 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-PS1-5
Students who demonstrate
understanding can:

Apply scientific principles

and evidence to provide an
explanation about the effects

of changing the temperature
or concentration of the

(for engineering)
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.
@ Engaging in argument from evidence
© Obtaining, evaluating, and
communicating information

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 and concentration.

Crosscutting Concepts: Patterns

e 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.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

RST.9-10.1 Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.

WHST.9-12.2 Write informative/explanatory texts, including the
narration of historical events, scientific procedures/ experiments,
or technical processes.

MP.2 Reason abstractly and quantitatively.

HSN-Q.A.1 Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations
on measurement when reporting quantities.

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

HS-PS1-7 Matter and Its Interactions

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)

@ Developing and using models

© Planning and carrying out
investigations

O Analyzing and interpreting data

© 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.

@ Constructing explanations (for science)
and designing solutions (for
engineering)

@ Engaging in argument from evidence

© Obtaining, evaluating, and
communicating information

Chemical Reactions:

e 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
Students who demonstrate
understanding can:

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 (e.g. Law of
Conservation of Mass). 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.

Crosscutting Concepts: Energy and Matter
e The total amount of energy and matter in closed systems is conserved.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

N/A

MP.2 Reason abstractly and quantitatively.

HSN-Q.A.1 Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.2 Define appropriate quantities for the purpose of
descriptive modeling.

HSN-Q.A.2 Choose a level of accuracy appropriate to limitations
on measurement when reporting quantities.

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

HS-PS2-1 Motion and Stability: Forces and Interactions

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)
@ Developing and using models
© Planning and carrying out
investigations
O 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.
© Using mathematics and
computational thinking
@ Constructing explanations (for science)
and designing solutions (for
engineering)
@ Engaging in argument from evidence
© Obtaining, evaluating, and
communicating information

Forces and Motion:

* Newton's second law accurately
predicts changes in the motion of
macroscopic objects.

HS-PS2-1
Students who demonstrate
understanding can:

Analyze data and use it 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.

Crosscutting Concepts: Cause and Effect

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

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics (continued)

RST.9-10.1 Cite specific textual evidence to support analysis

of science and technical texts, attending to the precise details

of explanation and descriptions.

RST.9-10.7 Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table

or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.

WHST.9-12.9 Draw evidence from informational texts to support
analysis, reflection, and research.

Mathematics

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

HSN-Q.A.1 Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.2 Define appropriate quantities for the purpose of
descriptive modeling.

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations
on measurement when reporting quantities.

HSA-SSE.A.1 Interpret expressions that represent a quantity in
terms of its context.

HSA-SSE.B.3 Choose and produce an equivalent form of an
expression to reveal and explain properties of the quantity
represented by the expression.

HSA-CED.A.1 Create equations and inequalities in one variable
and use them to solve problems.

HSA-CED.A.2 Create equations in two or more variables to
represent relationships between quantities; graph equations

on coordinate axes with labels and scales.

HSA-CED.A.4 Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.
HSF-IF.C.7 Graph functions expressed symbolically and show
key features of the graph, by in hand in simple cases and using
technology for more complicated cases.

HSS-ID.A.1 Represent data with plots on the real number line
(dot plots, histograms, and box plots).

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

HS-PS2-2 Motion and Stability: Forces and Interactions

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)
@ Developing and using models

© Planning and carrying out investigations

O Analyzing and interpreting data

© 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 math-

ematical models of basic assumptions.
¢ Use mathematical representations

of phenomena to describe
explanations.

@ Constructing explanations (for science)

and designing solutions (for
engineering)
@ Engaging in argument from evidence
® Obtaining, evaluating, and
communicating information

Forces and Motion:
® Momentum is defined for a particular

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

e 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
Students who demonstrate
understanding can:

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.

Crosscutting Concepts: Systems and System Models
e When investigating or describing a system, the boundaries and initial conditions of the system need to be defined.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

N/A

MP.2 Reason abstractly and quantitatively.
MP.4 Model with mathematics.

HSN-Q.A.2 Define appropriate quantities for the purpose of
descriptive modeling.

HSN-Q.A3 Choose a level of accuracy appropriate to limitations
on measurement when reporting quantities.
HSA-CED.A.1 Create equations and inequalities in one variable
and use them to solve problems.

