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Grades 9-12 PHYSICAL SCIENCE
Introduction

In 2014 Missouri legislators passed House Bill 1490, mandating the development of the Missouri Learning Expectations. In April of 2016, these
Missouri Learning Expectations were adopted by the State Board of Education. Groups of Missouri educators from across the state collaborated to
create the documents necessary to support the implementation of these expectations.

One of the documents developed is the item specification document, which includes all Missouri grade level/course expectations arranged by
domains/strands. It defines what could be measured on a variety of assessments. The document serves as the foundation of the assessment
development process.

Although teachers may use this document to provide clarity to the expectations, these specifications are intended for summative, benchmark, and
large-scale assessment purposes.

Components of the item specifications include:

Expectation Unwrapped breaks down a list of clearly delineated content and skills the students are expected to know and be able to do upon
mastery of the Expectation.

Depth of Knowledge (DOK) Ceiling indicates the highest level of cognitive complexity that would typically be assessed on a large scale assessment.
The DOK ceiling is not intended to limit the complexity one might reach in classroom instruction.

Item Format indicates the types of test questions used in large scale assessment. For each expectation, the item format specifies the type best
suited for that particular expectation.

Content Limits/Assessment Boundaries are parameters that item writers should consider when developing a large scale assessment. For example,
some expectations should not be assessed on a large scale assessment but are better suited for local assessment.

Sample stems are examples that address the specific elements of each expectation and address varying DOK levels. The sample stems provided in
this document are in no way intended to limit the depth and breadth of possible item stems. The expectation should be assessed in a variety of
ways.

Possible Evidence indicates observable methods in which a student can show understanding of the expectations.

Stimulus Materials defines types of stimulus materials that can be used in the item stems.



Grades 9-12 PHYSICAL SCIENCE

Engineering, Technology, and Applications of Science

9-12.ETS1.A.1

Core Idea Engineering Design
Component | Defining and Delimiting Engineering Problems

MLS Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs
and wants.
Expectation Unwrapped DOK Ceiling
3
SCIENCE AND ENGINEERING PRACTICES Item Format

Asking Questions and Defining Problems
® Analyze complex real-world problems by specifying criteria and constraints for successful solutions.

DISCIPLINARY CORE IDEAS

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 meets them.

e 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.

CROSSCUTTING CONCEPTS

Influence of Science, Engineering, and Technology on Society and the Natural World

e 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.

Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

e Tasks should not require students to differentiate between credible and non-credible sources.

e Tasks should focus on students drawing conclusions from graphs, tables, or text to support their
conclusions.

Sample Stems

e Waste management is important for the
environment. Waste can cause pollution and
disease if it is not handled properly. There are
many different methods of waste
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Possible Evidence

Students describe the challenge with a rationale for why it is a major global challenge.
Students describe qualitatively and quantitatively, the extent and depth of the problem and its major
consequences to society and/or the natural world on both global and local scales if it remains unsolved.

e Students document background research on the problem from two or more sources, including research
journals.

e In their analysis, students identify the physical system in which the problem is embedded, including the
major elements and relationships in the system and boundaries so as to clarify what is and is not part of
the problem.

e In their analysis, students describe societal needs and wants that are relative to the problem (e.g., for
controlling CO, emissions, societal needs include the need for cheap energy).

e Students specify qualitative and quantitative criteria and limitations (constraints) for acceptable solutions
to the problem.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

management to help ease the environmental
pressures imposed by waste. Modern
methods include recycling, composting,
incineration, sustainability, landfill,
integration, waste-to-energy, and waste
minimization. The planet depends on a
successful approach to waste disposal.

Landfills are waste disposal sites. They are
often man-made depressions in the ground
covered with a lining designed to prevent any
leakage of waste materials. However, landfills
can leak through the base resulting in
negative impacts on the surrounding
environments. What negative impact to the
environment is caused by organic and
inorganic constituents that are dissolved by
rainfall in the landfills?

Environmental policies are put in place to
manage human activities for the benefit of
the environment. Not all countries put the
same level of importance on environmental
policies and this an lead to challenges. A
country with lower environmental protection
policies could have an advantage when it
comes to the trade of goods and services
because they can produce them cheaper but
if the removal of raw materials are not
regulated through environmental policies,
they could lead to irreparable degradation of
our environment. Deforestation of the
rainforests happens in several ways and for
several reasons. Here we see the typical clear
cutting efforts used to harvest timber for
products as well as fuel. In addition, local
residents believe that this land can be used
for agriculture in the future. Without specific
environmental policies in place, select ALL
the ways this type of deforestation can have
global consequences.
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Engineering, Technology, and Application of Science 9-12.ETS1.A.2

Core Idea | Engineering Design
Component | Defining and Delimiting Engineering Problems

MLS Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through
engineering.
Expectation Unwrapped DOK Ceiling
3
SCIENCE AND ENGINEERING PRACTICES Item Format
Constructing Explanations and Designing Solutions Selected Response
e Design a solution to a complex real-world problem based on scientific knowledge, student-generated Constructed Response
sources of evidence, prioritized criteria, and trade-off considerations. Technology Enhanced

DISCIPLINARY CORE IDEAS

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 meets them.

e 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.

Organizing the Design Solution
e 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.

CROSSCUTTING CONCEPTS
Stability and Change
® Much of science deals with constructing explanations of how things change and how they remain stable.

Content Limits/Assessment Boundaries Sample Stems
e Tasks should provide students with complex real-world problems that have more than one possible e Meteorologists want to design a system of
solution. instruments that will evaluate ocean currents,

air temperatures, and wind speed in order to
e Tasks should not require students to generate complex real world problems. predict catastrophic weather such as
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Possible Evidence

e Students restate the original complex problem into a set of two or more subproblems (possibilities
include in writing or as a diagram or flow chart).

e For each of the subproblems, students propose at least one solution that is based on student-generated
data and/or scientific information from other sources.

e Students describe how solutions to the subproblems are interconnected to solve all or part of the larger
problem.
Students describe the criteria and limitations (constraints) for the selected subproblem.
Students describe the rationale for the sequence of how subproblems are to be solved and which criteria
should be given highest priority if trade-offs must be made.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

hurricanes and cyclones. Before building a
working system of the weather instruments,
the scientists have built a prototype.

What would be the next step in deciding if
their design is successful?

Sarah lives in a coastal community. The
community is worried about the amount of
erosion at the local beach. Erosion here is a
result of both the wind and the water. Sarah
has been tracking the erosion taking place and
the graph shows the data she has collected
over the last 6 months, beginning in the
spring. neighbors were worried too. Although
the community has built the fence you see
here, this feature in no way solved the erosion
problem.

Select ALL that could be possible plans to stop
erosion on the coast.

Beach Erosion

Amount of Erosion (meters)
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Engineering, Technology, and Application of Science

9-12.ETS1.B.1

Core Idea Engineering Design
Component | Developing Possible Solutions
MLS 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.
Expectation Unwrapped DOK Ceiling
3
SCIENCE AND ENGINEERING PRACTICES Item Format

Constructing Explanations and Designing Solutions
e Evaluate a solution to a complex real-world problem based on scientific knowledge, student-generated
sources of evidence, prioritized criteria, and trade-off considerations.

DISCIPLINARY CORE IDEAS

Developing Possible Solutions

e 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.

CROSSCUTTING CONCEPTS
Influence of Science, Engineering, and Technology on Society and the Natural World
o 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.

Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

e Tasks should require students to evaluate solutions based on at least two of the following: cost, safety,
reliability, and aesthetics.

e Tasks should not require students to generate their own solutions.

Possible Evidence

® Provide an evidence-based decision of which solution is optimum, based on prioritized criteria, analysis
of the strengths and weaknesses of each solution, and barriers to be overcome.

® In their evaluation, students describe which parts of the complex real-world problem may remain even if
the proposed solution is implemented.

Stimulus Materials

Sample Stems

Desalination is the process of removing salt
from seawater. It seems to be the world's
most obvious answer to water shortages,
especially since roughly about 70% of our
Earth is ocean water and this is about 97% of
our Earth's water.

It is estimated that about 1 in 10 people in the
world lack access to safe drinking water. Many
arid regions simply do not have fresh drinking
water in the form of rivers or lakes. The cost of
desalinating seawater, however, is quite
expensive due to the large amounts of energy
needed to heat the water.
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Graphic organizers, diagrams, graphs, data tables, drawings

The process of desalination is quite simple. It
involves heating the saltwater and collecting
the evaporate free of salt and minerals.

1. Why is desalination so expensive? (i.e.
Why isn't it used more often?)

2. Describe how the process of desalination
works.

3. Youare on a task force to come up with
more economical ways to make
desalination a likely method for clean
drinking water. What energy source might
you use to make this possible?




Grades 9-12 PHYSICAL SCIENCE

Using Mathematics and Computational Thinking
e Use mathematical models and/or computer simulations to predict the effects of a design solution on

systems and/or the interactions between systems.

DISCIPLINARY CORE IDEAS

Developing Possible Solutions

e Both physical models and computers can be used in various ways to aid in the engineering design process.
e 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.

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.

Engineering, Technology, and Application of Science 9-12.ETS1.B.2
Core Idea Engineering Design
Component | Developing Possible Solutions
MLS 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.
Expectation Unwrapped DOK Ceiling
3
SCIENCE AND ENGINEERING PRACTICES Item Format

Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

® Tasks should include real-world problems that are relevant to students. Adequate background
information is needed for any problem not potentially relevant to students.

® Tasks should not require students to generate their own complex real-world problem.

Sample Stems

e A computer simulation is created to measure
the impact of carpooling, creating a bus
service and building a light rail system on the
average commuting time for people in a small
city.
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Possible Evidence

e Students identify the complex real-world problem, with numerous criteria and limitations (constraints).

0 Identify the system that is being modeled by the computational simulation, including the boundaries
and individual components of the systems.

0 Identify what variables can be changed by the user to evaluate the proposed solutions, trade-offs, or
other decisions.

0 Identify the scientific principles and or relationships being used by the model.

e Students use the given computer simulation to model the proposed solutions by selecting logical and
realistic inputs and using the model to simulate the effects of different solutions, trade-offs, or other
decisions.

Students analyze the simulated results as compared to the expected results.

Students interpret the results of the simulation and predict the effects of the proposed solutions within
and between systems relevant to the problem based on the interpretation.

Students identify the possible negative consequences of solutions that outweigh their benefits.
Students identify the simulation’s limitations (constraints).

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

What would be an explanation for why the
simulation would suggest that light rail would
reduce commuting times most dramatically?

South Florida receives its water from the
Biscayne aquifer. There was concern about
brackish water infiltrating the freshwater in
the aquifer due to several factors.

When designing a computer program to
simulate future demands on the aquifer,
what combination of the criteria identified
below are most important to include in the
simulation?

I. Projected population growth

1. Impact on usage of increased cost to
consumers for water

Ill. Cost of implementing engineering
solutions

IV. Rising sea levels
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Physical Sciences

9-12.PS1.A.1

Core Idea Matter and Its Interactions
Component | Structure and Properties of Matter

outermost energy level of atoms.

MLS Use the organization of the periodic table to predict the relative properties of elements based on the patterns of electrons in the

Expectation Unwrapped

[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.]

SCIENCE AND ENGINEERING PRACTICES
Developing and Using Models
e Use a model to predict the relationships between systems or between components of a system.

DISCIPLINARY CORE IDEAS

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.

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.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

e Tasks should only focus on main group elements.
e Tasks should avoid a quantitative understanding of ionization energy beyond relative trends.

e Tasks should avoid mathematical computations.

Sample Stems

e  Potassium is commonly found in ionic
compounds where it has a charge. Use the
outermost energy lives of atoms (electron
configuration) of potassium to explain the
usual charge of a potassium ion, and tell why
it has a specific charge.
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Possible Evidence

e From the given model, students identify and describe the components of the model that are relevant for
their predictions, including
0 elements and their arrangement in the periodic table;
0 a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively
charged electrons;
0 electrons in the outermost energy level of atoms (i.e., valence electrons); and
0 the number of protons in each element.
e Students identify and describe the following relationships between components in the given model,
including the following
0 The arrangement of the main groups of the periodic table reflects the patterns of outermost
electrons.
0 Elements in the periodic table are arranged by the numbers of protons in atoms.

e Students use the periodic table to predict the patterns of behavior of the elements based on the
attraction and repulsion between electrically charged particles and the patterns of outermost electrons
that determine the typical reactivity of an atom.

e Students predict the following patterns of properties:

0 The number and types of bonds formed (i.e., ionic, covalent, metallic) by an element and between
elements.

0 The number and charges in stable ions that form from atoms in a group of the periodic table.

0 The trend in reactivity and electronegativity of atoms down a group, and across a row in the periodic
table, based on attractions of outermost (valence) electrons to the nucleus.

0 The relative sizes of atoms both across a row and down a group in the periodic table.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Use the periodic table to identify the number
of valence electrons for calcium and chlorine.

Then, use this information to describe their
reactivity.

Using the periodic table, consider the
elements magnesium and nitrogen.

Part A: Determine the charge on these two
elements when they freely form ions, and
explain why and how these charges form.

Part B: Determine the formula for the
compound formed by the combination of
these two ions, and explain why this is the
chosen formula. Name this compound.
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Physical Sciences 9-12.PS1.A.2

Core Idea Matter and Its Interactions

Component | Structure and Properties of Matter

MLS Construct and revise an explanation for the products 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.
Expectation Unwrapped DOK Ceiling
3

[Clarification Statement: Examples of chemical reactions could include the reaction of sodium and chlorine Item Format
or of oxygen and hydrogen. Students will use the periodic table to create an explanation of how main group Selected Response
elements react, by identifying reactants and products. Students should know that noble gases do not Constructed Response
usually react.] Technology Enhanced

SCIENCE AND ENGINEERING PRACTICES

Constructing Explanations and Designing Solutions

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, and 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.

DISCIPLINARY CORE IDEAS

Structure and Properties of Matter

o 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
o 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.

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.
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Content Limits/Assessment Boundaries Sample Stems

e Tasks should focus on synthesis, decomposition, combustion, and/or replacement reactions among main e Anew life form was discovered on Mars,

group elements. which is based on silicon instead of carbon.
e Tasks should avoid the transition metals, actinides, and lanthanides. Explain what properties silicon has that allow
life to be based upon it. (Use the periodic
e Tasks should not require students to identify the type of reaction. table as a model.)

e Valence electrons play a key role in chemical
reactions.

Possible Evidence

Construct an argument to differentiate the
e Students construct an explanation of the outcome of the given reaction, including the following: role of electrons within covalent and ionic

0 The idea that the total number of atoms of each element in the reactant and products is the same bonds as they are created.

0 The numbers and types of bonds (i.e., ionic, covalent) that each atom forms, as determined by the
outermost (valence) electron states and the electronegativity

0 The outermost (valence) electron state of the atoms that make up both the reactants and the
products of the reaction is based on their position in the periodic table

0 Adiscussion of how the patterns of attraction allow the prediction of the type of reaction that occurs
(e.g., formation of ionic compounds, combustion of hydrocarbons)

e Students identify and describe the evidence to construct the explanation, including the following:

0 Identification of the products and reactants, including their chemical formulas and the arrangement
of their outermost (valence) electrons

0 Identification that the number and types of atoms are the same both before and after a reaction

0 Identification of the numbers and types of bonds (i.e., ionic, covalent) in both the reactants and the
products

0 The patterns of reactivity (e.g., the high reactivity of alkali metals) at the macroscopic level as
determined by using the periodic table

0 The outermost (valence) electron configuration and the relative electronegativity of the atoms that
make up both the reactants and the products of the reaction based on their positions in the periodic
table (e.g. Lewis dot diagram)

e Students describe their reasoning that connects the evidence, along with the assumption that theories
and laws that describe their natural world operate today as they did in the past and will continue to do so
in the future, to construct an explanation for how the patterns of outermost electrons and the
electronegativity of elements can be used to predict the number and types of bonds each element forms.

e In the explanation, students describe the causal relationship between the observable macroscopic
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patterns of reactivity of elements in the periodic table and the patterns of outermost electrons for each
atom and its relative electronegativity.

e Given new evidence or context, students construct a revised or expanded explanation about the outcome
of a chemical reaction and justify the revision.
e Other possible evidence may include, but is not limited to the following:

(0]

o
o
o

The total number of atoms in reactant and products are the same
Type of bonds

Valence electrons

Patterns of reactivity

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings
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Physical Sciences

9-12.PS1.A.3

Core Idea Matter and Its Interactions
Component | Structure and Properties of Matter

MLS Plan and conduct an investigation to gather evidence to compare physical and chemical properties of substances such as melting point,

boiling point, vapor pressure, surface tension, and chemical reactivity to infer the relative strength of attractive forces between particles.

Expectation Unwrapped

[Clarification Statement: Emphasis is on understanding the relative strength of forces between particles.
Examples of particles could include ions, atoms, molecules, and simple compounds (such as water).]

SCIENCE AND ENGINEERING PRACTICES

Planning and Carrying Out Investigations

e 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, quantity, and accuracy of data needed to produce
reliable measurements; consider limitations on the precision of the data (e.g., number of trials, cost, risk,
time); and refine the design accordingly.

DISCIPLINARY CORE IDEAS

Structure and Properties of Matter

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

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.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

® Tasks should avoid mathematical computations.

Possible Evidence

e Students describe the phenomenon under investigation, which includes the following: the relationship between the
measurable properties (e.g., melting point, boiling point, vapor pressure, surface tension) of a substance and the
strength of the electrical forces between the particles of the substance.

Sample Stems

o Alab experiment is created to see how the
amount of solute affects the temperature
needed to dissolve the solute completely.

The following amounts of Salt are placed in
separate test tubes with 15 mL of water: 2 g,
4g,6g, and 8 g. The test tubes are then
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Students develop an investigation plan and describe the data that will be collected and the evidence to be derived

from the data, including bulk properties of a substance (e.g., melting point and boiling point, volatility, surface

tension) that would allow inferences to be made about the strength of electrical forces between particles.

Students describe why the data on bulk properties would provide information about strength of the electrical forces

between the particles of the chosen substances, including the following descriptions:

0 The spacing of the particles of the chosen substances can change as a result of the experimental procedure
even if the identity of the particles does not change (e.g., when water is boiled the molecules are still present
but farther apart).

0 Thermal (kinetic) energy has an effect on the ability of the electrical attraction between particles to keep the
particles close together. Thus, as more energy is added to the system, the forces of attraction between the
particles can no longer keep the particles close together.

0 The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior
at the macroscopic scale. Together, patterns observed at multiple scales can provide evidence of the causal
relationships between the strength of the electrical forces between particles and the structure of substances at
the bulk scale.

In the investigation plan, students include the following:

0 Arationale for the choice of substances to compare and a description of the composition of those substances at
the atomic molecular scale

0 A description of how the data will be collected, the number of trials, and the experimental setup and
equipment required

Students describe how the data will be collected, the number of trials, the experimental setup, and the equipment

required.

Students collect and record data—quantitative and/or qualitative—on the bulk properties of substances.

Students evaluate their investigation, including the following:

0 Assessing the accuracy and precision of the data collected, as well as the limitations of the investigation

0 The ability of the data to provide the evidence required

If necessary, students refine the plan to produce more accurate, precise, and useful data.

Additional possible evidence may include, but is not limited to, melting point, boiling points, vapor pressure, surface

tension, chemical reactivity, strength of attractive forces, malleability, ductility, density, conductivity, and

flammability.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

heated until the salt completely dissolves.
The test tube with 8 g of salt never
completely dissolved at any temperature.

Suggest two changes to the procedure that
might solve this problem.

Sodium chloride is a strong electrolyte that
forms a homogeneous solution in pure water.

Describe this solution and then elaborate
how to experimentally determine that
sodium chloride does break apart into ions.
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Physical Sciences 9-12.PS1.A.4

Core Idea Matter and Its Interactions
Component | Structure and Properties of Matter

MLS Apply the concepts of bonding and crystalline/molecular structure to explain the macroscopic properties of various categories of structural
materials (i.e., metals, ionic [ceramics], and polymers).
Expectation Unwrapped DOK Ceiling
3

[Clarification Statement: Emphasis is on the attractive and repulsive forces that determine the functioning Item Format
of the material. Examples could include why electrically conductive materials are often made of metal, Selected Response
flexible but durable materials are made up of long chained molecules, and pharmaceuticals are designed to Constructed Response
interact with specific receptors. Students will be able to explain the properties of a substance based on its Technology Enhanced

crystalline/molecular structure.]

SCIENCE AND ENGINEERING PRACTICES

Constructing Explanations and Designing Solutions

e Apply scientific principles and evidence to provide an explanation of phenomena and solve design
problems, taking into account possible unanticipated effects.

DISCIPLINARY CORE IDEAS

Structure and Properties of Matter

® In general, a substance will have certain macroscopic properties (i.e., conductivity, flexibility, shape)
due to the types of bonds and arrangements between the atoms that make up the substance. Atoms
that form ionic bonds typically have distinct characteristics (i.e., hard, soluble in water, high melting
point, brittle, conductivity in solution) because of the lattice framework. Covalently bonded molecules
have certain properties (i.e., low melting point, lower solubility, flexibility, ductility, malleability)

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.

Content Limits/Assessment Boundaries Sample Stems

® Tasks should avoid metallic bonds and complex polymers. e  Metals can form two distinct types of bonds




Grades 9-12 PHYSICAL SCIENCE

Possible Evidence

e Students construct an explanation of the impact of structural changes within a certain substance and the
effects on the macroscopic properties (e.g., combining sodium metal and chlorine gas results in a
substance with different macroscopic properties compared to the reactants).

e Students identify and describe evidence to construct the explanation, including evidence (e.g., from a
data table, two opposing models) of a pattern that demonstrates the macroscopic properties for ionic and
covalently bonded substances.

e Student will explain type of bond in a certain substance based on physical, chemical, and macroscopic
properties.

O lonic bonds result in crystal lattice structures.

o Covalent bonds result in molecules with varying macroscopic properties.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

with very different chemical and physical
properties. For instance, sodium can form
metallic bonds with other sodium atoms and
ionic bonds with nonmetals.

Both of these form structures.
bonds consist of an attraction between the
metallic cations and delocalized electrons.
The surrounded leads to strong
bonds, ductility,and malleability.
bonds consist of an electrostatic
attraction between cations and anions. This
leads to strong bonds thatalso _____in
water.

Propylene glycol, C3HgO,, is added to radiator
fluid to prevent freezing in cold climates.

Predict the conductivity of this aqueous
solution.




Grades 9-12 PHYSICAL SCIENCE

Physical Sciences

9-12.PS1.A.5

Core Idea Matter and Its Interactions

Component | Structure and Properties of Matter

MLS 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.

Expectation Unwrapped

[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.
Students will organize reactants and products by bond energy.]

SCIENCE AND ENGINEERING PRACTICES

Developing and Using Models

e Develop a model based on evidence to illustrate the relationships between systems or between
components of a system.

DISCIPLINARY CORE IDEAS

Structure and Properties of Matter

o 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.

Chemical Reactions

e Chemical processes, their rates, and whether 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.

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.

DOK Ceiling
3

Content Limits/Assessment Boundaries

e Tasks should define the reactants and products.
e Tasks should provide students with the bond energies of products and reactants.

Item Format
Selected Response
Constructed Response
Technology Enhanced
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(0}

o

Possible Evidence

e Students use evidence to develop a model in which they identify and describe the relevant components,
including the following:

o The chemical reaction, the system, and the surroundings under study

0 The bonds that are broken during the course of the reaction

0 The bonds that are formed during the course of the reaction

0 The energy transfer between the systems and their components or the system and surroundings

0 The transformation of potential energy from the chemical system interactions to kinetic energy in the
surroundings (or vice versa) by molecular collisions

0 The relative potential energies of the reactants and the products.

e Inthe model, students include and describe the relationships between components, including the

following:

0 The net change of energy within the system, resulting from bonds that are broken and formed during
the reaction

0 The energy transfer between system and surroundings by molecular collisions

0 The total energy change of the chemical reaction system matched by an equal but opposite change of
energy in the surroundings

0 The release or absorption of energy, depending on whether the relative potential energies of the

reactants and products decrease or increase

e Students use the developed model to illustrate the following:

The energy change within the system is accounted for by the change in the bond energies of the
reactants and products

Breaking bonds requires an input of energy from the system or surroundings, and forming bonds
releases energy to the system and the surroundings

The energy transfer between systems and surroundings is the difference in energy between the bond
energies of the reactants and the products

The overall energy of the system and surroundings is unchanged (conserved) during the reaction.
Energy transfer occurs during molecular collisions.

The relative total potential energies of the reactants and products can be accounted for by the
changes in bond energy.

Potential Energy

Sample Stems

B

Internuclear Distance

To form the new bonds in the products,
energy must be absorbed by the bonded
atoms in the reactants to break the bonds.
Then energy is released as the new bonds are
formed in the products. The sum of these
changes from reactants to products gives the
total bond energy.

Looking at the formation of one hydrogen
bond as an example, which position on this
potential energy curve shows the loose
association of H atoms, H---H?
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Potential Energy

Reaction Progress
This reaction progress diagram shows the
changes during a two-step chemical reaction
and the effects on energy.

For the overall reaction, how does the energy
change from reactants to products?

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings




Grades 9-12 PHYSICAL SCIENCE

Physical Sciences

9-12.PS1.B.1

Core Idea Matter and Its Interactions
Component | Chemical Reactions

reacting particles on the rate at which a reaction occurs.

MLS Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature or concentration of the

Expectation Unwrapped

[Clarification Statement: Emphasis is on student reasoning that focuses on the number and energy of
collisions between molecules. Increasing the temperature increases the kinetic energy of particles.
Increasing the number of reactants increases the number of collisions, which increases the reaction rate.
Students will analyze data of reaction rates and explain how temperature or concentration affects the rate
of reaction.]

SCIENCE AND ENGINEERING PRACTICES

Constructing Explanations and Designing Solutions

e Apply scientific principles and evidence to provide an explanation of phenomena and solve design
problems, taking into account possible unanticipated effects.

DISCIPLINARY CORE IDEAS

Chemical Reactions

e Chemical processes, their rates, and whether 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.

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.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

® Tasks should focus on simple reactions with only two reactants.

® Tasks should provide students with all needed data.

