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Students who demonstrate understanding can: 
Conduct an investigation to provide evidence that living things are made of cells; either one cell or many different numbers and types of cells.
[Clarification Statement: Emphasis is on developing evidence that living things (including Bacteria, Archaea, and Eukarya) are made of cells, distinguishing between living and non-living things, and understanding that living things may be made of one cell or many and varied cells. Viruses, while not cells, have features that are both common with and distinct from, cellular life.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Planning and Carrying Out Investigations
Planning and carrying out investigations in 6-8 builds on K-5 experiences and progresses to include investigations that use multiple variables and provide evidence to support explanations or solutions.
Conduct an investigation to produce data to serve as the basis for evidence that meet the goals of an investigation.
	LS1.A: Structure and Function 
3. All living things are made up of cells, which is the smallest unit that can be said to be alive. An organism may consist of one single cell (unicellular) or many different numbers and types of cells (multicellular). 
	Scale, Proportion, and Quantity
Phenomena that can be observed at one scale may not be observable at another scale.
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.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction (hyperlink to section on explanation of assessment targets) 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
	LS1.A.3a	Identify and describe that all living things are made up of cells
	LS1.A.3b	Develop an investigation to provide evidence for the claim that all living things are made of cells
	LS1.A.3c	Develop an investigation to provide evidence for the claim that the cell is the smallest unit that can be said to be alive
	LS1.A.3d	Collect data to distinguish between living and nonliving things
	LS1.A.3e	Collect data to distinguish between unicellular and multicellular organisms
	LS1.A.3f	Collect data to distinguish between a multicellular organism composed of a single cell type and a multicellular organism composed of varied cell types
	LS1.A.3g	Describe different types of cells within a multicellular organism
Crosscutting Concept Assessment Target(s)
CCC3	Identify that phenomena observed at one scale may not be observable at another scale
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a list of materials/tools for an investigation to supply evidence that living things are made of cells:
Identifies materials/tools best suited to make measurements for the investigation (3.2.1, LS1.A.3, and CCC3)
Measures and observes characteristics to supply the appropriate evidence (3.2.1, LS1.A.3, and CCC3)
Task provides a list of materials/tools for an investigation to supply evidence that living things can be unicellular or multicellular:
Measures and observes characteristics to supply the appropriate evidence (3.2.1, LS1.A.3, and CCC3)
Task provides multiple experimental procedures/designs to compare living and nonliving things:
Selects the appropriate procedure(s)/design(s) to be able to compare living and nonliving things (3.2.2, LS1.A.3, and CCC3)
Task provides a simulation of an experiment to determine whether a material is a living thing that is composed of at least one cell:
Identifies pros and cons of the demonstrated data collection process (3.3.1, LS1.A.3, and CCC3)
Task provides a simulation of an experiment to determine whether an organism is unicellular or multicellular:
Uses tools and techniques to collect data useful for investigating the scientific problem under investigation (3.3.1, LS1.A.3, and CCC3)
Task provides an animation of an investigation to determine whether all living things are made of cells:
Describes and identifies observations relevant to the scientific problem under investigation (3.3.2, LS1.A.3, and CCC3)
Task provides a simulated model of cells showing some characteristic of being alive, such as performing cellular respiration:
Records observations from the model to support the claim that the cells are alive (3.3.2, LS1.A.3, and CCC3)
Task describes an investigation to determine if a material is made of cells and therefore is a living thing:
Identifies whether the data collected can be used to determine if the material is living or nonliving (3.3.3, LS1.A.3, and CCC3)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Living organisms that are too small to be seen with the naked eye
Materials that may contain varying characteristics related to life
The relationship between the development of the cell theory and the germ theory as presented in a model of disease outbreak or infection
A simulation that provides an opportunity for students to expose cells to a variety of environmental stimuli and observe the response of the cells
A simulation that allows students to manipulate the input of materials to a cell and observe the subsequent outputs and cell activity
Cell representations that can be sorted into individual unicellular organisms and specialized members of a multicellular organism
Common Misconceptions
Note that the list in this section is not exhaustive.
Cells are too small to be alive.
Only animals are made of cells.
All living things are made of many cells.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-1 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 and use a model to describe the function of a cell as a whole and ways parts of cells contribute to the function.
[Clarification Statement: Emphasis is on the cell functioning as a whole system and the primary role of identified parts of the cell, specifically the nucleus, chloroplasts, mitochondria, cell membrane, and cell wall.] [Assessment Boundary: Assessment of organelle structure/function relationships is limited to the cell wall and cell membrane. Assessment of the function of the other organelles is limited to their relationship to the whole cell. Assessment does not include the biochemical function of cells or cell parts.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 experiences 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.
	LS1.A: Structure and Function
4. Within cells, special structures are responsible for particular functions, and the cell membrane forms the boundary that controls what enters and leaves the cell.
	Structure and Function
Complex and microscopic structures and systems can be visualized, modeled, and used to describe how their function depends on the relationships among its parts, therefore complex natural structures/systems can be analyzed to determine how they function.


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
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
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
	LS1.A.4a	Develop a model to identify the components (e.g., nucleus, chloroplasts, cell wall, mitochondria, cell membrane) of cells
	LS1.A.4b	Describe the relationships among cellular components, including the particular functions of parts of cells in terms of their contributions to overall cellular functions
	LS1.A.4c	Describe the structure of the cell membrane or cell wall and its relationship to the function of the organelles and the whole cell
	LS1.A.4d	Use a model to describe how different components of a cell contribute to the function of the cell as a whole
	LS1.A.4e	Use a model to describe the effect on the function of the cell as a whole if a particular component (e.g., nucleus, chloroplasts, cell wall, mitochondria, cell membrane) of the cell does not function normally
	LS1.A.4f	Use a model to identify key differences between plant and animal cells based on structure and function
Crosscutting Concept Assessment Target(s)
CCC6 	Analyze complex natural structures and systems by using visualizations and models to describe how their function depends on relationships among their components
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a model of a cell:
Identifies components of the cell (2.1.1, LS1.A.4, and CCC6)
Describes behaviors and relationships between the components to illustrate or explain the ways the parts of the cell contribute to overall function  (2.1.1, LS1.A.4, and CCC6)
Selects the relative scale and size of the components appropriate for the intended use of the model (2.1.2, LS1.A.4, and CCC6)
Task provides an incomplete model of a cell or a cell function:
Identifies and labels missing components (2.1.1, LS1.A.4, and CCC6)
Task provides a model of a cell:
Completes the model to represent or explain particular mechanisms or behaviors of the cell or its component parts (2.1.3,  LS1.A.4, and CCC6)
Task provides models of different cells that include representations of parts of the cell:
Identifies evidence for functional relationships represented among different components of the models (2.2.1, LS1.A.4, and CCC6)
Uses the models to collect evidence of the differences between plant and animal cells (2.2.1, LS1.A.4, and CCC6)
Task provides models of different types of cells that differ with respect to the presence or quantity of certain structures:
Identifies the types of cells (2.2.2, LS1.A.4, and CCC6)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Visualizations of different types of cells to identify their components
Models of cells that illustrate the scope and scale of various components
Simulations that explore relationships among cellular components
Structures and functions of plant and animal cells
The contributions of cell components to a particular function of the cell (e.g., cellular respiration, photosynthesis, endocytosis)
Visualizations of specialized cells used to identify their function based on their internal structure and components
Common Misconceptions
Note that the list in this section is not exhaustive.
Each component of a cell functions independently.
All components of the cell are the same size.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-2 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: 
Use argument supported by evidence for how the body is a system of interacting subsystems composed of groups of cells.
[Clarification Statement: Emphasis is on the conceptual understanding that cells form tissues and tissues form organs specialized for particular body functions. Examples could include the interaction of subsystems within a system and the normal functioning of those systems.] [Assessment Boundary: Assessment does not include the mechanism of one body system independent of others. Assessment is limited to the circulatory, excretory, digestive, respiratory, muscular, and nervous systems.]
	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 world(s).
Use an oral and written argument supported by evidence to support or refute an explanation or a model for a phenomenon.
	LS1.A: Structure and Function
5. In multicellular organisms, the body is a system of multiple interacting subsystems. These subsystems are groups of cells that work together to form tissues and organs that are specialized for particular body functions.
	Systems and System Models
Systems may interact with other systems; they may have sub-systems and be a part of larger complex systems.
Connections to Nature of Science
Science is a Human Endeavor
Scientists and engineers are guided by habits of mind such as intellectual honesty, tolerance of ambiguity, skepticism, and openness to new ideas.