HSA-CED.A.2 Create equations in two or more variables to
represent relationships between quantities; graph equations on
coordinate axes with labels and scales.

HSA-CED.A.4 Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.

HSN-Q.A.1 Use units as a way to understand problems and to

guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

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

SCIENCE STANDARDS

OKLAHOMA STATE DEPARTMENT OF EDUCATION

143




H PHYSICAL SCIENCE

HS-PS2-3 Motion and Stability: Forces and Interactions

Science & Engineering Practices Disciplinary Core Ideas Performance Expectations
@ Asking questions (for science) and Forces and Motion: HS-PS2-3
defining problems (for engineering) e If a system interacts with objects outside | st dents who demonstrate
@ Developing and using models itself, the total momentum of the understanding can:
© Planning and carrying out system can change; however, any such
|nvest|9at|ons . . change is balancgd by char?ges in the Abbplv scientific and
O Analyzing and interpreting data momentum of objects outside the —b_ . .
© Using mathematics and computational system. w
thinking evaluate, and refine a device
@ Constructing explanations Defining and Delimiting that minimizes the force on
(for science) and designing solutions | Engineering Problems: a macroscopic object during
(for engineering) (secondary to HS-PS2-3) a collision.*
Constructing explanations and e Criteria and constraints also include
designing solutions in 9-12 builds satisfying any requirements set by Clarification Statement:
on K-8 experiences and progresses society, such as taking issues of risk Examples of evaluation and refinement
to explanations and designs that mitigation into account, and they could include determining the success
are supported by multiple and should be quantified to the extent of the device at protecting an object
independent student- generated possible and stated in such a way that from damage and modifying the design
sources of evidence consistent with one can tell if a given design meets to improve it. Examples of a device
scientific ideas, principles, and them. could include a football helmet or a
theories. parachute.
¢ Apply scientific ideas to solve a
design problem, taking into Assessment Boundary:
account possible unanticipated Assessment is limited to qualitative
effects. evaluations and/or algebraic
@ Engaging in argument from evidence manipulations.
© Obtaining, evaluating, and
communicating information

Crosscutting Concepts: Cause and Effect
e Systems can be designed to cause a desired effect.

Oklahoma Academic Standards Connections

ELA/Literacy Mathematics
WHST.9-12.7 Conduct short as well as more sustained MP.4 Model with mathematics.
research projects to answer a question (including a self- MP.5 Use appropriate tools strategically.

generated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.

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

HS-PS2-5 Motion and Stability: Forces and Interactions

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)
@ Developing and using models
© 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.
O Analyzing and interpreting data
© Using mathematics and
computational thinking
@ Constructing explanations (for science)
and designing solutions (for
engineering)
@ Engaging in argument from evidence
® Obtaining, evaluating, and
communicating information

Types of Interactions:

e Forces at a distance are explained by
fields (gravitational, electric, and
magnetic) permeating space that can
transfer energy through space.

e Magnets or electric currents cause
magnetic fields; electric charges or
changing magnetic fields cause
electric fields.

Definitions of Energy:

(secondary to HS-PS2-4)

e "“Electrical energy” may mean energy
stored in a battery or energy
transmitted by electric currents.

HS-PS2-5
Students who demonstrate
understanding can:

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.

Clarification Statement:
N/A

Assessment Boundary:
Assessment is limited to designing
and conducting investigations with
provided materials and tools.

Crosscutting Concepts: Cause and Effect
e Systems can be designed to cause a desired effect.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

WHST.9-12.7 Conduct short as well as more sustained
research projects to answer a question (including a self-
generated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.

HSN-Q.A.1 Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.2 Define appropriate quantities for the purpose of
descriptive modeling.
WHST.9-12.9 Draw evidence from informational texts to support

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations
analysis, reflection, and research.

on measurement when reporting quantities.

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

HS-PS3-1 Energy

Science & Engineering Practices

Disciplinary Core Ideas

R |
Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)

@ Developing and using models

© Planning and carrying out
investigations

O Analyzing and interpreting data

© 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 math-
ematical models of basic assumptions.
e Create a computational model or

simulation of a phenomenon,
designed device, process, or system.