Sample Stems

e If you were asked to dissolve a solid into an
aqueous solution, how could you speed this
process up?
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e Tasks should not require students to complete any calculations.
Possible Evidence
e Students construct an explanation that includes the idea that as the kinetic energy of colliding particles
increases and the number of collisions increases, the reaction rate increases.
e Students identify and describe evidence to construct the explanation, including the following:

0 Evidence (e.g., from a data table) of a pattern that increases in concentration (e.g., a change in one
concentration while the other concentration is held constant) increase the reaction rate, and vice
versa

0 Evidence of a pattern that increases in temperature usually increase the reaction rate, and vice versa

e Students use and describe the following chain of reasoning that integrates evidence, facts, and scientific

principles to construct the explanation:

0 Molecules that collide can break bonds and form new bonds, producing new molecules.

0 The probability of bonds breaking in the collision depends on the kinetic energy of the collision being
sufficient to break the bond, since bond breaking requires energy.

0 Since temperature is a measure of average kinetic energy, a higher temperature means that
molecular collisions will, on average, be more likely to break bonds and form new bonds.

0 At a fixed concentration, molecules that are moving faster also collide more frequently, so molecules
with higher kinetic energy are likely to collide more often.

0 A high concentration means that there are more molecules in a given volume and thus more particle
collisions per unit of time at the same temperature.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

How could you slow it down?

Listed below are a number of possible ways
to alter the rate of this process. Place them in
the proper category.

Add the solute quickly.

Cool the solvent.

Crush the solute into a powder.
Leave the solution untouched.
Warm the solvent.

ukwNe

Drag and drop into the proper category.

According to the collision theory, in order for
two molecules to bond they must collide
together. The collision must also have
enough and hit with the proper orientation.

Which of these will increase the rate of a
chemical reaction?
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Physical Sciences

9-12.PS1.B.2

Core Idea Matter and Its Interactions

Component | Chemical Reactions

MLS Refine the design of a chemical system by specifying a change in conditions that would alter the amount of products at equilibrium.

Expectation Unwrapped

[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. Students will change
a variable and explain how that changes equilibrium.]

SCIENCE AND ENGINEERING PRACTICES

Constructing Explanations and Designing Solutions

¢ Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated
sources of evidence, prioritized criteria, and trade-off considerations.

DISCIPLINARY CORE IDEAS

Chemical Reactions

e 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.

Optimizing the Design Solution
e C(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.

CROSSCUTTING CONCEPTS
Stability and Change

® Much of science deals with constructing explanations of how things change and how they remain stable.

Refer to Engineering, Technology, and Application of Science 9-12.ETS1.B1.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced
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Content Limits/Assessment Boundaries

® Tasks should be limited to specifying the change in only one variable at a time. The changes are limited to
pressure, concentration, volume, and temperature.
® Tasks should not require students to calculate equilibrium constants or concentrations.

Possible Evidence

e Students identify and describe potential changes in a component of the given chemical reaction system
that will increase the amounts of particular species at equilibrium. Students use evidence to describe the
relative quantities of a product before and after changes to a given chemical reaction system (e.g.,
concentration increases, decreases, or stays the same), and will explicitly use Le Chatelier’s principle,
including the following:

0 How, at a molecular level, a stress involving a change to one component of an equilibrium system
affects other components

0 That changing the concentration of one of the components of the equilibrium system will change the
rate of the reaction (forward or backward) in which it is a reactant, until the forward and backward
rates are again equal

0 A description of a system at equilibrium that includes the idea that both the forward and backward
reactions are occurring at the same rate, resulting in a system that appears stable at the macroscopic
level

e Students describe the prioritized criteria and constraints, and quantify each when appropriate. Examples
of constraints to be considered are cost, energy required to produce a product, hazardous nature and
chemical properties of reactants and products, and availability of resources.

e Students systematically evaluate the proposed refinements of the design of the given chemical system.
The potential refinements are evaluated by comparing the redesign of the list of criteria (i.e., increased
product) and constraints (e.g., energy required, availability of resources).

e Students refine the given designed system by making trade-offs that would optimize the designed system
to increase the amount of product and describe the reasoning behind design decisions.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Sample Stems

The reaction of hydrogen and nitrogen gas
produces ammonia gas.
3Ha(g + Nag ¥= 2NHs(g

Construct an explanation to describe which
change will cause a the system to shift

to the right and produce more ammonia gas,
NHs(g)?

Given the decomposition reaction:
2503(g) - 250, (g) + 02 (g)

According to Le Chatelier’s principle,
describe what will happen when the volume
of the container is increased for the chemical
reaction that had reached equilibrium?
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Physical Sciences

9-12.PS1.B.3

Core ldea | Matter and Its Interactions
Component | Chemical Reactions
MLS Use symbolic representations and mathematical calculations to support the claim that atoms, and therefore mass, are conserved during a
chemical reaction.

Expectation Unwrapped

[Clarification Statement: Emphasis is on conservation of matter and mass through balanced chemical
equations, use of the mole concept and proportional relationships. Students will be able to demonstrate
that the number of products equals the number of reactants.]

SCIENCE AND ENGINEERING PRACTICES
Using Mathematics and Computational Thinking
e Use mathematical representations of phenomena to support claims.

DISCIPLINARY CORE IDEAS

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.

CROSSCUTTING CONCEPTS
Energy and Matter
e The total amount of energy and matter in closed systems is conserved.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

e Tasks should avoid complex chemical reactions.

Sample Stems

e Sodium Oxide (Nay0) can react with
hydrochloric acid (HCl) to produce sodium
chloride (NaCl) and water (H,0) according to
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Possible Evidence

e Students identify and describe the relevant components in the mathematical representations:

0 Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass

Molar mass of all components of the reaction

Use of balanced chemical equation

Identification of the claim that atoms, and therefore mass, are conserved during a chemical reaction.

Mathematical representations may include numerical calculations, graphs, or other pictorial

depictions of quantitative information

e Students identify the claim to be supported.

e Students use the mole to convert between the atomic and macroscopic scale in the analysis.

e Given a chemical reaction, students use the mathematical representations to
0 predict the relative number of atoms in the reactants versus the products at the atomic molecular

scale.
0 calculate the mass of any component of a reaction, given any other component.

e Students describe how the mathematical representations (e.g., stoichiometric calculations to show that
the number of atoms or number of moles is unchanged after a chemical reaction where a specific mass of
reactant is converted to product) support the claim that atoms, and therefore mass, are conserved during
a chemical reaction.

e Students describe how the mass of a substance can be used to determine the number of atoms,
molecules, or ions using moles and mole relationships (e.g., macroscopic to atomic molecular scale
conversion using the number of moles and Avogadro’s number).

O O 0O

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

the following equation:
Na,O + 2HCI -> 2NaCl + H,0

Part A: Identify the total atoms are present
before and after the reaction?

Part B: Describe the relationship between the
number of atoms before and after the
reaction.

A lab group reacts sodium oxide (Na,0) with
hydrochloric acid (HCl) to produce sodium
chloride (NaCl) and water (H,0). When
writing their lab report, they came up with
the following equation to represent the
reaction:

Na,O + HCI -> NaCl + H,0

Part A: Does this equation satisfy the Law of
Conservation of Matter?

Part B: Use the model to explain why or why
not?
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Physical Sciences 9-12.PS1.C.1

Core Idea Matter and Its Interactions

Component | Nuclear Process

MLS Use symbolic representations 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.
Expectation Unwrapped DOK Ceiling
3
[Clarification Statement: Emphasis is on simple qualitative models, such as pictures or diagrams, and on the Item Format
scale of energy released in nuclear processes relative to other kinds of transformations. Students can Selected Response
explain how the composition of the nucleus changes.] Constructed Response

Technology Enhanced

SCIENCE AND ENGINEERING PRACTICES

Developing and Using Models

e Develop a model based on evidence to illustrate the relationships between systems or between
components of a system.

DISCIPLINARY CORE IDEAS

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.

CROSSCUTTING CONCEPTS

Energy and Matter

e In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is
conserved.

Content Limits/Assessment Boundaries Sample Stems

e Tasks should avoid quantitative calculations of energy released.
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Possible Evidence

Students develop models in which they identify and describe the relevant components of the models,
including

0 identification of an element by the number of protons.

0 the number of protons and neutrons in the nucleus before and after the decay.

0 theidentity of the emitted particles (i.e., alpha, beta—both electrons and positrons, and gamma).

0 the scale of energy changes associated with nuclear processes, relative to the scale of energy changes
associated with chemical processes.

Students develop five distinct models to illustrate the relationships between components underlying the

nuclear processes of 1) fission, 2) fusion, and 3) three distinct types of radioactive decay.

Students include the following features, based on evidence, in all five models:

0 The total number of neutrons plus protons is the same both before and after the nuclear process,
although the total number of protons and the total number of neutrons may be different before and
after.

0 The scale of energy changes in a nuclear process is much larger (hundreds of thousands or even
millions of times larger) than the scale of energy changes in a chemical process

Students develop a fusion model that illustrates a process in which two nuclei merge to form a single,

larger nucleus with a larger number of protons than were in either of the two original nuclei.

Students develop a fission model that illustrates a process in which a nucleus splits into two or more

fragments that each have a smaller number of protons than were in the original nucleus.

In both the fission and fusion models, students illustrate that these processes may release energy and
may require initial energy for the reaction to take place.

Students develop radioactive decay models that illustrate the differences in type of energy (e.g., kinetic

energy, electromagnetic radiation) and type of particle (e.g., alpha particle, beta particle) released during

alpha, beta, and gamma radioactive decay, and any change from one element to another that can occur
due to the process.

Students develop radioactive decay models that describe that alpha particle emission is a type of fission

reaction, and that beta emission and gamma emission are not.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

131 131
al = 4 Xe +7+7

e lodine-131 undergoes radioactive decay in
the reaction above.
a) Determine the two types of radiation
emitted in this reaction.
b) Describe what is happening to the
nucleus during this reaction.

e What type of reaction fuels the processes
seen here? Use evidence from the model
to describe your response.
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Physical Sciences

9-12.PS2.A.1

Core Idea Motion and Stability: Forces and Interactions

Component | Forces and Motion

among the net force on a macroscopic object, its mass, and its acceleration.

MLS Analyze data to support and verify the concepts expressed by Newton’s 2nd law of motion, as it describes the mathematical relationship

Expectation Unwrapped

[Clarification Statement: Examples of data could include tables or graph 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. Students can analyze diagrams with different variables
to support relationship among mass, acceleration, and force.]

SCIENCE AND ENGINEERING PRACTICES

Analyzing and Interpreting Data

e 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.

DISCIPLINARY CORE IDEAS
Forces and Motion
e Newton’s second law accurately predicts changes in the motion of macroscopic objects.

CROSSCUTTING CONCEPTS

Cause and Effect

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

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

® Tasks should focus on one-dimensional motion and macroscopic objects moving and non-relativistic
speeds
® Tasks should provide students with the formula: F = ma

Sample Stems
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Possible Evidence

e Students organize data that represent the net force on a macroscopic object, its mass (which is held
constant), and its acceleration (e.g., via tables, graphs, charts, vector drawings).

e Students use tools, technologies, and/or models to analyze the data and identify relationships within the
data sets, including the following:

0 A more massive object experiencing the same net force as a less massive object has a smaller
acceleration, and a larger net force on a given object produces a correspondingly larger acceleration.

0 The result of gravitation is a constant acceleration on macroscopic objects as evidenced by the fact
that the ratio of net force to mass remains constant.

e Students use the analyzed data as evidence to describe that the relationship between the observed
quantities is accurately modeled across the range of data by the formula a = Fn.et/m (e.g., double force
yields double acceleration,).

e Students use the data as empirical evidence to distinguish between causal and correlational relationships
linking force, mass, and acceleration.

e Students express the relationship Fnet= ma in terms of causality, namely that a net force on an object
causes the object to accelerate.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

STy

Describe the acceleration of the cart shown.
Assume there is no friction.

Foir= 10N

J'Fgra\r =Z3 N
A 625 g NBA basketball is thrown straight up
with a force of 40.0 N. The gravitational force

acting on the ball is 25.0 N.

Predict the path of the basketball.
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Physical Sciences

9-12.PS2.A.2

Core Idea Motion and Stability: Forces and Interactions
Component | Forces and Motion
MLS Use mathematical representations to support and verify the concepts that the total momentum of a system of objects is conserved when
there is no net force on the system.

Expectation Unwrapped

[Clarification Statement: Emphasis is on the quantitative conservation of momentum in interactions and the
gualitative meaning of this principle. Students can mathematically demonstrate momentum before collision
is equal to the momentum after collision in a closed system.]

SCIENCE AND ENGINEERING PRACTICES
Using Mathematics and Computational Thinking
e Use mathematical representations of phenomena to describe explanations.

DISCIPLINARY CORE IDEAS

Forces and Motion

e 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.

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.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

e Tasks should focus on a system of two macroscopic bodies moving in one dimension.

® Tasks should not require students to calculate the net force of a system.

Sample Stems

e Two cars are involved in a head-on collision in
an alley. The driver of a car with mass, m, =
1,200 kg claims to have been traveling west
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Possible Evidence

e Students clearly define the system of the two interacting objects that is represented mathematically,
including boundaries and initial conditions.

e Students identify and describe the momentum of each object in the system as the product of its mass and
its velocity, p = mv (p and v are restricted to one-dimensional vectors), using the mathematical
representations.

e Students identify the claim, indicating that the total momentum of a system of two interacting objects is
constant if there is no net force on the system.

e Students use the mathematical representations to model and describe the physical interaction of the two
objects in terms of the change in the momentum of each object as a result of the interaction.

e Students use the mathematical representations to model and describe the total momentum of the system
by calculating the vector sum of momenta of the two objects in the system.

e Students use the analysis of the motion of the objects before the interaction to identify a system with
essentially no net force on it.

e Based on the analysis of the total momentum of the system, students support the claim that the
momentum of the system is the same before and after the interaction between the objects in the system,
so that momentum of the system is constant.

e Students identify that the analysis of the momentum of each object in the system indicates that any
change in momentum of one object is balanced by a change in the momentum of the other object, so that
the total momentum is constant.

at via = 7 m/s. The driver of the other car with
mass, mp = 1,000 kg claims to have been
traveling east at vi, = 10 m/s. The
investigating officer found that both cars
were stuck together and traveled with a
common final velocity of 3 m/s, eastward,
after the collision.

Assuming that at least one driver is correct,
what does an application of the law of
conservation of momentum allow the officer
to conclude about the accident?

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Consider two railway wagons that are
buffered up very tightly and the springs in the
buffers are ready to push them apart (as seen
in the picture). When the wagons are
released, they fly apart in opposite directions

The mass of wagon 1 on the left is 15000 kg.
The mass of wagon 2 on the right is 20000 kg.
The brakes on the wagons are released at the
same time. The release of the springs makes
wagon 2 move to the right at a velocity of
0.10 m/s.

What is the velocity of wagon 1?
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Physical Sciences 9-12.PS2.A.3

Core ldea Motion and Stability: Forces and Interactions
Component | Forces and Motion

MLS Apply scientific principles of motion and momentum to design, evaluate, and refine a device that minimizes the force on a macroscopic
object during a collision.
Expectation Unwrapped DOK Ceiling
3

[Clarification Statement: Examples of evaluation and refinement could include determining the success of Item Format
the device at protecting an object from damage and modifying the design to improve it. Examples of a Selected Response
device could include a football helmet or a parachute. Student can defend an argument using prior Constructed Response
knowledge of relationship between force and momentum.] Technology Enhanced

SCIENCE AND ENGINEERING PRACTICES
Constructing Explanations and Designing Solutions
o Apply scientific ideas to solve a design problem, taking into account possible unanticipated effects.

DISCIPLINARY CORE IDEAS

Forces and Motion

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.

CROSSCUTTING CONCEPTS
Cause and Effect
e Systems can be designed to cause a desired effect.

Content Limits/Assessment Boundaries Sample Stems
e Tasks should focus on qualitative evaluations. P,
e Tasks should not require students to complete any mathematical calculations. C -
Original Revised
Design Design

e A group of students must design an egg-
carrying device that will prevent a raw egg
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Possible Evidence

e Students design a device that minimizes the force on a macroscopic object during a collision. In the
design, students
0 incorporate the concept that for a given change in momentum, force in the direction of the change in

momentum is decreased by increasing the time interval of the collision (FAt = mAv).

0 explicitly make use of the principle above so that the device has the desired effect of reducing the net
force applied to the object by extending the time the force is applied to the object during the
collision.

e Inthe design plan, students describe the scientific rationale for their choice of materials and for the
structure of the device.

e Students describe and quantify (when appropriate) the criteria and constraints, along with the trade-offs
implicit in these design solutions. Examples of constraints to be considered are cost, mass, the maximum
force applied to the object, and requirements set by society for widely used collision-mitigation devices
(e.g., seatbelts, football helmets).

e Students systematically evaluate the proposed device design or design solution, including describing the
rationales for the design and comparing the design to the list of criteria and constraints.

e Students test and evaluate the device based on its ability to minimize the force on the test object during a
collision. Students identify any unanticipated effects or design performance issues that the device
exhibits.

e Students use the test results to improve the device performance by extending the impact time, reducing
the device mass, and/or considering cost-benefit analysis.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

from breaking when it is dropped from a two-
story window. The model above shows one
group’s design. The group’s original design
used hard polystyrene to cover the exterior
of the device. At the last minute, the group
replaced the polystyrene with an equal mass
of crumpled grocery bag paper.

Use evidence to describe why replacing the
polystyrene with crumpled paper helped to
minimize the force of the impact on the egg?

In order to keep drivers and passengers safe
in automobile crashes, new designs are being
implemented all of the time. Crumple zones
are just one area that scientists and
engineers are trying to improve to keep
people safe in collisions. Crumple zones
accomplish this by creating a buffer zone
around the perimeter of the car. Certain
parts of a car are inherently rigid and
resistant to deforming, such as the passenger
compartment and the engine. If those rigid
parts hit something, they will decelerate very
quickly. Surrounding those parts with
crumple zones allows the less rigid materials
to take the initial impact. The car begins
decelerating as soon as the crumple zone
starts crumpling, extending the deceleration
over a few extra tenths of a second.

Use evidence to explain how improving the
crumple zone and, consequently, the time of
deceleration helped to keep people safer in
collisions?
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Physical Sciences

9-12.PS2.B.1

Core Idea Motion and Stability: Forces and Interactions

Component | Types of Interaction

MLS Use mathematical representations of Newton’s law of gravitation to describe and predict the gravitational forces between objects.

Expectation Unwrapped

[Clarification Statement: Emphasis is on both quantitative and conceptual descriptions of gravitational
fields. Students can predict the gravitational force of an object based on a given ratio of mass to gravity.]

SCIENCE AND ENGINEERING PRACTICES
Using Mathematics and Computational Thinking
e Use mathematical representations of phenomena to describe explanations.

DISCIPLINARY CORE IDEAS

Types of Interactions

e Newton’s law of universal gravitation provides the mathematical models to describe and predict the
effects of gravitational forces between distant objects.

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

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.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced

Content Limits/Assessment Boundaries

e Tasks should be limited to a system with two objects. The mass and gravity of at least one of the objects is
provided for students, and either the mass or gravity of the second object is provided for students.

® Tasks should provide students with the formula to calculate the force of gravity.

Sample Stems
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Possible Evidence

Orbiting Moons

e Students clearly define the system of the interacting objects that is mathematically represented. Moon Moon Distance from
e Using the given mathematical representations, students identify and describe the gravitational attraction Name Mass Planet
between two objects as the product of their masses divided by the distance squared (Fg = -G (™™," d?), Balerion 10 5
where a negative force is understood to be attractive.
e Students correctly use the given mathematical formulas to predict the gravitational force between objects Maraxes ; 2
or predict the electrostatic force between charged objects. Vhagar 5 3
e Students describe that the mathematical representation of the gravitational field (F; = -G (™™,” d?), only
predicts an attractive force because mass is always positive. * Scientists have discovered a new planet with

three moons orbiting it. The masses of the
moons and their distance from the planet are
given. Rank the gravitational force between
the planet and the moons from greatest to
least.

e Students use the given formulas for the forces as evidence to describe that the change in the energy of
objects interacting through gravitational forces depends on the distance between the objects.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings The distance between a proton and an
electron is cut in half. Use evidence from the
chart to describe how the force of attraction
changes?
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Physical Sciences 9-12.PS2.B.2

Core Idea Motion and Stability: Forces and Interactions

Component | Types of Interaction

MLS 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.
Expectation Unwrapped DOK Ceiling
3
SCIENCE AND ENGINEERING PRACTICES Item Format
Planning and Carrying Out Investigations Selected Response
e Plan and conduct an investigation individually and collaboratively to produce data to serve as the basis Constructed Response
for evidence, and in the design, decide on types, quantity, and accuracy of data needed to produce Technology Enhanced

reliable measurements and consider limitations on the precision of the data (e.g., number of trials, cost,
risk, time), and refine the design accordingly.

DISCIPLINARY CORE IDEAS

Types of Interactions

e Newton’s law of universal gravitation provides the mathematical models to describe and predict the
effects of gravitational forces between distant objects.

e Forces at a distance are explained by fields (gravitational, electric, 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.

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

CROSSCUTTING CONCEPTS

Cause and Effect

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

Content Limits/Assessment Boundaries Sample Stems
e Tasks should focus on designing and conducting investigations with given materials and tools. Students e Two important parts of an electric motor are

an armature, which consists of a coil of wire,
and a permanent magnet. When an electric
current is applied to the armature, the

are not required to generate the materials and tools needed for the investigation.
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Possible Evidence

e Students describe the phenomenon under investigation, which includes the following idea: that an
electric current produces a magnetic field and that a changing magnetic field produces an electric current.

e Students develop an investigation plan and describe the data that will be collected and the evidence to be
derived from the data about 1) an observable effect of a magnetic field that is uniquely related to the
presence of an electric current in the circuit and 2) an electric current in the circuit that is uniquely related
to the presence of a changing magnetic field near the circuit. Students describe why these effects seen
must be causal and not correlational, citing specific cause-effect relationships.

e Inthe plan, students state whether the investigation will be conducted individually or collaboratively.

e Students measure and record electric currents and magnetic fields.

e Students evaluate their investigation, including
0 the accuracy and precision of the data collected, as well as limitations of the investigation.
0 the ability of the data to provide the evidence required.

e If necessary, students refine the investigation plan to produce more accurate, precise, and useful data
such that the measurements or indicators of the presence of an electric current in the circuit and a
magnetic field near the circuit can provide the required evidence.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

armature will spin. The armature is free to
spin while the magnet is usually heavier.

Why does the coil of wire spin when current
is applied to the armature? Why does the
magnet not move?

It is true that lightning directly strikes ships
and airplanes relativity frequently. In fact,
commonly accepted estimates are that each
commercial airliner averages one direct
lighting hit per year. However, the last crash
that was attributed to lightning was in 1967
when the fuel tank exploded, causing the
plane to crash. The passengers are protected
from lightning strikes by the design of the
vehicle to direct the lightning through the
vehicle structure itself and away from the
occupants.

Even with the passengers being protected,
lightning can still damage many of the
electrical components of the vehicle.

The specific electrical devices that may be
more susceptible to damage from lightning
strikes is . Use
evidence to explain why.
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Physical Sciences

9-12.PS3.A.1

Core Idea Energy
Component | Definitions of Energy

MLS Create a computational model to calculate the change in the energy of one component in a system when the changes in energy are

known.

Expectation Unwrapped

[Clarification Statement: Emphasis is on explaining the meaning of mathematical expressions used in the
model.]

SCIENCE AND ENGINEERING PRACTICES

Using Mathematics and Computational Thinking

e 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.

DISCIPLINARY CORE IDEAS

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.

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

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced
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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.

Content Limits/Assessment Boundaries Sample Stems
Tasks should be limited to basic algebraic expressions or computations. e A steam turbine is generally considered the
Tasks should focus on thermal energy, kinetic energy, gravitational energy, magnetic energy, and most efficient type of steam engine and can
electrical energy. often exhibit an efficiency as high as 35
e Tasks should be limited to systems of two or three components. percent.
Possible Evidence If the useful work done or output each second
by a steam turbine with this efficiency is 6,789
e Students identify and describe the components to be computationally modeled, including the following: J, how much work must the steam do on the
0 The boundaries of the system and that the reference level for potential energy = 0 (the potential energy of the turbine?

initial or final state does not have to be zero)

0 The initial energies of the system’s components (e.g., energy in fields, thermal energy, kinetic energy, energy
stored in springs—all expressed as a total amount of Joules in each component), including a quantification in
an algebraic description to calculate the total initial energy of the system

0 The energy flows into or out of the system, including a quantification in an algebraic description with flow into fE ety
the system defined as positive

0 The final energies of the system components, including a quantification in an algebraic description to calculate
the total final energy of the system

e Students use the algebraic descriptions of the initial and final energy states of the system, along with the energy
flows to create a computational model (e.g., simple computer program, spreadsheet, simulation software package
application) that is based on the principle of the conservation of energy.

e Students use the computational model to calculate changes in the energy of one component of the system when
changes in the energy of the other components and the energy flows are known.

e If an object has 100 joules of potential energy
at the top of a ramp.

e Students use the computational model to predict the maximum possible change in the energy of one component of
the system for a given set of energy flows.

e Students identify and describe the limitations of the computational model, based on the assumptions that were
made in creating the algebraic descriptions of energy changes and flows in the system.

How much kinetic energy will there be at the
other two places indicated on the model?

What assumptions must be made to get these
answers, if any?

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings
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Physical Sciences

9-12.PS3.A.2

Core Idea Energy
Component | Definitions of Energy

MLS 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).

Expectation Unwrapped

[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.]

SCIENCE AND ENGINEERING PRACTICES

Developing and Using Models

o Develop and use a model based on evidence to illustrate the relationships between systems or between
components of a system.

DISCIPLINARY CORE IDEAS

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 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.

o 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.

CROSSCUTTING CONCEPTS

Energy and Matter

e Energy cannot be created or destroyed; it only moves between one place and another place, between
objects and/or fields, or between systems.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced
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Refer to Engineering, Technology, and Application of Science 9-12.ETS1.B.2.

Content Limits/Assessment Boundaries

Tasks should provide students with all needed background information. Students are not required to
generate their own phenomena.

Tasks should focus on how energy at the microscopic level is related to the macroscopic level.