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.
7.1.2	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
Disciplinary Core Idea Assessment Targets
	LS1.A.5a	Recognize that the body of a multicellular organism is a system comprised of multiple interacting subsystems
	LS1.A.5b	Identify that these subsystems are groups of cells working together to form tissues and organs
	LS1.A.5c	Recognize that tissues and organs are specialized for particular body functions
	LS1.A.5d	Identify and describe evidence that supports the claim that specialized groups of cells work together to form tissues, that specialized tissues comprise each organ, and that different organs can work together to carry out complex functions
Crosscutting Concept Assessment Target(s)
CCC4 	Identify that systems may interact with other systems that may have subsystems and be a part of larger complex systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a claim about the interacting subsystems within the body of a multicellular organism:
Identifies pieces of evidence/data (e.g., appropriate level of organization) that would support the claim (7.1.2, LS1.A.5, and CCC4)
Provides support for the claim illustrating an interaction between two or more body systems (7.1.2, LS1.A.5, and CCC4)
Task provides a claim and evidence about the interacting subsystems within the body of a multicellular organism:
Explains whether the provided evidence is sufficient to defend the claim (7.1.3, LS1.A.5, and CCC4)
Evaluates arguments in terms of the types and number of sources of the evidence (7.1.3, LS1.A.5, and CCC4)
Constructs reasoning that 1) links the evidence and the claim and 2) reflects an application of a scientific concept, principle, and big idea (7.1.3, LS1.A.5, and CCC4)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Cells that are organized to form tissues
Tissues that are organized to form organs
Organs that work together in a system
Organ systems that work together to perform necessary functions for survival and growth of an organism
Structural tissues vs. chemically functional tissues
Extracellular matrices associated with tissues
Common Misconceptions
Note that the list in this section is not exhaustive.
Each organ system functions independently.
Cells function independently in multicellular organisms.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-3 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: 
Use argument based on empirical evidence and scientific reasoning to support an explanation for how characteristic animal behaviors and specialized plant structures affect the probability of successful reproduction of animals and plants respectively.
[Clarification Statement: Examples of behaviors that affect the probability of animal reproduction could include nest building to protect young from cold, herding of animals to protect young from predators, and vocalization of animals and colorful plumage to attract mates for breeding. Examples of animal behaviors that affect the probability of plant reproduction could include transferring pollen or seeds, and creating conditions for seed germination and growth. Examples of plant structures could include bright flowers attracting butterflies that transfer pollen, flower nectar and odors that attract insects that transfer pollen, and hard shells on nuts that squirrels bury.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
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 world(s).
Use an oral and written argument 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. 
	LS1.B: Growth and Development of Organisms
3. Animals engage in characteristic behaviors that increase the odds of reproduction.
5. Plants reproduce in a variety of ways, sometimes depending on animal behavior and specialized features for reproduction.
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


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 refutes the claim; the reasoning should reflect application of scientific concepts, principles, ideas
Disciplinary Core Idea Assessment Targets
	LS1.B.3a	Recognize that characteristic animal behaviors increase the probability of successful reproduction in animal species that exhibit those behaviors
	LS1.B.3b	Describe specific animal behaviors involved in reproduction
	LS1.B.5a	Recognize specialized plant structures that increase the probability of successful reproduction in plant species that have those structures
	LS1.B.5b	Recognize the animal behaviors that are likely to increase the probability of successful plant reproduction
Crosscutting Concept Assessment Target(s)
CCC2 	Identify that phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data comparing the reproductive success rates of different animals with/without selected behavior(s):
Identifies patterns in the data and justifies the identification (7.1.1, LS1.B.3, and CCC2)
Uses the data to support an argument about how a characteristic animal behavior relates to reproductive success in animals that exhibit that behavior (7.1.1, LS1.B.3, and CCC2)
Task provides data/evidence and an argument that a specialized plant structure increases the chances of reproductive success:
Identifies evidence that is irrelevant/invalid and would not support the argument (7.1.2, LS1.B.5, and CCC2)
Task provides several sources of data/evidence and an argument that a specialized plant structure increases the chances of reproductive success:
Identifies the evidence that would support the argument (7.1.2, LS1.B.5, and CCC2)
Task provides a claim that animal behaviors can improve the reproductive success of plants:
Provides a reasoned explanation of data that would support the claim (7.1.3, LS1.B.5, and CCC2)
Provides examples of animal behaviors and how they can improve the reproductive success of plants (7.1.3, LS1.B.5, and CCC2)
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.
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.
Courtship behaviors involved in attracting a mate
Behaviors that provide offspring with shelter, food, and protection from predation
Teaching survival skills to offspring
Flower characteristics that attract birds, bats, and insects for pollination
Adaptations that facilitate seed dispersal by gravity, wind, water, or animals
Adaptations that enable seeds to sprout in different environments
Transporting pollen between flowers
Transporting seeds to new locations (e.g., carrying seeds, eating fruit, and eliminating seeds)
Cultivating environments conducive to plant growth
Common Misconceptions
Note that the list in this section is not exhaustive.
Animal behaviors do not influence the reproductive success of plants.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-4 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
[image: ]
MS-LS1-4 From Molecules to Organisms: Structures and Processes
California Science Test—Item Specifications

Page 18

[bookmark: _Toc12552866]MS-LS1-5 From Molecules to Organisms: Structures and Processes
Students who demonstrate understanding can: 
Construct a scientific explanation based on evidence for how environmental and genetic factors influence the growth of organisms.
[Clarification Statement: Examples of local environmental conditions could include availability of food, light, space, and water. Examples of genetic factors could include large breed cattle and species of grass affecting growth of organisms. Examples of evidence could include drought decreasing plant growth, fertilizer increasing plant growth, different varieties of plant seeds growing at different rates in different conditions, and fish growing larger in large ponds than they do in small ponds.] [Assessment Boundary: Assessment does not include genetic mechanisms, gene regulation, or biochemical processes.]
	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.
Construct a scientific explanation based on valid and reliable evidence obtained from sources (including the students’ own experiments) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
	LS1.B: Growth and Development of Organisms
Genetic factors as well as local conditions affect the growth of the adult plant.
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