@ Constructing explanations (for science)
and designing solutions (for
engineering)

@ Engaging in argument from evidence

® Obtaining, evaluating, and
communicating information

Definitions of Energy:

e Energy is a quantitative property of a
system that depends on the motion and
interactions of matter and radiation
within that system. That there is a single
quantity called energy is due to the fact
that a system’s total energy is conserved,
even as, within the system, energy is
continually transferred from one object
to another and between its various
possible forms.

Conservation of Energy

and Energy Transfer:

e Conservation of energy means that the
total change of energy in any system
is always equal to the total energy
transferred into or out of the system.

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

e Mathematical expressions, which
quantify how the stored energy in a
system depends on its configuration
(e.g. relative positions of charged
particles, compression of a spring) and
how kinetic energy depends on mass
and speed, allow the concept of
conservation of energy to be used to
predict and describe system behavior.

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

HS-PS3-1
Students who demonstrate
understanding can:

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 potential energy.

Crosscutting Concepts: 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.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

SL.9-12.5 Make strategic use of digital media

(e.g., textual, graphical, audio, visual, and interactive
elements) in presentations to enhance understanding
of findings, reasoning, and evidence and to add interest.

MP.2 Reason abstractly and quantitatively.
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as away to understand problems and to

guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.2 Define appropriate quantities for the purpose of
descriptive modeling.

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations
on measurement when reporting quantities.

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

HS-PS3-2 Energy

Science & Engineering Practices

Disciplinary Core Ideas

R |
Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)
@ 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.
© Planning and carrying out
investigations
O Analyzing and interpreting data
© Using mathematics and computational
thinking
@ Constructing explanations (for science)
and designing solutions (for
engineering)
@ Engaging in argument from evidence
® Obtaining, evaluating, and
communicating information

Definitions of Energy:

e Energy is a quantitative property of a
system that depends on the motion and
interactions of matter and radiation
within that system. That there is a single
quantity called energy is due to the fact
that a system’s total energy is conserved,
even as, within the system, energy is
continually transferred from one object
to another and between its various
possible forms.

At the macroscopic scale, energy
manifests itself in multiple ways, such

as in motion, sound, light, and thermal
energy.

These relationships are better
understood at the microscopic scale, at
which all of the different manifestations
of energy can be modeled as a com-
bination 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
Students who demonstrate
understanding can:

Develop and use models
to illustrate that energy at
the macroscopic scale can
be accounted for as either
motions of particles or
energy stored in fields.

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.

Assessment Boundary:
Assessment does not include
quantitative calculations.

Crosscutting Concepts: Energy and Matter
e Energy cannot be created or destroyed—only moves between one place and another place, between objects and/or fields, or

between systems.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

SL.9-12.5 Make strategic use of digital media

(e.g., textual, graphical, audio, visual, and interactive
elements) in presentations to enhance understanding

of findings, reasoning, and evidence and to add interest.

MP.2 Reason abstractly and quantitatively.
MP.4 Model with mathematics.

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

HS-PS3-3 Energy

Science & Engineering Practices

Disciplinary Core Ideas

R |
Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)

@ Developing and using models

© Planning and carrying out
investigations

O Analyzing and interpreting data

© Using mathematics and computational
thinking

@ Constructing explanations
(for science) and designing solutions
(for engineering)
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

energy.

meets them.

Definitions of Energy:

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

Defining and Delimiting

Engineering Problems:

e 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

HS-PS3-3
Students who demonstrate
understanding can:

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,

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.
@ Engaging in argument from evidence
® Obtaining, evaluating, and

communicating information costs and risks.

* Connections to Engineering,
Technology, and Application of Science

Interdependence of Science,

Engineering, and Technology:

e 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

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.

Crosscutting Concepts: Energy and Matter

e Changes of energy and matter in a system can be described in terms of energy and matter flows into, out of, and within that system.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

WH ST .9 -12.7 Conduct short as w ell as more sustained re-
search projects to answer a question (including a self-generated
question) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject,

demonstrating understanding of the subject under investigation.

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

HSN-Q.A.1 Use units as away to understand problems and to
guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

HSN-Q.A.2 Define appropriate quantities for the purpose of
descriptive modeling.

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations
on measurement when reporting quantities.

