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[bookmark: _Toc12556286]MS-PS1-1 Matter and its Interactions
Students who demonstrate understanding can: 
Develop models to describe the atomic composition of simple molecules and extended structures.
[Clarification Statement: Emphasis is on developing models of molecules that vary in complexity. Examples of simple molecules could include ammonia and methanol. Examples of extended structures could include sodium chloride or diamonds. Examples of molecular-level models could include drawings, 3D ball and stick structures, or computer representations showing different molecules with different types of atoms.] [Assessment Boundary: Assessment does not include valence electrons and bonding energy, discussing the ionic nature of subunits of complex structures, or a complete description of all individual atoms in a complex molecule or extended structure is not required.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 and progresses to developing, using and revising models to describe, test, and predict more abstract phenomena and design systems.
Develop a model to predict and/or describe phenomena.
	PS1.A: Structure and Properties of Matter
7. Substances are made from different types of atoms, which combine with one another in various ways. Atoms form molecules that range in size from two to thousands of atoms.
11. Solids may be formed from molecules, or they may be extended structures with repeating subunits (e.g., crystals).
	Scale, Proportion, and Quantity
Time, space, and energy phenomena can be observed at various scales using models to study systems that are too large or too small.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
Disciplinary Core Idea Assessment Targets
	PS1.A.7a	Relate the behavior of bulk substances with their structures at the atomic and molecular level
	PS1.A.7b	Identify structures that are characteristic of substances that are solids in the standard state (i.e., extended structures and complex molecules with strong intermolecular attractions)
	PS1.A.7c	Identify structures that are characteristic of substances that are gases in the standard state (i.e., individual atoms or simple molecules with weak intermolecular attractions)
	PS1.A.7d	Describe how pure substances are composed of one or more types of atoms that are combined with one another in various and characteristic ways
	PS1.A.7e	Describe how some substances are made up of bulk quantities of individual atoms, simple molecules, or extended structures of the same element
	PS1.A.7f	Describe how some substances are made up of bulk quantities of molecules composed of two or more atoms of different elements that are covalently bonded
	PS1.A.11a	Describe that some complex molecules are composed of repeating subunits
	PS1.A.11b	Describe that some substances are made up of bulk quantities of different types of atoms (ions) that repeat to form extended three-dimensional structures
	PS1.A.11c	Identify the components (e.g., atoms, bonds, molecules) of molecular-level models
	PS1.A.11d	Distinguish among the different types of structures illustrated by molecular-level models
Crosscutting Concept Assessment Target(s)
CCC3 	Identify that time, space, and energy phenomena can be observed at various scales using models to study systems that are too large or too small
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a description of a substance and a list of relevant and irrelevant components, such as representations of atoms, bonds, or molecules:
Selects the appropriate components to develop a model that illustrates the substance based on the description (2.1.1, PS1.A.7, and CCC3)
Task provides a description of a substance and an incomplete molecular-model or complete molecular-level models:
Selects components to complete the model to illustrate the substance based on the description (2.1.1, PS1.A.7, and CCC3)
Selects the model that illustrates the substance based on the description (2.1.1, PS1.A.7, and CCC3)
Task provides a molecular-level model illustrating the structure of a solid:
Identifies a description of the solid based on the model (2.1.3, PS1.A.11, and CCC3)
Identifies the components in the model (2.1.3, PS1.A.11, and CCC3)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The angles and relative orientation of atoms within a molecule
Brittle, crystalline structures or long, complex structures
Density of matter within a substance
Conductivity
Common Misconceptions
Note that the list in this section is not exhaustive.
Pure substances cannot be broken down into other pure substances.
Pure substances can always be visually identified by consistency among physical features alone.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS1-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS1-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Analyze and interpret data on the properties of substances before and after the substances interact to determine if a chemical reaction has occurred.
[Clarification Statement: Examples of reactions could include burning sugar or steel wool, fat reacting with sodium hydroxide, and mixing zinc with hydrogen chloride.] [Assessment boundary: Assessment is limited to analysis of the following properties: density, melting point, boiling point, solubility, flammability, and odor.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 6–8 builds on K–5 and progresses to extending quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
Analyze and interpret data to determine similarities and differences in findings.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical and conceptual connections between evidence and explanations.
	PS1.A: Structure and Properties of Matter
8. Each pure substance has characteristic physical and chemical properties (for any bulk quantity under given conditions) that can be used to identify it.
PS1.B: Chemical Reactions
1. Substances react chemically in characteristic ways. In a chemical process, the atoms that make up the original substances are regrouped into different molecules, and these new substances have different properties from those of the reactants.
	Patterns
Macroscopic patterns are related to the nature of microscopic and atomic-level structure.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
4.2	Ability to analyze data to identify relationships
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
4.2.1	Ability to use observational and/or empirical data to describe patterns and relationships
Disciplinary Core Idea Assessment Targets
	PS1.A.8a	Identify characteristic physical properties of pure substances (e.g. color, smell, boiling point, melting point, and density)
	PS1.A.8b	Identify characteristic chemical properties of pure substances (e.g. flammability)
	PS1.B.4a	Describe that during a chemical reaction the atoms that make up the original substances (reactants) are rearranged to form new substances (products)
	PS1.B.4b	Describe that the properties of the reactants are different than the properties of the products
	PS1.B.4c	Determine whether a chemical reaction has occurred based on the properties of the reactants and the products
Crosscutting Concept Assessment Target(s)
CCC1 	Identify macroscopic patterns that are related to the nature of microscopic and atomic-level structure
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data on physical and chemical properties of a pure substance:
Determines which element is represented (4.2.1, PS1.A.8, and CCC1)
Task provides a pure substance:
Identifies characteristic chemical properties of the substance (4.2.1, PS1.A.8, and CCC1)
Task provides a scenario involving a chemical reaction or set of reactions:
Interprets the observations and data and describes how the observations and data indicate that a chemical change has occurred (4.2.1, PS1.B.4, and CCC1)
Describes how the properties of the reactants and products are different (4.2.1, PS1.B.4, and CCC1)
Task provides a set of reactants and a set of products:
Determines whether a chemical reaction occurred based on observations and/or empirical data of physical and chemical properties (4.2.1, PS1.B.4, and CCC1)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Combustion reactions 
· Combustion of natural gas in furnaces or boilers, combustion of butane in lighters, etc.
Replacement (displacement) reactions that produce a gas, precipitate, or color change
· Baking soda/acid reaction as leavening agent in baking
· Analysis of chlorine in pools or water/wastewater using the oxidation of DPD
Synthesis and decomposition reactions
· Decomposition of H2O2 (foaming on skin cuts vs stable in 3% solution; experiment adding H2O2 to freshly cut potato pieces [data-based items]) 
· Dissolving sugar/salt/other substances in water using amounts greater than their solubility (how this is NOT an indication of a chemical change)
· UV-induced decomposition of AgCl and application to photochromic lenses or black-and-white photography (reaction based on “color” changes)
Common Misconceptions
Note that the list in this section is not exhaustive.
All physical changes are reversible/all chemical changes are irreversible.
Changes of state are chemical changes.
Chemical changes always occur when substances are mixed/dissolved.
An increase or decrease in the temperature of a chemical system always indicates a chemical change.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS1-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS1-2 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Gather and make sense of information to describe that synthetic materials come from natural resources and impact society.
[Clarification Statement: Emphasis is on natural resources that undergo a chemical process to form the synthetic material. Examples of new materials could include new medicine, foods, and alternative fuels.] [Assessment Boundary: Assessment is limited to qualitative information.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.


	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 6–8 builds on K–5 and progresses to evaluating the merit and validity of ideas and methods.
Gather, read, and synthesize information from multiple appropriate sources and assess the credibility, accuracy, and possible bias of each publication and methods used, and describe how they are supported or now supported by evidence.
	PS1.A: Structure and Properties of Matter
10. Each pure substance has characteristic physical and chemical properties (for any bulk quantity under given conditions) that can be used to identify it.
PS1.B: Chemical Reactions
4. Substances react chemically in characteristic ways. In a chemical process, the atoms that make up the original substances are regrouped into different molecules, and these new substances have different properties from those of the reactants.
	Structure and Function
Structures can be designed to serve particular functions by taking into account properties of different materials, and how materials can be shaped and used.
Connections to Engineering, Technology, and Applications of Science
Interdependence of Science, Engineering, and Technology
Engineering advances have led to important discoveries in virtually every field of science, and scientific discoveries have led to the development of entire industries and engineered systems.
Influence of Science, Engineering and Technology on Society and the Natural World 
The uses of technologies and any limitation on their use are driven by individual or societal needs, desires, and values; by the findings of scientific research; and by differences in such factors as climate, natural resources, and economic conditions. Thus technology use varies from region to region and over time. 


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
8.1	Ability to comprehend and evaluate text in terms of its validity, reliability, and sources
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
8.1.1	Ability to recognize, interpret, and critique key ideas in scientific and engineering text, including a mix of words, symbols, tables, diagrams, and graphs
8.1.2	Ability to obtain relevant information through conducting searches in print and online sources and evaluate the reliability of the obtained information
8.1.3	Ability to summarize information from a single source and combine and synthesize information from multiple sources in order to address a question or solve a problem
Disciplinary Core Idea Assessment Targets
	PS1.A.7a	Identify physical and chemical properties characteristic of certain materials that can be used to identify the material or to identify if a change within that material has occurred
	PS1.A.7b	Describe that the properties of synthetic material contribute to the function of the synthetic material
	PS1.B.4a	Describe new substances (products, synthetic materials) as rearrangements of the original substances (reactants, natural resources) that form during a chemical reaction of the constituent atoms
	PS1.B.4b	Describe that the properties of the reactants (natural resources) are different from the properties of the products (synthetic materials)
	PS1.B.4c	Describe the benefits afforded by a synthetic material that has a particular chemical property in terms of societal need for certain resources (e.g., energy, clothing, food, housing, etc.)