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 
6.2	Ability to evaluate explanations of phenomena
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.
6.1.1	Ability to construct quantitative and/or qualitative explanations of observed relationships
6.1.2	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
6.1.3	Ability to use models and representations in scientific explanations
6.2.2	Ability to use data to support or refute an explanatory account of a phenomenon
Disciplinary Core Idea Assessment Targets
	LS1.B.6a	Identify that both environmental and genetic factors influence the growth of organisms
	LS1.B.6b	Use evidence and reasoning to construct a scientific explanation supporting that both environmental and genetic factors influence the growth of organisms
	LS1.B.6c	Identify and describe environmental factors (including the availability of light, space, and water, as well as the size of the habitat) that influence growth of organisms
	LS1.B.6d	Identify and describe genetic factors that influence growth of organisms
	LS1.B.6e	Measure or evaluate data measuring changes in the growth of organisms as specific environmental and genetic factors change
	LS1.B.6f	Connect evidence to support the explanation that the growth of organisms is influenced by multiple environmental and genetic factors
Crosscutting Concept Assessment Target(s)
CCC2	Identify that phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task presents data showing a species growing under different environmental conditions over time:
Makes a quantitative and/or qualitative conclusion regarding the relationships between dependent and independent variables (6.1.1, LS1.B.6, and CCC2)
Constructs an explanation of factors that influence growth (6.1.1, LS1.B.6, and CCC2)
Task presents data showing different growth rates in the individuals or groups of individuals of a single species:
Uses scientific concepts and big ideas to explain how the evidence supports a conclusion that environmental factors can or cannot influence growth in a species (6.1.2, LS1.B.6, and CCC2)
Uses scientific concepts and big ideas to explain how the evidence can or cannot support a conclusion about genetic factors in a species (6.1.2, LS1.B.6, and CCC2)
Task presents a model showing the impact of environmental factors alone, genetic factors alone, and/or a combination of environmental and genetic factors on the growth of organisms:
Uses the model to explain the role of environmental factors on growth (6.1.3, LS1.B.6, and CCC2)
Uses the model to explain the role of genetic factors on growth (6.1.3, LS1.B.6, and CCC2)
Uses the model to explain the combined effect of environmental factors and genetic factors on growth (6.1.3, LS1.B.6, and CCC2)
Task presents data illustrating differences in the growth in organisms of a species under different conditions:
Uses the data to support an explanation of differences in growth due to environmental and/or genetic factors (6.2.2, LS1.B.6, and CCC2)
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.
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.
Light
Water
Soil nutrients
Space for nesting
Genetic makeup
Fertilizer application on crops
Drought leading to a food shortage
Unintended impacts of pesticide application
Change in annual temperature
Impact of disease on organisms
Common Misconceptions
Note that the list in this section is not exhaustive.
Genetics will always control the growth of organisms, regardless of environmental conditions.
Plant growth is not controlled by genetics. 
Only animals inherit genes from their parents.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-5 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: 
Construct a scientific explanation based on evidence for the role of photosynthesis in the cycling of matter and flow of energy into and out of organisms.
[Clarification Statement: Emphasis is on tracing movement of matter and flow of energy.] [Assessment Boundary: Assessment does not include the biochemical mechanisms of photosynthesis.]
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 knowledge, principles, and theories.
Construct a scientific explanation based on valid and reliable evidence obtained from sources (including the students’ own experiments) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical connections between evidence and explanations.
	LS1.C: Organization for Matter and Energy Flow in Organisms
4. Plants, algae (including phytoplankton), and many microorganisms use the energy from light to make sugars (food) from carbon dioxide from the atmosphere and water through the process of photosynthesis, which also releases oxygen. These sugars can be used immediately or stored for growth or later use.
PS3.D: Energy in Chemical Processes and Everyday Life
3. The chemical reaction by which plants produce complex food molecules (sugars) requires an energy input (i.e., from sunlight) to occur. In this reaction, carbon dioxide and water combine to form carbon-based organic molecules and release oxygen. (secondary)
	Energy and Matter
Within a natural system, the transfer of energy drives the motion and/or cycling of matter.