Possible Evidence

Students develop models in which they identify and describe the relevant components, including the following:

0 All the components of the system and the surroundings, as well as energy flows between the system and the
surroundings

0 Clear depictions of both a macroscopic and a molecular/atomic-level representation of the system

0 Depictions of the forms in which energy is manifested at two different scales:
*=  Macroscopic, such as motion, sound, light, thermal energy, potential energy, or energy in fields
=  Molecular/atomic, such as motions (kinetic energy) of particles (e.g., nuclei and electrons), the relative

positions of particles in fields (potential energy), and energy in fields

Students describe the relationships between components in their models, including the following:

0 Changes in the relative position of objects in gravitational, magnetic, or electrostatic fields can affect the energy
of the fields (e.g., charged objects moving away from each other change the field energy).

0 Thermal energy includes both the kinetic and potential energies of particle vibrations in solids or molecules and
the kinetic energy of freely moving particles (e.g., inert gas atoms, molecules) in liquids and gases.

0 The total energy of the system and surroundings is conserved at a macroscopic and molecular/atomic level.

0 Chemical energy can be considered in terms of systems of nuclei and electrons in electrostatic fields (bonds).

0 Asone form of energy increases, others must decrease by the same amount as energy is transferred among and
between objects and fields.

Students use their models to show that in closed systems the energy is conserved on both the macroscopic and

molecular/atomic scales so that as one form of energy changes, the total system energy remains constant, as

evidenced by the other forms of energy changing by the same amount or changes only by the amount of energy that

is transferred into or out of the system.

Students use their 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 positions of

particles/objects on both the macroscopic and microscopic scales.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Sample Stems
A 60-kg bungee jumper stands at the top of a
50-m tall bridge. The jumper has a bungee
secured to his ankles. The original length of
the bungee is 25 meters. After falling 25
meters, the jumper reaches a maximum
speed of 22m/s. He continues to fall until he
comes to rest instantaneously and then is
pulled back up by the bungee.

Describe the energy transformations during
the fall and return trip upward.

According to the law of conservation of
energy, energy cannot be created or
destroyed it can only change forms. If we
neglect air resistance, as a ball is dropped
from a height, the gravitational potential
energy lost is transformed into kinetic
energy.

Assume no air resistance and that g=9.8 m/s.

A 2-kg ball is dropped from a 40m tall bridge.
How much kinetic energy does the ball lose
as it falls?

How much kinetic energy does the ball gain?

Compute and provide a 2-3 sentence
explanation.
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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.]

SCIENCE AND ENGINEERING PRACTICES

Constructing Explanations and Designing Solutions

e 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 trade-off considerations.

DISCIPLINARY CORE IDEAS

Definitions of Energy

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

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

Defining and Delimiting an Engineering Problem

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 meets them.

CROSSCUTTING CONCEPTS

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.

Physical Sciences 9-12.PS3.A.3
Core Idea | Energy
Component | Definitions of Energy
MLS Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
Expectation Unwrapped DOK Ceiling
[Clarification Statement: Emphasis is on both qualitative and quantitative evaluations of devices. Examples Item l:30rmat

Selected Response
Constructed Response
Technology Enhanced
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Content Limits/Assessment Boundaries

e Tasks should limit quantitative evaluations to total output for a given input.

e Tasks should provide students with all needed materials. Students are not required to generate their own
materials or tools.

Possible Evidence

e Students design a device that converts one form of energy into another form of energy.
e Students develop a plan for the device in which they
0 identify which scientific principles provide the basis for the energy conversion design;
0 identify the forms of energy that will be converted from one form to another in the designed system;
0 identify losses of energy by the design system to the surrounding environment;
0 describe the scientific rationale for choices of materials and structure of the device, including how
student-generated evidence influenced the design; and
0 describe that this device is an example of how the application of scientific knowledge and
engineering design can increase benefits for modern civilization while decreasing costs and risk.
e Students describe and quantify (when appropriate) prioritized criteria and constraints for the design of
the device, along with the trade-offs implicit in these design solutions.
e Students build and test the device according to the plan.
e Students systematically and quantitatively evaluate the performance of the device against the criteria and
constraints.
e Students use the results of the tests to improve the device performance by increasing the efficiency of
energy conversion, keeping in mind the criteria and constraints, and noting any modifications in trade-
offs.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Sample Stems

A class assignment requires the building of a
solar powered car that will travel at least 10
meters in 10 seconds. Each group is given one
solar cell for their design.

Which of these would improve the design the
most?

A teacher assigns a project in class. The
project is to design a solar oven that is
capable of cooking a hotdog to a specified
temperature.

Describe the energy conversion that is taking
place and suggest a way or ways that the
efficiency of the solar oven could be
evaluated.
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Physical Sciences 9-12.PS3.B.1

Core Idea Energy
Component | Conservation of Energy and Energy Transfer

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

Expectation Unwrapped

DOK Ceiling
3
[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 Item Format
could include mixing liquids at different initial temperatures or adding objects at different temperatures to Selected Response
water.] Constructed Response

Technology Enhanced

SCIENCE AND ENGINEERING PRACTICES

Planning and Carrying Out Investigations

e 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, quantity, 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.

DISCIPLINARY CORE IDEAS

Conservation of Energy and Energy Transfer

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

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

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

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
and their inputs and outputs analyzed and described using models.
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Content Limits/Assessment Boundaries

e Tasks should provide students with needed materials and tools. Students are not required to generate their own
materials or tools.

Possible Evidence

e Students describe the purpose of the investigation, which includes the following idea: the transfer of thermal energy
when two components of different temperatures are combined within a closed system results in a more uniform
energy distribution among the components in the system (second law of thermodynamics).
e Students develop an investigation plan and describe the data that will be collected and the evidence to be derived
from the data, including
0 the measurement of the reduction of temperature of the hot object and the increase in temperature of the
cold object to show that the thermal energy lost by the hot object is equal to the thermal energy gained by the
cold object and that the distribution of thermal energy is more uniform after the interaction of the hot and cold
components.

0 the heat capacity of the components in the system (obtained from scientific literature).

e Inthe investigation plan, students describe the following:

0 How a nearly closed system will be constructed, including the boundaries and initial conditions of the system

0 The data that will be collected, including masses of components and initial and final temperatures

0 The experimental procedure, including how the data will be collected, the number of trials, the experimental
setup, and equipment required

e Students collect and record data that can be used to calculate the change in thermal energy of each of the two
components of the system.

e Students evaluate their investigation, including
0 the accuracy and precision of the data collected, as well as the limitations of the investigation.

0 the ability of the data to provide the evidence required.

e |f necessary, students refine the plan to produce more accurate, precise, and useful data in that investigation.

e If necessary, students refine the plan to produce more accurate, precise, and useful data that address the
experimental question.

® Students identify potential causes of the apparent loss of energy from a closed system (which should be zero in an
ideal system) and adjust the design of the experiment accordingly.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Sample Stems

The Space Shuttle System is made up of three
main components:

*The two Solid Rocket Boosters (SRBs),
which provide 80 percent of launch
thrust.

*The huge rust-colored External Tank
(ET), which feeds fuel to three Space
Shuttle Main Engines (SSMEs) during
launch

*The Orbiter itself, which serves as the
crew's home in space and is equipped to
dock with the International Space
Station.

https://www.nasa.gov/returntoflight/system/

After the space shuttle has jettisoned its thruster
and external tanks, would it be considered an
open or closed system? What is the appropriate
explanation to support your answer?



https://www.nasa.gov/returntoflight/system/
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Physical Sciences 9-12.PS3.C.1

Core Idea | Energy
Component Relationship Between Energy and Forces

MLS 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.
Expectation Unwrapped DOK Ceiling
3
[Clarification Statement: Examples of models could include drawings, diagrams, mathematical models Item Format
(Coulomb’s Law) and texts, such as drawings of what happens when two charges of opposite polarity are Selected Response
near each other.] Constructed Response

Technology Enhanced

SCIENCE AND ENGINEERING PRACTICES

Developing and Using Models

o Develop and use a model based on evidence to illustrate the relationships between systems or between
components of a system.

DISCIPLINARY CORE IDEAS

Relationship Between Energy and Forces

e When two objects interacting through a field change relative position, the energy stored in the field is
changed.

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.

Content Limits/Assessment Boundaries Sample Stems

e Tasks should focus on systems containing two objects.
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Possible Evidence

e Students develop a model in which they identify and describe the relevant components to illustrate the
forces and changes in energy involved when two objects interact, including:

0 The two objects in the system, including their initial positions and velocities (limited to one
dimension).

0 The nature of the interaction (electric or magnetic) between the two objects.

0 The relative magnitude and the direction of the net force on each of the objects.

O Representation of a field as a quantity that has a magnitude and direction at all points in space and
which contains energy.

e Inthe model, students describe the relationships between components, including the change in the
energy of the objects, given the initial and final positions and velocities of the objects.

e Students use the model to determine whether the energy stored in the field increased, decreased, or
remained the same when the objects interacted.

e Students use the model to support the claim that the change in the energy stored in the field (which is
qualitatively determined to be either positive, negative, or zero) is consistent with the change in energy of
the objects.

e Using the model, students describe the cause and effect relationships on a qualitative level between
forces produced by electric or magnetic fields and the change of energy of the objects in the system.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

balloon

The figure shows a negatively charged sphere
and a balloon that has been rubbed with dry
human hair.

If the two are brought close to each other but
do not touch each other, predict what will
occur.

Based on the model of the electric field lines
around the two spherical charges, what are
the signs of the left and right charge
respectively?
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Physical Sciences 9-12.PS4.A.1
Core Idea Waves and Their Applications in Technologies for Information Transfer
Component | Wave Properties
MLS Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of waves
traveling in various media.
Expectation Unwrapped DOK Ceiling
3
[Clarification Statement: Examples of data could include electromagnetic radiation traveling in a vacuum Item Format
and glass, sound waves traveling through air and water, and seismic waves traveling through Earth.] Selected Response
Constructed Response
SCIENCE AND ENGINEERING PRACTICES Technology Enhanced

Using Mathematics and Computational Thinking
e Use mathematical representations of phenomena or design solutions to describe and/or support claims
and/or explanations.

DISCIPLINARY CORE IDEAS

Wave Properties

e The wavelength and frequency of a wave are related to one another by the speed at which the wave
travels, which depends on the type of wave and the medium through which it is passing.

CROSSCUTTING CONCEPTS

Cause and Effect

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

Content Limits/Assessment Boundaries Sample Stems

e Tasks should be limited to qualitative descriptions of algebraic relationships.

e Tasks should provide students with all needed formulas.
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Possible Evidence

e Students identify and describe the relevant components in the mathematical representations:

0 Mathematical values for frequency, wavelength, and speed of waves traveling in various specified
media

0 The relationships between frequency, wavelength, and speed of waves traveling in various specified
media

e Students show that the product of the frequency and the wavelength of a particular type of wave in a
given medium is constant and identify this relationship as the wave speed according to the mathematical
relationship v =fA.

e Students use the data to show that the wave speed for a particular type of wave changes as the medium
through which the wave travels changes (refraction).

e Students predict the relative change in the wavelength of a wave when it moves from one medium to
another (thus, different wave speeds), using the mathematical relationship v = fA). Students express the
relative change in terms of cause (different media) and affect (different wavelengths but same
frequency).

e Using the mathematical relationship v = f A, students assess claims about any of the three quantities when
the other two quantities are known for waves travelling in various specified media.

e Students use the mathematical relationships to distinguish between cause and correlation with respect to
the supported claims.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Time

Imagine that the wavelength of the pictured
wave is 450 nm and travels at the speed of
light. Its frequency is 6.7 x 104 51,

What is the wavelength of another wave that
travels at the same speed but has a
frequency of 3.35 x 1014 s1?

It is well known that lightning is seen before
the thunder is heard. Wavelengths of
electromagnetic and sound waves can be the
same.

Imagine that the wavelengths from the
lightning and thunder are the same, what can
be said about their frequencies?

Mr. and Mrs. Smith attended a summer band
concert to hear their son play his violin.
When they sat down in their seats, they
noticed that there were dead moments. That
is, places in the music when they could not
hear anything! They decided to move and sit
directly in front of the band in the third row.

How can you explain the deadspots they
experienced?
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Physical Sciences

9-12.PS4.A.2

Core Idea Waves and Their Applications in Technologies for Information Transfer

Component | Wave Properties

a particle model, and that for some situations one model is more useful than the other.

MLS Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be described either by a wave model or

Expectation Unwrapped

[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.]

SCIENCE AND ENGINEERING PRACTICES

Engaging in Argument from Evidence

e Evaluate the claims, evidence, and reasoning behind currently accepted explanations or solutions to
determine the merits of arguments.

DISCIPLINARY CORE IDEAS

Wave Properties

e 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.

Electromagnetic Radiation

e 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.

CROSSCUTTING CONCEPTS

Systems and System Models

® Models (e.g., physical, mathematical, computer) can be used to simulate systems and interactions—
including energy, matter, and information flows—within and between systems at different scales.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced




Grades 9-12 PHYSICAL SCIENCE

Content Limits/Assessment Boundaries Sample Stems

e Tasks should avoid using quantum theory. ;
® Tasks should provide students with all needed background information and evidence. I " —
N -
" -
Possible Evidence I =
¢ -
e Students identify the given explanation that is to be supported by the claims, evidence, and reasoning to 51 -~
be evaluated, and that includes the following idea: Electromagnetic radiation can be described either by a & F =
wave model or a particle model, and for some situations one model is more useful than the other. e Use evidence from the model to explain the
e Students identify the given claims to be evaluated. diffraction of electromagnetic and
e Students identify the given evidence to be evaluated, including the following phenomena: mechanical waves, specifically addressing the
0 Interference behavior by electromagnetic radiation following:

A. define diffraction and describe how it
impacts the behavior of waves
B. discuss the factor or factors that affect

0 The photoelectric effect

e Students identify the given reasoning to be evaluated.

e Students evaluate the given evidence for interference behavior of electromagnetic radiation to determine diffraction
how it supports the argument that electromagnetic radiation can be described by a wave model. C. describe an example of diffraction for

e Students evaluate the phenomenon of the photoelectric effect to determine how it supports the both light and sound waves
argument that electromagnetic radiation can be described by a particle model.

e Students evaluate the given claims and reasoning for modeling electromagnetic radiation as both a wave
and particle, considering the transfer of energy and information within and between systems, and why for
some aspects the wave model is more useful and for other aspects the particle model is more useful to
describe the transfer of energy and information.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings




Grades 9-12 PHYSICAL SCIENCE

Physical Sciences

9-12.PS4.B.1

Core Idea Waves and Their Applications in Technologies for Information Transfer

Component | Electromagnetic Radiation

MLS Communicate technical information about how electromagnetic radiation interacts with matter.

Expectation Unwrapped

[Clarification Statement: Examples could include solar cells capturing light and converting it to electricity;
medical imaging; and communications technology.]

SCIENCE AND ENGINEERING PRACTICES

Obtaining, Evaluating, and Communicating Information

e Communicate technical information or 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).

DISCIPLINARY CORE IDEAS
Energy in Chemical Processes
® Solar cells are human-made devices that capture the Sun’s energy and produce electrical energy.

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.

Electromagnetic Radiation
® Photoelectric materials emit electrons when they absorb light of a high-enough frequency.

Information Technologies and Instrumentation

e 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.

CROSSCUTTING CONCEPTS
Cause and Effect
® Systems can be designed to cause a desired effect.

DOK Ceiling
3

Item Format
Selected Response
Constructed Response
Technology Enhanced




Grades 9-12 PHYSICAL SCIENCE

Content Limits/Assessment Boundaries

® Tasks should include all needed background information.

e Tasks are limited to qualitative information.

Possible Evidence

e Students use at least two different formats (e.g., oral, graphical, textual, mathematical) to communicate
technical information and ideas, including fully describing at least two devices and the physical principles
upon which the devices depend. One of the devices must depend on the photoelectric effect for its
operation. Students cite the origin of the information as appropriate.

e When describing how each device operates, students identify the wave behavior utilized by the device or
the absorption of photons and production of electrons for devices that rely on the photoelectric effect
and qualitatively describe how the basic physics principles were utilized in the design through research
and development to produce this functionality (e.g., absorbing electromagnetic energy and converting it
to thermal energy to heat an object; using the photoelectric effect to produce an electric current).

e For each device, students discuss the real-world problem it solves or need it addresses and how
civilization now depends on the device.

e Students identify and communicate the cause and effect relationships that are used to produce the
functionality of the device.

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

Sample Stems

The conversion of solar energy into electricity
occurs when electromagnetic waves strike
photovoltaic cells (PV).

The photons of the electromagnetic waves
produce electricity by doing what in this
process?

The process of designing a building using
passive solar energy involves selecting
materials and systems that maximize energy
efficiency.

What element of the design process includes
the circulation of heat throughout a structure
through conduction, convection and
radiation?




Grades 9-12 PHYSICAL SCIENCE

Physical Sciences 9-12.PS4.B.2

Core Idea Waves and Their Applications in Technologies for Information Transfer

Component | Electromagnetic Radiation

MLS Evaluate the validity and reliability of claims in published materials of the effects that different frequencies of electromagnetic radiation
have when absorbed by matter.
Expectation Unwrapped DOK Ceiling
3

[Clarification Statement: Emphasis is on the idea that photons associated with different frequencies of light Item Format
have different energies, and the damage to living tissue from electromagnetic radiation depends on the Selected Response
energy of the radiation. Examples of published materials could include trade books, magazines, web Constructed Response
resources, videos, and other passages that may reflect bias.] Technology Enhanced

SCIENCE AND ENGINEERING PRACTICES

Obtaining, Evaluating, and Communicating Information

e Evaluate the validity and reliability of multiple claims that appear in scientific and technical texts or media
reports, verifying the data when possible.

DISCIPLINARY CORE IDEAS

Electromagnetic Radiation

e When light or longer-wavelength electromagnetic radiation is absorbed in matter, it is generally
converted into thermal energy (heat). Shorter-wavelength electromagnetic radiation (e.g., ultraviolet, X-
rays, gamma rays) can ionize atoms and cause damage to living cells.

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.

Refer to Engineering, Technology, and Application of Science 9-12.ETS1.A.1.

Content Limits/Assessment Boundaries Sample Stems
e Tasks should include all needed published materials. e  Patients with brain tumors may elect to have

a procedure known as Gamma Knife. In a
e Tasks should be limited to qualitative descriptions. typical Gamma Knife procedure gamma rays




Grades 9-12 PHYSICAL SCIENCE

Possible Evidence

e Students obtain at least two claims proposed in published material (using at least two sources per claim)
regarding the effect of electromagnetic radiation that is absorbed by matter. One of these claims deals
with the effect of electromagnetic radiation on living tissue.

e Students use reasoning about the data presented, including the energies of the photons involved (i.e.,
relative wavelengths) and the probability of ionization, to analyze the validity and reliability of each claim.

e Students determine the validity and reliability of the sources of the claims.

e Students describe the cause and effect reasoning in each claim, including the extrapolations to larger
scales from cause and effect relationships of mechanisms at small scales (e.g., extrapolating from the

effect of a particular wavelength of radiation on a single cell to the effect of that wavelength on the entire
organism).

Stimulus Materials

Graphic organizers, diagrams, graphs, data tables, drawings

are directed toward a tumor with contact to
surrounding tissues.

Why is limiting contact between gamma rays
and healthy tissue important?

Irradiating meat and poultry is a method of
killing bacteria and extending the shelf life of
food.

Which statement would strengthen the
argument made in a publication that
irradiating food does not cause health risks?
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	Introduction 
	In 2014 Missouri legislators passed House Bill 1490, mandating the development of the Missouri Learning Expectations. In April of 2016, these Missouri Learning Expectations were adopted by the State Board of Education. Groups of Missouri educators from across the state collaborated to create the documents necessary to support the implementation of these expectations.  
	One of the documents developed is the item specification document, which includes all Missouri grade level/course expectations arranged by domains/strands. It defines what could be measured on a variety of assessments. The document serves as the foundation of the assessment development process.  
	Although teachers may use this document to provide clarity to the expectations, these specifications are intended for summative, benchmark, and large-scale assessment purposes.  
	Components of the item specifications include: 
	 
	Expectation Unwrapped breaks down a list of clearly delineated content and skills the students are expected to know and be able to do upon mastery of the Expectation. 
	 
	Depth of Knowledge (DOK) Ceiling indicates the highest level of cognitive complexity that would typically be assessed on a large scale assessment. The DOK ceiling is not intended to limit the complexity one might reach in classroom instruction.  
	 
	Item Format indicates the types of test questions used in large scale assessment. For each expectation, the item format specifies the type best suited for that particular expectation.  
	 
	Content Limits/Assessment Boundaries are parameters that item writers should consider when developing a large scale assessment. For example, some expectations should not be assessed on a large scale assessment but are better suited for local assessment. 
	 
	Sample stems are examples that address the specific elements of each expectation and address varying DOK levels. The sample stems provided in this document are in no way intended to limit the depth and breadth of possible item stems. The expectation should be assessed in a variety of ways. 
	Possible Evidence indicates observable methods in which a student can show understanding of the expectations.  
	Stimulus Materials defines types of stimulus materials that can be used in the item stems.  
	 
	 
	Engineering, Technology, and Applications of Science  
	Engineering, Technology, and Applications of Science  
	Engineering, Technology, and Applications of Science  
	Engineering, Technology, and Applications of Science  

	9-12.ETS1.A.1 
	9-12.ETS1.A.1 


	Core Idea 
	Core Idea 
	Core Idea 

	Engineering Design 
	Engineering Design 


	Component 
	Component 
	Component 

	Defining and Delimiting Engineering Problems 
	Defining and Delimiting Engineering Problems 


	MLS 
	MLS 
	MLS 

	Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants. 
	Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	SCIENCE AND ENGINEERING PRACTICES   
	Asking Questions and Defining Problems  
	● Analyze complex real-world problems by specifying criteria and constraints for successful solutions. 
	● Analyze complex real-world problems by specifying criteria and constraints for successful solutions. 
	● Analyze complex real-world problems by specifying criteria and constraints for successful solutions. 


	 
	DISCIPLINARY CORE IDEAS 
	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. 
	● 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. 
	● 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. 

	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	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.   
	● New technologies can have deep impacts on society and the environment, including some that were not anticipated.   
	● 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. 
	● Analysis of costs and benefits is a critical aspect of decisions about technology. 


	 
	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should not require students to differentiate between credible and non-credible sources. 
	● Tasks should not require students to differentiate between credible and non-credible sources. 
	● Tasks should not require students to differentiate between credible and non-credible sources. 

	● Tasks should focus on students drawing conclusions from graphs, tables, or text to support their conclusions. 
	● Tasks should focus on students drawing conclusions from graphs, tables, or text to support their conclusions. 



	Sample Stems 
	Sample Stems 
	 
	• Waste management is important for the environment. Waste can cause pollution and disease if it is not handled properly. There are many different methods of waste 
	• Waste management is important for the environment. Waste can cause pollution and disease if it is not handled properly. There are many different methods of waste 
	• Waste management is important for the environment. Waste can cause pollution and disease if it is not handled properly. There are many different methods of waste 




	management to help ease the environmental pressures imposed by waste. Modern methods include recycling, composting, incineration, sustainability, landfill, integration, waste-to-energy, and waste minimization. The planet depends on a successful approach to waste disposal. 
	management to help ease the environmental pressures imposed by waste. Modern methods include recycling, composting, incineration, sustainability, landfill, integration, waste-to-energy, and waste minimization. The planet depends on a successful approach to waste disposal. 
	management to help ease the environmental pressures imposed by waste. Modern methods include recycling, composting, incineration, sustainability, landfill, integration, waste-to-energy, and waste minimization. The planet depends on a successful approach to waste disposal. 
	management to help ease the environmental pressures imposed by waste. Modern methods include recycling, composting, incineration, sustainability, landfill, integration, waste-to-energy, and waste minimization. The planet depends on a successful approach to waste disposal. 
	management to help ease the environmental pressures imposed by waste. Modern methods include recycling, composting, incineration, sustainability, landfill, integration, waste-to-energy, and waste minimization. The planet depends on a successful approach to waste disposal. 


	 
	Landfills are waste disposal sites. They are often man-made depressions in the ground covered with a lining designed to prevent any leakage of waste materials. However, landfills can leak through the base resulting in negative impacts on the surrounding environments. What negative impact to the environment is caused by organic and inorganic constituents that are dissolved by rainfall in the landfills? 
	 
	 
	• Environmental policies are put in place to manage human activities for the benefit of the environment. Not all countries put the same level of importance on environmental policies and this an lead to challenges. A country with lower environmental protection policies could have an advantage when it comes to the trade of goods and services because they can produce them cheaper but if the removal of raw materials are not regulated through environmental policies, they could lead to irreparable degradation of 
	• Environmental policies are put in place to manage human activities for the benefit of the environment. Not all countries put the same level of importance on environmental policies and this an lead to challenges. A country with lower environmental protection policies could have an advantage when it comes to the trade of goods and services because they can produce them cheaper but if the removal of raw materials are not regulated through environmental policies, they could lead to irreparable degradation of 
	• Environmental policies are put in place to manage human activities for the benefit of the environment. Not all countries put the same level of importance on environmental policies and this an lead to challenges. A country with lower environmental protection policies could have an advantage when it comes to the trade of goods and services because they can produce them cheaper but if the removal of raw materials are not regulated through environmental policies, they could lead to irreparable degradation of 



	Possible Evidence  
	Possible Evidence  
	 
	● Students describe the challenge with a rationale for why it is a major global challenge. 
	● Students describe the challenge with a rationale for why it is a major global challenge. 
	● Students describe the challenge with a rationale for why it is a major global challenge. 

	● Students describe qualitatively and quantitatively, the extent and depth of the problem and its major consequences to society and/or the natural world on both global and local scales if it remains unsolved. 
	● Students describe qualitatively and quantitatively, the extent and depth of the problem and its major consequences to society and/or the natural world on both global and local scales if it remains unsolved. 

	● Students document background research on the problem from two or more sources, including research journals.  
	● Students document background research on the problem from two or more sources, including research journals.  

	● In their analysis, students identify the physical system in which the problem is embedded, including the major elements and relationships in the system and boundaries so as to clarify what is and is not part of the problem. 
	● In their analysis, students identify the physical system in which the problem is embedded, including the major elements and relationships in the system and boundaries so as to clarify what is and is not part of the problem. 