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

HS-PS3-4 Energy

Science & Engineering Practices Disciplinary Core Ideas Performance Expectations
@ Asking questions (for science) and Conservation of Energy HS-PS3-4
defining problems (for engineering) and Energy Transfer: Students who demonstrate
@ Developing and using models e Energy cannot be created or destroyed, understanding can:
© Plannipg a'nd carrying out but it can be transported from one
L“IV"-‘St"gatm;s . . place to another and transferred Plan and conduct an
ann g and : between systems. investigation to provide
investigations to answer qUeStSHE e Uncontrolled systems always evolve evidenge that th: transfer
or test solutions to problems in ) evidetice
9-12 builds on K-8 experiences and toward more stable states—that is, - of thermal energy when
progresses to include investigations toward more uniform energy d-IStI’Ibutlon two components of different
that provide evidence for and test (e.g., water flows downhill, objects temperature are combined
conceptual, mathematical, physical hotter than their surrounding environment within a closed system results
and empirical models. cool down).

in a more uniform energy

Pl d conduct an investigati O
o dualle s ndl coplalss distribution among the com-

individually and collaboratively to

produce data to serve as the basis ponents in the system (second
for evidence, and in the design: law of thermodynamics).
decide on types, how much, and

accuracy of data needed to Clarification Statement:

produce reliable measurements Emphasis is on analyzing data from
and consider limitations on the student investigations and using
precision of the data (e.g., number mathematical thinking to describe the
of trials, cost, risk, time), and energy changes both quantitatively and

refine the design accordingly.

@ Analyzing and interpreting|daie conceptually. Examples of investigations

@ Using mathematics and could include mixing liquids at different
computational thinking initial temperatures or adding objects
@ Constructing explanations (for science) at different temperatures to water.
and designing solutions (for

engineering) Assessment Boundary:

(7) Engaging in argument from evidence Assessment is limited to investigations
© Obtaining, evaluating, and based on materials and tools provided
communicating information to students.

Crosscutting Concepts: System and System Models
e When investigating or describing a system, the boundaries and initial conditions of the system need to be defined and their
inputs and outputs analyzed and described using models.

Oklahoma Academic Standards Connections

ELA/Literacy Mathematics
RST.9-10.1 Cite specific textual evidence to support analysis of MP.2 Reason abstractly and quantitatively.
science and technical texts, attending to the precise detail s of MP.4 Model with mathematics

explanations or descriptions.

WHST .9 -12.7 Conduct short as w ell as more sustained research
projects to answer a question (including a self-generated question)
or solve a problem; narrow or broaden the inquiry when appro-
priate; synthesize multiple sources on the subject, demonstrating
understanding of the subject under investigation.
WHST.11-12.8 Gather relevant information from multiple
authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source

in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one source and
following a standard format for citation.

WHST.9-12.9 Draw evidence from informational texts to support
analysis, reflection, and research.

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

HS-PS4-1 Waves and Their Applications in Technologies for Information Transfer

Science & Engineering Practices Disciplinary Core Ideas Performance Expectations

@ Asking questions (for science) and Wave Properties: HS-PS4-1
defining problems (for engineering) * The wavelength and frequency of Students who demonstrate

@ Developing and using models a wave are related to one another by understanding can:

© Planning and carrying out the speed of travel of the wave, which
|nvest|9at|ons . . depgnds on the type of‘wAave and the Use mathematical

O Analyzing and interpreting data medium through which it is passing. —t i &

© Using mathematics and @w .
computational thinking ﬂpwgm
Mathematical and computational relationships among the
thinking at the 9-12 level builds on K-8 frequency, wavelength,
and progresses to using algebraic and speed of waves
thinking and analysis, a range of traveling in various media.

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 traveling through air and water, and
created and used based on math- seismic waves traveling through
ematical models of basic assumptions. the Earth.
¢ Use mathematical representations
of phenomena or design solutions
to describe and/or support claims
and/or explanations.

@ Constructing explanations (for science)
and designing solutions (for
engineering)

@ Engaging in argument from evidence

© Obtaining, evaluating, and
communicating information

Clarification Statement:

Examples of data could include
electromagnetic radiation traveling
in a vacuum and glass, sound waves

Assessment Boundary:
Assessment is limited to algebraic
relationships and describing those
relationships qualitatively.

Crosscutting Concepts: Cause and Effect
e Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.

Oklahoma Academic Standards Connections

ELA/Literacy Mathematics
RST.9-10.7 Translate quantitative or technical information MP.2 Reason abstractly and quantitatively.
expressed in words in a text into visual form (e.g. table or chart) MP.4 Model with mathematics.

and translate information expressed visually or mathematically

(6.9, in an equation)ing o HAS-SSE.A.1 Interpret expressions that represent a quantity in

terms of its context.