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
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.
6.1.1 	Ability to construct a quantitative and/or qualitative explanations of observed relationships
6.1.2 	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
6.1.3 	Ability to use models and representations in scientific explanation
Disciplinary Core Idea Assessment Targets
	LS1.C.4a	Identify organisms that depend on photosynthesis to survive
	LS1.C.4b	Explain that the process of photosynthesis requires light energy from the Sun
	LS1.C.4c	Explain that the sugars produced by photosynthesis can be used immediately or stored
	LS1.C.4d	Explain that oxygen produced by photosynthesis is released and used by animals and plants in respiration
	LS1.C.4e	Recognize that animals depend (directly or indirectly) on food from photosynthetic organisms for growth and survival
	PS3.D.3a	Describe how photosynthesis uses energy to form carbon-based organic molecules (i.e., sugars) and oxygen from carbon dioxide and water
Crosscutting Concept Assessment Target(s)
CCC5 	Identify that within a natural or designed system, the transfer of energy drives the motion and/or cycling of matter
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data from an experiment on plant growth:
Provides a description of the relationships between dependent variables and independent variables (6.1.1, LS1.C.4, and CCC5)
Task describes a real-world scenario of animals getting energy by eating photosynthetic organisms or other animals:
Explains how the animals’ growth and survival depends (indirectly) on sunlight through the application of scientific concepts (e.g., energy flow in ecosystems) (6.1.2, LS1.C.4, and CCC5)
Task provides a model of how oxygen and carbon dioxide are cycled between plants and animals:
Constructs a explanation of the phenomenon. (6.1.3, LS1.C.4, and CCC5)
Explains the role of plants (or animals) in the cycling of matter (6.1.3, LS1.C.4, and CC5)
Explains the path of oxygen and carbon dioxide in the cycling of matter (6.1.3, LS1.C.4, and CCC5)
Task describes a real-world scenario about the flow of energy in an ecosystem:
Draws a model (or drags and drops components to create a model or selects one model from a number of choices) that represents the phenomenon (6.1.3, LS1.C.4, and CCC5)
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.
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.
Photosynthetic microorganisms
Photosynthetic organisms using carbon dioxide and water to make sugar and oxygen
Photosynthetic organisms releasing oxygen
Animals depending on the oxygen released by photosynthetic organisms for respiration
Animals returning carbon dioxide to the atmosphere
Photosynthetic organisms capturing energy from sunlight 
Photosynthetic organisms using captured energy to make sugars
Photosynthetic organisms using, storing, or modifying the sugars
Some animals eating photosynthetic organisms for their stored energy
Some animals eating other animals, thus indirectly getting the energy stored by photosynthetic organisms
Common Misconceptions
Note that the list in this section is not exhaustive.
Plants take in all substances needed to grow through their roots.
Plants get energy from the soil.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-6 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: 
Develop a model to describe how food is rearranged through chemical reactions forming new molecules that support growth and/or release energy as this matter moves through an organism.
[Clarification Statement: Emphasis is on describing that molecules are broken apart and put back together and that in this process, energy is released.] [Assessment Boundary: Assessment does not include details of the chemical reactions for photosynthesis or respiration.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 experiences 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.
	LS1.C: Organization for Matter and Energy Flow in Organisms
5. Within individual organisms, food moves through a series of chemical reactions in which it is broken down and rearranged to form new molecules, to support growth, or to release energy.
PS3.D: Energy in Chemical Processes and Everyday Life
4. Cellular respiration in plants and animals involve chemical reactions with oxygen that release stored energy. In these processes, complex molecules containing carbon react with oxygen to produce carbon dioxide and other materials.(secondary)
	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 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
	LS1.C.5a	Describe the conservation of matter during food digestion in an organism
	LS1.C.5b	Describe how energy is released when food molecules are broken down
	LS1.C.5c	Describe the number of each type of atom before and after chemical reactions, indicating that the matter ingested as food is conserved as it moves through an organism
	PS3.D.4a	Develop a model to identify the relevant components (including carbon-containing molecules, oxygen, energy, and new types of molecules formed) in describing how food molecules are broken down and new molecules are synthesized as matter moves through an organism
	PS3.D.4b	Identify and describe the relationships between components of cellular respiration
	PS3.D.4c	Describe how food molecules taken in by the organism are broken down and can then be rearranged to become different molecules in the organism (e.g., proteins, carbohydrates, etc.)
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 a summary equation for cellular respiration:
Identifies the number of atoms before and after the chemical reaction (2.1.1, LS1.C.5, and CCC5)  
Describes relationships between the components to illustrate the conservation of matter (2.1.1, LS1.C.5, and CCC5)
Describes the change(s) in energy during the chemical reaction as food molecules are broken down (2.1.1, LS1.C.5, and CCC5)
Task provides an incomplete model of the process of cellular respiration:
Completes the model to illustrate the process of cellular respiration (2.1.1, LS1.C.5, and CCC5)  
Task provides a representation of the process of cellular respiration in an organism:
Uses the representation to indicate that the individual atoms of existing molecules are rearranged to form new molecules in an organism (2.1.2, LS1.C.5, and CCC5)
Task provides a representation of the process of cellular respiration in an organism:
Uses labels to represent mechanisms, which are often complex and difficult to observe directly, underlying the process of cellular respiration (2.1.3, PS3.D.4, and CCC5)
Uses the representation to describe how food molecules are taken in by an organism and broken down and how the components are rearranged (2.1.3, PS3.D.4, and CCC5)
Uses the representation to describe how new molecules are used in an organism (2.1.3, PS3.D.4, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Chemical equations
A model illustrating how energy is released for cellular work
The role of oxygen in cellular respiration
A model illustrating the breakdown of carbon-containing molecules during cellular respiration and the construction of new molecules in organisms from the component parts
Products of digestion of specific polymers
Use of products of digestion to produce polymers
Common Misconceptions
Note that the list in this section is not exhaustive.
Energy is created during the process of cellular respiration.
Cellular respiration is different in plants and animals.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-7 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-7 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 synthesize information that sensory receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories.
[Assessment Boundary: Assessment does not include mechanisms for the transmission of this information.]
	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 experiences 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 not supported by evidence.
	LS1.D: Information Processing
3. Each sense receptor responds to different inputs (electromagnetic, mechanical, chemical), transmitting them as signals that travel along nerve cells to the brain. The signals are then processed in the brain, resulting in immediate behaviors or memories.
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural 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.
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
	LS1.D.3a	Describe how each sense receptor responds to different inputs (electromagnetic, mechanical, chemical)
	LS1.D.3b	Describe how sensory information is transmitted along nerve cells from receptors to the brain
	LS1.D.3c	Describe how sensory information is processed by the brain as memories or immediate behavioral responses
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 scientific texts, including a mix of words, symbols, tables, diagrams, and graphs, to describe how sense receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories:
Interprets the information to correctly identify key ideas (8.1.1, LS1.D.3, and CCC2)
Task provides information from multiple sources about how sense receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories:
Evaluates the sources for how well the information provides evidence that sensory receptors send signals to the brain which can result in an immediate behavioral change or stored memories (8.1.2, LS1.D.3, and CCC2)
Evaluates sources to determine if the information is sufficient for predicting an organism’s response to different stimuli based on cause-and-effect relations between sensory receptors and behavioral responses (8.1.2-1b, LS1.D.3, and CCC2)
Evaluates the credibility, accuracy, and possible bias of the obtained information (8.1.2, LS1.D.3, and CCC2)
Task provides a single source of information about how sense receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories:
Summarizes the information in order to address a question (8.1.3, LS1.D.3, and CCC2)
Task provides multiple sources of information about how sense receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories:
Combines and synthesizes the information in order to address a question (8.1.3, LS1.D.3, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Sensory input (e.g., electromagnetic, mechanical, chemical)
Sensory reception
Signal transmission
Signal interpretation/processing
Response (e.g., immediate behavior, memory)
Role of neurotransmitters
Common Misconceptions
Note that the list in this section is not exhaustive.
There is only one type of sensory receptor.
There are five senses.
Each type of sensory receptor sends a different kind of signal.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS1-8 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS1-8 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 to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem.
[Clarification Statement: Emphasis is on cause and effect relationships between resources and growth of individual organisms and the numbers of organisms in ecosystems during periods of abundant and scarce resources.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 6–8 builds on K–5 experiences 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 provide evidence for phenomena.
	LS2.A: Interdependent Relationships in Ecosystems
4. Organisms, and populations of organisms, are dependent on their environmental interactions both with other living things and with nonliving factors.
5. In any ecosystem, organisms and populations with similar requirements for food, water, oxygen, or other resources may compete with each other for limited resources, access to which consequently constrains their growth and reproduction.
6. Growth of organisms and population increases are limited by access to resources.
	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.
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
4.2.2 	Ability to identify patterns (qualitative or quantitative) among variables represented in data
Disciplinary Core Idea Assessment Targets
	LS2.A.4a 	Describe that individual organisms depend on biotic and abiotic factors and the interactions between these factors for survival
	LS2.A.4b 	Describe that populations of organisms are affected by biotic and abiotic factors and the interactions between these factors
	LS2.A.5a 	Describe that competition between individuals of a single species (intraspecific competition) for available resources occurs
	LS2.A.5b 	Describe that competition between individuals from different species (interspecific competition) for available resources occurs
	LS2.A.6a 	Describe that growth of an organism is limited by availability of resources
	LS2.A.6b 	Describe that population growth is limited by availability of resources
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 data set showing the numbers of individuals in a population during different months of the year:
Identifies patterns of change (4.2.1, LS2.A.4, and CCC2)
Task provides data on a change in biotic or abiotic factors:
Describes the change and how it affects organisms in an ecosystem (4.2.1, LS2.A.4, and CCC2)
Task provides a simulation that provides data showing populations of various organisms following a large environmental change (e.g., a forest fire, flooding, etc.):
Predicts the likely outcome for the organisms following the environmental change (4.2.2, LS2.A.4, and CCC2)
Task provides data comparing population growth when resources are nonlimiting and limiting:
Describes the differences in the models (4.2.2, LS2.A.6, and CCC2)
Explains why the models are different (4.2.2, LS2.A.6, and CCC2)
Task provides data for a community before and after the introduction of an invasive species:
Describes the changes in interspecies competition introduced by the invasive species (4.2.2, LS2.A.5, and CCC2)
Environmental Principles and Concepts
· EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
· EP2: The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Habitats with highly limited resources
Seasonal changes to resource availability
Introduction of a new species to an existing community
An environmental change that alters resource availability
Increased competition
Species with boom and bust cycles
Common Misconceptions
Note that the list in this section is not exhaustive.
Animals do not compete with others of their species for a limited set of resources (e.g., all the squirrels are friends).
Since natural resources, like wood and water, are renewable, they cannot be used up and do not limit population growth.
Plants do not exhibit competition for resources.
Changes in populations or resource availability only affect resources/organisms that are directly connected in a food chain.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS2-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS2-1 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: 
Construct an explanation that predicts patterns of interactions among organisms across multiple ecosystems.
[Clarification Statement: Emphasis is on predicting consistent patterns of interactions in different ecosystems in terms of the relationships among and between organisms and abiotic components of ecosystems. Examples of types of interactions could include competitive, predatory, and mutually beneficial.]
	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.
Construct an explanation that includes qualitative or quantitative relationships between variables that predict phenomena.
	LS2.A: Interdependent Relationships in Ecosystems
7. Similarly, predatory interactions may reduce the number of organisms or eliminate whole populations of organisms. Mutually beneficial interactions, in contrast, may become so interdependent that each organism requires the other for survival. Although the species involved in these competitive, predatory, and mutually beneficial interactions vary across ecosystems, the patterns of interactions of organisms with their environments, both living and nonliving, are shared.
	Patterns
Patterns can be used to identify cause and effect relationships.