	● In their analysis, students describe societal needs and wants that are relative to the problem (e.g., for controlling CO2 emissions, societal needs include the need for cheap energy). 
	● In their analysis, students describe societal needs and wants that are relative to the problem (e.g., for controlling CO2 emissions, societal needs include the need for cheap energy). 

	● Students specify qualitative and quantitative criteria and limitations (constraints) for acceptable solutions to the problem.  
	● Students specify qualitative and quantitative criteria and limitations (constraints) for acceptable solutions to the problem.  


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 


	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  

	9-12.ETS1.A.2 
	9-12.ETS1.A.2 


	Core Idea 
	Core Idea 
	Core Idea 

	Engineering Design 
	Engineering Design 


	Component 
	Component 
	Component 

	Defining and Delimiting Engineering Problems 
	Defining and Delimiting Engineering Problems 


	MLS 
	MLS 
	MLS 

	Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering. 
	Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions  
	● Design a solution to a complex real-world problem based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and trade-off considerations. 
	● Design a solution to a complex real-world problem based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and trade-off considerations. 
	● Design a solution to a complex real-world problem based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and trade-off considerations. 


	 
	DISCIPLINARY CORE IDEAS 
	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. 
	● 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. 
	● 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. 

	● 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. 
	● 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. 


	 
	Organizing 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. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS  
	Stability and Change 
	● Much of science deals with constructing explanations of how things change and how they remain stable. 
	● Much of science deals with constructing explanations of how things change and how they remain stable. 
	● Much of science deals with constructing explanations of how things change and how they remain stable. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should provide students with complex real-world problems that have more than one possible solution. 
	● Tasks should provide students with complex real-world problems that have more than one possible solution. 
	● Tasks should provide students with complex real-world problems that have more than one possible solution. 

	● Tasks should not require students to generate complex real world problems. 
	● Tasks should not require students to generate complex real world problems. 



	Sample Stems 
	Sample Stems 
	 
	• Meteorologists want to design a system of instruments that will evaluate ocean currents, air temperatures, and wind speed in order to predict catastrophic weather such as 
	• Meteorologists want to design a system of instruments that will evaluate ocean currents, air temperatures, and wind speed in order to predict catastrophic weather such as 
	• Meteorologists want to design a system of instruments that will evaluate ocean currents, air temperatures, and wind speed in order to predict catastrophic weather such as 




	 
	 
	 

	hurricanes and cyclones. Before building a working system of the weather instruments, the scientists have built a prototype.  
	hurricanes and cyclones. Before building a working system of the weather instruments, the scientists have built a prototype.  
	hurricanes and cyclones. Before building a working system of the weather instruments, the scientists have built a prototype.  
	hurricanes and cyclones. Before building a working system of the weather instruments, the scientists have built a prototype.  


	 
	What would be the next step in deciding if their design is successful?  
	 
	• Sarah lives in a coastal community. The community is worried about the amount of erosion at the local beach. Erosion here is a result of both the wind and the water. Sarah has been tracking the erosion taking place and the graph shows the data she has collected over the last 6 months, beginning in the spring. neighbors were worried too. Although the community has built the fence you see here, this feature in no way solved the erosion problem.  
	• Sarah lives in a coastal community. The community is worried about the amount of erosion at the local beach. Erosion here is a result of both the wind and the water. Sarah has been tracking the erosion taking place and the graph shows the data she has collected over the last 6 months, beginning in the spring. neighbors were worried too. Although the community has built the fence you see here, this feature in no way solved the erosion problem.  
	• Sarah lives in a coastal community. The community is worried about the amount of erosion at the local beach. Erosion here is a result of both the wind and the water. Sarah has been tracking the erosion taking place and the graph shows the data she has collected over the last 6 months, beginning in the spring. neighbors were worried too. Although the community has built the fence you see here, this feature in no way solved the erosion problem.  


	 
	Select ALL that could be possible plans to stop erosion on the coast. 
	 
	 
	 
	 
	 
	 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students restate the original complex problem into a set of two or more subproblems (possibilities include in writing or as a diagram or flow chart).  
	● Students restate the original complex problem into a set of two or more subproblems (possibilities include in writing or as a diagram or flow chart).  
	● Students restate the original complex problem into a set of two or more subproblems (possibilities include in writing or as a diagram or flow chart).  

	● For each of the subproblems, students propose at least one solution that is based on student-generated data and/or scientific information from other sources.  
	● For each of the subproblems, students propose at least one solution that is based on student-generated data and/or scientific information from other sources.  

	● Students describe how solutions to the subproblems are interconnected to solve all or part of the larger problem.  
	● Students describe how solutions to the subproblems are interconnected to solve all or part of the larger problem.  

	● Students describe the criteria and limitations (constraints) for the selected subproblem. 
	● Students describe the criteria and limitations (constraints) for the selected subproblem. 

	● Students describe the rationale for the sequence of how subproblems are to be solved and which criteria should be given highest priority if trade-offs must be made. 
	● Students describe the rationale for the sequence of how subproblems are to be solved and which criteria should be given highest priority if trade-offs must be made. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	Figure
	Figure
	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  

	9-12.ETS1.B.1 
	9-12.ETS1.B.1 


	Core Idea 
	Core Idea 
	Core Idea 

	Engineering Design 
	Engineering Design 


	Component 
	Component 
	Component 

	Developing Possible Solutions 
	Developing Possible Solutions 


	MLS 
	MLS 
	MLS 

	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. 
	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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions  
	● Evaluate a solution to a complex real-world problem based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and trade-off considerations. 
	● Evaluate a solution to a complex real-world problem based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and trade-off considerations. 
	● Evaluate a solution to a complex real-world problem based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and trade-off considerations. 


	 
	DISCIPLINARY CORE IDEAS 
	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.  
	● 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.  
	● 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.  


	 
	CROSSCUTTING CONCEPTS  
	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.  
	● 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.  
	● 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.  



	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should require students to evaluate solutions based on at least two of the following: cost, safety, reliability, and aesthetics. 
	● Tasks should require students to evaluate solutions based on at least two of the following: cost, safety, reliability, and aesthetics. 
	● Tasks should require students to evaluate solutions based on at least two of the following: cost, safety, reliability, and aesthetics. 

	● Tasks should not require students to generate their own solutions. 
	● Tasks should not require students to generate their own solutions. 



	Sample Stems 
	Sample Stems 
	 
	• Desalination is the process of removing salt from seawater. It seems to be the world's most obvious answer to water shortages, especially since roughly about 70% of our Earth is ocean water and this is about 97% of our Earth's water.  
	• Desalination is the process of removing salt from seawater. It seems to be the world's most obvious answer to water shortages, especially since roughly about 70% of our Earth is ocean water and this is about 97% of our Earth's water.  
	• Desalination is the process of removing salt from seawater. It seems to be the world's most obvious answer to water shortages, especially since roughly about 70% of our Earth is ocean water and this is about 97% of our Earth's water.  


	 
	It is estimated that about 1 in 10 people in the world lack access to safe drinking water. Many arid regions simply do not have fresh drinking water in the form of rivers or lakes. The cost of desalinating seawater, however, is quite expensive due to the large amounts of energy needed to heat the water. 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Provide an evidence-based decision of which solution is optimum, based on prioritized criteria, analysis of the strengths and weaknesses of each solution, and barriers to be overcome.  
	● Provide an evidence-based decision of which solution is optimum, based on prioritized criteria, analysis of the strengths and weaknesses of each solution, and barriers to be overcome.  
	● Provide an evidence-based decision of which solution is optimum, based on prioritized criteria, analysis of the strengths and weaknesses of each solution, and barriers to be overcome.  

	● In their evaluation, students describe which parts of the complex real-world problem may remain even if the proposed solution is implemented.  
	● In their evaluation, students describe which parts of the complex real-world problem may remain even if the proposed solution is implemented.  




	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 


	The process of desalination is quite simple. It involves heating the saltwater and collecting the evaporate free of salt and minerals.  
	The process of desalination is quite simple. It involves heating the saltwater and collecting the evaporate free of salt and minerals.  
	The process of desalination is quite simple. It involves heating the saltwater and collecting the evaporate free of salt and minerals.  
	 
	1. Why is desalination so expensive? (i.e. Why isn't it used more often?) 
	1. Why is desalination so expensive? (i.e. Why isn't it used more often?) 
	1. Why is desalination so expensive? (i.e. Why isn't it used more often?) 


	 
	2. Describe how the process of desalination works. 
	2. Describe how the process of desalination works. 
	2. Describe how the process of desalination works. 


	 
	3. You are on a task force to come up with more economical ways to make desalination a likely method for clean drinking water. What energy source might you use to make this possible? 
	3. You are on a task force to come up with more economical ways to make desalination a likely method for clean drinking water. What energy source might you use to make this possible? 
	3. You are on a task force to come up with more economical ways to make desalination a likely method for clean drinking water. What energy source might you use to make this possible? 


	 

	Graphic organizers, diagrams, graphs, data tables, drawings 
	Graphic organizers, diagrams, graphs, data tables, drawings 



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  
	Engineering, Technology, and Application of Science  

	9-12.ETS1.B.2 
	9-12.ETS1.B.2 


	Core Idea 
	Core Idea 
	Core Idea 

	Engineering Design 
	Engineering Design 


	Component 
	Component 
	Component 

	Developing Possible Solutions 
	Developing Possible Solutions 


	MLS 
	MLS 
	MLS 

	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. 
	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. 



	 
	 
	 
	 
	 
	 

	What would be an explanation for why the simulation would suggest that light rail would reduce commuting times most dramatically? 
	What would be an explanation for why the simulation would suggest that light rail would reduce commuting times most dramatically? 
	 
	• South Florida receives its water from the Biscayne aquifer. There was concern about brackish water infiltrating the freshwater in the aquifer due to several factors.  
	• South Florida receives its water from the Biscayne aquifer. There was concern about brackish water infiltrating the freshwater in the aquifer due to several factors.  
	• South Florida receives its water from the Biscayne aquifer. There was concern about brackish water infiltrating the freshwater in the aquifer due to several factors.  


	 
	When designing a computer program to simulate future demands on the aquifer, what combination of the criteria identified below are most important to include in the simulation? 
	 
	I. Projected population growth 
	II. Impact on usage of increased cost to consumers for water 
	III. Cost of implementing engineering solutions 
	IV. Rising sea levels 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students identify the complex real-world problem, with numerous criteria and limitations (constraints). 
	● Students identify the complex real-world problem, with numerous criteria and limitations (constraints). 
	● Students identify the complex real-world problem, with numerous criteria and limitations (constraints). 

	o Identify the system that is being modeled by the computational simulation, including the boundaries and individual components of the systems. 
	o Identify the system that is being modeled by the computational simulation, including the boundaries and individual components of the systems. 

	o Identify what variables can be changed by the user to evaluate the proposed solutions, trade-offs, or other decisions. 
	o Identify what variables can be changed by the user to evaluate the proposed solutions, trade-offs, or other decisions. 

	o Identify the scientific principles and or relationships being used by the model. 
	o Identify the scientific principles and or relationships being used by the model. 

	● Students use the given computer simulation to model the proposed solutions by selecting logical and realistic inputs and using the model to simulate the effects of different solutions, trade-offs, or other decisions.  
	● Students use the given computer simulation to model the proposed solutions by selecting logical and realistic inputs and using the model to simulate the effects of different solutions, trade-offs, or other decisions.  

	● Students analyze the simulated results as compared to the expected results.  
	● Students analyze the simulated results as compared to the expected results.  

	● Students interpret the results of the simulation and predict the effects of the proposed solutions within and between systems relevant to the problem based on the interpretation. 
	● Students interpret the results of the simulation and predict the effects of the proposed solutions within and between systems relevant to the problem based on the interpretation. 

	● Students identify the possible negative consequences of solutions that outweigh their benefits. 
	● Students identify the possible negative consequences of solutions that outweigh their benefits. 

	● Students identify the simulation’s limitations (constraints).  
	● Students identify the simulation’s limitations (constraints).  


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	 
	  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS1.A.1 
	9-12.PS1.A.1 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component Use the organization of the periodic table to predict the relative properties of elements based on the patterns of electrons in the outermost energy level of atoms. 
	Component Use the organization of the periodic table to predict the relative properties of elements based on the patterns of electrons in the outermost energy level of atoms. 
	Component Use the organization of the periodic table to predict the relative properties of elements based on the patterns of electrons in the outermost energy level of atoms. 

	Structure and Properties of Matter 
	Structure and Properties of Matter 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Developing and Using Models 
	● Use a model to predict the relationships between systems or between components of a system. 
	● Use a model to predict the relationships between systems or between components of a system. 
	● Use a model to predict the relationships between systems or between components of a system. 


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

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


	 
	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. 
	● 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. 
	● 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. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 

	 
	 
	Use the periodic table to identify the number of valence electrons for calcium and chlorine.  
	 
	Then, use this information to describe their reactivity.  
	 
	 
	• Using the periodic table, consider the elements magnesium and nitrogen.  
	• Using the periodic table, consider the elements magnesium and nitrogen.  
	• Using the periodic table, consider the elements magnesium and nitrogen.  


	 
	Part A: Determine the charge on these two elements when they freely form ions, and explain why and how these charges form.  
	 
	Part B: Determine the formula for the compound formed by the combination of these two ions, and explain why this is the chosen formula. Name this compound.  
	 
	 

	Possible Evidence  
	Possible Evidence  
	 
	● From the given model, students identify and describe the components of the model that are relevant for their predictions, including 
	● From the given model, students identify and describe the components of the model that are relevant for their predictions, including 
	● From the given model, students identify and describe the components of the model that are relevant for their predictions, including 

	o elements and their arrangement in the periodic table; 
	o elements and their arrangement in the periodic table; 

	o a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively charged electrons; 
	o a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively charged electrons; 

	o electrons in the outermost energy level of atoms (i.e., valence electrons); and 
	o electrons in the outermost energy level of atoms (i.e., valence electrons); and 

	o the number of protons in each element. 
	o the number of protons in each element. 

	● Students identify and describe the following relationships between components in the given model, including the following 
	● Students identify and describe the following relationships between components in the given model, including the following 

	o The arrangement of the main groups of the periodic table reflects the patterns of outermost electrons. 
	o The arrangement of the main groups of the periodic table reflects the patterns of outermost electrons. 

	o Elements in the periodic table are arranged by the numbers of protons in atoms. 
	o Elements in the periodic table are arranged by the numbers of protons in atoms. 

	● Students use the periodic table to predict the patterns of behavior of the elements based on the attraction and repulsion between electrically charged particles and the patterns of outermost electrons that determine the typical reactivity of an atom.  
	● Students use the periodic table to predict the patterns of behavior of the elements based on the attraction and repulsion between electrically charged particles and the patterns of outermost electrons that determine the typical reactivity of an atom.  

	● Students predict the following patterns of properties:  
	● Students predict the following patterns of properties:  

	o The number and types of bonds formed (i.e., ionic, covalent, metallic) by an element and between elements. 
	o The number and types of bonds formed (i.e., ionic, covalent, metallic) by an element and between elements. 

	o The number and charges in stable ions that form from atoms in a group of the periodic table. 
	o The number and charges in stable ions that form from atoms in a group of the periodic table. 

	o The trend in reactivity and electronegativity of atoms down a group, and across a row in the periodic table, based on attractions of outermost (valence) electrons to the nucleus. 
	o The trend in reactivity and electronegativity of atoms down a group, and across a row in the periodic table, based on attractions of outermost (valence) electrons to the nucleus. 

	o The relative sizes of atoms both across a row and down a group in the periodic table. 
	o The relative sizes of atoms both across a row and down a group in the periodic table. 


	 

	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	 
	  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS1.A.2 
	9-12.PS1.A.2 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component 
	Component 
	Component 

	Structure and Properties of Matter 
	Structure and Properties of Matter 


	MLS 
	MLS 
	MLS 

	Construct and revise an explanation for the products 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. 
	Construct and revise an explanation for the products 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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Examples of chemical reactions could include the reaction of sodium and chlorine or of oxygen and hydrogen. Students will use the periodic table to create an explanation of how main group elements react, by identifying reactants and products. Students should know that noble gases do not usually react.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions 
	●  Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, and 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. 
	●  Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, and 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. 
	●  Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, and 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. 


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


	 
	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. 
	●  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. 
	●  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. 


	 Content Limits/Assessment Boundaries 
	 
	● Tasks should focus on synthesis, decomposition, combustion, and/or replacement reactions among main group elements. 
	● Tasks should focus on synthesis, decomposition, combustion, and/or replacement reactions among main group elements. 
	● Tasks should focus on synthesis, decomposition, combustion, and/or replacement reactions among main group elements. 

	● Tasks should avoid the transition metals, actinides, and lanthanides. 
	● Tasks should avoid the transition metals, actinides, and lanthanides. 

	● Tasks should not require students to identify the type of reaction. 
	● Tasks should not require students to identify the type of reaction. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Sample Stems 
	Sample Stems 
	Sample Stems 
	 
	• A new life form was discovered on Mars, which is based on silicon instead of carbon.  
	• A new life form was discovered on Mars, which is based on silicon instead of carbon.  
	• A new life form was discovered on Mars, which is based on silicon instead of carbon.  


	 
	Explain what properties silicon has that allow life to be based upon it. (Use the periodic table as a model.) 
	 
	• Valence electrons play a key role in chemical reactions.  
	• Valence electrons play a key role in chemical reactions.  
	• Valence electrons play a key role in chemical reactions.  


	 
	Construct an argument to differentiate the role of electrons within covalent and ionic bonds as they are created.  


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students construct an explanation of the outcome of the given reaction, including the following: 
	● Students construct an explanation of the outcome of the given reaction, including the following: 
	● Students construct an explanation of the outcome of the given reaction, including the following: 

	o The idea that the total number of atoms of each element in the reactant and products is the same 
	o The idea that the total number of atoms of each element in the reactant and products is the same 
	o The idea that the total number of atoms of each element in the reactant and products is the same 
	o The idea that the total number of atoms of each element in the reactant and products is the same 

	o The numbers and types of bonds (i.e., ionic, covalent) that each atom forms, as determined by the outermost (valence) electron states and the electronegativity 
	o The numbers and types of bonds (i.e., ionic, covalent) that each atom forms, as determined by the outermost (valence) electron states and the electronegativity 

	o The outermost (valence) electron state of the atoms that make up both the reactants and the products of the reaction is based on their position in the periodic table 
	o The outermost (valence) electron state of the atoms that make up both the reactants and the products of the reaction is based on their position in the periodic table 

	o A discussion of how the patterns of attraction allow the prediction of the type of reaction that occurs (e.g., formation of ionic compounds, combustion of hydrocarbons) 
	o A discussion of how the patterns of attraction allow the prediction of the type of reaction that occurs (e.g., formation of ionic compounds, combustion of hydrocarbons) 



	● Students identify and describe the evidence to construct the explanation, including the following: 
	● Students identify and describe the evidence to construct the explanation, including the following: 

	o Identification of the products and reactants, including their chemical formulas and the arrangement of their outermost (valence) electrons 
	o Identification of the products and reactants, including their chemical formulas and the arrangement of their outermost (valence) electrons 
	o Identification of the products and reactants, including their chemical formulas and the arrangement of their outermost (valence) electrons 
	o Identification of the products and reactants, including their chemical formulas and the arrangement of their outermost (valence) electrons 

	o Identification that the number and types of atoms are the same both before and after a reaction 
	o Identification that the number and types of atoms are the same both before and after a reaction 

	o Identification of the numbers and types of bonds (i.e., ionic, covalent) in both the reactants and the products 
	o Identification of the numbers and types of bonds (i.e., ionic, covalent) in both the reactants and the products 

	o The patterns of reactivity (e.g., the high reactivity of alkali metals) at the macroscopic level as determined by using the periodic table 
	o The patterns of reactivity (e.g., the high reactivity of alkali metals) at the macroscopic level as determined by using the periodic table 

	o The outermost (valence) electron configuration and the relative electronegativity of the atoms that make up both the reactants and the products of the reaction based on their positions in the periodic table (e.g. Lewis dot diagram) 
	o The outermost (valence) electron configuration and the relative electronegativity of the atoms that make up both the reactants and the products of the reaction based on their positions in the periodic table (e.g. Lewis dot diagram) 



	● Students describe their reasoning that connects the evidence, along with the assumption that theories and laws that describe their natural world operate today as they did in the past and will continue to do so in the future, to construct an explanation for how the patterns of outermost electrons and the electronegativity of elements can be used to predict the number and types of bonds each element forms. 
	● Students describe their reasoning that connects the evidence, along with the assumption that theories and laws that describe their natural world operate today as they did in the past and will continue to do so in the future, to construct an explanation for how the patterns of outermost electrons and the electronegativity of elements can be used to predict the number and types of bonds each element forms. 

	● In the explanation, students describe the causal relationship between the observable macroscopic 
	● In the explanation, students describe the causal relationship between the observable macroscopic 




	patterns of reactivity of elements in the periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 
	patterns of reactivity of elements in the periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 
	patterns of reactivity of elements in the periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 
	patterns of reactivity of elements in the periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 
	patterns of reactivity of elements in the periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 

	● Given new evidence or context, students construct a revised or expanded explanation about the outcome of a chemical reaction and justify the revision. 
	● Given new evidence or context, students construct a revised or expanded explanation about the outcome of a chemical reaction and justify the revision. 

	● Other possible evidence may include, but is not limited to the following: 
	● Other possible evidence may include, but is not limited to the following: 

	o The total number of atoms in reactant and products are the same 
	o The total number of atoms in reactant and products are the same 

	o Type of bonds 
	o Type of bonds 

	o Valence electrons 
	o Valence electrons 

	o Patterns of reactivity 
	o Patterns of reactivity 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS1.A.3 
	9-12.PS1.A.3 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component 
	Component 
	Component 

	Structure and Properties of Matter 
	Structure and Properties of Matter 


	MLS 
	MLS 
	MLS 

	Plan and conduct an investigation to gather evidence to compare physical and chemical properties of substances such as melting point, boiling point, vapor pressure, surface tension, and chemical reactivity to infer the relative strength of attractive forces between particles. 
	Plan and conduct an investigation to gather evidence to compare physical and chemical properties of substances such as melting point, boiling point, vapor pressure, surface tension, and chemical reactivity to infer the relative strength of attractive forces between particles. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Emphasis is on understanding the relative strength of forces between particles. Examples of particles could include ions, atoms, molecules, and simple compounds (such as water).] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Planning and Carrying Out Investigations 
	● 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, quantity, and accuracy of data needed to produce reliable measurements; consider limitations on the precision of the data (e.g., number of trials, cost, risk, time); and refine the design accordingly. 
	● 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, quantity, and accuracy of data needed to produce reliable measurements; consider limitations on the precision of the data (e.g., number of trials, cost, risk, time); and refine the design accordingly. 
	● 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, quantity, and accuracy of data needed to produce reliable measurements; consider limitations on the precision of the data (e.g., number of trials, cost, risk, time); and refine the design accordingly. 


	 
	DISCIPLINARY CORE IDEAS 
	Structure and Properties of Matter 
	● The structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. 
	● The structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. 
	● The structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. 


	 
	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. 
	● 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. 
	● 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. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should avoid mathematical computations. 
	● Tasks should avoid mathematical computations. 
	● Tasks should avoid mathematical computations. 



	Sample Stems 
	Sample Stems 
	 
	• A lab experiment is created to see how the amount of solute affects the temperature needed to dissolve the solute completely.  
	• A lab experiment is created to see how the amount of solute affects the temperature needed to dissolve the solute completely.  
	• A lab experiment is created to see how the amount of solute affects the temperature needed to dissolve the solute completely.  


	 
	The following amounts of Salt are placed in separate test tubes with 15 mL of water:  2 g, 4 g, 6 g, and 8 g. The test tubes are then 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students describe the phenomenon under investigation, which includes the following: the relationship between the measurable properties (e.g., melting point, boiling point, vapor pressure, surface tension) of a substance and the strength of the electrical forces between the particles of the substance. 
	● Students describe the phenomenon under investigation, which includes the following: the relationship between the measurable properties (e.g., melting point, boiling point, vapor pressure, surface tension) of a substance and the strength of the electrical forces between the particles of the substance. 
	● Students describe the phenomenon under investigation, which includes the following: the relationship between the measurable properties (e.g., melting point, boiling point, vapor pressure, surface tension) of a substance and the strength of the electrical forces between the particles of the substance. 




	heated until the salt completely dissolves. The test tube with 8 g of salt never completely dissolved at any temperature.  
	heated until the salt completely dissolves. The test tube with 8 g of salt never completely dissolved at any temperature.  
	heated until the salt completely dissolves. The test tube with 8 g of salt never completely dissolved at any temperature.  
	 
	Suggest two changes to the procedure that might solve this problem.  
	 
	 
	• Sodium chloride is a strong electrolyte that forms a homogeneous solution in pure water.  
	• Sodium chloride is a strong electrolyte that forms a homogeneous solution in pure water.  
	• Sodium chloride is a strong electrolyte that forms a homogeneous solution in pure water.  


	 
	Describe this solution and then elaborate how to experimentally determine that sodium chloride does break apart into ions. 
	 
	 

	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including bulk properties of a substance (e.g., melting point and boiling point, volatility, surface tension) that would allow inferences to be made about the strength of electrical forces between particles. 
	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including bulk properties of a substance (e.g., melting point and boiling point, volatility, surface tension) that would allow inferences to be made about the strength of electrical forces between particles. 
	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including bulk properties of a substance (e.g., melting point and boiling point, volatility, surface tension) that would allow inferences to be made about the strength of electrical forces between particles. 
	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including bulk properties of a substance (e.g., melting point and boiling point, volatility, surface tension) that would allow inferences to be made about the strength of electrical forces between particles. 