	PS1.B.4d	Describe the negative effects of synthetic material production (including consequences of resource extraction/creation, limitation of constituent resources, potential dependence on a synthetic material, etc.)
Crosscutting Concept Assessment Target(s)
CCC6 	Design structures to serve particular functions by taking into account properties of different materials, and how materials can be shaped and used
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task both provides different types of information (e.g., tables, graphs, text) about synthetic materials derived from natural resources and provides a guiding question:
Recognizes and interprets the relevant information to answer the guiding question (8.1.1, PS1.A.7, and CCC6) and (8.1.1, PS1.B, and CCC6)
Task provides context and multiple sources of information, which vary in relevance and reliability, about synthetic materials derived from natural resources:
Evaluates the relevance and reliability of the sources (8.1.2, PS1.A.7, and CCC6) and (8.1.2, PS1.B, and CCC6)
Task provides both information from multiple sources and a question regarding the natural resource constituents of a synthetic product and what that synthetic product is used for:
Synthesizes the information from the multiple sources to answer the question (8.1.3, PS1.A.7, and CCC6) and (8.1.3, PS1.B, and CCC6)
Environmental Principles and Concepts
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Medicines
Foods
Artificial sweeteners
Plastics
Fibers
Alternative fuels
Chemical processes involved in the production of the synthetic material
The ways chemical and physical properties contribute to the function of synthetic material
Cost and benefits to society associated with the production and use of the synthetic material
Common Misconceptions
Note that the list in this section is not exhaustive.
All synthetic materials are made up of polymers.
Synthetic materials are more toxic than natural materials.
Synthetic materials are always beneficial to society.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS1-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS1-3 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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[bookmark: _Toc12556289]MS-PS1-4 Matter and its Interactions
Students who demonstrate understanding can: 
Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure substance when thermal energy is added or removed.
[Clarification Statement: Emphasis is on qualitative molecular-level models of solids, liquids, and gases to show that adding or removing thermal energy increases or decreases kinetic energy of the particles until a change of state occurs. Examples of models could include drawing and diagrams. Examples of particles could include molecules or inert atoms. Examples of pure substances could include water, carbon dioxide, and helium.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.


	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 and progresses to developing, using and revising models to describe, test, and predict more abstract phenomena and design systems.
Develop a model to predict and/or describe phenomena.
	PS1.A: Structure and Properties of Matter
9. 	Gases and liquids are made of molecules or inert atoms that are moving about relative to each other.
10. In a liquid, the molecules are constantly in contact with others; in a gas, they are widely spaced except when they happen to collide. In a solid, atoms are closely spaced and may vibrate in position but do not change relative locations.
12. The changes of state that occur with variations in temperature or pressure can be described and predicted using these models of matter.
PS3.A: Definitions of Energy
4. The term “heat” as used in everyday language refers both to thermal energy (the motion of atoms or molecules within a substance) and the transfer of that thermal energy from one object to another. In science, heat is used only for this second meaning; it refers to the energy transferred due to the temperature difference between two objects. (secondary)
5. The temperature of a system is proportional to the average internal kinetic energy and potential energy per atom or molecule (whichever is the appropriate building block for the system’s material). The details of that relationship depend on the type of atom or molecule and the interactions among the atoms in the material. Temperature is not a direct measure of a system's total thermal energy. The total thermal energy (sometimes called the total internal energy) of a system depends jointly on the temperature, the total number of atoms in the system, and the state of the material. (secondary)
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
2.2	Ability to use models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.2	Ability to determine scope, scale, and grain-size of the model, as appropriate to its intended use
2.2.1	Ability to use the model to collect evidence to reason qualitatively or quantitatively about concepts and relationships represented in the model
2.2.2	Ability to use the model to generate explanations and predictions about the behavior of a scientific phenomenon
Disciplinary Core Idea Assessment Targets
	PS1.A.9a	Describe liquid and gaseous substances in terms of the movement of their smaller constituent particles
	PS1.A.10a	Differentiate states of matter of a substance by the spacing of the constituent particles
	PS1.A.10b	Describe a solid state of matter in terms of particles vibrating in fixed positions
	PS1.A.12a	Make inferences about the ways changes in temperature/pressure affect states of matter based on changes in temperature and pressure
	PS1.A.12b	Describe the pressure of a gas in terms of the motion of its particles and the collisions of those particles with other materials
	PS3.A.4a	Identify “heat” as the transfer of thermal energy from objects of greater temperature to objects of lesser temperature v
	PS3.A.5a	Define temperature as the average kinetic energy of particles to explain the relationship between the motion of particles, their mass, and the bulk temperature of a substance
	PS3.A.5b	Distinguish between transfer of thermal energy and temperature
	PS3.A.5c	Calculate the total thermal energy of a system from the temperature, total number of atoms in the system, and the state of matter
Crosscutting Concept Assessment Target(s)
CCC2 	Use cause and effect relationships to predict phenomena in natural or designed systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a description of a class of phenomena (e.g., change of state) in which thermal energy transfers to/from a substance. The task provides a particle-level model for the energy transfer that may be in need of refinement:
Selects or labels the components/features of the model that represent relevant cause-and-effect relationships during a particular energy transfer phenomenon (2.1.1, PS1.A.10, and CCC2
Selects or labels the components/features of the model that are relevant in making a prediction regarding the effect of adding or removing thermal energy from the system (2.1.1, PS1.A.12, and CCC2)
Task provides an incomplete model of phenomenon that involves the transfer of thermal energy to/from a substance and a list of relevant and irrelevant components to complete the model:
Completes the model in a way that assists in making a prediction about how the system will change when thermal energy is added/removed (2.1.1, PS1.A.12, and CCC2)
Task provides a description of a phenomenon that involves the transfer of thermal energy to or from a substance and several models that represent the energy transfer at different scales (i.e., particle level, bulk level, something halfway between the two):
Selects the appropriate scales to illustrate the relative change(s) that occurred due to the transfer of thermal energy (2.1.2, PS3.A.4, and CCC2)
Provides correct reasoning for the selection of scale in light of a goal to predict particular changes in a system as a result of thermal energy transfer (2.1.2, PS3.A.4, and CCC2)
Task provides a model of a phenomenon that illustrates the changes to temperature, kinetic energy, pressure, and/or motion of particles after adding or removing thermal energy from the system:
Uses the model to explain the causal relationships between the addition or release of thermal energy and the other components (2.2.1, PS3.A.5, and CCC2)
Identifies evidence illustrated in the model that changes in features of the system/substance were due to the addition or removal of thermal energy (2.2.1, PS3.A.5, and CCC2)
Generates (or selects) an accurate statement predicting the likely outcome of the addition or removal of thermal energy to some aspect of the system that highlights a cause-effect relationship illustrated in the model (2.2.2, PS1.A.12, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Changes of state as a result of the transfer of thermal energy to or from a substance
Feelings of heat or cold as a result of coming in contact with a substance
The effect of a change in ambient/partial pressure on the liquid-gas transition energy requirements
The relationship between pressure, volume, and temperature on particles in a closed system
Identifying the sample with highest/lowest temperature particles from the average speed of particles
Correlation between particle movement and phase transition
Selecting the particle diagram depicting movement that best represents the effect of adding/removing thermal energy
Common Misconceptions
Note that the list in this section is not exhaustive.
Thermal energy, heat, and temperature are interchangeable terms.
Temperature is an extensive quantity and it is a measure of heat.
Particles expand or break up when thermal energy is added and contract when thermal energy is released.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS1-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS1-4 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12556290]MS-PS1-5 Matter and its Interactions
Students who demonstrate understanding can: 
Develop and use a model to describe how the total number of atoms does not change in a chemical reaction and thus mass is conserved.
[Clarification Statement: Emphasis is on law of conservation of matter and on physical models or drawings, including digital forms, that represent atoms.] [Assessment Boundary: Assessment does not include the use of atomic masses, balancing symbolic equations, or intermolecular forces.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 and progresses to developing, using and revising models to describe, test, and predict more abstract phenomena and design systems.
Develop a model to describe unobservable mechanisms.
Connections to Nature of Science
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
Laws are regularities or mathematical descriptions of natural phenomena.
	PS1.B: Chemical Reactions
Substances react chemically in characteristic ways. In a chemical process, the atoms that make up the original substances are regrouped into different molecules, and these new substances have different properties from those of the reactants.
The total number of each type of atom is conserved, and thus the mass does not change.
	Energy and Matter
Matter is conserved because atoms are conserved in physical and chemical processes.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1 	Ability to develop a model
2.2 	Ability to use models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1 	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.2.2 	Ability to use the model to generate explanations and predictions about the behavior of a scientific phenomenon
Disciplinary Core Idea Assessment Targets
	PS1.B.5a	Describe that during a chemical reaction the atoms that make up the reactants are rearranged to form new products
	PS1.B.5b	Identify and describe the number and types of atoms in a molecule of a substance based on a chemical formula and/or molecular model
	PS1.B.5c	Describe that each type of atom has a specific mass, which is the same for all atoms of that type
	PS1.B.5d	Describe that the number and types of atoms in the reactants are equal to the number and types of atoms in the products
	PS1.B.5e	Describe that atoms and thus mass are conserved during chemical reactions
	PS1.B.5f	Recognize the components, relationships, and predictive power of a balanced chemical equation
Crosscutting Concept Assessment Target(s)
CCC5 	Identify that matter is conserved because atoms are conserved in physical and chemical processes
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides description of a chemical reaction and a list of relevant and irrelevant components:
Selects the appropriate components to develop the model to illustrate the conservation of atoms/mass (2.1.1, PS1.B.5, and CCC5)
Task provides an incomplete model of a chemical reaction and a list of relevant and irrelevant components:
Selects the appropriate components to complete the model to illustrate the conservation of atoms/mass (2.1.1, PS1.B.5, and CCC5)
Task provides a model of a chemical reaction that illustrates the conservation of atoms/mass:
Identifies the explanation that the model is trying to convey (2.2.2, PS1.B.5, and CCC5)
Identifies the predictive meaning of the model (2.2.2, PS1.B.5, and CCC5)
Uses the model to make a correct prediction (2.2.2, PS1.B.5, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Simple, one-directional reactions representing combustion, synthesis, decomposition, and replacement
· Simple reaction type that uses particle diagrams
· Ability to explain whether or not a model is correct/incorrect based on conservation of mass (for reactions that use stoichiometric amounts only)
· Ratio/proportion in which substances react
· Potential “everyday” reactions: neutralization of stomach acid with milk of magnesia, decomposition of sodium azide in airbags, using a base (soap) to neutralize formic acid (sting from ant or bee), acid rain dissolving marble or limestone (statues, monuments, etc.)