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
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.
6.1.1	Ability to construct quantitative and/or qualitative explanations of observed relationships
6.1.2	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
6.1.3	Ability to use models and representations in scientific explanations
Disciplinary Core Idea Assessment Targets
	LS2.A.7a  	Construct explanations supported by multiple sources of evidence consistent with scientific ideas, principles, and theories that predict patterns of interactions among organisms across multiple ecosystems
	LS2.A.7b  	Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) patterns of interactions among organisms across multiple ecosystems
	LS2.A.7c  	Construct a scientific explanation based on valid and reliable evidence obtained from sources (including the student’s own experiments) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future about patterns of interactions among organisms across multiple ecosystems
Crosscutting Concept Assessment Target(s)
CCC1	Use patterns to identify cause-and-effect relationships
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides information about the interactions among species in an ecosystem:
Identifies or predicts predatory, competitive, and/or mutually beneficial interactions (6.1.1, LS2.A.7, and CCC1)
Identifies or describes evidence that supports the pattern of interactions (6.1.1, LS2.A.7, and CCC1)
Uses reasoning to justify the existence of similar patterns of interactions among organisms across multiple ecosystems (6.1.1, LS2.A.7, and CCC1)
Predicts additional interactions not explicitly specified by the data (6.1.1, LS2.A.7, and CCC1)
Task provides information/data about a specific real-world phenomenon involving species interactions:
Explains the phenomenon by identifying the relevant predatory, competitive, and/or mutually beneficial interactions (6.1.2 and LS2.A.7)
Uses reasoning to justify the existence of similar patterns of interactions among organisms across multiple ecosystems (6.1.2, LS2.A.7, and CCC1)
Task provides a model or representation of interactions among species in ecosystem(s):
Describes the pattern of interactions among organisms that is represented in the model (6.1.3, LS2.A.7, and CCC1)
Identifies evidence in the model that supports a claim about interactions among organisms (6.1.3 and LS2.A.7)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Interspecific relationships, such as competition, predator-prey relationships, and mutualism
Relationships between abiotic and biotic factors in an ecosystem, such as climate and species present
Proposals to restore ecosystems to natural state
Description of ancient environments based on geological data
Comparison of extinct and extant organisms to compare their environments
Common Misconceptions
Note that the list in this section is not exhaustive.
Introduced species are always beneficial.
Only one type of interspecies interaction can occur in a given ecosystem.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS2-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS2-2 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: 
Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem.
[Clarification Statement: Emphasis is on describing the conservation of matter and flow of energy into and out of various ecosystems, and on defining the boundaries of the system.] [Assessment Boundary: Assessment does not include the use of chemical reactions to describe the processes.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 experiences and progresses to developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
Develop a model to describe phenomena.
	LS2.B: Cycle of Matter and Energy Transfer in Ecosystems
2. Food webs are models that demonstrate how matter and energy is transferred between producers, consumers, and decomposers as the three groups interact within an ecosystem. Transfers of matter into and out of the physical environment occur at every level. Decomposers recycle nutrients from dead plant or animal matter back to the soil in terrestrial environments or to the water in aquatic environments. The atoms that make up the organisms in an ecosystem are cycled repeatedly between the living and nonliving parts of the ecosystem.
	Energy and Matter
The transfer of energy can be tracked as energy flows through a natural system.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Science assumes that objects and events in natural systems occur in consistent patterns that are understandable through measurement and observation.


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
	LS2.B.2a	Identify producers, consumers, and decomposers in an ecosystem
	LS2.B.2b	Identify the nonliving parts of an ecosystem that are necessary for the organisms in the ecosystem
	LS2.B.2c	Identify the source(s) of energy for an ecosystem
	LS2.B.2d	Describe the flow of energy through an ecosystem
	LS2.B.2e	Describe the flow and cycling of matter through an ecosystem
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 information on the organisms in an ecosystem:
Arranges the organisms into a valid food web with arrows showing the correct relationships between organisms (2.1.1, LS2.B.2, and CCC5)
Task provides an incomplete model of a biomass pyramid/energy pyramid/other representation:
Completes the model (2.1.1, LS2.B.2, and CCC5)
Describes the change in energy between trophic levels (2.1.1, LS2.B.2, and CCC5)
Explains why energy is lost between trophic levels (2.1.1, LS2.B.2, and CCC5)
Task provides a brief description of each organism in a food web and an incomplete model of the food web:
Indicates the correct relationships between the organisms (2.1.3, LS2.B.2, and CCC5)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5:  Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Food chains
Food webs
Pyramid of numbers
Pyramid of biomass
Pyramid of energy
Geochemical cycles
Common Misconceptions
Note that the list in this section is not exhaustive.
The arrows in food chains/webs point to the organism being consumed.
All of the energy from one trophic level is transferred to the next trophic level.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS2-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS2-3 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: 
Construct an argument supported by empirical evidence that changes to physical or biological components of an ecosystem affect populations.
[Clarification Statement: Emphasis is on recognizing patterns in data and making warranted inferences about changes in populations, and on evaluating empirical evidence supporting arguments about changes to ecosystems.]
	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 world(s).
Construct an oral and written argument 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 disciplines share common rules of obtaining and evaluating empirical evidence.
	LS2.C: Ecosystem Dynamics, Functioning, and Resilience
2. Ecosystems are dynamic in nature; their characteristics can vary over time. Disruptions to any physical or biological component of an ecosystem can lead to shifts in all its populations.
	Stability and Change
Small changes in one part of a system might cause large changes in another part.