	● Students describe why the data on bulk properties would provide information about strength of the electrical forces between the particles of the chosen substances, including the following descriptions: 
	● Students describe why the data on bulk properties would provide information about strength of the electrical forces between the particles of the chosen substances, including the following descriptions: 
	o The spacing of the particles of the chosen substances can change as a result of the experimental procedure even if the identity of the particles does not change (e.g., when water is boiled the molecules are still present but farther apart). 
	o The spacing of the particles of the chosen substances can change as a result of the experimental procedure even if the identity of the particles does not change (e.g., when water is boiled the molecules are still present but farther apart). 
	o The spacing of the particles of the chosen substances can change as a result of the experimental procedure even if the identity of the particles does not change (e.g., when water is boiled the molecules are still present but farther apart). 
	o The spacing of the particles of the chosen substances can change as a result of the experimental procedure even if the identity of the particles does not change (e.g., when water is boiled the molecules are still present but farther apart). 

	o Thermal (kinetic) energy has an effect on the ability of the electrical attraction between particles to keep the particles close together. Thus, as more energy is added to the system, the forces of attraction between the particles can no longer keep the particles close together. 
	o Thermal (kinetic) energy has an effect on the ability of the electrical attraction between particles to keep the particles close together. Thus, as more energy is added to the system, the forces of attraction between the particles can no longer keep the particles close together. 

	o The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior at the macroscopic scale. Together, patterns observed at multiple scales can provide evidence of the causal relationships between the strength of the electrical forces between particles and the structure of substances at the bulk scale. 
	o The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior at the macroscopic scale. Together, patterns observed at multiple scales can provide evidence of the causal relationships between the strength of the electrical forces between particles and the structure of substances at the bulk scale. 





	● In the investigation plan, students include the following: 
	● In the investigation plan, students include the following: 

	o A rationale for the choice of substances to compare and a description of the composition of those substances at the atomic molecular scale 
	o A rationale for the choice of substances to compare and a description of the composition of those substances at the atomic molecular scale 

	o A description of how the data will be collected, the number of trials, and the experimental setup and equipment required 
	o A description of how the data will be collected, the number of trials, and the experimental setup and equipment required 

	● Students describe how the data will be collected, the number of trials, the experimental setup, and the equipment required. 
	● Students describe how the data will be collected, the number of trials, the experimental setup, and the equipment required. 

	● Students collect and record data—quantitative and/or qualitative—on the bulk properties of substances. 
	● Students collect and record data—quantitative and/or qualitative—on the bulk properties of substances. 

	● Students evaluate their investigation, including the following:  
	● Students evaluate their investigation, including the following:  

	o Assessing the accuracy and precision of the data collected, as well as the limitations of the investigation  
	o Assessing the accuracy and precision of the data collected, as well as the limitations of the investigation  

	o The ability of the data to provide the evidence required   
	o The ability of the data to provide the evidence required   

	● If necessary, students refine the plan to produce more accurate, precise, and useful data. 
	● If necessary, students refine the plan to produce more accurate, precise, and useful data. 

	● Additional possible evidence may include, but is not limited to, melting point, boiling points, vapor pressure, surface tension, chemical reactivity, strength of attractive forces, malleability, ductility, density, conductivity, and flammability. 
	● Additional possible evidence may include, but is not limited to, melting point, boiling points, vapor pressure, surface tension, chemical reactivity, strength of attractive forces, malleability, ductility, density, conductivity, and flammability. 




	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 



	 
	 
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS1.A.4 
	9-12.PS1.A.4 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component 
	Component 
	Component 

	Structure and Properties of Matter 
	Structure and Properties of Matter 


	MLS 
	MLS 
	MLS 

	Apply the concepts of bonding and crystalline/molecular structure to explain the macroscopic properties of various categories of structural materials (i.e., metals, ionic [ceramics], and polymers). 
	Apply the concepts of bonding and crystalline/molecular structure to explain the macroscopic properties of various categories of structural materials (i.e., metals, ionic [ceramics], and polymers). 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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. Students will be able to explain the properties of a substance based on its crystalline/molecular structure.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions 
	● Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, taking into account possible unanticipated effects. 
	● Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, taking into account possible unanticipated effects. 
	● Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, taking into account possible unanticipated effects. 


	 
	DISCIPLINARY CORE IDEAS 
	Structure and Properties of Matter 
	● In general, a substance will have certain macroscopic properties (i.e., conductivity, flexibility, shape) due to the types of bonds and arrangements between the atoms that make up the substance.  Atoms that form ionic bonds typically have distinct characteristics (i.e., hard, soluble in water, high melting point, brittle, conductivity in solution) because of the lattice framework. Covalently bonded molecules have certain properties (i.e., low melting point, lower solubility, flexibility, ductility, mallea
	● In general, a substance will have certain macroscopic properties (i.e., conductivity, flexibility, shape) due to the types of bonds and arrangements between the atoms that make up the substance.  Atoms that form ionic bonds typically have distinct characteristics (i.e., hard, soluble in water, high melting point, brittle, conductivity in solution) because of the lattice framework. Covalently bonded molecules have certain properties (i.e., low melting point, lower solubility, flexibility, ductility, mallea
	● In general, a substance will have certain macroscopic properties (i.e., conductivity, flexibility, shape) due to the types of bonds and arrangements between the atoms that make up the substance.  Atoms that form ionic bonds typically have distinct characteristics (i.e., hard, soluble in water, high melting point, brittle, conductivity in solution) because of the lattice framework. Covalently bonded molecules have certain properties (i.e., low melting point, lower solubility, flexibility, ductility, mallea


	 
	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. 
	● 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. 
	● 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. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should avoid metallic bonds and complex polymers. 
	● Tasks should avoid metallic bonds and complex polymers. 
	● Tasks should avoid metallic bonds and complex polymers. 



	Sample Stems 
	Sample Stems 
	 
	• Metals can form two distinct types of bonds 
	• Metals can form two distinct types of bonds 
	• Metals can form two distinct types of bonds 




	 
	 
	 
	 

	with very different chemical and physical properties. For instance, sodium can form metallic bonds with other sodium atoms and ionic bonds with nonmetals.  
	with very different chemical and physical properties. For instance, sodium can form metallic bonds with other sodium atoms and ionic bonds with nonmetals.  
	with very different chemical and physical properties. For instance, sodium can form metallic bonds with other sodium atoms and ionic bonds with nonmetals.  
	with very different chemical and physical properties. For instance, sodium can form metallic bonds with other sodium atoms and ionic bonds with nonmetals.  


	 
	Both of these form _____ structures. _____ bonds consist of an attraction between the metallic cations and delocalized electrons. The _____ surrounded _____ leads to strong bonds, ductility,and malleability.  
	_____ bonds consist of an electrostatic attraction between cations and anions. This _____ leads to strong bonds that also ____ in water. 
	 
	 
	• Propylene glycol, C3H8O2, is added to radiator fluid to prevent freezing in cold climates.  
	• Propylene glycol, C3H8O2, is added to radiator fluid to prevent freezing in cold climates.  
	• Propylene glycol, C3H8O2, is added to radiator fluid to prevent freezing in cold climates.  


	 
	Predict the conductivity of this aqueous solution. 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students construct an explanation of the impact of structural changes within a certain substance and the effects on the macroscopic properties (e.g., combining sodium metal and chlorine gas results in a substance with different macroscopic properties compared to the reactants). 
	● Students construct an explanation of the impact of structural changes within a certain substance and the effects on the macroscopic properties (e.g., combining sodium metal and chlorine gas results in a substance with different macroscopic properties compared to the reactants). 
	● Students construct an explanation of the impact of structural changes within a certain substance and the effects on the macroscopic properties (e.g., combining sodium metal and chlorine gas results in a substance with different macroscopic properties compared to the reactants). 

	● Students identify and describe evidence to construct the explanation, including evidence (e.g., from a data table, two opposing models) of a pattern that demonstrates the macroscopic properties for ionic and covalently bonded substances. 
	● Students identify and describe evidence to construct the explanation, including evidence (e.g., from a data table, two opposing models) of a pattern that demonstrates the macroscopic properties for ionic and covalently bonded substances. 

	● Student will explain type of bond in a certain substance based on physical, chemical, and macroscopic properties. 
	● Student will explain type of bond in a certain substance based on physical, chemical, and macroscopic properties. 

	○ Ionic bonds result in crystal lattice structures. 
	○ Ionic bonds result in crystal lattice structures. 
	○ Ionic bonds result in crystal lattice structures. 

	○ Covalent bonds result in molecules with varying macroscopic properties. 
	○ Covalent bonds result in molecules with varying macroscopic properties. 



	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	 
	  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS1.A.5 
	9-12.PS1.A.5 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component 
	Component 
	Component 

	Structure and Properties of Matter 
	Structure and Properties of Matter 


	MLS 
	MLS 
	MLS 

	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. 
	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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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. Students will organize reactants and products by bond energy.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Developing and Using Models 
	● Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 


	 
	DISCIPLINARY CORE IDEAS 
	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. 
	● 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. 
	● 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. 


	 
	Chemical Reactions 
	● Chemical processes, their rates, and whether 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. 
	● Chemical processes, their rates, and whether 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. 
	● Chemical processes, their rates, and whether 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. 


	 
	CROSSCUTTING CONCEPTS 
	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. 
	● 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. 
	● 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. 



	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should define the reactants and products. 
	● Tasks should define the reactants and products. 
	● Tasks should define the reactants and products. 

	● Tasks should provide students with the bond energies of products and reactants. 
	● Tasks should provide students with the bond energies of products and reactants. 




	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students use evidence to develop a model in which they identify and describe the relevant components, including the following: 
	● Students use evidence to develop a model in which they identify and describe the relevant components, including the following: 
	● Students use evidence to develop a model in which they identify and describe the relevant components, including the following: 

	○ The chemical reaction, the system, and the surroundings under study  
	○ The chemical reaction, the system, and the surroundings under study  
	o The bonds that are broken during the course of the reaction  
	o The bonds that are broken during the course of the reaction  
	o The bonds that are broken during the course of the reaction  

	o The bonds that are formed during the course of the reaction  
	o The bonds that are formed during the course of the reaction  

	o The energy transfer between the systems and their components or the system and surroundings 
	o The energy transfer between the systems and their components or the system and surroundings 

	o The transformation of potential energy from the chemical system interactions to kinetic energy in the surroundings (or vice versa) by molecular collisions  
	o The transformation of potential energy from the chemical system interactions to kinetic energy in the surroundings (or vice versa) by molecular collisions  

	o The relative potential energies of the reactants and the products.  
	o The relative potential energies of the reactants and the products.  




	● In the model, students include and describe the relationships between components, including the following: 
	● In the model, students include and describe the relationships between components, including the following: 
	o The net change of energy within the system, resulting from bonds that are broken and formed during the reaction  
	o The net change of energy within the system, resulting from bonds that are broken and formed during the reaction  
	o The net change of energy within the system, resulting from bonds that are broken and formed during the reaction  

	o The energy transfer between system and surroundings by molecular collisions 
	o The energy transfer between system and surroundings by molecular collisions 

	o The total energy change of the chemical reaction system matched by an equal but opposite change of energy in the surroundings 
	o The total energy change of the chemical reaction system matched by an equal but opposite change of energy in the surroundings 

	o The release or absorption of energy, depending on whether the relative potential energies of the reactants and products decrease or increase 
	o The release or absorption of energy, depending on whether the relative potential energies of the reactants and products decrease or increase 




	● Students use the developed model to illustrate the following: 
	● Students use the developed model to illustrate the following: 
	o The energy change within the system is accounted for by the change in the bond energies of the reactants and products 
	o The energy change within the system is accounted for by the change in the bond energies of the reactants and products 
	o The energy change within the system is accounted for by the change in the bond energies of the reactants and products 

	o Breaking bonds requires an input of energy from the system or surroundings, and forming bonds releases energy to the system and the surroundings 
	o Breaking bonds requires an input of energy from the system or surroundings, and forming bonds releases energy to the system and the surroundings 

	o The energy transfer between systems and surroundings is the difference in energy between the bond energies of the reactants and the products 
	o The energy transfer between systems and surroundings is the difference in energy between the bond energies of the reactants and the products 

	o The overall energy of the system and surroundings is unchanged (conserved) during the reaction. 
	o The overall energy of the system and surroundings is unchanged (conserved) during the reaction. 

	o Energy transfer occurs during molecular collisions. 
	o Energy transfer occurs during molecular collisions. 

	o The relative total potential energies of the reactants and products can be accounted for by the changes in bond energy. 
	o The relative total potential energies of the reactants and products can be accounted for by the changes in bond energy. 






	Sample Stems 
	Sample Stems 
	 
	 
	 
	• To form the new bonds in the products, energy must be absorbed by the bonded atoms in the reactants to break the bonds. Then energy is released as the new bonds are formed in the products. The sum of these changes from reactants to products gives the total bond energy.  
	• To form the new bonds in the products, energy must be absorbed by the bonded atoms in the reactants to break the bonds. Then energy is released as the new bonds are formed in the products. The sum of these changes from reactants to products gives the total bond energy.  
	• To form the new bonds in the products, energy must be absorbed by the bonded atoms in the reactants to break the bonds. Then energy is released as the new bonds are formed in the products. The sum of these changes from reactants to products gives the total bond energy.  


	 
	Looking at the formation of one hydrogen bond as an example, which position on this potential energy curve shows the loose association of H atoms, H---H? 
	 
	 
	 



	Figure
	 
	 
	 
	 
	• This reaction progress diagram shows the changes during a two-step chemical reaction and the effects on energy.  
	• This reaction progress diagram shows the changes during a two-step chemical reaction and the effects on energy.  
	• This reaction progress diagram shows the changes during a two-step chemical reaction and the effects on energy.  


	 
	For the overall reaction, how does the energy change from reactants to products? 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 

	 
	 



	Figure
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS1.B.1 
	9-12.PS1.B.1 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component 
	Component 
	Component 

	Chemical Reactions 
	Chemical Reactions 


	MLS 
	MLS 
	MLS 

	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. 
	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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Emphasis is on student reasoning that focuses on the number and energy of collisions between molecules. Increasing the temperature increases the kinetic energy of particles. Increasing the number of reactants increases the number of collisions, which increases the reaction rate. Students will analyze data of reaction rates and explain how temperature or concentration affects the rate of reaction.]  
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions 
	● Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, taking into account possible unanticipated effects. 
	● Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, taking into account possible unanticipated effects. 
	● Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, taking into account possible unanticipated effects. 


	 
	DISCIPLINARY CORE IDEAS 
	Chemical Reactions 
	● Chemical processes, their rates, and whether 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. 
	● Chemical processes, their rates, and whether 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. 
	● Chemical processes, their rates, and whether 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. 


	 
	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. 
	● 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. 
	● 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. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should focus on simple reactions with only two reactants. 
	● Tasks should focus on simple reactions with only two reactants. 
	● Tasks should focus on simple reactions with only two reactants. 

	● Tasks should provide students with all needed data. 
	● Tasks should provide students with all needed data. 



	Sample Stems 
	Sample Stems 
	 
	• If you were asked to dissolve a solid into an aqueous solution, how could you speed this process up?  
	• If you were asked to dissolve a solid into an aqueous solution, how could you speed this process up?  
	• If you were asked to dissolve a solid into an aqueous solution, how could you speed this process up?  




	● Tasks should not require students to complete any calculations. 
	● Tasks should not require students to complete any calculations. 
	● Tasks should not require students to complete any calculations. 
	● Tasks should not require students to complete any calculations. 
	● Tasks should not require students to complete any calculations. 


	 

	How could you slow it down?  
	How could you slow it down?  
	 
	• Listed below are a number of possible ways to alter the rate of this process. Place them in the proper category.  
	• Listed below are a number of possible ways to alter the rate of this process. Place them in the proper category.  
	• Listed below are a number of possible ways to alter the rate of this process. Place them in the proper category.  


	 
	1. Add the solute quickly.  
	1. Add the solute quickly.  
	1. Add the solute quickly.  

	2. Cool the solvent.  
	2. Cool the solvent.  

	3. Crush the solute into a powder.  
	3. Crush the solute into a powder.  

	4. Leave the solution untouched. 
	4. Leave the solution untouched. 

	5. Warm the solvent.  
	5. Warm the solvent.  


	 
	Drag and drop into the proper category.  
	 
	 
	• According to the collision theory, in order for two molecules to bond they must collide together. The collision must also have enough and hit with the proper orientation.  
	• According to the collision theory, in order for two molecules to bond they must collide together. The collision must also have enough and hit with the proper orientation.  
	• According to the collision theory, in order for two molecules to bond they must collide together. The collision must also have enough and hit with the proper orientation.  


	 
	Which of these will increase the rate of a chemical reaction?  


	Possible Evidence 
	Possible Evidence 
	Possible Evidence 
	 
	● Students construct an explanation that includes the idea that as the kinetic energy of colliding particles increases and the number of collisions increases, the reaction rate increases. 
	● Students construct an explanation that includes the idea that as the kinetic energy of colliding particles increases and the number of collisions increases, the reaction rate increases. 
	● Students construct an explanation that includes the idea that as the kinetic energy of colliding particles increases and the number of collisions increases, the reaction rate increases. 

	● Students identify and describe evidence to construct the explanation, including the following: 
	● Students identify and describe evidence to construct the explanation, including the following: 

	o Evidence (e.g., from a data table) of a pattern that increases in concentration (e.g., a change in one concentration while the other concentration is held constant) increase the reaction rate, and vice versa 
	o Evidence (e.g., from a data table) of a pattern that increases in concentration (e.g., a change in one concentration while the other concentration is held constant) increase the reaction rate, and vice versa 
	o Evidence (e.g., from a data table) of a pattern that increases in concentration (e.g., a change in one concentration while the other concentration is held constant) increase the reaction rate, and vice versa 
	o Evidence (e.g., from a data table) of a pattern that increases in concentration (e.g., a change in one concentration while the other concentration is held constant) increase the reaction rate, and vice versa 

	o Evidence of a pattern that increases in temperature usually increase the reaction rate, and vice versa 
	o Evidence of a pattern that increases in temperature usually increase the reaction rate, and vice versa 



	● Students use and describe the following chain of reasoning that integrates evidence, facts, and scientific principles to construct the explanation: 
	● Students use and describe the following chain of reasoning that integrates evidence, facts, and scientific principles to construct the explanation: 

	o Molecules that collide can break bonds and form new bonds, producing new molecules. 
	o Molecules that collide can break bonds and form new bonds, producing new molecules. 
	o Molecules that collide can break bonds and form new bonds, producing new molecules. 
	o Molecules that collide can break bonds and form new bonds, producing new molecules. 

	o The probability of bonds breaking in the collision depends on the kinetic energy of the collision being sufficient to break the bond, since bond breaking requires energy. 
	o The probability of bonds breaking in the collision depends on the kinetic energy of the collision being sufficient to break the bond, since bond breaking requires energy. 

	o Since temperature is a measure of average kinetic energy, a higher temperature means that molecular collisions will, on average, be more likely to break bonds and form new bonds. 
	o Since temperature is a measure of average kinetic energy, a higher temperature means that molecular collisions will, on average, be more likely to break bonds and form new bonds. 

	o At a fixed concentration, molecules that are moving faster also collide more frequently, so molecules with higher kinetic energy are likely to collide more often. 
	o At a fixed concentration, molecules that are moving faster also collide more frequently, so molecules with higher kinetic energy are likely to collide more often. 

	o A high concentration means that there are more molecules in a given volume and thus more particle collisions per unit of time at the same temperature. 
	o A high concentration means that there are more molecules in a given volume and thus more particle collisions per unit of time at the same temperature. 




	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	 
	  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS1.B.2 
	9-12.PS1.B.2 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component 
	Component 
	Component 

	Chemical Reactions 
	Chemical Reactions 


	MLS 
	MLS 
	MLS 

	Refine the design of a chemical system by specifying a change in conditions that would alter the amount of products at equilibrium. 
	Refine the design of a chemical system by specifying a change in conditions that would alter the amount of products at equilibrium. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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. Students will change a variable and explain how that changes equilibrium.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions 
	•    Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and trade-off considerations. 
	 
	DISCIPLINARY CORE IDEAS 
	Chemical Reactions 
	● In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction determines the numbers of all types of molecules present. 
	● 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. 
	● 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. 


	 
	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. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	Stability and Change 
	● Much of science deals with constructing explanations of how things change and how they remain stable. 
	● Much of science deals with constructing explanations of how things change and how they remain stable. 
	● Much of science deals with constructing explanations of how things change and how they remain stable. 


	 
	Refer to Engineering, Technology, and Application of Science 9-12.ETS1.B1. 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should be limited to specifying the change in only one variable at a time. The changes are limited to pressure, concentration, volume, and temperature. 
	● Tasks should be limited to specifying the change in only one variable at a time. The changes are limited to pressure, concentration, volume, and temperature. 
	● Tasks should be limited to specifying the change in only one variable at a time. The changes are limited to pressure, concentration, volume, and temperature. 

	● Tasks should not require students to calculate equilibrium constants or concentrations. 
	● Tasks should not require students to calculate equilibrium constants or concentrations. 


	 

	Sample Stems 
	Sample Stems 
	 
	• The reaction of hydrogen and nitrogen gas produces ammonia gas. 
	• The reaction of hydrogen and nitrogen gas produces ammonia gas. 
	• The reaction of hydrogen and nitrogen gas produces ammonia gas. 


	3H2(g) + N2(g)  2NH3(g) 
	 
	         Construct an explanation to describe which  
	         change will cause a the system to shift  
	         to the right and produce more ammonia gas,   
	         NH3(g)? 
	 
	 
	 
	• Given the decomposition reaction: 
	• Given the decomposition reaction: 
	• Given the decomposition reaction: 


	2SO3(g) → 2SO2 (g) + O2 (g) 
	 
	         According to Le Châtelier’s principle,  
	         describe what will happen when the volume  
	         of the container is increased for the chemical  
	         reaction that had reached equilibrium? 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students identify and describe potential changes in a component of the given chemical reaction system that will increase the amounts of particular species at equilibrium. Students use evidence to describe the relative quantities of a product before and after changes to a given chemical reaction system (e.g., concentration increases, decreases, or stays the same), and will explicitly use Le Chatelier’s principle, including the following: 
	● Students identify and describe potential changes in a component of the given chemical reaction system that will increase the amounts of particular species at equilibrium. Students use evidence to describe the relative quantities of a product before and after changes to a given chemical reaction system (e.g., concentration increases, decreases, or stays the same), and will explicitly use Le Chatelier’s principle, including the following: 
	● Students identify and describe potential changes in a component of the given chemical reaction system that will increase the amounts of particular species at equilibrium. Students use evidence to describe the relative quantities of a product before and after changes to a given chemical reaction system (e.g., concentration increases, decreases, or stays the same), and will explicitly use Le Chatelier’s principle, including the following: 

	o How, at a molecular level, a stress involving a change to one component of an equilibrium system affects other components 
	o How, at a molecular level, a stress involving a change to one component of an equilibrium system affects other components 
	o How, at a molecular level, a stress involving a change to one component of an equilibrium system affects other components 
	o How, at a molecular level, a stress involving a change to one component of an equilibrium system affects other components 

	o That changing the concentration of one of the components of the equilibrium system will change the rate of the reaction (forward or backward) in which it is a reactant, until the forward and backward rates are again equal 
	o That changing the concentration of one of the components of the equilibrium system will change the rate of the reaction (forward or backward) in which it is a reactant, until the forward and backward rates are again equal 

	o A description of a system at equilibrium that includes the idea that both the forward and backward reactions are occurring at the same rate, resulting in a system that appears stable at the macroscopic level 
	o A description of a system at equilibrium that includes the idea that both the forward and backward reactions are occurring at the same rate, resulting in a system that appears stable at the macroscopic level 



	● Students describe the prioritized criteria and constraints, and quantify each when appropriate. Examples of constraints to be considered are cost, energy required to produce a product, hazardous nature and chemical properties of reactants and products, and availability of resources. 
	● Students describe the prioritized criteria and constraints, and quantify each when appropriate. Examples of constraints to be considered are cost, energy required to produce a product, hazardous nature and chemical properties of reactants and products, and availability of resources. 

	● Students systematically evaluate the proposed refinements of the design of the given chemical system. The potential refinements are evaluated by comparing the redesign of the list of criteria (i.e., increased product) and constraints (e.g., energy required, availability of resources). 
	● Students systematically evaluate the proposed refinements of the design of the given chemical system. The potential refinements are evaluated by comparing the redesign of the list of criteria (i.e., increased product) and constraints (e.g., energy required, availability of resources). 

	● Students refine the given designed system by making trade-offs that would optimize the designed system to increase the amount of product and describe the reasoning behind design decisions. 
	● Students refine the given designed system by making trade-offs that would optimize the designed system to increase the amount of product and describe the reasoning behind design decisions. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Core Idea 

	Matter and Its Interactions 
	Matter and Its Interactions 


	Component 
	Component 
	Component 

	Chemical Reactions 
	Chemical Reactions 


	MLS 
	MLS 
	MLS 

	Use symbolic representations and mathematical calculations to support the claim that atoms, and therefore mass, are conserved during a chemical reaction. 
	Use symbolic representations and mathematical calculations to support the claim that atoms, and therefore mass, are conserved during a chemical reaction. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Emphasis is on conservation of matter and mass through balanced chemical equations, use of the mole concept and proportional relationships. Students will be able to demonstrate that the number of products equals the number of reactants.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Using Mathematics and Computational Thinking 
	● Use mathematical representations of phenomena to support claims. 
	● Use mathematical representations of phenomena to support claims. 
	● Use mathematical representations of phenomena to support claims. 


	 
	DISCIPLINARY CORE IDEAS 
	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. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	Energy and Matter 
	● The total amount of energy and matter in closed systems is conserved. 
	● The total amount of energy and matter in closed systems is conserved. 
	● The total amount of energy and matter in closed systems is conserved. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 Sample Stems 
	 
	• Sodium Oxide (Na2O) can react with hydrochloric acid (HCl) to produce sodium chloride (NaCl) and water (H2O) according to 
	• Sodium Oxide (Na2O) can react with hydrochloric acid (HCl) to produce sodium chloride (NaCl) and water (H2O) according to 
	• Sodium Oxide (Na2O) can react with hydrochloric acid (HCl) to produce sodium chloride (NaCl) and water (H2O) according to 




	the following equation: 
	the following equation: 
	the following equation: 
	the following equation: 
	the following equation: 


	 
	Na2O + 2HCl -> 2NaCl + H2O 
	 
	Part A: Identify the total atoms are present before and after the reaction?  
	 
	Part B: Describe the relationship between the number of atoms before and after the reaction. 
	 