Reaction involving a limiting reagent
Common Misconceptions
Note that the list in this section is not exhaustive.
Atoms and molecules are the same thing.
The number of molecules before and after a reaction should be equal.
Mass is lost or gained in certain reactions out of nowhere. 
Mass of an atom changes during a chemical reaction.
Chemical reactions cause changes to atoms, not molecules.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS1-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS1-5 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Undertake a design project to construct, test, and modify a device that either releases or absorbs thermal energy by chemical processes.*
[Clarification Statement: Emphasis is on the design, controlling the transfer of energy to the environment, and modification of a device using factors such as type and concentration of a substance. Examples of designs could involve chemical reactions such as dissolving ammonium chloride or calcium chloride.] [Assessment Boundary: Assessment is limited to the criteria of amount, time, and temperature of substance in testing the device.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6–8 builds on K–5 experiences and progresses to include constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific knowledge, principles, and theories.
Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that meets specific design criteria and constraints.
	PS1.B: Chemical Reactions
Some chemical reactions release energy, others store energy.
ETS1.B: Developing Possible Solutions
6. A solution needs to be tested, and then modified on the basis of the test results, in order to improve it. (secondary)
ETS1.C: Optimizing the Design Solution
3. Although one design may not perform the best across all tests, identifying the characteristics of the design that performed the best in each test can provide useful information for the redesign process - that is, some of the characteristics may be incorporated into the new design. (secondary)
4. The iterative process of testing the most promising solutions and modifying what is proposed on the basis of the test results leads to greater refinement and ultimately to an optimal solution. (secondary)
	Energy and Matter
The transfer of energy can be tracked as energy flows through a designed or natural system.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6E.1	Ability to solve design problems
6E.2	Ability to evaluate and/or refine solutions to design problems
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6E.1.1	Ability to engage in a systematic, iterative process to solve design problems that result in structures or processes, or the plans for structure or processes
6E.1.2	Ability to generate multiple solutions for a design problem that meet design criteria and constraints
6E.1.4	Ability to apply relevant scientific knowledge and/or evidence in designing solutions
6E.2.1	Ability to compare or critique competing design solutions based on design criteria
6E.2.2	Ability to evaluate and/or refine (optimize) design solutions based on scientific knowledge or evidence
6E.2.3	Ability to optimize performance of a design by prioritizing criteria, making tradeoffs, testing, revising, and re-testing
Disciplinary Core Idea Assessment Targets
	PS1.B.6a	Identify the release or absorption of thermal energy based on the chemical processes taking place
	PS1.B.6b	Consider the unique, energy-related chemical properties of the inputs and outputs of a system
ETS.1.B.6a	Use relevant scientific principles to describe multiple design solutions that may be viable given the constraints and criteria to address the problem
ETS.1.B.6b	Use relevant scientific principles to create an evaluation plan that can test design solutions with respect to how well they meet certain criteria (e.g., the transfer of thermal energy) and constraints (e.g., amount and cost of materials, safety, and operating time)
ETS.1.C.3a	Identify the features of a design solution that perform best with respect to how well they meet a certain criteria or constraint
ETS.1.C.3b	Optimize a design solution by incorporating the best features of multiple design solutions into one design
ETS.1.C.4a	Understand that design is an iterative process that involves the systematic evaluation of multiple design solutions
Crosscutting Concept Assessment Target(s)
CCC5 	Identify that the transfer of energy can be tracked as energy flows through a designed or natural system
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a description of a problem (including criteria and constraints) that can be solved by a device that involves the transfer of thermal energy caused by chemical processes:
Selects features to include in an initial design solution (6E.1.1, PS1.B/ETS1.B, and CCC5)
Task provides both a description of a problem that can be solved by a device that involves the storage/release/transfer of thermal energy and representations of potential solutions:
Identifies initial design solution(s) that meet the provided criteria and constraints (6E.1.2, ETS1.B, and CCC5)
Task provides both a description of a problem (including criteria and constraints) that can be solved by a device that involves the storage/release/transfer of thermal energy and a design solution:
Identifies the scientific concepts underlying the performance of the device (6E.1.4, PS1.B/ETS1.B, and CCC5)
Identifies the tradeoffs in the design solution (6E.2.1, PS1.B/ETS1.C, and CCC5)
Task provides 1) a description of a problem that can be solved by a device that involves the storage/release/transfer of thermal energy, 2) multiple design solutions, and 3) a list of prioritized criteria:
Selects the design solution that best meets the prioritized criteria (6E.2.1, PS1.B/ETS1.C, and CCC5)
Task provides 1) a description of a problem that can be solved by a device that involves the storage/release/transfer of thermal energy, 2) multiple design solutions, 3) relevant data/evidence for each design solution, and 4) a list of prioritized criteria:
Uses the data evidence to select and justify the best design solution based on the prioritized criteria (6E.2.1, PS1.B/ETS1.C, and CCC5)
Task provides both a description of a problem that can be solved by a device that involves the storage/release/transfer of thermal energy and multiple design solutions:
Uses scientific principles to select and justify the most effective design (6E.2.2, PS1.B/ETS1.C, and CCC5)
Task provides 1) a description of a problem (including prioritized criteria) that can be solved by a device that involves the storage/release/transfer of thermal energy, 2) a design solution, and 3) data from testing the prototype device:
Uses the data to identify design improvements with respect to the prioritized criteria (6E.2.3, PS1.B/ETS1.C, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Dissolution processes that absorb or release significant amounts of heat
Simple exothermic and endothermic chemical reactions
Energy transfer to materials that have large specific heat capacities
Changes in the arrangement of atoms
Combustion of methane (natural gas) or butane
Instant cold/hot packs (dissolution of ammonium nitrate, magnesium sulfate, calcium chloride, etc.)
Flameless ration heaters (used by US military to heat meals, based on reaction between Mg metal and water)
Common Misconceptions
Note that the list in this section is not exhaustive.
Design only requires developing good ideas and does not include the realization and evaluation of the ideas.
Once a solution comes to mind, there is no need to develop alternate solutions.
Engineering design is a linear process.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS1-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS1-6 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects.*
[Clarification Statement: Examples of practical problems could include the impact of collisions between two cars, between a car and stationary objects, and between a meteor and a space vehicle.] [Assessment Boundary: Assessment is limited to vertical or horizontal interactions in one dimension.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6–8 builds on K–5 experiences and progresses to include constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories.
Apply scientific ideas or principles to design an object, tool, process or system.
	PS2.A: Forces and Motion
5. For any pair of interacting objects, the force exerted by the first object on the second object is equal in strength to the force that the second object exerts on the first, but in the opposite direction (Newton’s third law).
	Systems and System Models
Models can be used to represent systems and their interactions—such as inputs, processes and outputs—and energy and matter flows within systems.
Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
The uses of technologies and any limitations on their use are driven by individual or societal needs, desires, and values; by the findings of scientific research; and by differences in such factors as climate, natural resources, and economic conditions.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6.1 	Ability to construct explanations of phenomena
6E.2	Ability to evaluate and/or refine solutions to design problems
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6.1.2	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
6E.2.2	Ability to evaluate and/or refine (optimize) design solutions based on scientific knowledge or evidence
6E.2.3	Ability to optimize performance of a design by prioritizing criteria, making tradeoffs, testing, revising, and re-testing
Disciplinary Core Idea Assessment Targets
	PS2.A.5a	Identify action-reaction pairs of forces and the objects/components involved
	PS2.A.5b	Recognize that the force exerted on a pair of interacting objects is of the same magnitude but opposite in direction regardless of each object’s mass
	PS2.A.5c	Recognize that action-reaction pairs of forces do not cancel each other because they are acting on separate objects
	PS2.A.5d	Recognize that during a collision between two objects, the object with smaller mass has greater acceleration, and the object with greater mass has smaller acceleration, but the action-reaction force between each object is the same magnitude
	PS2.A.5e	Apply the concept of action-reaction pairs of forces to a design problem/solution involving a collision
	PS2.A.5f	Apply the concept of action-reaction pairs of forces involving a collision to a design problem/solution within given criteria/constraints
Crosscutting Concept Assessment Target(s)
CCC4 	Use models to represent systems and their interactions—such as inputs, processes, and outputs—and the flow of energy and matter within the systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a description of a physical situation involving a collision between two objects:
Identifies the action-reaction force pair during collision and the statement regarding the magnitude of the action-reaction forces involved in the collision (6.1.2, PS2.A.5, and CCC4)
Task provides a description of a physical situation involving a collision between two objects and the effectiveness of a given design of an object or process:
Identifies the scientific principle (e.g., action-reaction forces) that supports the effectiveness of the design (6E.2.2, PS2.A.5, and CCC4)
Task provides a description of a physical situation involving a collision between two objects and a list of multiple designs with a given criteria:
Identifies the best design and provides justification for the selection based on application of Newton’s third law of motion (6E.2.2, PS2.A.5, and CCC4)
Task provides a description of a physical situation involving a collision between two objects and a list of multiple ways to improve the design with a given criteria:
Identifies multiple ways the design can be improved while providing justification for the selection (6E.2.3, PS2.A.5, and CCC4)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Crumple zones in car accidents
Airbag deployment
Meteorite impacts
Space flight applications
Common Misconceptions
Note that the list in this section is not exhaustive.