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 refute 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
7.2.3	Ability to evaluate competing perspectives/claims using reasoning and evidence
Disciplinary Core Idea Assessment Targets
	LS2.C.2a	Describe changes in the physical or biological components of an ecosystem that can affect populations
	LS2.C.2b	Identify evidence showing changes in populations of an ecosystem
	LS2.C.2c	Describe how specific changes in the physical or biological components of an ecosystem can cause changes that can affect the survival of individual organisms within that ecosystem
	LS2.C.2d	Describe how factors that affect the survival and reproduction of organisms can cause changes in the population of those organisms
	LS2.C.2e	Describe how a change in a physical or biological component of an ecosystem can cause changes in another component
Crosscutting Concept Assessment Target(s)
CCC7 	Identify that small changes in one part of a system might cause large changes in another part
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data documenting changes that occurred in a physical/biological component of an ecosystem:
Constructs or selects an argument that contains an appropriate claim about how the change to a physical/biological component of an ecosystem affects populations within the ecosystem (7.1.1, LS2.C.2, and CCC7)
Links the evidence/data to a claim about how the change affects populations within the ecosystem (7.1.1, LS2.C.2, and CCC7)
Task provides a claim that changes to a physical/biological component of an ecosystem can affect populations within the ecosystem with supporting evidence/data:
Identifies the evidence/data supporting the provided claim (7.1.2, LS2.C.2, and CCC7)
Explains whether or not the provided evidence/data is sufficient to support the claim (7.1.3, LS2.C.2, and CCC7)
Evaluates the claim demonstrating understanding of scientific concepts and principles (7.2.1, LS2.C.2, and CCC7)
Task provides two competing claims about how the effects of changes occur in a physical/biological components of an ecosystem on populations within the ecosystem, and supporting evidence/data:
Evaluates the competing claims and explains how the evidence/data supports or does not support the claims (7.2.3, LS2.C.2, and CCC7)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5:  Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Changes in available sunlight
Changes in temperature patterns
Changes in precipitation levels
Changes to soil or water chemistry (fertilizer use, pollution, etc.)
Human-caused changes to the landscape (dams, roads, farming, etc.)
Changes in the species present
Introduction of invasive species or other competitors
Changes in types of parasites and/or pathogens
Human-caused changes to the populations (overfishing, release of domestic animals, etc.)
Common Misconceptions
Note that the list in this section is not exhaustive.
Human intervention is good for an ecosystem.	
Populations exist in states of constant growth.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS2-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS2-4 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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Students who demonstrate understanding can: 
Evaluate competing design solutions for maintaining biodiversity and ecosystem services.*
[Clarification Statement: Examples of ecosystem services could include water purification, nutrient recycling, and prevention of soil erosion. Examples of design solution constraints could include scientific, economic, and social considerations.]
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 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 world(s).
Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.
	LS2.C: Ecosystem Dynamics, Functioning, and Resilience
3. Biodiversity describes the variety of species found in Earth’s terrestrial and oceanic ecosystems. The completeness or integrity of an ecosystem’s biodiversity is often used as a measure of its health.
LS4.D: Biodiversity and Humans
3. Changes in biodiversity can influence humans’ resources, such as food, energy, and medicines, as well as ecosystem services that humans rely on—for example, water purification and recycling.(secondary)
ETS1.B: Developing Possible Solutions
7. There are systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a problem. (secondary)
	Stability and Change
Small changes in one part of a system might cause large changes in another part.
Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
The use 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. Thus technology use varies from region to region and over time.
Connections to Nature of Science
Science Addresses Questions About the Natural and Material World
Scientific knowledge can describe the consequences of actions but does not necessarily prescribe the decisions that society takes.


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.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.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
	LS2.C.3a	Identify biodiversity as the variety of species found in an ecosystem
	LS2.C.3b	Describe factors that affect the stability of the biodiversity of a given ecosystem
	LS4.D.3a	Identify resources (e.g., food, energy, and medicines) and ecosystem services (e.g., water purification and recycling) that benefit humans
	LS4.D.3b	Describe how changes in biodiversity influence resources and ecosystem services
ETS1.B.7a	Apply systematic processes for evaluating design solutions
ETS1.B.7b	Define and describe scientific, social, and economic criteria and constraints of a problem
Crosscutting Concept Assessment Target(s)
CCC7	Identify that small changes in one part of a system might cause large changes in another part
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides multiple design solutions for maintaining biodiversity/ecosystem resources:
Selects the best design based on a prioritized list of criteria (6E.2.1, ETS1.B.7, and CCC7)
Ranks the design solutions based on how well they meet the criteria and constraints of the defined problem (6E.2.1, ETS1.B.7, and CCC7)
Selects the best design and provides justification for the selection based on a prioritization of criteria (6E.2.1, ETS1.B.7, and CCC7)
Selects the best design and provides justification for the selection based on science principles and/or evidence (6E.2.2, ETS1.B.7, and CCC7)
Task provides a design solution for maintaining ecosystem resources:
Identifies tradeoffs that would have been necessary with the design (6E.2.1, ETS1.B.7, and CCC7)
Identifies the scientific ideas, principles, or evidence that support the effectiveness of a given design (6E.2.2, LS2.C.3, and CCC7)
Identifies possible unanticipated effects of a design solution (6E.2.3, LS2.C.3, and CCC7)
Indicates ways to improve the design solution (6E.2.3, ETS1.B.7, and CCC7)
Task provides a description of a design solution for maintaining biodiversity/ecosystem resources that was selected over alternative designs:
Identifies the criteria or constraints that resulted in the selection of the design (6E.2.1, ETS1.B.7, and CCC7)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Nutrient recycling
Soil formation
Food supplies
Raw materials
Medicines
Carbon sequestration
Waste decomposition
Air and water purification
Prevention of soil erosion
Common Misconceptions
Note that the list in this section is not exhaustive.
Biodiversity means the number of species in an ecosystem.
Human intervention always improves ecosystems.
Ecosystem services are inexhaustible.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS2-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS2-5%20Evidence%20Statements%20June%202015%20asterisks.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: _Toc12552875]MS-LS3-1 Heredity: Inheritance and Variation of Traits
Students who demonstrate understanding can: 
Develop and use a model to describe why structural changes to genes (mutations) located on chromosomes may affect proteins and may result in harmful, beneficial, or neutral effects to the structure and function of the organism.
[Clarification Statement: Emphasis is on conceptual understanding that changes in genetic material may result in making different proteins.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 experiences 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.
	LS3.A: Inheritance of Traits
4. Genes are located in the chromosomes of cells, with each chromosome pair containing two variants of each of many distinct genes. Each distinct gene chiefly controls the production of specific proteins, which in turn affects the traits of the individual. Changes (mutations) to genes can result in changes to proteins, which can affect the structures and functions of the organism and thereby change traits.
LS3.B: Variation of Traits
5. In addition to variations that arise from sexual reproduction, genetic information can be altered because of mutations. Though rare, mutations may result in changes to the structure and function of proteins. Some changes are beneficial, others harmful, and some neutral to the organism.
	Structure and Function
Complex and microscopic structures and systems can be visualized, modeled, and used to describe how their function depends on the shapes, composition, and relationships among its parts, therefore complex natural structures/systems can be analyzed to determine how they function.