	 
	• A lab group reacts sodium oxide (Na2O) with hydrochloric acid (HCl) to produce sodium chloride (NaCl) and water (H2O). When writing their lab report, they came up with the following equation to represent the reaction: 
	• A lab group reacts sodium oxide (Na2O) with hydrochloric acid (HCl) to produce sodium chloride (NaCl) and water (H2O). When writing their lab report, they came up with the following equation to represent the reaction: 
	• A lab group reacts sodium oxide (Na2O) with hydrochloric acid (HCl) to produce sodium chloride (NaCl) and water (H2O). When writing their lab report, they came up with the following equation to represent the reaction: 


	 
	Na2O + HCl -> NaCl + H2O 
	 
	Part A: Does this equation satisfy the Law of Conservation of Matter?  
	 
	Part B: Use the model to explain why or why not? Physical Sciences  

	Possible Evidence  
	Possible Evidence  
	 
	● Students identify and describe the relevant components in the mathematical representations: 
	● Students identify and describe the relevant components in the mathematical representations: 
	● Students identify and describe the relevant components in the mathematical representations: 

	o Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass 
	o Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass 
	o Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass 
	o Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass 

	o Molar mass of all components of the reaction 
	o Molar mass of all components of the reaction 

	o Use of balanced chemical equation 
	o Use of balanced chemical equation 

	o Identification of the claim that atoms, and therefore mass, are conserved during a chemical reaction. 
	o Identification of the claim that atoms, and therefore mass, are conserved during a chemical reaction. 

	o Mathematical representations may include numerical calculations, graphs, or other pictorial depictions of quantitative information 
	o Mathematical representations may include numerical calculations, graphs, or other pictorial depictions of quantitative information 



	● Students identify the claim to be supported. 
	● Students identify the claim to be supported. 

	● Students use the mole to convert between the atomic and macroscopic scale in the analysis. 
	● Students use the mole to convert between the atomic and macroscopic scale in the analysis. 

	● Given a chemical reaction, students use the mathematical representations to  
	● Given a chemical reaction, students use the mathematical representations to  

	o predict the relative number of atoms in the reactants versus the products at the atomic molecular scale. 
	o predict the relative number of atoms in the reactants versus the products at the atomic molecular scale. 
	o predict the relative number of atoms in the reactants versus the products at the atomic molecular scale. 
	o predict the relative number of atoms in the reactants versus the products at the atomic molecular scale. 

	o calculate the mass of any component of a reaction, given any other component. 
	o calculate the mass of any component of a reaction, given any other component. 



	● Students describe how the mathematical representations (e.g., stoichiometric calculations to show that the number of atoms or number of moles is unchanged after a chemical reaction where a specific mass of reactant is converted to product) support the claim that atoms, and therefore mass, are conserved during a chemical reaction. 
	● Students describe how the mathematical representations (e.g., stoichiometric calculations to show that the number of atoms or number of moles is unchanged after a chemical reaction where a specific mass of reactant is converted to product) support the claim that atoms, and therefore mass, are conserved during a chemical reaction. 

	● Students describe how the mass of a substance can be used to determine the number of atoms, molecules, or ions using moles and mole relationships (e.g., macroscopic to atomic molecular scale conversion using the number of moles and Avogadro’s number). 
	● Students describe how the mass of a substance can be used to determine the number of atoms, molecules, or ions using moles and mole relationships (e.g., macroscopic to atomic molecular scale conversion using the number of moles and Avogadro’s number). 
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	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	  
	9-12.PS1.C.1 
	9-12.PS1.C.1 
	9-12.PS1.C.1 
	9-12.PS1.C.1 


	Core Idea 
	Core Idea 
	Core Idea 

	Matter and Its Interactions 
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	Component 

	Nuclear Process 
	Nuclear Process 


	MLS 
	MLS 
	MLS 

	Use symbolic representations 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. 
	Use symbolic representations 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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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. Students can explain how the composition of the nucleus changes.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Developing and Using Models 
	● Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 


	 
	DISCIPLINARY CORE IDEAS 
	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. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	Energy and Matter 
	● In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is conserved. 
	● In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is conserved. 
	● In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is conserved. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should avoid quantitative calculations of energy released. 
	● Tasks should avoid quantitative calculations of energy released. 
	● Tasks should avoid quantitative calculations of energy released. 


	 
	 

	Sample Stems 
	Sample Stems 
	 
	 
	 


	 
	 
	 
	• Iodine-131 undergoes radioactive decay in the reaction above.  
	• Iodine-131 undergoes radioactive decay in the reaction above.  
	• Iodine-131 undergoes radioactive decay in the reaction above.  

	a) Determine the two types of radiation emitted in this reaction.  
	a) Determine the two types of radiation emitted in this reaction.  

	b) Describe what is happening to the nucleus during this reaction.  
	b) Describe what is happening to the nucleus during this reaction.  


	 
	 
	 
	 
	 
	• What type of reaction fuels the processes seen here? Use evidence from the model to describe your response. 
	• What type of reaction fuels the processes seen here? Use evidence from the model to describe your response. 
	• What type of reaction fuels the processes seen here? Use evidence from the model to describe your response. 



	Possible Evidence  
	Possible Evidence  
	 
	● Students develop models in which they identify and describe the relevant components of the models, including 
	● Students develop models in which they identify and describe the relevant components of the models, including 
	● Students develop models in which they identify and describe the relevant components of the models, including 

	o identification of an element by the number of protons. 
	o identification of an element by the number of protons. 
	o identification of an element by the number of protons. 
	o identification of an element by the number of protons. 

	o the number of protons and neutrons in the nucleus before and after the decay. 
	o the number of protons and neutrons in the nucleus before and after the decay. 

	o the identity of the emitted particles (i.e., alpha, beta—both electrons and positrons, and  gamma). 
	o the identity of the emitted particles (i.e., alpha, beta—both electrons and positrons, and  gamma). 

	o the scale of energy changes associated with nuclear processes, relative to the scale of energy changes associated with chemical processes. 
	o the scale of energy changes associated with nuclear processes, relative to the scale of energy changes associated with chemical processes. 



	● Students develop five distinct models to illustrate the relationships between components underlying the nuclear processes of 1) fission, 2) fusion, and 3) three distinct types of radioactive decay. 
	● Students develop five distinct models to illustrate the relationships between components underlying the nuclear processes of 1) fission, 2) fusion, and 3) three distinct types of radioactive decay. 

	● Students include the following features, based on evidence, in all five models: 
	● Students include the following features, based on evidence, in all five models: 

	o The total number of neutrons plus protons is the same both before and after the nuclear process, although the total number of protons and the total number of neutrons may be different before and after. 
	o The total number of neutrons plus protons is the same both before and after the nuclear process, although the total number of protons and the total number of neutrons may be different before and after. 
	o The total number of neutrons plus protons is the same both before and after the nuclear process, although the total number of protons and the total number of neutrons may be different before and after. 
	o The total number of neutrons plus protons is the same both before and after the nuclear process, although the total number of protons and the total number of neutrons may be different before and after. 

	o The scale of energy changes in a nuclear process is much larger (hundreds of thousands or even millions of times larger) than the scale of energy changes in a chemical process 
	o The scale of energy changes in a nuclear process is much larger (hundreds of thousands or even millions of times larger) than the scale of energy changes in a chemical process 



	● Students develop a fusion model that illustrates a process in which two nuclei merge to form a single, larger nucleus with a larger number of protons than were in either of the two original nuclei. 
	● Students develop a fusion model that illustrates a process in which two nuclei merge to form a single, larger nucleus with a larger number of protons than were in either of the two original nuclei. 

	● Students develop a fission model that illustrates a process in which a nucleus splits into two or more fragments that each have a smaller number of protons than were in the original nucleus. 
	● Students develop a fission model that illustrates a process in which a nucleus splits into two or more fragments that each have a smaller number of protons than were in the original nucleus. 

	● In both the fission and fusion models, students illustrate that these processes may release energy and may require initial energy for the reaction to take place.  
	● In both the fission and fusion models, students illustrate that these processes may release energy and may require initial energy for the reaction to take place.  

	● Students develop radioactive decay models that illustrate the differences in type of energy (e.g., kinetic energy, electromagnetic radiation) and type of particle (e.g., alpha particle, beta particle) released during alpha, beta, and gamma radioactive decay, and any change from one element to another that can occur due to the process. 
	● Students develop radioactive decay models that illustrate the differences in type of energy (e.g., kinetic energy, electromagnetic radiation) and type of particle (e.g., alpha particle, beta particle) released during alpha, beta, and gamma radioactive decay, and any change from one element to another that can occur due to the process. 

	● Students develop radioactive decay models that describe that alpha particle emission is a type of fission reaction, and that beta emission and gamma emission are not. 
	● Students develop radioactive decay models that describe that alpha particle emission is a type of fission reaction, and that beta emission and gamma emission are not. 
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	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Motion and Stability: Forces and Interactions 
	Motion and Stability: Forces and Interactions 


	Component 
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	Component 

	Forces and Motion 
	Forces and Motion 


	MLS 
	MLS 
	MLS 

	Analyze data to support and verify the concepts expressed by Newton’s 2nd law of motion, as it describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration. 
	Analyze data to support and verify the concepts expressed by Newton’s 2nd law of motion, as it describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Examples of data could include tables or graph 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. Students can analyze diagrams with different variables to support relationship among mass, acceleration, and force.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Analyzing and Interpreting 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. 
	● 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. 
	● 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. 


	 
	DISCIPLINARY CORE IDEAS 
	Forces and Motion 
	● Newton’s second law accurately predicts changes in the motion of macroscopic objects. 
	● Newton’s second law accurately predicts changes in the motion of macroscopic objects. 
	● Newton’s second law accurately predicts changes in the motion of macroscopic objects. 


	 
	CROSSCUTTING CONCEPTS 
	Cause and Effect 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 


	 

	DOK Ceiling 
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	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should focus on one-dimensional motion and macroscopic objects moving and non-relativistic speeds 
	● Tasks should focus on one-dimensional motion and macroscopic objects moving and non-relativistic speeds 
	● Tasks should focus on one-dimensional motion and macroscopic objects moving and non-relativistic speeds 

	● Tasks should provide students with the formula: F = ma 
	● Tasks should provide students with the formula: F = ma 


	  
	 
	• Describe the acceleration of the cart shown. Assume there is no friction. 
	• Describe the acceleration of the cart shown. Assume there is no friction. 
	• Describe the acceleration of the cart shown. Assume there is no friction. 


	 
	 
	 
	• A 625 g NBA basketball is thrown straight up with a force of 40.0 N. The gravitational force acting on the ball is 25.0 N.  
	• A 625 g NBA basketball is thrown straight up with a force of 40.0 N. The gravitational force acting on the ball is 25.0 N.  
	• A 625 g NBA basketball is thrown straight up with a force of 40.0 N. The gravitational force acting on the ball is 25.0 N.  


	 
	Predict the path of the basketball.  
	 
	 
	 
	 

	Sample Stems 
	Sample Stems 


	Possible Evidence 
	Possible Evidence 
	Possible Evidence 
	 
	● Students organize data that represent the net force on a macroscopic object, its mass (which is held constant), and its acceleration (e.g., via tables, graphs, charts, vector drawings). 
	● Students organize data that represent the net force on a macroscopic object, its mass (which is held constant), and its acceleration (e.g., via tables, graphs, charts, vector drawings). 
	● Students organize data that represent the net force on a macroscopic object, its mass (which is held constant), and its acceleration (e.g., via tables, graphs, charts, vector drawings). 

	● Students use tools, technologies, and/or models to analyze the data and identify relationships within the data sets, including the following: 
	● Students use tools, technologies, and/or models to analyze the data and identify relationships within the data sets, including the following: 

	o A more massive object experiencing the same net force as a less massive object has a smaller acceleration, and a larger net force on a given object produces a correspondingly larger acceleration. 
	o A more massive object experiencing the same net force as a less massive object has a smaller acceleration, and a larger net force on a given object produces a correspondingly larger acceleration. 
	o A more massive object experiencing the same net force as a less massive object has a smaller acceleration, and a larger net force on a given object produces a correspondingly larger acceleration. 
	o A more massive object experiencing the same net force as a less massive object has a smaller acceleration, and a larger net force on a given object produces a correspondingly larger acceleration. 

	o The result of gravitation is a constant acceleration on macroscopic objects as evidenced by the fact that the ratio of net force to mass remains constant. 
	o The result of gravitation is a constant acceleration on macroscopic objects as evidenced by the fact that the ratio of net force to mass remains constant. 



	● Students use the analyzed data as evidence to describe that the relationship between the observed quantities is accurately modeled across the range of data by the formula a = Fnet/m (e.g., double force yields double acceleration,). 
	● Students use the analyzed data as evidence to describe that the relationship between the observed quantities is accurately modeled across the range of data by the formula a = Fnet/m (e.g., double force yields double acceleration,). 

	● Students use the data as empirical evidence to distinguish between causal and correlational relationships linking force, mass, and acceleration. 
	● Students use the data as empirical evidence to distinguish between causal and correlational relationships linking force, mass, and acceleration. 

	● Students express the relationship Fnet = ma in terms of causality, namely that a net force on an object causes the object to accelerate. 
	● Students express the relationship Fnet = ma in terms of causality, namely that a net force on an object causes the object to accelerate. 
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	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Motion and Stability: Forces and Interactions 
	Motion and Stability: Forces and Interactions 


	Component 
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	Forces and Motion 
	Forces and Motion 


	MLS 
	MLS 
	MLS 

	Use mathematical representations to support and verify the concepts that the total momentum of a system of objects is conserved when there is no net force on the system. 
	Use mathematical representations to support and verify the concepts that the total momentum of a system of objects is conserved when there is no net force on the system. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Emphasis is on the quantitative conservation of momentum in interactions and the qualitative meaning of this principle. Students can mathematically demonstrate momentum before collision is equal to the momentum after collision in a closed system.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Using Mathematics and Computational Thinking 
	● Use mathematical representations of phenomena to describe explanations. 
	● Use mathematical representations of phenomena to describe explanations. 
	● Use mathematical representations of phenomena to describe explanations. 


	 
	DISCIPLINARY CORE IDEAS 
	Forces and Motion 
	● Momentum is defined for a particular frame of reference; it is the mass times the velocity of the object. 
	● Momentum is defined for a particular frame of reference; it is the mass times the velocity of the object. 
	● Momentum is defined for a particular frame of reference; it is the mass times the velocity of the object. 

	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	Systems and System Models 
	● When investigating or describing a system, the boundaries and initial conditions of the system need to be defined. 
	● When investigating or describing a system, the boundaries and initial conditions of the system need to be defined. 
	● When investigating or describing a system, the boundaries and initial conditions of the system need to be defined. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should focus on a system of two macroscopic bodies moving in one dimension. 
	● Tasks should focus on a system of two macroscopic bodies moving in one dimension. 
	● Tasks should focus on a system of two macroscopic bodies moving in one dimension. 

	● Tasks should not require students to calculate the net force of a system. 
	● Tasks should not require students to calculate the net force of a system. 



	Sample Stems 
	Sample Stems 
	 
	Possible Evidence  
	• Two cars are involved in a head-on collision in an alley. The driver of a car with mass, ma = 1,200 kg claims to have been traveling west 
	• Two cars are involved in a head-on collision in an alley. The driver of a car with mass, ma = 1,200 kg claims to have been traveling west 


	 
	● Students clearly define the system of the two interacting objects that is represented mathematically, including boundaries and initial conditions. 
	● Students clearly define the system of the two interacting objects that is represented mathematically, including boundaries and initial conditions. 
	● Students clearly define the system of the two interacting objects that is represented mathematically, including boundaries and initial conditions. 

	● Students identify and describe the momentum of each object in the system as the product of its mass and its velocity, p = mv (p and v are restricted to one-dimensional vectors), using the mathematical representations. 
	● Students identify and describe the momentum of each object in the system as the product of its mass and its velocity, p = mv (p and v are restricted to one-dimensional vectors), using the mathematical representations. 

	● Students identify the claim, indicating that the total momentum of a system of two interacting objects is constant if there is no net force on the system. 
	● Students identify the claim, indicating that the total momentum of a system of two interacting objects is constant if there is no net force on the system. 

	● Students use the mathematical representations to model and describe the physical interaction of the two objects in terms of the change in the momentum of each object as a result of the interaction. 
	● Students use the mathematical representations to model and describe the physical interaction of the two objects in terms of the change in the momentum of each object as a result of the interaction. 

	● Students use the mathematical representations to model and describe the total momentum of the system by calculating the vector sum of momenta of the two objects in the system. 
	● Students use the mathematical representations to model and describe the total momentum of the system by calculating the vector sum of momenta of the two objects in the system. 

	● Students use the analysis of the motion of the objects before the interaction to identify a system with essentially no net force on it. 
	● Students use the analysis of the motion of the objects before the interaction to identify a system with essentially no net force on it. 

	● Based on the analysis of the total momentum of the system, students support the claim that the momentum of the system is the same before and after the interaction between the objects in the system, so that momentum of the system is constant. 
	● Based on the analysis of the total momentum of the system, students support the claim that the momentum of the system is the same before and after the interaction between the objects in the system, so that momentum of the system is constant. 

	● Students identify that the analysis of the momentum of each object in the system indicates that any change in momentum of one object is balanced by a change in the momentum of the other object, so that the total momentum is constant. 
	● Students identify that the analysis of the momentum of each object in the system indicates that any change in momentum of one object is balanced by a change in the momentum of the other object, so that the total momentum is constant. 


	 

	at via = 7 m/s. The driver of the other car with mass, mb = 1,000 kg claims to have been traveling east at vib = 10 m/s. The investigating officer found that both cars were stuck together and traveled with a common final velocity of 3 m/s, eastward, after the collision.  
	at via = 7 m/s. The driver of the other car with mass, mb = 1,000 kg claims to have been traveling east at vib = 10 m/s. The investigating officer found that both cars were stuck together and traveled with a common final velocity of 3 m/s, eastward, after the collision.  
	at via = 7 m/s. The driver of the other car with mass, mb = 1,000 kg claims to have been traveling east at vib = 10 m/s. The investigating officer found that both cars were stuck together and traveled with a common final velocity of 3 m/s, eastward, after the collision.  
	at via = 7 m/s. The driver of the other car with mass, mb = 1,000 kg claims to have been traveling east at vib = 10 m/s. The investigating officer found that both cars were stuck together and traveled with a common final velocity of 3 m/s, eastward, after the collision.  


	 
	Assuming that at least one driver is correct, what does an application of the law of conservation of momentum allow the officer to conclude about the accident? 
	 
	 
	 
	 
	 
	• Consider two railway wagons that are buffered up very tightly and the springs in the buffers are ready to push them apart (as seen in the picture). When the wagons are released, they fly apart in opposite directions 
	• Consider two railway wagons that are buffered up very tightly and the springs in the buffers are ready to push them apart (as seen in the picture). When the wagons are released, they fly apart in opposite directions 
	• Consider two railway wagons that are buffered up very tightly and the springs in the buffers are ready to push them apart (as seen in the picture). When the wagons are released, they fly apart in opposite directions 


	 
	The mass of wagon 1 on the left is 15000 kg. The mass of wagon 2 on the right is 20000 kg. The brakes on the wagons are released at the same time. The release of the springs makes wagon 2 move to the right at a velocity of 0.10 m/s.  
	 
	What is the velocity of wagon 1? 
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	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	Figure
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	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS2.A.3 
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	Core Idea 
	Core Idea 
	Core Idea 

	Motion and Stability: Forces and Interactions 
	Motion and Stability: Forces and Interactions 


	Component 
	Component 
	Component 

	Forces and Motion 
	Forces and Motion 


	MLS 
	MLS 
	MLS 

	Apply scientific principles of motion and momentum to design, evaluate, and refine a device that minimizes the force on a macroscopic object during a collision. 
	Apply scientific principles of motion and momentum to design, evaluate, and refine a device that minimizes the force on a macroscopic object during a collision. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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. Student can defend an argument using prior knowledge of relationship between force and momentum.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions 
	● Apply scientific ideas to solve a design problem, taking into account possible unanticipated effects. 
	● Apply scientific ideas to solve a design problem, taking into account possible unanticipated effects. 
	● Apply scientific ideas to solve a design problem, taking into account possible unanticipated effects. 


	 
	DISCIPLINARY CORE IDEAS 
	Forces and Motion 
	● If a system interacts with objects outside itself, the total momentum of the system can change; however, any such change is balanced by changes in the momentum of objects outside the system. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	Cause and Effect 
	● Systems can be designed to cause a desired effect. 
	● Systems can be designed to cause a desired effect. 
	● Systems can be designed to cause a desired effect. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 Content Limits/Assessment Boundaries 
	 
	● Tasks should focus on qualitative evaluations. 
	● Tasks should focus on qualitative evaluations. 
	● Tasks should focus on qualitative evaluations. 

	● Tasks should not require students to complete any mathematical calculations. 
	● Tasks should not require students to complete any mathematical calculations. 


	 
	 
	 



	Figure
	Possible Evidence 
	Possible Evidence 
	Possible Evidence 
	Possible Evidence 
	 
	● Students design a device that minimizes the force on a macroscopic object during a collision. In the design, students 
	● Students design a device that minimizes the force on a macroscopic object during a collision. In the design, students 
	● Students design a device that minimizes the force on a macroscopic object during a collision. In the design, students 
	o incorporate the concept that for a given change in momentum, force in the direction of the change in momentum is decreased by increasing the time interval of the collision (FΔt = mΔv). 
	o incorporate the concept that for a given change in momentum, force in the direction of the change in momentum is decreased by increasing the time interval of the collision (FΔt = mΔv). 
	o incorporate the concept that for a given change in momentum, force in the direction of the change in momentum is decreased by increasing the time interval of the collision (FΔt = mΔv). 
	o incorporate the concept that for a given change in momentum, force in the direction of the change in momentum is decreased by increasing the time interval of the collision (FΔt = mΔv). 

	o explicitly make use of the principle above so that the device has the desired effect of reducing the net force applied to the object by extending the time the force is applied to the object during the collision. 
	o explicitly make use of the principle above so that the device has the desired effect of reducing the net force applied to the object by extending the time the force is applied to the object during the collision. 





	● In the design plan, students describe the scientific rationale for their choice of materials and for the structure of the device. 
	● In the design plan, students describe the scientific rationale for their choice of materials and for the structure of the device. 

	● Students describe and quantify (when appropriate) the criteria and constraints, along with the trade-offs implicit in these design solutions. Examples of constraints to be considered are cost, mass, the maximum force applied to the object, and requirements set by society for widely used collision-mitigation devices (e.g., seatbelts, football helmets). 
	● Students describe and quantify (when appropriate) the criteria and constraints, along with the trade-offs implicit in these design solutions. Examples of constraints to be considered are cost, mass, the maximum force applied to the object, and requirements set by society for widely used collision-mitigation devices (e.g., seatbelts, football helmets). 

	● Students systematically evaluate the proposed device design or design solution, including describing the rationales for the design and comparing the design to the list of criteria and constraints. 
	● Students systematically evaluate the proposed device design or design solution, including describing the rationales for the design and comparing the design to the list of criteria and constraints. 

	● Students test and evaluate the device based on its ability to minimize the force on the test object during a collision. Students identify any unanticipated effects or design performance issues that the device exhibits. 
	● Students test and evaluate the device based on its ability to minimize the force on the test object during a collision. Students identify any unanticipated effects or design performance issues that the device exhibits. 

	● Students use the test results to improve the device performance by extending the impact time, reducing the device mass, and/or considering cost-benefit analysis. 
	● Students use the test results to improve the device performance by extending the impact time, reducing the device mass, and/or considering cost-benefit analysis. 
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	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Core Idea 
	Core Idea 
	Core Idea 

	Motion and Stability: Forces and Interactions 
	Motion and Stability: Forces and Interactions 


	Component 
	Component 
	Component 

	Types of Interaction 
	Types of Interaction 


	MLS 
	MLS 
	MLS 

	Use mathematical representations of Newton’s law of gravitation to describe and predict the gravitational forces between objects. 
	Use mathematical representations of Newton’s law of gravitation to describe and predict the gravitational forces between objects. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Emphasis is on both quantitative and conceptual descriptions of gravitational fields. Students can predict the gravitational force of an object based on a given ratio of mass to gravity.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Using Mathematics and Computational Thinking 
	● Use mathematical representations of phenomena to describe explanations. 
	● Use mathematical representations of phenomena to describe explanations. 
	● Use mathematical representations of phenomena to describe explanations. 


	 
	DISCIPLINARY CORE IDEAS 
	Types of Interactions 
	● Newton’s law of universal gravitation provides the mathematical models to describe and predict the effects of gravitational forces between distant objects. 
	● Newton’s law of universal gravitation provides the mathematical models to describe and predict the effects of gravitational forces between distant objects. 
	● Newton’s law of universal gravitation provides the mathematical models to describe and predict the effects of gravitational forces between distant objects. 

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


	 
	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. 
	● 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. 
	● 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. 
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	DOK Ceiling 
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	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 Sample Stems 


	 
	 
	 
	• Scientists have discovered a new planet with three moons orbiting it. The masses of the moons and their distance from the planet are given. Rank the gravitational force between the planet and the moons from greatest to least. 
	• Scientists have discovered a new planet with three moons orbiting it. The masses of the moons and their distance from the planet are given. Rank the gravitational force between the planet and the moons from greatest to least. 
	• Scientists have discovered a new planet with three moons orbiting it. The masses of the moons and their distance from the planet are given. Rank the gravitational force between the planet and the moons from greatest to least. 


	 
	The distance between a proton and an electron is cut in half. Use evidence from the chart to describe how the force of attraction changes? 
	 
	 

	Possible Evidence  
	Possible Evidence  
	 
	● Students clearly define the system of the interacting objects that is mathematically represented.  
	● Students clearly define the system of the interacting objects that is mathematically represented.  
	● Students clearly define the system of the interacting objects that is mathematically represented.  

	● Using the given mathematical representations, students identify and describe the gravitational attraction between two objects as the product of their masses divided by the distance squared (Fg = −G ((m1m2)/ d2), where a negative force is understood to be attractive.  
	● Using the given mathematical representations, students identify and describe the gravitational attraction between two objects as the product of their masses divided by the distance squared (Fg = −G ((m1m2)/ d2), where a negative force is understood to be attractive.  