Action-reaction forces cancel each other.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS2-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS2-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on the object and the mass of the object.
[Clarification Statement: Emphasis is on balanced (Newton’s First Law) and unbalanced forces in a system, qualitative comparisons of forces, mass and changes in motion (Newton’s Second Law), frame of reference, and specification of units.] [Assessment Boundary: Assessment is limited to forces and changes in motion in one-dimension in an inertial reference frame and to change in one variable at a time. Assessment does not include the use of trigonometry.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or test solutions to problems in 6–8 builds on K–5 experiences and progresses to include investigations that use multiple variables and provide evidence to support explanations or design solutions.
Plan an investigation individually and collaboratively, and in the design: identify independent and dependent variables and controls, what tools are needed to do the gathering, how measurements will be recorded, and how many data are needed to support a claim.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical and conceptual connections between evidence and explanations.
	PS2.A: Forces and Motion
The motion of an object is determined by the sum of the forces acting on it; if the total force on the object is not zero, its motion will change. The greater the mass of the object, the greater the force needed to achieve the same change in motion. For any given object, a larger force causes a larger change in motion.
All positions of objects and the directions of forces and motions must be described in an arbitrarily chosen reference frame and arbitrarily chosen units of size. In order to share information with other people, these choices must also be shared.
	Stability and Change
Explanations of stability and change in natural or designed systems can be constructed by examining the changes over time and forces at different scales.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
3.1	Ability to clarify the goal of the investigation and identify the evidence needed to address the purpose of the investigation 
3.2	Ability to develop, evaluate and refine a plan for the investigation
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
3.1.2	Ability to identify relevant independent and dependent variables and to consider possible confounding variables or effects 
3.1.3	Ability to describe what and how much data need to be collected to provide sufficient evidence to the purpose of the investigation 
3.2.1	Ability to decide how to measure and observe relevant variables, including considering the level of accuracy and precision required, and the kinds of instrumentation and techniques best suited to making such measurements to reduce both random and systematic error 
3.2.2	Ability to describe detailed experimental procedure, including how the data will be collected, the number of trials, the experimental set up, and the equipment and tools required
Disciplinary Core Idea Assessment Targets
	PS2.A.6a	Identify the objects interacting within a system (object or group of objects under investigation) as well as the forces acting upon them (which may be external to the system)
	PS2.A.6b	Describe the relative magnitude and direction of the forces exerted onto a system and whether or not they balance each other
	PS2.A.6c	Describe the relationship between the mass of an object (or system of objects), the sum of the forces acting on that object, and the acceleration that the object experiences
	PS2.A.6d	Describe the balance of the forces exerted on an object (or system of objects) based on the measurement of the object’s motion
	PS2.A.7a	Describe how the choice of a reference frame is an arbitrary selection based on ease of analysis
	PS2.A.7b	Choose a reference frame for the investigation that best facilitates measurement of mass, motion, and/or force
	PS2.A.7c	Choose the appropriate units for measuring mass, force, and motion in light of the relationship among the three and the effect of a reference frame choice
Crosscutting Concept Assessment Target(s)
CCC7 	Construct explanations of stability and change in natural or designed systems by examining the changes over time and forces at different scales
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a simulation that allows students to manipulate the mass of an object in a system and the magnitude of forces exerted on various components of the system:
Identifies the system and all the external objects interacting with the system, affecting its motion (3.1.2, PS2.A.6, and CCC7)
Identifies that if the external forces exerted by objects in a specific direction balance each other, then the system’s motion in that direction remains unchanged (3.1.2, PS2.A.6, and CCC7)
Identifies that if the external forces exerted by objects in a specific direction do not balance each other, then the system’s velocity in that direction changes (3.1.2, PS2.A.6, and CCC7)
Task provides a scenario where two groups, using alternative methods, investigate how the sum of forces exerted on a system correlate to its types of motion:
Compares and evaluates the methods used to determine which group, if any, correctly addresses the goal of the investigation (3.1.3, PS2.A.6, and CCC7)
Task provides a list of materials/measuring tools (e.g., metersticks, stopwatches, electric balances, force probes/spring scales, slow motion video camera) to carry out an investigation regarding forces and motion:
Selects and determines which instruments will provide accurate and precise data and identifies any gaps in data (3.2.1, PS2.A.7, and CCC7)
Task provides a scenario where different students describe the detailed experimental procedures they used to investigate how the sum of forces exerted on an object determines its type of motion:
Selects the most appropriate experimental procedure that targeted the investigation based on an appropriate choice of instruments and an appropriate choice of a reference frame for analysis (3.2.2, PS2.A.7, and CCC7)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Comparing and contrasting different motion graphs (position vs. time or velocity vs. time) of specific physical situations
Acceleration vs. unbalanced force graph
Unbalanced force vs. mass graph
Cart launched into motion by a force (e.g. spring-loaded plunger)
Cart-pulley-mass system on a ramp
Block sliding across surface as it is pulled by a force applied to a spring scale
Common Misconceptions
Note that the list in this section is not exhaustive.
Different types of motion—rest, constant velocity, and constant acceleration—are the same.
If speed increases, then acceleration must be increasing as well.
Contact/field forces and net forces are the same.
Forces must be exerted on a system in order for the system to maintain motion.
If the sum of all forces adds to zero, then the object must be at rest.
If the sum of all forces adds to zero, then the object cannot move.
Any force on an object must be in the direction of movement.
Individual forces, not their sum, determine the motion of an object.
If an object is moving, the sum of all forces cannot equal zero.
Constant speed, not constant acceleration, results from constant force.
An object can have a force within it that keeps it moving.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS2-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS2-2 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Ask questions about data to determine the factors that affect the strength of electric and magnetic forces.
[Clarification Statement: Examples of devices that use electric and magnetic forces could include electromagnets, electric motors, or generators. Examples of data could include the effect of the number of turns of wire on the strength of an electromagnet, or the effect of increasing the number or strength of magnets on the speed of an electric motor.] [Assessment Boundary: Assessment about questions that require quantitative answers is limited to proportional reasoning and algebraic thinking.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Asking Questions and Defining Problems
Asking questions and defining problems in grades 6–8 builds from grades K–5 experiences and progresses to specifying relationships between variables, and clarifying arguments and models.
Ask questions that can be investigated within the scope of the classroom, outdoor environment, and museums and other public facilities with available resources and, when appropriate, frame a hypothesis based on observations and scientific principles.
	PS2.B: Types of Interactions
5. Electric and magnetic (electromagnetic) forces can be attractive or repulsive, and their sizes depend on the magnitudes of the charges, currents, or magnetic strengths involved and on the distances between the interacting objects.
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
1.3	Ability to ask and evaluate investigable questions
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
1.3.1	Ability to ask questions that can be investigated within the scope of the school laboratory, research facilities, or field (e.g., outdoor environment) with available resources and, when appropriate, frame a hypothesis based on a model or theory
1.3.2	Ability to evaluate a question to determine if it is empirically testable and relevant
Disciplinary Core Idea Assessment Targets
	PS2.B.5a	Describe how the magnitude of magnetic strength, distance between, and relative orientation of two objects affect their magnetic interactions
	PS2.B.5b	Identify the relationship between the circuit features (such as magnitude of an electric current or the number of turns of wire in a coil) and the resulting magnetic forces that arise (simplified version of Faraday’s Law)
	PS2.B.5c	Identify the effect of distance between two electric charges, their magnitude and sign, or nearby magnetic forces on the resulting electric forces acting upon those charges (Coulomb’s law or basic versions of Maxwell’s equations)
	PS2.B.5d	Describe patterns in data that correspond to proportionate relationships between the various factors (stated in bullet points above) on the magnitude and direction of electromagnetic forces experienced by two interacting objects
	PS2.B.5e	Distinguish between instances in which observed interactions match predictions and instances in which observations are unexpected
	PS2.B.5f	Distinguish between investigations which are and are not possible within a particular scope (e.g., in the classroom, in informal learning settings, in museums, or in a laboratory)
Crosscutting Concept Assessment Target(s)
CCC2 	Use cause and effect relationships to predict phenomena in natural or designed systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task describes a classroom investigating the interaction of two magnets and a model for that interaction (can be a mathematical equation, a force diagram, or a picture of the results of putting iron filings around a magnet):
Identifies a question that can be used to expand the model in light of the investigation (1.3.1, PS2.B.5, and CCC2)
Task provides a model showing the distribution of iron filings around a coil of wire experiencing a fixed current:
Identifies which, in a set of questions, would provide the evidence a student needs to include information about poles in the model (1.3.1, PS2.B.5, and CCC2)
Task provides an interactive investigation into how the strength of an electromagnet may be controlled:
Selects a hypotheses that would include a factor known to affect the strength of an electromagnet (1.3.1, PS2.B.5, and CCC2)
Task provides a picture of the electric field generated from a charged point-source that incudes arrows tracking the paths of various test particles of different charges (positive or negative) of varying magnitudes:
Generates/identifies questions about the results of an experiment that would clarify the relationship between charge magnitude and resulting force (linear), distance and resulting force (inversely quadratic), and the sign of the interacting charges and the resulting forces (directional) (1.3.1, PS2.B.5, and CCC2)
Task provides a model for the interaction between two electric charges that indicates that two like charges repel with a magnitude that increases in an inversely quadratic relationship with the distance between them:
Selects between two students’ questions regarding a potential investigation on the basis of which question is empirically testable with the materials available in a classroom (1.3.2, PS2.B.5, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Two electrically charged objects of various charge intensities at various distances
Two electrically charged objects of similar or different polarities at various distances
Two identical magnets at various distances and relative orientations
Two magnets of different strength, size, shape, or material
A magnet and another object that may or may not be ferromagnetic
A magnet and items of unknown composition
Magnets and other materials that serve a specific purpose, such as latching a door or keeping a hook attached to a wall
Common Misconceptions
Note that the list in this section is not exhaustive.