HAS-SSE.A.3 Choose and produce an equivalent form of an
expression to reveal and explain properties of the quantity repre-
sented by the expression.

HAS.CED.A.4 Rearrange formulas to highlight a quantity of
interest, using the same reasoning as in solving equations.

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

HS-PS4-2 Waves and Their Applications in Technologies for Information Transfer

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

© Asking questions (for science) and
defining problems (for engineering)
Asking questions and defining
problems in grades 9-12 builds from
grades K-8 experiences and
progresses to formulating, refining,
and evaluating empirically testable
questions and design problems
using models and simulations.
¢ Evaluate questions that challenge
the premise(s) of an argument, the

Wave Properties:
e 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.

* Connections to Engineering,

Technology, and Application of Science

HS-PS4-2
Students who demonstrate
understanding can:

Evaluate questions
about the advantages

and disadvantages of
using a digital transmission
and storage of information.*

Interdependence of Science,

Engineering, and Technology:

® Modern civilization depends on major
technological systems.

e Engineers continuously modify these
technological systems by applying

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

interpretation of a data set, or the
suitability of a design.
@ Developing and using models
© Planning and carrying out
investigations
O Analyzing and interpreting data

© Using mathematics and computational
thinking
@ Constructing explanations (for science)

scientific knowledge and engineering
design practices to increase benefits
while decreasing costs and risks.

and shared rapidly. Disadvantages
could include issues of easy deletion,
security, and theft.

and designing solutions (for
engineering) Assessment Boundary:
@ Engaging in argument from evidence N/A
® Obtaining, evaluating, and
communicating information

Crosscutting Concepts: Stability and Changes
e Systems can be designed for greater or lesser stability.

Oklahoma Academic Standards Connections

ELA/Literacy Mathematics

RST.9-10.8 Assess the extent to which the reasoning and N/A
evidence in a text support the author’s claim or a recommendation
for solving a scientific or technical problem.

RST.9-10.1 Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise details of
explanations or descriptions.

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

HS-PS4-4 Waves and Their Applications in Technologies for Information Transfer

Science & Engineering Practices

Disciplinary Core Ideas

Performance Expectations

@ Asking questions (for science) and
defining problems (for engineering)
@ Developing and using models
© Planning and carrying out
investigations
O Analyzing and interpreting data
© Using mathematics and computational
thinking
@ Constructing explanations (for science)
and designing solutions (for
engineering)
@ Engaging in argument from evidence
© 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.
e Evaluate the validity and reliability
of multiple claims that appear in
scientific and technical texts or
media reports, verifying the data
when possible.

Electromagnetic Radiation:

e When light or longer wavelength
electromagnetic radiation is absorbed
in matter, it is generally converted into
thermal energy (heat).

e Shorter wavelength electromagnetic
radiation (ultraviolet, X-ray s, gamma
rays) can ionize atoms and cause
damage to living cells.

* Photoelectric materials emit electrons
when they absorb light of a high-
enough frequency.

HS-PS4-4
Students who demonstrate
understanding can:

Evaluate the validity and

reliability of claims in published
materials of the effects that

different frequencies of elec-
tromagnetic 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.

Crosscutting Concepts: Cause and Effect
e Cause and effect relationships can be suggested and predicted for complex natural and human designed systems by examining

what is known about smaller scale mechanisms within the system.

Oklahoma Academic Standards Connections

ELA/Literacy

Mathematics

RST.9-10.8 Assess the extent to which the reasoning and evidence N/A

in a text support the author’s claim or a recommendation for

solving a scientific or technical problem.

RST.9-10.1 Cite specific textual evidence to support analysis
of science and technical texts, attending to the precise details

of explanations or descriptions.

RST.9-10.7 Translate quantitative or technical information
expressed in worlds in a text into visual forms (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.

WHST. 9-10.8 Gather relevant information from multiple

authoritative print and digital sources, using advanced searches
effectively; assess the strengths and limitations of each source
in terms of the specific task, purpose, and audience; integrate
information into the text selectively to maintain the flow of
ideas, avoiding plagiarism and overreliance on any one source
and following a standard format for citation.

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