	● Students correctly use the given mathematical formulas to predict the gravitational force between objects or predict the electrostatic force between charged objects. 
	● Students correctly use the given mathematical formulas to predict the gravitational force between objects or predict the electrostatic force between charged objects. 

	● Students describe that the mathematical representation of the gravitational field (Fg = −G ((m1m2)/ d2), only predicts an attractive force because mass is always positive. 
	● Students describe that the mathematical representation of the gravitational field (Fg = −G ((m1m2)/ d2), only predicts an attractive force because mass is always positive. 

	● Students use the given formulas for the forces as evidence to describe that the change in the energy of objects interacting through gravitational forces depends on the distance between the objects. 
	● Students use the given formulas for the forces as evidence to describe that the change in the energy of objects interacting through gravitational forces depends on the distance between the objects. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Core Idea 
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	Motion and Stability: Forces and Interactions 
	Motion and Stability: Forces and Interactions 


	Component 
	Component 
	Component 

	Types of Interaction 
	Types of Interaction 


	MLS 
	MLS 
	MLS 

	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. 
	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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Planning and Carrying Out Investigations  
	● 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, quantity, 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. 
	● 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, quantity, 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. 
	● 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, quantity, 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. 


	 
	DISCIPLINARY CORE IDEAS 
	Types of Interactions 
	● Newton’s law of universal gravitation provides the mathematical models to describe and predict the effects of gravitational forces between distant objects. 
	● Newton’s law of universal gravitation provides the mathematical models to describe and predict the effects of gravitational forces between distant objects. 
	● Newton’s law of universal gravitation provides the mathematical models to describe and predict the effects of gravitational forces between distant objects. 

	● Forces at a distance are explained by fields (gravitational, electric, 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. 
	● Forces at a distance are explained by fields (gravitational, electric, 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. 


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


	 
	CROSSCUTTING CONCEPTS 
	Cause and Effect 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 


	 

	DOK Ceiling 
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	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should focus on designing and conducting investigations with given materials and tools. Students are not required to generate the materials and tools needed for the investigation. 
	● Tasks should focus on designing and conducting investigations with given materials and tools. Students are not required to generate the materials and tools needed for the investigation. 
	● Tasks should focus on designing and conducting investigations with given materials and tools. Students are not required to generate the materials and tools needed for the investigation. 



	Sample Stems 
	Sample Stems 
	 
	Possible Evidence  
	• Two important parts of an electric motor are an armature, which consists of a coil of wire, and a permanent magnet. When an electric current is applied to the armature, the 
	• Two important parts of an electric motor are an armature, which consists of a coil of wire, and a permanent magnet. When an electric current is applied to the armature, the 


	 
	● Students describe the phenomenon under investigation, which includes the following idea: that an electric current produces a magnetic field and that a changing magnetic field produces an electric current. 
	● Students describe the phenomenon under investigation, which includes the following idea: that an electric current produces a magnetic field and that a changing magnetic field produces an electric current. 
	● Students describe the phenomenon under investigation, which includes the following idea: that an electric current produces a magnetic field and that a changing magnetic field produces an electric current. 

	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data about 1) an observable effect of a magnetic field that is uniquely related to the presence of an electric current in the circuit and 2) an electric current in the circuit that is uniquely related to the presence of a changing magnetic field near the circuit. Students describe why these effects seen must be causal and not correlational, citing specific cause-effect relationships.
	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data about 1) an observable effect of a magnetic field that is uniquely related to the presence of an electric current in the circuit and 2) an electric current in the circuit that is uniquely related to the presence of a changing magnetic field near the circuit. Students describe why these effects seen must be causal and not correlational, citing specific cause-effect relationships.

	● In the plan, students state whether the investigation will be conducted individually or collaboratively. 
	● In the plan, students state whether the investigation will be conducted individually or collaboratively. 

	● Students measure and record electric currents and magnetic fields. 
	● Students measure and record electric currents and magnetic fields. 

	● Students evaluate their investigation, including 
	● Students evaluate their investigation, including 

	o the accuracy and precision of the data collected, as well as limitations of the investigation. 
	o the accuracy and precision of the data collected, as well as limitations of the investigation. 
	o the accuracy and precision of the data collected, as well as limitations of the investigation. 
	o the accuracy and precision of the data collected, as well as limitations of the investigation. 

	o the ability of the data to provide the evidence required. 
	o the ability of the data to provide the evidence required. 



	● If necessary, students refine the investigation plan to produce more accurate, precise, and useful data such that the measurements or indicators of the presence of an electric current in the circuit and a magnetic field near the circuit can provide the required evidence. 
	● If necessary, students refine the investigation plan to produce more accurate, precise, and useful data such that the measurements or indicators of the presence of an electric current in the circuit and a magnetic field near the circuit can provide the required evidence. 



	armature will spin. The armature is free to spin while the magnet is usually heavier. 
	armature will spin. The armature is free to spin while the magnet is usually heavier. 
	armature will spin. The armature is free to spin while the magnet is usually heavier. 
	armature will spin. The armature is free to spin while the magnet is usually heavier. 


	 
	Why does the coil of wire spin when current is applied to the armature? Why does the magnet not move? 
	 
	• It is true that lightning directly strikes ships and airplanes relativity frequently. In fact, commonly accepted estimates are that each commercial airliner averages one direct lighting hit per year. However, the last crash that was attributed to lightning was in 1967 when the fuel tank exploded, causing the plane to crash. The passengers are protected from lightning strikes by the design of the vehicle to direct the lightning through the vehicle structure itself and away from the occupants. 
	• It is true that lightning directly strikes ships and airplanes relativity frequently. In fact, commonly accepted estimates are that each commercial airliner averages one direct lighting hit per year. However, the last crash that was attributed to lightning was in 1967 when the fuel tank exploded, causing the plane to crash. The passengers are protected from lightning strikes by the design of the vehicle to direct the lightning through the vehicle structure itself and away from the occupants. 
	• It is true that lightning directly strikes ships and airplanes relativity frequently. In fact, commonly accepted estimates are that each commercial airliner averages one direct lighting hit per year. However, the last crash that was attributed to lightning was in 1967 when the fuel tank exploded, causing the plane to crash. The passengers are protected from lightning strikes by the design of the vehicle to direct the lightning through the vehicle structure itself and away from the occupants. 


	 
	Even with the passengers being protected, lightning can still damage many of the electrical components of the vehicle.  
	 
	The specific electrical devices that may be more susceptible to damage from lightning strikes is ______________________.  Use evidence to explain why. 
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	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Core Idea 
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	Energy 
	Energy 


	Component 
	Component 
	Component 

	Definitions of Energy 
	Definitions of Energy 


	MLS 
	MLS 
	MLS 

	Create a computational model to calculate the change in the energy of one component in a system when the changes in energy are known. 
	Create a computational model to calculate the change in the energy of one component in a system when the changes in energy are known. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Emphasis is on explaining the meaning of mathematical expressions used in the model.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	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. 
	● 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. 
	● 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. 


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

	● Mathematical expressions, which quantify how the stored energy in a system depends on its configuration (e.g., relative positions of charged particles, compression of a spring) and how kinetic energy depends on mass and speed, allow the concept of conservation of energy to be used to predict and describe system behavior. 
	● 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. 
	● The availability of energy limits what can occur in any system. 
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	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	 
	 
	 
	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. 
	● 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. 
	● 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. 




	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should be limited to basic algebraic expressions or computations. 
	● Tasks should be limited to basic algebraic expressions or computations. 
	● Tasks should be limited to basic algebraic expressions or computations. 

	● Tasks should focus on thermal energy, kinetic energy, gravitational energy, magnetic energy, and electrical energy. 
	● Tasks should focus on thermal energy, kinetic energy, gravitational energy, magnetic energy, and electrical energy. 

	● Tasks should be limited to systems of two or three components. 
	● Tasks should be limited to systems of two or three components. 



	Sample Stems 
	Sample Stems 
	 
	• A steam turbine is generally considered the most efficient type of steam engine and can often exhibit an efficiency as high as 35 percent.  
	• A steam turbine is generally considered the most efficient type of steam engine and can often exhibit an efficiency as high as 35 percent.  
	• A steam turbine is generally considered the most efficient type of steam engine and can often exhibit an efficiency as high as 35 percent.  


	 
	If the useful work done or output each second by a steam turbine with this efficiency is 6,789 J, how much work must the steam do on the turbine? 
	 
	 
	 
	 
	 
	• If an object has 100 joules of potential energy at the top of a ramp.  
	• If an object has 100 joules of potential energy at the top of a ramp.  
	• If an object has 100 joules of potential energy at the top of a ramp.  


	 
	How much kinetic energy will there be at the other two places indicated on the model?  
	 
	What assumptions must be made to get these answers, if any? 
	 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students identify and describe the components to be computationally modeled, including the following: 
	● Students identify and describe the components to be computationally modeled, including the following: 
	● Students identify and describe the components to be computationally modeled, including the following: 

	o The boundaries of the system and that the reference level for potential energy = 0 (the potential energy of the initial or final state does not have to be zero) 
	o The boundaries of the system and that the reference level for potential energy = 0 (the potential energy of the initial or final state does not have to be zero) 
	o The boundaries of the system and that the reference level for potential energy = 0 (the potential energy of the initial or final state does not have to be zero) 
	o The boundaries of the system and that the reference level for potential energy = 0 (the potential energy of the initial or final state does not have to be zero) 

	o The initial energies of the system’s components (e.g., energy in fields, thermal energy, kinetic energy, energy stored in springs—all expressed as a total amount of Joules in each component), including a quantification in an algebraic description to calculate the total initial energy of the system 
	o The initial energies of the system’s components (e.g., energy in fields, thermal energy, kinetic energy, energy stored in springs—all expressed as a total amount of Joules in each component), including a quantification in an algebraic description to calculate the total initial energy of the system 

	o The energy flows into or out of the system, including a quantification in an algebraic description with flow into the system defined as positive 
	o The energy flows into or out of the system, including a quantification in an algebraic description with flow into the system defined as positive 

	o The final energies of the system components, including a quantification in an algebraic description to calculate the total final energy of the system 
	o The final energies of the system components, including a quantification in an algebraic description to calculate the total final energy of the system 



	● Students use the algebraic descriptions of the initial and final energy states of the system, along with the energy flows to create a computational model (e.g., simple computer program, spreadsheet, simulation software package application) that is based on the principle of the conservation of energy. 
	● Students use the algebraic descriptions of the initial and final energy states of the system, along with the energy flows to create a computational model (e.g., simple computer program, spreadsheet, simulation software package application) that is based on the principle of the conservation of energy. 

	● Students use the computational model to calculate changes in the energy of one component of the system when changes in the energy of the other components and the energy flows are known. 
	● Students use the computational model to calculate changes in the energy of one component of the system when changes in the energy of the other components and the energy flows are known. 


	 
	● Students use the computational model to predict the maximum possible change in the energy of one component of the system for a given set of energy flows. 
	● Students use the computational model to predict the maximum possible change in the energy of one component of the system for a given set of energy flows. 
	● Students use the computational model to predict the maximum possible change in the energy of one component of the system for a given set of energy flows. 

	● Students identify and describe the limitations of the computational model, based on the assumptions that were made in creating the algebraic descriptions of energy changes and flows in the system. 
	● Students identify and describe the limitations of the computational model, based on the assumptions that were made in creating the algebraic descriptions of energy changes and flows in the system. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Core Idea 
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	Energy 
	Energy 


	Component 
	Component 
	Component 

	Definitions of Energy 
	Definitions of Energy 


	MLS 
	MLS 
	MLS 

	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). 
	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). 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Developing and Using Models 
	● Develop and use a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop and use a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop and use a model based on evidence to illustrate the relationships between systems or between components of a system. 


	 
	DISCIPLINARY CORE IDEAS 
	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 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. 
	● 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 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. 
	● 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 is continually transferred from one object to another and between its various possible forms. At the macroscopic scale, energy manifests itself in multiple ways such as in motion, sound, light, and thermal energy. 

	● These relationships are better understood at the microscopic scale, at which all of the different manifestations of energy can be modeled as a combination of energy associated with the motion of particles and energy associated with the configuration (relative position of the particles). In some cases, the relative position energy can be thought of as stored in fields (which mediate interactions between particles). This last concept includes radiation, a phenomenon in which energy stored in fields moves ac
	● 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 ac


	 
	CROSSCUTTING CONCEPTS 
	Energy and Matter 
	● Energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems. 
	● Energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems. 
	● Energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Refer to Engineering, Technology, and Application of Science 9-12.ETS1.B.2. 
	Refer to Engineering, Technology, and Application of Science 9-12.ETS1.B.2. 
	Refer to Engineering, Technology, and Application of Science 9-12.ETS1.B.2. 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should provide students with all needed background information. Students are not required to generate their own phenomena. 
	● Tasks should provide students with all needed background information. Students are not required to generate their own phenomena. 
	● Tasks should provide students with all needed background information. Students are not required to generate their own phenomena. 

	● Tasks should focus on how energy at the microscopic level is related to the macroscopic level. 
	● Tasks should focus on how energy at the microscopic level is related to the macroscopic level. 



	Sample Stems 
	Sample Stems 
	• A 60-kg bungee jumper stands at the top of a 50-m tall bridge. The jumper has a bungee secured to his ankles. The original length of the bungee is 25 meters. After falling 25 meters, the jumper reaches a maximum speed of 22m/s. He continues to fall until he comes to rest instantaneously and then is pulled back up by the bungee. 
	• A 60-kg bungee jumper stands at the top of a 50-m tall bridge. The jumper has a bungee secured to his ankles. The original length of the bungee is 25 meters. After falling 25 meters, the jumper reaches a maximum speed of 22m/s. He continues to fall until he comes to rest instantaneously and then is pulled back up by the bungee. 
	• A 60-kg bungee jumper stands at the top of a 50-m tall bridge. The jumper has a bungee secured to his ankles. The original length of the bungee is 25 meters. After falling 25 meters, the jumper reaches a maximum speed of 22m/s. He continues to fall until he comes to rest instantaneously and then is pulled back up by the bungee. 


	 
	Describe the energy transformations during the fall and return trip upward. 
	 
	• According to the law of conservation of energy, energy cannot be created or destroyed it can only change forms. If we neglect air resistance, as a ball is dropped from a height, the gravitational potential energy lost is transformed into kinetic energy.  
	• According to the law of conservation of energy, energy cannot be created or destroyed it can only change forms. If we neglect air resistance, as a ball is dropped from a height, the gravitational potential energy lost is transformed into kinetic energy.  
	• According to the law of conservation of energy, energy cannot be created or destroyed it can only change forms. If we neglect air resistance, as a ball is dropped from a height, the gravitational potential energy lost is transformed into kinetic energy.  


	Assume no air resistance and that g=9.8 m/s2. 
	 
	A 2-kg ball is dropped from a 40m tall bridge. How much kinetic energy does the ball lose as it falls?  
	 
	How much kinetic energy does the ball gain? 
	 
	Compute and provide a 2-3 sentence explanation. 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students develop models in which they identify and describe the relevant components, including the following: 
	● Students develop models in which they identify and describe the relevant components, including the following: 
	● Students develop models in which they identify and describe the relevant components, including the following: 
	o All the components of the system and the surroundings, as well as energy flows between the system and the surroundings 
	o All the components of the system and the surroundings, as well as energy flows between the system and the surroundings 
	o All the components of the system and the surroundings, as well as energy flows between the system and the surroundings 
	o All the components of the system and the surroundings, as well as energy flows between the system and the surroundings 

	o Clear depictions of both a macroscopic and a molecular/atomic-level representation of the system 
	o Clear depictions of both a macroscopic and a molecular/atomic-level representation of the system 

	o Depictions of the forms in which energy is manifested at two different scales: 
	o Depictions of the forms in which energy is manifested at two different scales: 

	▪ Macroscopic, such as motion, sound, light, thermal energy, potential energy, or energy in fields 
	▪ Macroscopic, such as motion, sound, light, thermal energy, potential energy, or energy in fields 
	▪ Macroscopic, such as motion, sound, light, thermal energy, potential energy, or energy in fields 

	▪ Molecular/atomic, such as motions (kinetic energy) of particles (e.g., nuclei and electrons), the relative positions of particles in fields (potential energy), and energy in fields 
	▪ Molecular/atomic, such as motions (kinetic energy) of particles (e.g., nuclei and electrons), the relative positions of particles in fields (potential energy), and energy in fields 






	● Students describe the relationships between components in their models, including the following: 
	● Students describe the relationships between components in their models, including the following: 
	o Changes in the relative position of objects in gravitational, magnetic, or electrostatic fields can affect the energy of the fields (e.g., charged objects moving away from each other change the field energy). 
	o Changes in the relative position of objects in gravitational, magnetic, or electrostatic fields can affect the energy of the fields (e.g., charged objects moving away from each other change the field energy). 
	o Changes in the relative position of objects in gravitational, magnetic, or electrostatic fields can affect the energy of the fields (e.g., charged objects moving away from each other change the field energy). 
	o Changes in the relative position of objects in gravitational, magnetic, or electrostatic fields can affect the energy of the fields (e.g., charged objects moving away from each other change the field energy). 

	o Thermal energy includes both the kinetic and potential energies of particle vibrations in solids or molecules and the kinetic energy of freely moving particles (e.g., inert gas atoms, molecules) in liquids and gases. 
	o Thermal energy includes both the kinetic and potential energies of particle vibrations in solids or molecules and the kinetic energy of freely moving particles (e.g., inert gas atoms, molecules) in liquids and gases. 

	o The total energy of the system and surroundings is conserved at a macroscopic and molecular/atomic level. 
	o The total energy of the system and surroundings is conserved at a macroscopic and molecular/atomic level. 

	o Chemical energy can be considered in terms of systems of nuclei and electrons in electrostatic fields (bonds). 
	o Chemical energy can be considered in terms of systems of nuclei and electrons in electrostatic fields (bonds). 

	o As one form of energy increases, others must decrease by the same amount as energy is transferred among and between objects and fields. 
	o As one form of energy increases, others must decrease by the same amount as energy is transferred among and between objects and fields. 





	● Students use their models to show that in closed systems the energy is conserved on both the macroscopic and molecular/atomic scales so that as one form of energy changes, the total system energy remains constant, as evidenced by the other forms of energy changing by the same amount or changes only by the amount of energy that is transferred into or out of the system. 
	● Students use their models to show that in closed systems the energy is conserved on both the macroscopic and molecular/atomic scales so that as one form of energy changes, the total system energy remains constant, as evidenced by the other forms of energy changing by the same amount or changes only by the amount of energy that is transferred into or out of the system. 

	● Students use their 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 positions of particles/objects on both the macroscopic and microscopic scales. 
	● Students use their 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 positions of particles/objects on both the macroscopic and microscopic scales. 




	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	Graphic organizers, diagrams, graphs, data tables, drawings 



	 
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS3.A.3 
	9-12.PS3.A.3 


	Core Idea 
	Core Idea 
	Core Idea 

	Energy 
	Energy 


	Component 
	Component 
	Component 

	Definitions of Energy 
	Definitions of Energy 


	MLS 
	MLS 
	MLS 

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


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Constructing Explanations and Designing Solutions 
	● 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 trade-off considerations. 
	● 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 trade-off considerations. 
	● 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 trade-off considerations. 


	 
	DISCIPLINARY CORE IDEAS 
	Definitions of Energy 
	● At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, light, and thermal energy. 
	● At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, light, and thermal energy. 
	● At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, light, and thermal energy. 


	 
	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. 
	● Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the surrounding environment. 
	● Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the surrounding environment. 


	 
	Defining and Delimiting an Engineering Problem 
	● 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. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	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. 
	● 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. 
	● 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. 



	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should limit quantitative evaluations to total output for a given input. 
	● Tasks should limit quantitative evaluations to total output for a given input. 
	● Tasks should limit quantitative evaluations to total output for a given input. 

	● Tasks should provide students with all needed materials. Students are not required to generate their own materials or tools. 
	● Tasks should provide students with all needed materials. Students are not required to generate their own materials or tools. 


	 

	Sample Stems 
	Sample Stems 
	 
	• A class assignment requires the building of a solar powered car that will travel at least 10 meters in 10 seconds. Each group is given one solar cell for their design.  
	• A class assignment requires the building of a solar powered car that will travel at least 10 meters in 10 seconds. Each group is given one solar cell for their design.  
	• A class assignment requires the building of a solar powered car that will travel at least 10 meters in 10 seconds. Each group is given one solar cell for their design.  


	 
	Which of these would improve the design the most? 
	 
	 
	• A teacher assigns a project in class. The project is to design a solar oven that is capable of cooking a hotdog to a specified temperature.  
	• A teacher assigns a project in class. The project is to design a solar oven that is capable of cooking a hotdog to a specified temperature.  
	• A teacher assigns a project in class. The project is to design a solar oven that is capable of cooking a hotdog to a specified temperature.  


	 
	Describe the energy conversion that is taking place and suggest a way or ways that the efficiency of the solar oven could be evaluated. 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students design a device that converts one form of energy into another form of energy.  
	● Students design a device that converts one form of energy into another form of energy.  
	● Students design a device that converts one form of energy into another form of energy.  

	● Students develop a plan for the device in which they 
	● Students develop a plan for the device in which they 

	o identify which scientific principles provide the basis for the energy conversion design; 
	o identify which scientific principles provide the basis for the energy conversion design; 
	o identify which scientific principles provide the basis for the energy conversion design; 
	o identify which scientific principles provide the basis for the energy conversion design; 

	o identify the forms of energy that will be converted from one form to another in the designed system; 
	o identify the forms of energy that will be converted from one form to another in the designed system; 

	o identify losses of energy by the design system to the surrounding environment; 
	o identify losses of energy by the design system to the surrounding environment; 

	o describe the scientific rationale for choices of materials and structure of the device, including how student-generated evidence influenced the design; and 
	o describe the scientific rationale for choices of materials and structure of the device, including how student-generated evidence influenced the design; and 

	o describe that this device is an example of how the application of scientific knowledge and engineering design can increase benefits for modern civilization while decreasing costs and risk. 
	o describe that this device is an example of how the application of scientific knowledge and engineering design can increase benefits for modern civilization while decreasing costs and risk. 



	● Students describe and quantify (when appropriate) prioritized criteria and constraints for the design of the device, along with the trade-offs implicit in these design solutions. 
	● Students describe and quantify (when appropriate) prioritized criteria and constraints for the design of the device, along with the trade-offs implicit in these design solutions. 

	● Students build and test the device according to the plan. 
	● Students build and test the device according to the plan. 

	● Students systematically and quantitatively evaluate the performance of the device against the criteria and constraints. 
	● Students systematically and quantitatively evaluate the performance of the device against the criteria and constraints. 

	● Students use the results of the tests to improve the device performance by increasing the efficiency of energy conversion, keeping in mind the criteria and constraints, and noting any modifications in trade-offs. 
	● Students use the results of the tests to improve the device performance by increasing the efficiency of energy conversion, keeping in mind the criteria and constraints, and noting any modifications in trade-offs. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	 
	 
	 
	 
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS3.B.1 
	9-12.PS3.B.1 


	Core Idea 
	Core Idea 
	Core Idea 

	Energy 
	Energy 


	Component 
	Component 
	Component 

	Conservation of Energy and Energy Transfer 
	Conservation of Energy and Energy Transfer 


	MLS 
	MLS 
	MLS 

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


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Planning and Carrying Out Investigations 
	● 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, quantity, 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. 
	● 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, quantity, 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. 
	● 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, quantity, 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. 


	 
	DISCIPLINARY CORE IDEAS 
	Conservation of Energy and Energy Transfer 
	● Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between systems. 
	● Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between systems. 
	● Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between systems. 

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


	 
	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. 
	● Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the surrounding environment. 
	● Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the surrounding environment. 


	 
	CROSSCUTTING 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. 
	● 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. 
	● 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. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should provide students with needed materials and tools.  Students are not required to generate their own materials or tools. 
	● Tasks should provide students with needed materials and tools.  Students are not required to generate their own materials or tools. 
	● Tasks should provide students with needed materials and tools.  Students are not required to generate their own materials or tools. 



	Sample Stems 
	Sample Stems 
	 
	• The Space Shuttle System is made up of three main components:  
	• The Space Shuttle System is made up of three main components:  
	• The Space Shuttle System is made up of three main components:  


	•The two Solid Rocket Boosters (SRBs), which provide 80 percent of launch thrust.  
	•The huge rust-colored External Tank (ET), which feeds fuel to three Space Shuttle Main Engines (SSMEs) during launch 
	•The Orbiter itself, which serves as the crew's home in space and is equipped to dock with the International Space Station.  
	 
	 
	https://www.nasa.gov/returntoflight/system/

	 
	After the space shuttle has jettisoned its thruster and external tanks, would it be considered an open or closed system? What is the appropriate explanation to support your answer? 
	 
	 
	 
	 
	 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	● Students describe the purpose of the investigation, which includes the following idea: the transfer of thermal energy when two components of different temperatures are combined within a closed system results in a more uniform energy distribution among the components in the system (second law of thermodynamics). 
	● Students describe the purpose of the investigation, which includes the following idea: the transfer of thermal energy when two components of different temperatures are combined within a closed system results in a more uniform energy distribution among the components in the system (second law of thermodynamics). 
	● Students describe the purpose of the investigation, which includes the following idea: the transfer of thermal energy when two components of different temperatures are combined within a closed system results in a more uniform energy distribution among the components in the system (second law of thermodynamics). 

	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including 
	● Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including 

	o the measurement of the reduction of temperature of the hot object and the increase in temperature of the cold object to show that the thermal energy lost by the hot object is equal to the thermal energy gained by the cold object and that the distribution of thermal energy is more uniform after the interaction of the hot and cold components. 
	o the measurement of the reduction of temperature of the hot object and the increase in temperature of the cold object to show that the thermal energy lost by the hot object is equal to the thermal energy gained by the cold object and that the distribution of thermal energy is more uniform after the interaction of the hot and cold components. 
	o the measurement of the reduction of temperature of the hot object and the increase in temperature of the cold object to show that the thermal energy lost by the hot object is equal to the thermal energy gained by the cold object and that the distribution of thermal energy is more uniform after the interaction of the hot and cold components. 
	o the measurement of the reduction of temperature of the hot object and the increase in temperature of the cold object to show that the thermal energy lost by the hot object is equal to the thermal energy gained by the cold object and that the distribution of thermal energy is more uniform after the interaction of the hot and cold components. 

	o the heat capacity of the components in the system (obtained from scientific literature). 
	o the heat capacity of the components in the system (obtained from scientific literature). 