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
	LS3.A.4a	Recognize that chromosomes contain genes and that different versions of genes (alleles) exist for different proteins
	LS3.A.4b	Recognize that each distinct gene has a certain sequence (code) which determines the structure of a specific set of proteins
	LS3.A.4c	Recognize that protein structure influences protein function
	LS3.A.4d	Recognize that specific proteins affect the traits of individual organisms
	LS3.A.4e	Describe how mutations in genes can result in changes to proteins
	LS3.A.4f	Describe how changes to proteins can affect observable structures and functions in organisms
	LS3.B.5a	Explain how genetic mutations can result in trait changes that are beneficial, harmful, or neutral for the organism
Crosscutting Concept Assessment Target(s)
CCC6 	Use complex and microscopic structures and systems to describe how their function depends on the shapes, composition, and relationships among its parts
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a model of normal gene and one with a mutation:
Explains what the effects of the mutation could be on the resulting protein and a trait of an organism (2.1.1, LS3.A.4, and CCC6)
Task provides a model of a normal gene and/or protein along with a description of a mutation and its result:
Identifies a model that shows the mutation and/or the resulting proteins (2.1.1, LS3.A.4, and CCC6)
Task provides an incomplete model showing a gene, a resulting protein, the protein’s function, the resulting structural/functional change in an organism, and/or if the trait change is harmful, helpful, or neutral to the organism:
Selects or adds (by dragging-and-dropping) the missing component(s) to complete the model (2.1.1, LS3.A.4, and CCC6)
Task provides a model of a gene, the resulting protein, how the protein functions, and how it affects the trait of an organism. It also provides a description of a genetic mutation and how it is helpful, harmful, or neutral to the same organism:
Drags-and-drops relevant components from a set containing both relevant and irrelevant components to complete a model showing the effects of the mutation on the organism (2.1.1, LS3.B.5, and CCC6)
Task provides a model of a gene, the resulting protein, how the protein functions, and how it affects the trait of an organism. It also provides a description of a genetic mutation:
Predicts if the mutation is helpful, harmful, or neutral (2.1.3, LS3.B.4, and CCC6)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Substitutions
Deletions
Additions
Structural traits
Functional traits
Behavioral traits
Common Misconceptions
Note that the list in this section is not exhaustive.
Genes and proteins are the same things.
Traits change due to the environment, which in turn changes genes.
The information in genes provides instructions for rearranging chromosomes into traits.
Mutations are always harmful to the functioning of an organism.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS3-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS3-1%20Evidence%20Statements%20June%202015%20asterisks.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: _Toc12552876]MS-LS3-2 Heredity: Inheritance and Variation of Traits
Students who demonstrate understanding can: 
Develop and use a model to describe why asexual reproduction results in offspring with identical genetic information and sexual reproduction results in offspring with genetic variation.
[Clarification Statement: Emphasis is on using models such as Punnett squares, diagrams, and simulations to describe the cause and effect relationship of gene transmission from parent(s) to offspring and resulting genetic variation.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 experiences 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.
	LS1.B: Growth and Development of Organisms
4. Organisms reproduce, either sexually or asexually, and transfer their genetic information to their offspring. (secondary)
LS3.A: Inheritance of Traits
7. Variations of inherited traits between parent and offspring arise from genetic differences that result from the subset of chromosomes (and therefore genes) inherited.
LS3.B: Variation of Traits
4. In sexually reproducing organisms, each parent contributes half of the genes acquired (at random) by the offspring. Individuals have two of each chromosome and hence two alleles of each gene, one acquired from each parent. These versions may be identical or may differ from each other.
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural 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
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
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
	LS1.B.4a	Explain the differences in genetic variation that arise from sexual and asexual reproduction
	LS1.B.4b	Describe that during reproduction parents transfer genetic information in the form of genes to their offspring
	LS3.A.6a	Describe that variations of inherited traits between parent and offspring arise from the genetic differences in the genes inherited
	LS3.A.6b	Describe why sexual and asexual reproduction result in different types of genetic variation in offspring relative to their parents
	LS3.B.4a	Describe that in sexually reproducing organisms, the parents typically have two sets of chromosomes
	LS3.B.4b	Describe that in sexual reproduction, each parent contributes a set of chromosomes to the offspring
	LS3.B.4c	Describe how offspring from sexual reproduction reflect a combination of genetic material from both parents and therefore contain new combinations of genes not found in the parents
	LS3.B.4d	Predict the possible or probable genetic makeup of the offspring if parental information is provided
Crosscutting Concept Assessment Target(s)
CCC2 	Use cause and effect relationships to predict phenomena in natural systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task presents a model comparing sexual and asexual reproduction in organisms:
Selects components used to compare the two different types of reproduction (2.1.1, LS1.B.4, and CCC2)
Explains the transfer of genetic information to offspring via sexual reproduction (2.1.1, LS1.B.4, and CCC2)
Explains the transfer of genetic information to offspring via asexual reproduction (2.1.1, LS1.B.4, and CCC2)
Task provides students with a representation of sexual or asexual reproduction:
Uses labels to represent mechanisms of genetic transfer during sexual/asexual reproduction (2.1.3, LS3.A.6, and CCC2)
Task provides a model comparing sexual reproduction and asexual reproduction:
Analyzes the provided model to identify evidence for relationships in each type of reproduction (2.2.1, LS1.B.4, and CCC2)
Task includes a model (e.g., a Punnett square, a diagram) of sexual reproduction providing the genetic information for two parents:
Predicts the genetic makeup of the possible offspring resulting from the cross (2.2.2, LS3.B.4, and CCC2)
Explains how the genetic differences could arise from the subset of chromosomes inherited (2.2.2, LS3.A.6, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
A diagram that illustrates different parental genetics and possible offspring in comparing sexual and asexual reproduction
A model that compares variations of inherited traits in offspring from sexual and asexual reproduction
A Punnett square or simulation to predict genetic variation in offspring from sexual reproduction
Comparison of asexual and sexual reproduction in growing crops
Models of genetic inheritance other than simple dominance
Common Misconceptions
Note that the list in this section is not exhaustive.
Sexual reproduction is always advantageous over asexual reproduction.
Genetic variation in offspring cannot be predicted.
All organisms reproduce in the same way.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS3-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS3-2 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: _Toc12552877]MS-LS4-1 Biological Evolution: Unity and Diversity
Students who demonstrate understanding can: 
Analyze and interpret data for patterns in the fossil record that document the existence, diversity, extinction, and change of life forms throughout the history of life on Earth under the assumption that natural laws operate today as in the past.
[Clarification Statement: Emphasis is on finding patterns of changes in the level of complexity of anatomical structures in organisms and the chronological order of fossil appearance in the rock layers.] [Assessment Boundary: Assessment does not include the names of individual species or geological eras in the fossil record.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 6–8 builds on K–5 experiences 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.
	LS4.A: Evidence of Common Ancestry and Diversity
3. The collection of fossils and their placement in chronological order (e.g., through the location of the sedimentary layers in which they are found or through radioactive dating) is known as the fossil record. It documents the existence, diversity, extinction, and change of many life forms throughout the history of life on Earth.
	Patterns
Graphs, charts, and images can be used to identify patterns in data.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Science assumes that objects and events in natural systems occur in consistent patterns that are understandable through measurement and observation.