Magnetic forces only act between objects when they are in contact.
The separation of a magnet into two halves creates two monopoles; one north and one south.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS2-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS2-3 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Construct and present arguments using evidence to support the claim that gravitational interactions are attractive and depend on the masses of interacting objects.
[Clarification Statement: Examples of evidence for arguments could include data generated from simulations or digital tools; and charts displaying mass, strength of interaction, distance from the Sun, and orbital periods of objects within the solar system.] [Assessment Boundary: Assessment does not include Newton’s Law of Gravitation or Kepler’s Laws.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 6–8 builds from K–5 experiences and progresses to constructing a convincing argument that supports or refutes claims for either explanations or solutions about the natural and designed world.
Construct and present oral and written arguments supported by empirical evidence and scientific reasoning to support or refute an explanation or a model for a phenomenon or a solution to a problem. 
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical and conceptual connections between evidence and explanations.
	PS2.B: Types of Interactions
Gravitational forces are always attractive. There is a gravitational force between any two masses, but it is very small except when one or both of the objects have large mass—e.g., Earth and the sun.
	Systems and System Models
Models can be used to represent systems and their interactions—such as inputs, processes and outputs—and energy and matter flows within systems.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
7.1	Ability to construct scientific arguments 
7.2	Ability to compare, evaluate, and critique competing arguments
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
7.1.1	Ability to develop scientific arguments that are supported by evidence/data
7.1.2	Ability to identify evidence/data that supports a claim 
7.1.3	Ability to use reasoning to explain how relevant evidence/data supports or refutes the claim; the reasoning should reflect application of scientific concepts, principles, ideas 
7.2.1	Ability to evaluate arguments about a natural phenomenon based on scientific concepts, principles, and big ideas
Disciplinary Core Idea Assessment Targets
	PS2.B.6a	Identify the variables associated with gravitational interactions
	PS2.B.6b	Identify that gravitational interactions are always attractive and occur at a distance and not through direct contact
	PS2.B.6c	Recognize that all gravitational interactions (gravitational forces) require a system of two or more objects
	PS2.B.6d	Describe that, for the same distance, the force between two objects increases or decreases directly with an increase or decrease in the mass of the interacting objects
	PS2.B.6e	Describe that, for the same masses, the force between two objects increases or decreases inversely with the distance between the two interacting objects
	PS2.B.6f	Describe why some effects of gravitational interactions, which apply universally, may only be observable in interactions between very massive objects
	PS2.B.6g	Identify and represent, using models such as force diagrams, the relative magnitude and direction of the force each object exerts on the other 
	PS2.B.6h	Identify evidence that gravitational interactions are always attractive, require at least two interacting objects, and are directed towards the center of mass of the other object
Crosscutting Concept Assessment Target(s)
CCC4 	Use models to represent systems and their interactions—such as inputs, processes and outputs—and energy and matter flows within systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides either data on masses, distances, and gravitational forces or a computer-simulated means of collecting data:
Constructs a sound argument that increases to mass increase the magnitude of gravitational force that contains a claim, evidence from the data or simulation provided, and reasoning that links the evidence/data to the claim (7.1.1, PS2.B.6, and CCC4)
Task provides either data on masses, distances, and gravitational forces or a computer-simulated means of collecting said data. Task also provides a claim regarding the relationship between the mass of objects interacting via gravitational forces, the magnitude of that force, and its direction:
Identifies pieces of evidence/data that support the claim (7.1.2, PS2.B.6, and CCC4)
Task provides either data on masses, distances, and gravitational forces or a computer-simulated means of collecting said data. Task also provides a claim regarding the relationship between the mass of objects interacting via gravitational forces, the magnitude of that force, and its direction:
Selects appropriate reasoning on the basis of relevant scientific concepts that explains why the data provided support the claim provided (7.1.3, PS2.B.6, and CCC4)
Task provides an argument (or several arguments) in need of refinement that makes a claim regarding the relationship and factors that determine the universal law of gravitation:
Critiques the relevance of sources used, the reliability of the data, or the validity of the experimental context to be universally applicable (7.2.1, PS2.B.6, and CCC4)
Challenges the evidence or reasoning of an argument by presenting new evidence from a related phenomenon (7.2.1, PS2.B.6, and CCC4)
Synthesizes evidence from several arguments in order to shore up the weaknesses of any one (7.2.1, PS2.B.6, and CCC4)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Patterns in data/graphs illustrating that as the mass of one or both of the interacting objects increases, the magnitude of gravitational force at a given distance increases
Patterns in data/graphs illustrating that as distance between objects of given mass increases, the strength of the gravitational forces decreases
Simulations in which student can observe patterns of movement in two or more objects interacting via gravity after altering the mass or relative distance between the objects
Comparing data from orbital speeds of satellite objects around a massive object (like the Sun) to satellite objects around a comparably less massive object (like a planet or the Moon)
Common Misconceptions
Note that the list in this section is not exhaustive.
The magnitudes of the gravitational forces exerted on interacting objects are not equal, with the smaller mass receiving a larger force and the larger mass receiving a smaller force.
Gravitational force only applies to large objects such as planets and stars.
There is no gravity in space.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS2-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS2-4 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Conduct an investigation and evaluate the experimental design to provide evidence that fields exist between objects exerting forces on each other even though the objects are not in contact.
[Clarification Statement: Examples of this phenomenon could include the interactions of magnets, electrically-charged strips of tape, and electrically-charged pith balls. Examples of investigations could include first-hand experiences or simulations.] [Assessment Boundary: Assessment is limited to electric and magnetic fields, and limited to qualitative evidence for the existence of fields.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or test solutions to problems in 6–8 builds on K–5 experiences and progresses to include investigations that use multiple variables and provide evidence to support explanations or design solutions.
Conduct an investigation and evaluate the experimental design to produce data to serve as the basis for evidence that can meet the goals of the investigation.
	PS2.B: Types of Interactions
Forces that act at a distance (electric, magnetic, and gravitational) can be explained by fields that extend through space and can be mapped by their effect on a test object (a charged object, or a ball, respectively).
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
3.2	Ability to develop, evaluate, and refine a plan for the investigation
3.3	Ability to collect the data for the investigation
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
3.2.1	Ability to decide how to measure and observe relevant variables, including considering the level of accuracy and precision required, and the kinds of instrumentation and techniques best suited to making such measurements to reduce both random and systematic error 
3.2.2	Ability to describe detailed experimental procedure, including how the data will be collected, the number of trials, the experimental set up, and the equipment and tools required 
3.3.1	Ability to use appropriate tools for accurate and precise measurements
3.3.2	Ability to make observations according to the investigation plan 
3.3.3	Ability to evaluate the quality of data to determine if the evidence meets the goals of the investigation
Disciplinary Core Idea Assessment Targets
	PS2.B.7a	Identify three different types of fields: gravitational, electric, and magnetic
	PS2.B.7b	Recognize what type of field is appropriate to analyze for a given physical situation
	PS2.B.7c	Provide evidence that an interaction between two objects occurring over some distance must exist through a field rather than direct contact
	PS2.B.7d	Investigate and/or measure the presence of electric or magnetic forces either through the motion of objects, suspension of objects, or simulation of objects that produce electric or magnetic fields
	PS2.B.7e	Evaluate an experimental design to assess whether data produced by the investigation provides evidence of fields existing between objects that are not in contact with each other
Crosscutting Concept Assessment Target(s)
CCC2 	Use cause and effect relationships to predict phenomena in natural or designed systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides list of measuring tools and instruments that can help obtain sufficient and precise data:
Identifies from the list which tool or instrument correctly provides evidence for the existence of electric and magnetic fields (3.2.1, PS2.B.7, and CCC2) 
Task provides possible materials that can be used to measure electric and/or magnetic fields:
Describes an appropriate procedure to measure electric and/or magnetic fields (3.2.2, PS2.B.7, and CCC2)
Task provides a list of useful tools and techniques to collect data for investigating electric or magnetic fields:
Identifies the appropriateness of each tool and/or technique (3.3.1, PS2.B.7, and CCC2)
Task provides a video or simulated model of point charges creating electric fields and/or magnetic material creating magnetic fields:
Use video or a simulated model to observe, record data, and evaluate whether these fields exert forces on other objects without direct contact (3.3.2, PS2.B.7, and CCC2)
Task provides data for either electric fields being generated by point charges and/or magnetic fields being generated by magnetic material and/or electric/magnetic forces:
Evaluate data to determine if there is evidence that fields exert forces on nearby objects without direct contact (3.3.3, PS2.B.7, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Charged object hanging from one end of a string with another charged object nearby
A plastic rod on a freely rotating platform with charged object nearby
Iron filings in the vicinity of a bar magnet
Computer simulations of fields
Common Misconceptions
Note that the list in this section is not exhaustive.
Electric/magnetic fields do not exist because they cannot be seen.
Electric/magnetic fields exist in one dimension.
Electric and magnetic fields are the same.
Magnetism results from how electrons are distributed in a magnet and that the poles of a magnet are charged, with the North Pole as “positive” and the South Pole as “negative.” 