	● In the investigation plan, students describe the following: 
	● In the investigation plan, students describe the following: 
	o How a nearly closed system will be constructed, including the boundaries and initial conditions of the system 
	o How a nearly closed system will be constructed, including the boundaries and initial conditions of the system 
	o How a nearly closed system will be constructed, including the boundaries and initial conditions of the system 
	o How a nearly closed system will be constructed, including the boundaries and initial conditions of the system 

	o The data that will be collected, including masses of components and initial and final temperatures 
	o The data that will be collected, including masses of components and initial and final temperatures 

	o The experimental procedure, including how the data will be collected, the number of trials, the experimental setup, and equipment required 
	o The experimental procedure, including how the data will be collected, the number of trials, the experimental setup, and equipment required 





	● Students collect and record data that can be used to calculate the change in thermal energy of each of the two components of the system. 
	● Students collect and record data that can be used to calculate the change in thermal energy of each of the two components of the system. 

	● Students evaluate their investigation, including 
	● Students evaluate their investigation, including 
	o the accuracy and precision of the data collected, as well as the limitations of the investigation. 
	o the accuracy and precision of the data collected, as well as the limitations of the investigation. 
	o the accuracy and precision of the data collected, as well as the limitations of the investigation. 
	o the accuracy and precision of the data collected, as well as the limitations of the investigation. 

	o the ability of the data to provide the evidence required. 
	o the ability of the data to provide the evidence required. 


	● If necessary, students refine the plan to produce more accurate, precise, and useful data in that investigation. 
	● If necessary, students refine the plan to produce more accurate, precise, and useful data in that investigation. 

	● If necessary, students refine the plan to produce more accurate, precise, and useful data that address the experimental question. 
	● If necessary, students refine the plan to produce more accurate, precise, and useful data that address the experimental question. 

	● Students identify potential causes of the apparent loss of energy from a closed system (which should be zero in an ideal system) and adjust the design of the experiment accordingly. 
	● Students identify potential causes of the apparent loss of energy from a closed system (which should be zero in an ideal system) and adjust the design of the experiment accordingly. 







	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	 
	  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS3.C.1 
	9-12.PS3.C.1 


	Core Idea 
	Core Idea 
	Core Idea 

	Energy 
	Energy 


	Component 
	Component 
	Component 

	Relationship Between Energy and Forces 
	Relationship Between Energy and Forces 


	MLS 
	MLS 
	MLS 

	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. 
	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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Examples of models could include drawings, diagrams, mathematical models (Coulomb’s Law) and texts, such as drawings of what happens when two charges of opposite polarity are near each other.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Developing and Using Models 
	● Develop and use a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop and use a model based on evidence to illustrate the relationships between systems or between components of a system. 
	● Develop and use a model based on evidence to illustrate the relationships between systems or between components of a system. 


	 
	DISCIPLINARY CORE IDEAS 
	Relationship Between Energy and Forces 
	● When two objects interacting through a field change relative position, the energy stored in the field is changed. 
	● When two objects interacting through a field change relative position, the energy stored in the field is changed. 
	● When two objects interacting through a field change relative position, the energy stored in the field is changed. 


	 
	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. 
	● 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. 
	● 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. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should focus on systems containing two objects. 
	● Tasks should focus on systems containing two objects. 
	● Tasks should focus on systems containing two objects. 


	 

	Sample Stems 
	Sample Stems 
	 


	 
	 
	 
	• The figure shows a negatively charged sphere and a balloon that has been rubbed with dry human hair.  
	• The figure shows a negatively charged sphere and a balloon that has been rubbed with dry human hair.  
	• The figure shows a negatively charged sphere and a balloon that has been rubbed with dry human hair.  


	 
	If the two are brought close to each other but do not touch each other, predict what will occur.  
	 
	 
	 
	 
	 
	 
	• Based on the model of the electric field lines around the two spherical charges, what are the signs of the left and right charge respectively? 
	• Based on the model of the electric field lines around the two spherical charges, what are the signs of the left and right charge respectively? 
	• Based on the model of the electric field lines around the two spherical charges, what are the signs of the left and right charge respectively? 



	Possible Evidence  
	Possible Evidence  
	 
	● Students develop a model in which they identify and describe the relevant components to illustrate the forces and changes in energy involved when two objects interact, including: 
	● Students develop a model in which they identify and describe the relevant components to illustrate the forces and changes in energy involved when two objects interact, including: 
	● Students develop a model in which they identify and describe the relevant components to illustrate the forces and changes in energy involved when two objects interact, including: 

	o The two objects in the system, including their initial positions and velocities (limited to one dimension). 
	o The two objects in the system, including their initial positions and velocities (limited to one dimension). 
	o The two objects in the system, including their initial positions and velocities (limited to one dimension). 
	o The two objects in the system, including their initial positions and velocities (limited to one dimension). 

	o The nature of the interaction (electric or magnetic) between the two objects. 
	o The nature of the interaction (electric or magnetic) between the two objects. 

	o The relative magnitude and the direction of the net force on each of the objects. 
	o The relative magnitude and the direction of the net force on each of the objects. 

	o Representation of a field as a quantity that has a magnitude and direction at all points in space and which contains energy. 
	o Representation of a field as a quantity that has a magnitude and direction at all points in space and which contains energy. 



	● In the model, students describe the relationships between components, including the change in the energy of the objects, given the initial and final positions and velocities of the objects. 
	● In the model, students describe the relationships between components, including the change in the energy of the objects, given the initial and final positions and velocities of the objects. 

	● Students use the model to determine whether the energy stored in the field increased, decreased, or remained the same when the objects interacted.  
	● Students use the model to determine whether the energy stored in the field increased, decreased, or remained the same when the objects interacted.  

	● Students use the model to support the claim that the change in the energy stored in the field (which is qualitatively determined to be either positive, negative, or zero) is consistent with the change in energy of the objects. 
	● Students use the model to support the claim that the change in the energy stored in the field (which is qualitatively determined to be either positive, negative, or zero) is consistent with the change in energy of the objects. 

	● Using the model, students describe the cause and effect relationships on a qualitative level between forces produced by electric or magnetic fields and the change of energy of the objects in the system. 
	● Using the model, students describe the cause and effect relationships on a qualitative level between forces produced by electric or magnetic fields and the change of energy of the objects in the system. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	Figure
	Figure
	 
	  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  
	Physical Sciences  

	9-12.PS4.A.1 
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	Core Idea 
	Core Idea 
	Core Idea 

	Waves and Their Applications in Technologies for Information Transfer 
	Waves and Their Applications in Technologies for Information Transfer 


	Component 
	Component 
	Component 

	Wave Properties 
	Wave Properties 


	MLS 
	MLS 
	MLS 

	Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of waves traveling in various media. 
	Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of waves traveling in various media. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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 Earth.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Using Mathematics and Computational Thinking 
	● Use mathematical representations of phenomena or design solutions to describe and/or support claims and/or explanations. 
	● Use mathematical representations of phenomena or design solutions to describe and/or support claims and/or explanations. 
	● Use mathematical representations of phenomena or design solutions to describe and/or support claims and/or explanations. 


	 
	DISCIPLINARY CORE IDEAS 
	Wave Properties 
	● The wavelength and frequency of a wave are related to one another by the speed at which the wave travels, which depends on the type of wave and the medium through which it is passing. 
	● The wavelength and frequency of a wave are related to one another by the speed at which the wave travels, which depends on the type of wave and the medium through which it is passing. 
	● The wavelength and frequency of a wave are related to one another by the speed at which the wave travels, which depends on the type of wave and the medium through which it is passing. 


	 
	CROSSCUTTING CONCEPTS 
	Cause and Effect 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 
	● Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should be limited to qualitative descriptions of algebraic relationships. 
	● Tasks should be limited to qualitative descriptions of algebraic relationships. 
	● Tasks should be limited to qualitative descriptions of algebraic relationships. 

	● Tasks should provide students with all needed formulas. 
	● Tasks should provide students with all needed formulas. 


	 

	Sample Stems 
	Sample Stems 
	 
	 
	 
	 
	 
	 


	 
	 
	 
	 
	 
	• Imagine that the wavelength of the pictured wave is 450 nm and travels at the speed of light. Its frequency is 6.7 x 1014 s-1. 
	• Imagine that the wavelength of the pictured wave is 450 nm and travels at the speed of light. Its frequency is 6.7 x 1014 s-1. 
	• Imagine that the wavelength of the pictured wave is 450 nm and travels at the speed of light. Its frequency is 6.7 x 1014 s-1. 


	 
	What is the wavelength of another wave that travels at the same speed but has a frequency of 3.35 x 1014 s-1? 
	 
	 
	• It is well known that lightning is seen before the thunder is heard. Wavelengths of electromagnetic and sound waves can be the same.  
	• It is well known that lightning is seen before the thunder is heard. Wavelengths of electromagnetic and sound waves can be the same.  
	• It is well known that lightning is seen before the thunder is heard. Wavelengths of electromagnetic and sound waves can be the same.  


	 
	Imagine that the wavelengths from the lightning and thunder are the same, what can be said about their frequencies? 
	 
	• Mr. and Mrs. Smith attended a summer band concert to hear their son play his violin. When they sat down in their seats, they noticed that there were dead moments. That is, places in the music when they could not hear anything! They decided to move and sit directly in front of the band in the third row.  
	• Mr. and Mrs. Smith attended a summer band concert to hear their son play his violin. When they sat down in their seats, they noticed that there were dead moments. That is, places in the music when they could not hear anything! They decided to move and sit directly in front of the band in the third row.  
	• Mr. and Mrs. Smith attended a summer band concert to hear their son play his violin. When they sat down in their seats, they noticed that there were dead moments. That is, places in the music when they could not hear anything! They decided to move and sit directly in front of the band in the third row.  


	 
	How can you explain the deadspots they experienced? 
	 

	Possible Evidence  
	Possible Evidence  
	 
	● Students identify and describe the relevant components in the mathematical representations: 
	● Students identify and describe the relevant components in the mathematical representations: 
	● Students identify and describe the relevant components in the mathematical representations: 
	o Mathematical values for frequency, wavelength, and speed of waves traveling in various specified media 
	o Mathematical values for frequency, wavelength, and speed of waves traveling in various specified media 
	o Mathematical values for frequency, wavelength, and speed of waves traveling in various specified media 
	o Mathematical values for frequency, wavelength, and speed of waves traveling in various specified media 

	o The relationships between frequency, wavelength, and speed of waves traveling in various specified media 
	o The relationships between frequency, wavelength, and speed of waves traveling in various specified media 





	● Students show that the product of the frequency and the wavelength of a particular type of wave in a given medium is constant and identify this relationship as the wave speed according to the mathematical relationship ν = f λ.  
	● Students show that the product of the frequency and the wavelength of a particular type of wave in a given medium is constant and identify this relationship as the wave speed according to the mathematical relationship ν = f λ.  

	● Students use the data to show that the wave speed for a particular type of wave changes as the medium through which the wave travels changes (refraction). 
	● Students use the data to show that the wave speed for a particular type of wave changes as the medium through which the wave travels changes (refraction). 

	● Students predict the relative change in the wavelength of a wave when it moves from one medium to another (thus, different wave speeds), using the mathematical relationship ν = f λ). Students express the relative change in terms of cause (different media) and affect (different wavelengths but same frequency). 
	● Students predict the relative change in the wavelength of a wave when it moves from one medium to another (thus, different wave speeds), using the mathematical relationship ν = f λ). Students express the relative change in terms of cause (different media) and affect (different wavelengths but same frequency). 

	● Using the mathematical relationship ν = f λ, students assess claims about any of the three quantities when the other two quantities are known for waves travelling in various specified media. 
	● Using the mathematical relationship ν = f λ, students assess claims about any of the three quantities when the other two quantities are known for waves travelling in various specified media. 

	● Students use the mathematical relationships to distinguish between cause and correlation with respect to the supported claims. 
	● Students use the mathematical relationships to distinguish between cause and correlation with respect to the supported claims. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	Figure
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	Waves and Their Applications in Technologies for Information Transfer 
	Waves and Their Applications in Technologies for Information Transfer 


	Component 
	Component 
	Component 

	Wave Properties 
	Wave Properties 


	MLS 
	MLS 
	MLS 

	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. 
	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. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Engaging in Argument from Evidence 
	● Evaluate the claims, evidence, and reasoning behind currently accepted explanations or solutions to determine the merits of arguments. 
	● Evaluate the claims, evidence, and reasoning behind currently accepted explanations or solutions to determine the merits of arguments. 
	● Evaluate the claims, evidence, and reasoning behind currently accepted explanations or solutions to determine the merits of arguments. 


	 
	DISCIPLINARY CORE IDEAS 
	Wave Properties 
	● 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.  
	● 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.  
	● 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.  


	 
	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. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	Systems and System Models 
	● Models (e.g., physical, mathematical, computer) can be used to simulate systems and interactions— including energy, matter, and information flows—within and between systems at different scales. 
	● Models (e.g., physical, mathematical, computer) can be used to simulate systems and interactions— including energy, matter, and information flows—within and between systems at different scales. 
	● Models (e.g., physical, mathematical, computer) can be used to simulate systems and interactions— including energy, matter, and information flows—within and between systems at different scales. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 

	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should avoid using quantum theory. 
	● Tasks should avoid using quantum theory. 
	● Tasks should avoid using quantum theory. 

	● Tasks should provide students with all needed background information and evidence. 
	● Tasks should provide students with all needed background information and evidence. 


	 

	Sample Stems 
	Sample Stems 
	 
	 
	• Use evidence from the model to explain the diffraction of electromagnetic and mechanical waves, specifically addressing the following: 
	• Use evidence from the model to explain the diffraction of electromagnetic and mechanical waves, specifically addressing the following: 
	• Use evidence from the model to explain the diffraction of electromagnetic and mechanical waves, specifically addressing the following: 

	A. define diffraction and describe how it impacts the behavior of waves 
	A. define diffraction and describe how it impacts the behavior of waves 

	B. discuss the factor or factors that affect diffraction 
	B. discuss the factor or factors that affect diffraction 

	C. describe an example of diffraction for both light and sound waves 
	C. describe an example of diffraction for both light and sound waves 



	Possible Evidence  
	Possible Evidence  
	 
	● Students identify the given explanation that is to be supported by the claims, evidence, and reasoning to be evaluated, and that includes the following idea: Electromagnetic radiation can be described either by a wave model or a particle model, and for some situations one model is more useful than the other. 
	● Students identify the given explanation that is to be supported by the claims, evidence, and reasoning to be evaluated, and that includes the following idea: Electromagnetic radiation can be described either by a wave model or a particle model, and for some situations one model is more useful than the other. 
	● Students identify the given explanation that is to be supported by the claims, evidence, and reasoning to be evaluated, and that includes the following idea: Electromagnetic radiation can be described either by a wave model or a particle model, and for some situations one model is more useful than the other. 

	● Students identify the given claims to be evaluated. 
	● Students identify the given claims to be evaluated. 

	● Students identify the given evidence to be evaluated, including the following phenomena: 
	● Students identify the given evidence to be evaluated, including the following phenomena: 

	o Interference behavior by electromagnetic radiation 
	o Interference behavior by electromagnetic radiation 
	o Interference behavior by electromagnetic radiation 
	o Interference behavior by electromagnetic radiation 

	o The photoelectric effect 
	o The photoelectric effect 



	● Students identify the given reasoning to be evaluated. 
	● Students identify the given reasoning to be evaluated. 

	● Students evaluate the given evidence for interference behavior of electromagnetic radiation to determine how it supports the argument that electromagnetic radiation can be described by a wave model. 
	● Students evaluate the given evidence for interference behavior of electromagnetic radiation to determine how it supports the argument that electromagnetic radiation can be described by a wave model. 

	● Students evaluate the phenomenon of the photoelectric effect to determine how it supports the argument that electromagnetic radiation can be described by a particle model. 
	● Students evaluate the phenomenon of the photoelectric effect to determine how it supports the argument that electromagnetic radiation can be described by a particle model. 

	● Students evaluate the given claims and reasoning for modeling electromagnetic radiation as both a wave and particle, considering the transfer of energy and information within and between systems, and why for some aspects the wave model is more useful and for other aspects the particle model is more useful to describe the transfer of energy and information. 
	● Students evaluate the given claims and reasoning for modeling electromagnetic radiation as both a wave and particle, considering the transfer of energy and information within and between systems, and why for some aspects the wave model is more useful and for other aspects the particle model is more useful to describe the transfer of energy and information. 


	 

	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Waves and Their Applications in Technologies for Information Transfer 
	Waves and Their Applications in Technologies for Information Transfer 


	Component 
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	Electromagnetic Radiation 
	Electromagnetic Radiation 
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	Communicate technical information about how electromagnetic radiation interacts with matter. 
	Communicate technical information about how electromagnetic radiation interacts with matter. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[Clarification Statement: Examples could include solar cells capturing light and converting it to electricity; medical imaging; and communications technology.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Obtaining, Evaluating, and Communicating Information 
	● Communicate technical information or 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). 
	● Communicate technical information or 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). 
	● Communicate technical information or 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). 


	 
	DISCIPLINARY CORE IDEAS 
	Energy in Chemical Processes 
	● Solar cells are human-made devices that capture the Sun’s energy and produce electrical energy. 
	● Solar cells are human-made devices that capture the Sun’s energy and produce electrical energy. 
	● Solar cells are human-made devices that capture the Sun’s energy and produce electrical energy. 


	 
	Wave Properties 
	● Information can be digitized (e.g., a picture stored as the values of an array of pixels); in this form, it can be stored reliably in computer memory and sent over long distances as a series of wave pulses. 
	● 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. 
	● 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. 


	 
	Electromagnetic Radiation 
	● Photoelectric materials emit electrons when they absorb light of a high-enough frequency. 
	● Photoelectric materials emit electrons when they absorb light of a high-enough frequency. 
	● Photoelectric materials emit electrons when they absorb light of a high-enough frequency. 


	 
	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. 
	● 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. 
	● 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. 


	 
	CROSSCUTTING CONCEPTS 
	Cause and Effect 
	● Systems can be designed to cause a desired effect. 
	● Systems can be designed to cause a desired effect. 
	● Systems can be designed to cause a desired effect. 


	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should include all needed background information. 
	● Tasks should include all needed background information. 
	● Tasks should include all needed background information. 

	● Tasks are limited to qualitative information. 
	● Tasks are limited to qualitative information. 


	 

	Sample Stems 
	Sample Stems 
	 
	• The conversion of solar energy into electricity occurs when electromagnetic waves strike photovoltaic cells (PV).  
	• The conversion of solar energy into electricity occurs when electromagnetic waves strike photovoltaic cells (PV).  
	• The conversion of solar energy into electricity occurs when electromagnetic waves strike photovoltaic cells (PV).  


	 
	The photons of the electromagnetic waves produce electricity by doing what in this process? 
	 
	 
	 
	• The process of designing a building using passive solar energy involves selecting materials and systems that maximize energy efficiency.  
	• The process of designing a building using passive solar energy involves selecting materials and systems that maximize energy efficiency.  
	• The process of designing a building using passive solar energy involves selecting materials and systems that maximize energy efficiency.  


	 
	What element of the design process includes the circulation of heat throughout a structure through conduction, convection and radiation? 


	Possible Evidence  
	Possible Evidence  
	Possible Evidence  
	 
	● Students use at least two different formats (e.g., oral, graphical, textual, mathematical) to communicate technical information and ideas, including fully describing at least two devices and the physical principles upon which the devices depend. One of the devices must depend on the photoelectric effect for its operation. Students cite the origin of the information as appropriate. 
	● Students use at least two different formats (e.g., oral, graphical, textual, mathematical) to communicate technical information and ideas, including fully describing at least two devices and the physical principles upon which the devices depend. One of the devices must depend on the photoelectric effect for its operation. Students cite the origin of the information as appropriate. 
	● Students use at least two different formats (e.g., oral, graphical, textual, mathematical) to communicate technical information and ideas, including fully describing at least two devices and the physical principles upon which the devices depend. One of the devices must depend on the photoelectric effect for its operation. Students cite the origin of the information as appropriate. 

	● When describing how each device operates, students identify the wave behavior utilized by the device or the absorption of photons and production of electrons for devices that rely on the photoelectric effect and qualitatively describe how the basic physics principles were utilized in the design through research and development to produce this functionality (e.g., absorbing electromagnetic energy and converting it to thermal energy to heat an object; using the photoelectric effect to produce an electric cu
	● When describing how each device operates, students identify the wave behavior utilized by the device or the absorption of photons and production of electrons for devices that rely on the photoelectric effect and qualitatively describe how the basic physics principles were utilized in the design through research and development to produce this functionality (e.g., absorbing electromagnetic energy and converting it to thermal energy to heat an object; using the photoelectric effect to produce an electric cu

	● For each device, students discuss the real-world problem it solves or need it addresses and how civilization now depends on the device. 
	● For each device, students discuss the real-world problem it solves or need it addresses and how civilization now depends on the device. 

	● Students identify and communicate the cause and effect relationships that are used to produce the functionality of the device. 
	● Students identify and communicate the cause and effect relationships that are used to produce the functionality of the device. 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
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	Waves and Their Applications in Technologies for Information Transfer 
	Waves and Their Applications in Technologies for Information Transfer 
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	Electromagnetic Radiation 
	Electromagnetic Radiation 
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	Evaluate the validity and reliability of claims in published materials of the effects that different frequencies of electromagnetic radiation have when absorbed by matter. 
	Evaluate the validity and reliability of claims in published materials of the effects that different frequencies of electromagnetic radiation have when absorbed by matter. 


	Expectation Unwrapped 
	Expectation Unwrapped 
	Expectation Unwrapped 
	 
	[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 trade books, magazines, web resources, videos, and other passages that may reflect bias.] 
	 
	SCIENCE AND ENGINEERING PRACTICES 
	Obtaining, Evaluating, and Communicating Information 
	● Evaluate the validity and reliability of multiple claims that appear in scientific and technical texts or media reports, verifying the data when possible. 
	● Evaluate the validity and reliability of multiple claims that appear in scientific and technical texts or media reports, verifying the data when possible. 
	● Evaluate the validity and reliability of multiple claims that appear in scientific and technical texts or media reports, verifying the data when possible. 


	 
	DISCIPLINARY CORE IDEAS 
	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 (e.g., ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells. 
	● When light or longer-wavelength electromagnetic radiation is absorbed in matter, it is generally converted into thermal energy (heat). Shorter-wavelength electromagnetic radiation (e.g., ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells. 
	● When light or longer-wavelength electromagnetic radiation is absorbed in matter, it is generally converted into thermal energy (heat). Shorter-wavelength electromagnetic radiation (e.g., ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells. 


	 
	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. 
	● 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. 
	● 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. 


	 
	Refer to Engineering, Technology, and Application of Science 9-12.ETS1.A.1. 
	 

	DOK Ceiling 
	DOK Ceiling 
	3 


	Item Format 
	Item Format 
	Item Format 
	Selected Response 
	Constructed Response 
	Technology Enhanced 
	 


	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	Content Limits/Assessment Boundaries 
	 
	● Tasks should include all needed published materials. 
	● Tasks should include all needed published materials. 
	● Tasks should include all needed published materials. 

	● Tasks should be limited to qualitative descriptions. 
	● Tasks should be limited to qualitative descriptions. 



	Sample Stems 
	Sample Stems 
	 
	• Patients with brain tumors may elect to have a procedure known as Gamma Knife. In a typical Gamma Knife procedure gamma rays 
	• Patients with brain tumors may elect to have a procedure known as Gamma Knife. In a typical Gamma Knife procedure gamma rays 
	• Patients with brain tumors may elect to have a procedure known as Gamma Knife. In a typical Gamma Knife procedure gamma rays 




	are directed toward a tumor with contact to surrounding tissues. 
	are directed toward a tumor with contact to surrounding tissues. 
	are directed toward a tumor with contact to surrounding tissues. 
	are directed toward a tumor with contact to surrounding tissues. 
	are directed toward a tumor with contact to surrounding tissues. 


	 
	Why is limiting contact between gamma rays and healthy tissue important? 
	 
	 
	• Irradiating meat and poultry is a method of killing bacteria and extending the shelf life of food.  
	• Irradiating meat and poultry is a method of killing bacteria and extending the shelf life of food.  
	• Irradiating meat and poultry is a method of killing bacteria and extending the shelf life of food.  


	 
	Which statement would strengthen the argument made in a publication that irradiating food does not cause health risks? 

	Possible Evidence  
	Possible Evidence  
	 
	● Students obtain at least two claims proposed in published material (using at least two sources per claim) regarding the effect of electromagnetic radiation that is absorbed by matter. One of these claims deals with the effect of electromagnetic radiation on living tissue. 
	● Students obtain at least two claims proposed in published material (using at least two sources per claim) regarding the effect of electromagnetic radiation that is absorbed by matter. One of these claims deals with the effect of electromagnetic radiation on living tissue. 
	● Students obtain at least two claims proposed in published material (using at least two sources per claim) regarding the effect of electromagnetic radiation that is absorbed by matter. One of these claims deals with the effect of electromagnetic radiation on living tissue. 

	● Students use reasoning about the data presented, including the energies of the photons involved (i.e., relative wavelengths) and the probability of ionization, to analyze the validity and reliability of each claim. 
	● Students use reasoning about the data presented, including the energies of the photons involved (i.e., relative wavelengths) and the probability of ionization, to analyze the validity and reliability of each claim. 

	● Students determine the validity and reliability of the sources of the claims. 
	● Students determine the validity and reliability of the sources of the claims. 

	● Students describe the cause and effect reasoning in each claim, including the extrapolations to larger scales from cause and effect relationships of mechanisms at small scales (e.g., extrapolating from the effect of a particular wavelength of radiation on a single cell to the effect of that wavelength on the entire organism). 
	● Students describe the cause and effect reasoning in each claim, including the extrapolations to larger scales from cause and effect relationships of mechanisms at small scales (e.g., extrapolating from the effect of a particular wavelength of radiation on a single cell to the effect of that wavelength on the entire organism). 


	 


	Stimulus Materials 
	Stimulus Materials 
	Stimulus Materials 
	 
	Graphic organizers, diagrams, graphs, data tables, drawings 
	 



	 