A force exerted by a field stems from charged objects moving across field lines to either push or pull on other objects.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS2-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS2-5 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Construct and interpret graphical displays of data to describe the relationships of kinetic energy to the mass of an object and to the speed of an object.
[Clarification Statement: Emphasis is on descriptive relationships between kinetic energy and mass separately from kinetic energy and speed. Examples could include riding a bicycle at different speeds, rolling different sizes of rocks downhill, and getting hit by a wiffle ball versus a tennis ball.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 6–8 builds on K–5 and progresses to extending quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
Construct and interpret graphical displays of data to identify linear and nonlinear relationships.
	PS3.A: Definitions of Energy 
Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object and grows with the square of its speed.
	Scale, Proportion, and Quantity
Proportional relationships (e.g. speed as the ratio of distance traveled to time taken) among different types of quantities provide information about the magnitude of properties and processes.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
4.1	Ability to record and organize data
4.2	Ability to analyze data to identify relationships
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
4.1.3 	Ability to organize data in a way that facilitates analysis and interpretation  
4.2.1 	Ability to use observational and/or empirical data to describe patterns and relationships
4.2.2 	Ability to identify patterns (qualitative or quantitative) among variables represented in data
Disciplinary Core Idea Assessment Targets
PS3.A.6a	Demonstrate through graphical displays that when the mass and/or the speed of an object increases, the kinetic energy increases
PS3.A.6b	Demonstrate through graphical displays that when the mass and/or the speed of an object decreases, the kinetic energy decreases
PS3.A.6c	Demonstrate through graphical displays that kinetic energy and mass have a linear proportional relationship
PS3.A.6d	Demonstrate through graphical displays that kinetic energy and speed have a proportional relationship that is nonlinear
PS3.A.6e	Draw comparisons between the rate of change between mass and kinetic energy, and speed and kinetic energy (i.e., the kinetic energy doubles as the mass of the object doubles, yet the kinetic energy quadruples as the speed of the object doubles)
Crosscutting Concept Assessment Target(s)
CCC3 	Identify proportional relationships (e.g. speed as the ratio of distance traveled to time taken) among different types of quantities that provide information about the magnitude of properties and processes
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data showing indentations made when objects of different masses hit a barrier:
States that the different masses make different indentations along barrier upon impact (4.1.3, PS3.A.6, and CCC3)
Graphs the relationship between mass/speed and the depth of the indentation (4.1.3, PS3.A.6, and CCC3)
Uses their generated graph to identify a pattern between the masses or velocities of the object and the indentation along the barrier (4.1.3, PS3.A.6, and CCC3)
Task provides a graph of an increase in mass versus kinetic energy and/or a graph of an increase in velocity versus kinetic energy:
Describe the relationship shown by the graph as linear or non-linear (4.2.1, PS3.A.6, and CCC3)
Task provides an interactive model where the mass and velocity of an object in motion can be varied and the object’s kinetic energy is displayed:
States that increasing the object’s mass results in a directly proportional increase of the object’s kinetic energy (4.2.2, PS3.A.6, and CCC3)
States that increasing the object’s speed results in an increase of the object’s kinetic energy proportional to the square of its speed (4.2.2, PS3.A.6, and CCC3)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
· Damage done by objects of different masses moving at the same speed or objects of the same mass moving at different speeds  
· Distance traveled after objects of different masses roll down a ramp, released from a catapult, or some other source of kinetic energy
· Measurement of an objects speed and associated kinetic energy as the object moves along a path
· Kinetic energy of objects of different mass on top of a ramp
· Kinetic energy of objects in free fall
Common Misconceptions
Note that the list in this section is not exhaustive.
The material make-up of an object affects its kinetic energy.
Inanimate objects do not have energy associated with them.
Kinetic energy depends on its direction of travel.
Kinetic energy only depends on mass or speed.
Kinetic energy equally depends on mass and speed.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS3-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS3-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Develop a model to describe that when the arrangement of objects interacting at a distance changes, different amounts of potential energy are stored in the system.
[Clarification Statement: Emphasis is on relative amounts of potential energy, not on calculations of potential energy. Examples of objects within systems interacting at varying distances could include: the Earth and either a roller coaster cart at varying positions on a hill or objects at varying heights on shelves, changing the direction/orientation of a magnet, and a balloon with static electrical charge being brought closer to a classmate’s hair. Examples of models could include representations, diagrams, pictures, and written descriptions of systems.] [Assessment Boundary: Assessment is limited to two objects and electric, magnetic, and gravitational interactions.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 and progresses to developing, using and revising models to describe, test, and predict more abstract phenomena and design systems.
Develop a model to describe unobservable mechanisms.
	PS3.A: Definitions of Energy
A system of objects may also contain stored (potential) energy, depending on their relative positions.
PS3.C: Relationship Between Energy and Forces
1. When two objects interact, each one exerts a force on the other that can cause energy to be transferred to or from the object.
	Systems and System Models
Models can be used to represent systems and their interactions – such as inputs, processes, and outputs – and energy and matter flows within systems.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.2	Ability to determine scope, scale, and grain-size of the model, as appropriate to its intended use
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
Disciplinary Core Idea Assessment Targets
	PS3.A.7a	Create a model in which two objects interact via forces
	PS3.A.7b	Create a model in which the distance between two objects changes the potential energy of the system
	PS3.C.9a	Describe that when two objects interact at a distance, each object exerts a force on the other that can cause energy to be transferred to or from the objects
	PS3.C.9b	Describe that when energy is transferred to two attracting objects (causing them to move apart), the potential energy of the two-object system increases
	PS3.C.9c	Describe that when energy is transferred to two repelling objects (causing them to move closer), the potential energy of the two-object system increases
Crosscutting Concept Assessment Target(s)
CCC4	Use models to represent systems and their interactions—such as inputs, processes and outputs—and the flow of energy and matter within the systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a qualitative description or incomplete model of interacting objects:
Selects/adds components, labels those components, and represents/describes relationships and behaviors between the components to illustrate, explain, or predict a scientific phenomenon/event (2.1.1, PS3.A.7, and CCC4)
Completes an incomplete model to illustrate, explain, or predict a scientific event, system, or design solution (2.1.1, PS3.A.7, and CCC4)
Task provides a mathematical description of gravitational and electrostatic interactions:
Compares the scales at which gravitational and electrostatic potential energies are relevant (2.1.2, PS3.A.7, and CCC4)
Task provides a mathematical description of interacting objects:
Uses representations to represent mechanisms and behaviors, which are often complex and difficult to observe directly, underlying a scientific phenomenon (2.1.3, PS3.C.3, and CCC4)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Model of star-planet interactions
Model of different arrangements of charged particles
Two-magnet system pushed/pulled towards/away from one another
Model of planet with orbit satellite (natural or man-made) at various separation distances
Objects placed at different heights near the Earth’s surface
An object moving along a track at varying heights near the Earth’s surface
Common Misconceptions
Note that the list in this section is not exhaustive.
Potential energy is a conserved quantity.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS3-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS3-2 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Apply scientific principles to design, construct, and test a device that either minimizes or maximizes thermal energy transfer.
[Clarification Statement: Examples of devices could include an insulated box, a solar cooker, and a Styrofoam cup.] [Assessment Boundary: Assessment does not include calculating the total amount of thermal energy transferred.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6–8 builds on K–5 experiences and progresses to include constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories.
Apply scientific ideas or principles to design, construct, and test a design of an object, tool, process or system.
	PS3.A: Definitions of Energy
3. Temperature is a measure of the average kinetic energy of particles of matter. The relationship between the temperature and the total energy of a system depends on the types, states, and amounts of matter present.
PS3.B: Conservation of Energy and Energy Transfer
7. Energy is spontaneously transferred out of hotter regions or objects and into colder ones.
ETS1.A: Defining and Delimiting an Engineering Problem
5. The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the designed solution will be successful. Specification of constraints includes consideration of scientific principles and other relevant knowledge that is likely to limit possible solutions. (secondary)
ETS1.B: Developing Possible Solutions
6. A solution needs to be tested, and then modified on the basis of the test results in order to improve it. There are systematic processes for evaluating solutions with respect to how well they meet criteria and constraints of a problem. (secondary)
	Energy and Matter
The transfer of energy can be tracked as energy flows through a designed or natural system.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6E.1	Ability to solve design problems
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6E.1.1	Ability to engage in a systematic, iterative process to solve design problems that result in structures or processes, or the plans for structure or processes
6E.1.3	Ability to construct a device or generate and/or implement a design (or redesign) solution
6E.1.4	Ability to apply relevant scientific knowledge and/or evidence in designing solutions
Disciplinary Core Idea Assessment Targets
	PS3.A.3a	Recognize that temperature of an object relates to average kinetic energy of the particles that make up the substance
	PS3.A.3b	Understand that for a given sample of material, a higher temperature corresponds to higher energy and a lower temperature corresponds to lower energy
	PS3.B.7a	Identify that thermal energy spontaneously transfers only from hotter objects/regions to colder objects/regions
	PS3.B.7b	Identify materials or properties of materials that will allow the transfer of thermal energy versus ones that will not
ETS1.A.5a	Describe the criteria that will be considered while designing a device to minimize/maximize energy transfer
ETS1.A.5b	Identify constraints in the design process such as materials, safety, time, and cost
ETS1.B.6a	Design or test a device or process to minimize/maximize thermal energy transfer
Crosscutting Concept Assessment Target(s)
CCC5	Identify that the transfer of energy can be tracked as energy flows through a designed or natural system
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides student with an interactive virtual environment or simulation that allows the layering of materials to insulate a container with given constraints:
Observes patterns and determines which materials are most effective, while adhering to cost and weight constraints (6E.1.1, ETS1.A.5, and CCC5)
Task provides student with a design problem to minimize/maximize thermal energy transfer:
Creates or selects a diagram for a solution using given materials that meet the requirements and achieves the desired goal (6E.1.3, ETS1.B.6, and CCC5)
Task provides student with a design problem to minimize thermal energy transfer:
Selects correct diagram of a solution by recognizing which design has the lowest temperature and provides the most insulation (6E.1.3, PS3.A.3, and CCC5)
Task provides description of an apparatus or container meant to maximize/minimize thermal energy transfer, including criteria and constraints with annotations of the materials used:
Selects the correct explanation for the choice of material used based on science concepts (6E.1.4, PS3.B.7, and CCC5)
Environmental Principles and Concepts
EP4:  The exchange of matter between natural systems and human societies affects the long-term functioning of both.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
House insulation methods
Insulated cups and containers
Basic tests of thermal conductivity for various materials
Cold-weather clothing
Selecting a container given specific parameters, e.g., cost, weight, and thermal energy transfer
Optimizing material used for a container constrained by thermal energy transfer
Common Misconceptions
Note that the list in this section is not exhaustive.
Cold flows in the opposite direction as heat.
Temperature and heat are the same thing.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS3-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS3-3 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Plan an investigation to determine the relationships among the energy transferred, the type of matter, the mass, and the change in the average kinetic energy of the particles as measured by the temperature of the sample.
[Clarification Statement: Examples of experiments could include comparing final water temperatures after different masses of ice melted in the same volume of water with the same initial temperature, the temperature change of samples of different materials with the same mass as they cool or heat in the environment, or the same material with different masses when a specific amount of energy is added.] [Assessment Boundary: Assessment does not include calculating the total amount of thermal energy transferred.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or test solutions to problems in 6–8 builds on K–5 experiences and progresses to include investigations that use multiple variables and provide evidence to support explanations or design solutions.
Plan an investigation individually and collaboratively, and in the design: identify independent and dependent variables and controls, what tools are needed to do the gathering, how measurements will be recorded, and how many data are needed to support a claim.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical and conceptual connections between evidence and explanations
	PS3.A: Definitions of Energy
Temperature is a measure of the average kinetic energy of particles of matter. The relationship between the temperature and the total energy of a system depends on the types, states, and amounts of matter present.
PS3.B: Conservation of Energy and Energy Transfer
1. The amount of energy transfer needed to change the temperature of a matter sample by a given amount depends on the nature of the matter, the size of the sample, and the environment.
	Scale, Proportion, and Quantity
Proportional relationships (e.g. speed as the ratio of distance traveled to time taken) among different types of quantities provide information about the magnitude of properties and processes.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
3.2	Ability to develop, evaluate, and refine a plan for the investigation
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
3.2.1	Ability to decide how to measure and observe relevant variables, including considering the level of accuracy and precision required, and the kinds of instrumentation and techniques best suited to making such measurements to reduce both random and systematic error
3.2.2	Ability to describe detailed experimental procedure, including how the data will be collected, the number of trials, the experimental set up, and the equipment and tools required
Disciplinary Core Idea Assessment Targets
	PS3.A.3a	Identify the variables needed to determine the total amount of energy in the system
PS3.A.3b	Explain how to measure the total amount of energy in a system based on these variables
PS3.A.3c	Define the dependent and independent variables that will be measured 
PS3.A.3d	Explain the relationship between temperature and average kinetic energy of particles in matter
PS3.B.6a	Identify how certain variables (mass, type of container, etc.) will affect the amount of energy transfer
PS3.B.6b	Determine the best starting temperatures to allow an optimal amount of data points to be taken
PS3.B.6c	Decide how many data points need to be taken to get meaningful data
Crosscutting Concept Assessment Target(s)
CCC3	Identify proportional relationships (e.g. speed as the ratio of distance traveled to time taken) among different types of quantities that provide information about the magnitude of properties and processes
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a list of materials one would use to conduct an experiment involving temperature and thermal energy:
Identifies the role of each item on the list and its appropriateness for the investigation (3.2.1, PS3.A .3, and CCC3)
Explains, using this list, how the total energy of the system can be measured (3.2.1, PS3.A .3, & CCC3)
Identifies the appropriate variables to measure that would reveal a pattern describing the phenomenon of thermal energy (3.2.1, PS3.A .3, and CCC3)
Uses the results of the experiment to explain the relationship between temperature and average kinetic energy of particles in the matter (3.2.1, PS3.A .3, and CCC3)
Task provides a desired outcome of an experiment (e.g., measure the change in temperature or determine which substance will gain/lose more energy to heat):
Selects the suitable equipment with which to achieve the desired results with minimal error or uncertainty (3.2.1,  PS3.B.6, and CCC3)
Identifies procedures that would result in better data (e.g., choosing a proper starting temperature) (3.2.1, PS3.B.6, and CCC3)
Determines if the correct amount of meaningful data was collected verifying the desired outcome (3.2.1, PS3.B.6, and CCC3)
Environmental Principles and Concepts
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
An experiment to measure the temperature change of samples of different materials with the same mass as they cool or heat in the environment 
An experiment to measure the temperature change of the same material with different masses when a specific amount of energy is added 
An investigation of a two-object system at different temperatures
An investigation involving a liquid in containers of different material with the same volume
Common Misconceptions
Note that the list in this section is not exhaustive.
Heat and temperature are the same.
Heat is a substance that flows in and out of matter, not a transfer of energy.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS3-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS3-4 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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[bookmark: _Toc12556301]MS-PS3-5 Energy
Students who demonstrate understanding can: 
Construct, use, and present arguments to support the claim that when the kinetic energy of an object changes, energy is transferred to or from the object.
[Clarification Statement: Examples of empirical evidence used in arguments could include an inventory or other representation of the energy before and after the transfer in the form of temperature changes or motion of object.] [Assessment Boundary: Assessment does not include calculations of energy.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 6–8 builds on K–5 experiences and progresses to constructing a convincing argument that supports or refutes claims for either explanations or solutions about the natural and designed worlds.
Construct, use, and present oral and written arguments supported by empirical evidence and scientific reasoning to support or refute an explanation or a model for a phenomenon.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical and conceptual connections between evidence and explanations
	PS3.B: Conservation of Energy and Energy Transfer
When the motion energy of an object changes, there is inevitably some other change in energy at the same time.
	Energy and Matter
Energy may take different forms (e.g. energy in fields, thermal energy, energy of motion).


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
7.1	Ability to construct scientific arguments
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
7.1.1	Ability to develop scientific arguments that are supported by evidence/data
7.1.2	Ability to identify evidence/data that supports a claim
7.1.3	Ability to use reasoning to explain how relevant evidence/data supports or refute the claim; the reasoning should reflect application of scientific concepts, principles, ideas
Disciplinary Core Idea Assessment Targets
	PS3.B.5a	Describe that when the kinetic energy of an object changes, energy is transferred to or from that object
	PS3.B.5b	Identify and describe evidence that supports the change in observable features (e.g., motion, temperature, sound) of an object before and after the interaction that changes the kinetic energy of the object
	PS3.B.5c	Identify and describe evidence that supports the change in observable features of other objects or the surroundings in a defined system
	PS3.B.5d	Evaluate evidence to support claims about the kinetic energy of an object and energy transferred to or from that object
	PS3.B.5e	Use reasoning to connect evidence and construct an argument based on changes in the observable features of the object (e.g., motion, temperature) to explain that the kinetic energy of the object changed
	PS3.B.5f	Use reasoning to connect evidence and construct an argument describing that when the kinetic energy of an object increases or decreases, the energy of other objects or the surroundings within the system increases or decreases, indicating that energy was transferred to or from the object
Crosscutting Concept Assessment Target(s)
CCC5	Identify that energy may take different forms
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a video/simulation/animation of a phenomena where there is an energy input (e.g., a hand cranking a hand-crank flashlight) and an energy output (e.g., the light turning on and glowing):
Constructs an argument claiming that energy was transferred within the system, supported with evidence of changes in energy from the video/simulation/animation (7.1.1, PS3.B.5, and CCC5)
Explains the energy changes from the beginning to the end of the video/simulation/animation (7.1.3, PS3.B.5, and CCC5)
Task provides a claim about a phenomena that includes unexplained evidence:
Selects analysis statements that connect the evidence to the claim (7.1.1, PS3.B.5, and CCC5)
Task provides a claim that adding energy results in an increase in kinetic energy:
Selects evidence statements that support the claim (7.1.2, PS3.B.5, and CCC5) 
Task provides multiple arguments explaining how energy is transferred to or from an object based on a change in kinetic energy:
Selects the strongest argument based on the evidence provided (7.1.2, PS3.B.5, and CCC5)
Task provides a claim about how energy is transferred to or from an object based on a change in kinetic energy:
Selects the best evidence from a group of options and selects the appropriate crosscutting concept that best applies the evidence to the claim (7.1.3, PS3.B.5, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Generating sound through physical movement
Changing the velocity of an object with a physical force
Changing the temperature of a substance
An object at rest at some height is allowed to fall changing the object’s kinetic energy
An object moving in contact with a surface abruptly comes to rest
Two colliding objects
Common Misconceptions
Note that the list in this section is not exhaustive.
Objects at zero temperature (Celsius or Fahrenheit) have zero energy. 
Particles in solids or in freezing temperatures are not in motion. 
Additional Assessment Boundaries
None listed at this time.
Additional References
[bookmark: _GoBack]MS-PS3-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS3-5 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the energy in a wave.
[Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative thinking.] [Assessment Boundary: Assessment does not include electromagnetic waves and is limited to standard repeating waves.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 6–8 level builds on K–5 and progresses to identifying patterns in large data sets and using mathematical concepts to support explanations and arguments.
Use mathematical representations to describe and/or support scientific conclusions and design solutions.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical and conceptual connections between evidence and explanations.
	PS4.A: Wave Properties
A simple wave has a repeating pattern with a specific wavelength, frequency, and amplitude.
	Patterns
Graphs and charts can be used to identify patterns in data.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
5.2	Ability to conduct mathematical and/or computational analyses
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
5.2.1	Ability to use the results of computational models (e.g., graphical representation in a simulation) to identify the mathematical and/or computational representations to support a scientific explanation or a design solution
5.2.2	Ability to use computational models (e.g., simulations) to make predictions of a scientific phenomenon
Disciplinary Core Idea Assessment Targets
	PS4.A.4a	Identify the properties of a simple mathematical wave model of a phenomenon
	PS4.A.4b	Mathematically represent the properties of a simple wave e.g., wavelength, frequency, amplitude)
	PS4.A.4c	Relate the properties of a mathematical model of a wave to their corresponding properties in physical phenomena
	PS4.A.4d	Relate the properties of a wave to the energy of the wave
	PS4.A.4e	Use a mathematical model to predict how a change in one property of a wave will change the amount of energy present or transmitted
Crosscutting Concept Assessment Target(s)
CCC1	Use graphs and charts to identify patterns in data
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data about a repeating physical phenomenon that can be represented as a wave:
Identifies the mathematical relationship between amplitude and energy (energy is proportional to the square of the amplitude) (5.2.1, PS4.A.4, and CCC1)
Identifies the relationships between frequency, wavelength, wave speed, and energy transmitted in a given time  (5.2.1, PS4.A.4, and CCC1)
Identifies the properties of the mathematical wave model that correspond to the properties of the physical phenomenon (5.2.1, PS4.A.4, and CCC1)
Task provides a mathematical model or a description about a repeating physical phenomenon that can be represented as a wave:
Uses the model to identify how the energy of the wave changes based on a change in another property (5.2.2, PS4.A.4 and CCC1)
Uses the model to make predictions about the physical phenomenon (5.2.2, PS4.A.4 and CCC1)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Sound waves (e.g., frequency corresponds to sound pitch; amplitude corresponds to sound volume)
Water waves (e.g., if the height of a water wave is doubled, each wave will have four times the energy)
Seismic waves
Common Misconceptions
Note that the list in this section is not exhaustive.
Period, frequency, and wavelength are interchangeable.
Amplitude affects wavelength and/or frequency.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS4-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS4-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12556303]MS-PS4-2 Waves and Their Applications in Technologies for Information Transfer
Students who demonstrate understanding can: 
Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials.
[Clarification Statement: Emphasis is on both light and mechanical waves. Examples of models could include drawings, simulations, and written descriptions.] [Assessment Boundary: Assessment is limited to qualitative applications pertaining to light and mechanical waves.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 and progresses to developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
Develop and use a model to describe phenomena.
	PS4.A: Wave Properties
5. A sound wave needs a medium through which it is transmitted.
PS4.B: Electromagnetic Radiation
4. When light shines on an object, it is reflected, absorbed, or transmitted through the object, depending on the object’s material and the frequency (color) of the light.
5. The path that light travels can be traced as straight lines, except at surfaces between different transparent materials (e.g., air and water, air and glass) where the light path bends.
A wave model of light is useful for explaining brightness, color, and the frequency-dependent bending of light at a surface between media.
However, because light can travel through space, it cannot be a matter wave, like sound or water waves.
	Structure and Function
Structures can be designed to serve particular functions by taking into account properties of different materials, and how materials can be shaped and used.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
2.3	Ability to evaluate and revise models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
2.3.2	Ability to revise models in light of empirical evidence to improve their explanatory and predictive power
Disciplinary Core Idea Assessment Targets
	PS4.A.5a	Identify the type of wave, such as matter waves (sound, water, etc.) and light waves
	PS4.A.5b	Describe how the medium through which a sound wave travels affects properties like speed, frequency, amplitude, or wavelength
	PS4.B.4a	Identify wave properties such as amplitude and frequency, which for light waves are connected to brightness and color, respectively
	PS4.B.5a	Describe the movement of light and its interaction with various transparent media as straight lines which bend at material transitions
	PS4.B.5b	Describe why certain materials are good for certain functions, such as lenses and mirrors, sound absorbers, colored light filters, and sound barriers next to highways
	PS4.B.6a	Describe the three ways in which waves can interact with material (reflection, absorption, and transmission) and that the interaction occurring depends on the object’s material and the frequency of the wave
	PS4.B.6b	Describe properties of light (brightness, color, and the frequency-dependent bending of light at a surface between different media) using a model that governs wave behavior
	PS4.B.7a	Determine the position of the source of a wave using a model
	PS4.B.7b	Differentiate between light and matter waves, since light does not require a physical material for propagation, but matter waves do
Crosscutting Concept Assessment Target(s)
CCC6 	Identify that structures can be designed to serve particular functions by taking into account properties of different materials, and how the materials can be shaped and used
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a description of a light or sound wave that experiences a change in properties after experiencing a change in medium:
Generates (or selects) a wave model which best reflects the phenomenon that has occurred (2.1.1, PS4.B.6, and CCC6)
Task provides an incomplete model of a wave passing from an original medium to a second medium and then back that only shows the first transition (from m1 to m2) but not the second (from m2 back to m1):
Completes the second part of the model (from m2 back to m1) (2.1.1, PS4.B.6, and CCC6)
Task provides a model of a wave passing through an unknown medium which results in a change to some wave properties (e.g., wavelength, frequency, amplitude, and color, etc.):
Identifies properties of the medium (reflectivity, density, color, etc.) based on the change to properties in the wave (2.1.3, PS4.B.6, and CCC6)
Identifies the unknown medium from a list of alternatives based on the change to properties in the wave (2.1.3, PS4.B.6, and CCC6)
Task provides a model of a travelling wave transitioning from one unknown medium to another. The task then provides new information regarding relative properties of the media in question (reflectivity, density, color, etc.):
Selects (or generates) a new model that better describes the transition between media in light of the newly provided information (2.3.2, PS4.B.4, and CCC6)
Provides sound reasoning for why the revised model is a better descriptor of the phenomena in question (2.3.2, PS4.B.4, and CCC6)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Matter waves created in strings, bungee cords, Slinkys, and other malleable materials
Matter waves created by a tuning fork vocal chords
Light waves created by a lightbulb, a laser, the Sun, or some other source and interpreted by humans as visible light if they are within a certain frequency range
Common Misconceptions
Note that the list in this section is not exhaustive.
The brightness of light is dependent on the color (frequency) as well as amplitude.
A sound wave is the movement of air particles.
A physical wave is a movement of matter.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS4-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS4-2 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12556304]MS-PS4-3 Waves and Their Applications in Technologies for Information Transfer
Students who demonstrate understanding can: 
Integrate qualitative scientific and technical information to support the claim that digitized signals are a more reliable way to encode and transmit information than analog signals.
[Clarification Statement: Emphasis is on a basic understanding that waves can be used for communication purposes. Examples could include using fiber optic cable to transmit light pulses, radio wave pulses in wifi devices, and conversion of stored binary patterns to make sound or text on a computer screen.] [Assessment Boundary: Assessment does not include binary counting. Assessment does not include the specific mechanism of any given device.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 6-8 builds on K-5 and progresses to evaluating the merit and validity of ideas and methods.
Integrate qualitative scientific and technical information in written text with that contained in media and visual displays to clarify claims and findings.
	PS4.C: Information Technologies and Instrumentation
3. Digitized signals (sent as wave pulses) are a more reliable way to encode and transmit information.
	Structure and Function
Structures can be designed to serve particular functions.
Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
Technologies extend the measurement, exploration, modeling, and computational capacity of scientific investigations.
Connections to Nature of Science
Science is a Human Endeavor
Advances in technology influence the progress of science and science has influenced advances in technology.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
8.1	Ability to comprehend and evaluate text in terms of its validity, reliability, and sources
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
8.1.1	Ability to recognize, interpret, and critique key ideas in scientific and engineering text, including a mix of words, symbols, tables, diagrams, and graphs
8.1.2	Ability to obtain relevant information through conducting searches in print and online sources and evaluate the reliability of the obtained information
8.1.3	Ability to summarize information from a single source and combine and synthesize information from multiple sources in order to address a question or solve a problem
Disciplinary Core Idea Assessment Targets
	PS4.C.3a	Gather evidence from multiple sources that is sufficient to support a claim that digital signals are more reliable than analog signals
	PS4.C.3b	Describe specific features that make digital transmission of signals more reliable than analog transmission of signals
	PS4.C.3c	Describe at least one technology that uses digital encoding and transmission of information
	PS4.C.3d	Describe how digital encoding and transmission of information is used to advance scientific investigations and measurement
	
Crosscutting Concept Assessment Target(s)
CCC6 	Design structures to serve particular functions
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides resources that describe digital and analog transfer of information:
Recognizes and/or interprets scientific text, including a mix of words, symbols, tables, diagrams, and graphs (8.1.1, PS4.C.3, and CCC6)
Critiques key ideas in scientific text, including a mix of words, symbols, tables, diagrams, and graphs (8.1.1, PS4.C.3, and CCC6)
Task provides source material transmitted by digital and analog sources:
Evaluates the reliability of the two transmission processes (8.1.2, PS4.C.3, and CCC6)
Task provides several different scientific and technical resources that discuss the digital transfer of information:
Summarizes information from a single source in order to address a question or solve a problem (8.1.3, PS4.C.3, and CCC3)
Combines and synthesizes information from the sources to address a question or solve a problem (8.1.3, PS4.C.3, and CCC6)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Fiber optics
Wi-Fi devices
Transmission of digital information
Common Misconceptions
None listed at this time.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-PS4-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-PS4-3 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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