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
4.2.2	Ability to identify patterns (qualitative or quantitative) among variables represented in data
Disciplinary Core Idea Assessment Targets
	LS4.A.3a	Identify patterns between sedimentary rock layers and the relative age of rock layers
	LS4.A.3b	Identify time periods when a given fossil organism is present
	LS4.A.3c	Identify periods of time when changes in the absence or presence of a large number of fossil organisms can be observed
	LS4.A.3d	Identify patterns of change in the level of complexity of anatomical structures in the fossil record over time
	LS4.A.3e	Analyze and interpret the data in fossils for the existence, diversity, extinction, and change in life forms throughout the history of Earth
	LS4.A.3f	Recognize observed patterns in the fossil record as evidence for when mass extinctions occurred
	LS4.A.3g	Recognize observed patterns in the fossil record as evidence for when organisms emerged, evolved, or went extinct
	LS4.A.3h	Recognize observed patterns in the fossil record as evidence for increasing diversity and complexity of organisms on Earth
Crosscutting Concept Assessment Target(s)
CCC1 	Use graphs, charts, and images 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 a data and/or graphical display of the fossil record:
Describes patterns as evidence of existence, extinction, diversity, and/or change in life forms in the fossil record (4.2.1, LS4.A.3, and CCC1)
Task describes an example(s) of existence, extinction, diversity, and/or change in life forms over time:
Identifies a data representation (e.g., chart, table, or graph) about the fossil record that is consistent with the description/provides evidence to support a claim (4.2.2, LS4.A.3, and CCC1)
Identifies a graphic of the fossil record that is consistent with the description/provides evidence to support a claim (4.2.2, LS4.A.3, and CCC1)
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.
The geographic distribution of species
Changes in the size and function of anatomical structures over time
Evidence of mass extinctions
Evidence for the emergence and extinction of species
Evidence for the increasing diversity and complexity of organisms
Use of vertical location in strata to determine relative ages of different fossils
Common Misconceptions
Note that the list in this section is not exhaustive.
Extinction is rare.
Most of the species that lived in the past are still alive today.
Anatomical change occurs quickly.
There has always been great diversity and complexity of life on Earth.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS4-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS4-1 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: 
Apply scientific ideas to construct an explanation for the anatomical similarities and differences among modern organisms and between modern and fossil organisms to infer evolutionary relationships.
[Clarification Statement: Emphasis is on explanations of the evolutionary relationships among organisms in terms of similarity or differences of the gross appearance of anatomical structures.]
	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 to construct an explanation for real-world phenomena, examples, or events.
	LS4.A: Evidence of Common Ancestry and Diversity
4. Anatomical similarities and differences between various organisms living today and between them and organisms in the fossil record, enable the reconstruction of evolutionary history and the inference of lines of evolutionary descent.
	Patterns
Patterns can be used to identify cause and effect relationships.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Science assumes that objects and events in natural systems occur in consistent patterns that are understandable through measurement and observation.


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
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.
6.1.1	Ability to construct quantitative and/or qualitative explanations of observed relationships
6.1.2	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
6.1.3	Ability to use models and representations in scientific explanations
Disciplinary Core Idea Assessment Targets
	LS4.A.4a 	Articulate a statement about the similarities and differences, and the evolutionary relationships among modern organisms and between fossil organisms and modern organisms
	LS4.A.4b 	Identify and/or describe evidence of similarities and differences in anatomical patterns in modern living organisms and between modern living organisms and fossilized organisms
	LS4.A.4c 	Use reasoning to connect evidence to a claim that organisms are more likely to be closely related if they share a pattern of similar anatomical features due to the cause-and-effect relationship between genetic makeup and anatomy
	LS4.A.4d 	Use reasoning to connect evidence to a claim that living organisms can be linked to extinct organisms that share basic anatomical features by observing changes over time in anatomical features in the fossil record and that evolutionary descent of organisms can be inferred from these changes
Crosscutting Concept Assessment Target(s)
CCC1 	Use patterns to identify cause-and-effect relationships
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a data set comparing selected anatomical features of modern organisms:
Articulates a conclusion about the evolutionary relationships among the organisms (6.1.1, LS4.A.4, and CCC1)
Identifies or describes evidence of similarities and differences in anatomical patterns that support a conclusion (6.1.1, LS4.A.4, and CCC1)
Uses reasoning to connect evidence to a conclusion (6.1.1, LS4.A.4, and CCC1)
Task provides a data set comparing selected anatomical features of modern and extinct organisms:
Articulates a conclusion about the evolutionary relationships among the organisms (6.1.1, LS4.A.4, and CCC1)
Identifies or describes evidence of similarities and differences in anatomical patterns that support a conclusion (6.1.1, LS4.A.4, and CCC1)
Uses reasoning to connect evidence to a conclusion (6.1.1, LS4.A.4, and CCC1)
Task provides evidence that the anatomical features of both modern and extinct organisms indicate an evolutionary relationship:
Uses reasoning to connect evidence to a statement about the similarities and differences in anatomical patterns in fossilized organisms and/or modern living organisms (6.1.2, LS4.A.4, and CCC1)
Uses reasoning to connect evidence to a statement about the similarities and differences in anatomical patterns between modern living organisms and fossilized organisms (6.1.2, LS4.A.4, and CCC1)
Task provides representations of selected anatomical features of modern and extinct organisms:
Identifies or describes evidence of similarities and differences in anatomical patterns that support a conclusion about evolutionary relationships (6.1.3, LS4.A.4, and CCC1)
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.
Homologous structures
Analogous structures
Vestigial structures
Adaptations for aquatic or terrestrial life 
Trends in complexity over geologic time
Comparison of extant vs. extinct fossils
Interpolating gaps in the fossil record
Common Misconceptions
Note that the list in this section is not exhaustive.
Species that are similar can share a common ancestor, but species that have no apparent, obvious, or superficial similarities cannot share a common ancestor.
Plants and animals cannot share a common ancestor.
Humans do not share a common ancestor with other living organisms.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS4-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS4-2 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
[image: ]
MS-LS4-2 Biological Evolution: Unity and Diversity
California Science Test—Item Specifications

Page 79

[bookmark: _Toc12552879]MS-LS4-3 Biological Evolution: Unity and Diversity
Students who demonstrate understanding can: 
Analyze displays of pictorial data to compare patterns of similarities in the embryological development across multiple species to identify relationships not evident in the fully formed anatomy.
[Clarification Statement: Emphasis is on inferring general patterns of relatedness among embryos of different organisms by comparing the macroscopic appearance of diagrams or pictures.] [Assessment Boundary: Assessment of comparisons is limited to gross appearance of anatomical structures in embryological development.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 6–8 builds on K–5 experiences and progresses to extending quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
Analyze displays of data to identify linear and nonlinear relationships.
	LS4.A: Evidence of Common Ancestry and Diversity
5. Comparison of the embryological development of different species also reveals similarities that show relationships not evident in the fully-formed anatomy.
	Patterns
Graphs, charts, and images 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.
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
4.2.2	Ability to identify patterns (qualitative or quantitative) among variables represented in data
Disciplinary Core Idea Assessment Targets
	LS4.A.5a	Identify linear and nonlinear relationships including patterns of similarities in embryos across species by using organized pictorial displays
	LS4.A.5b	Identify linear and nonlinear relationships including patterns of changes as embryos develop by using organized pictorial displays
	LS4.A.5c	Describe evidence of relatedness among apparently diverse species using patterns of changes and similarities in embryo development shown in organized pictorial displays
Crosscutting Concept Assessment Target(s)
CCC1 	Use graphs, charts and images 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 images of different organisms during progressive stages of embryonic development:
Describes phylogenetic relationships among the organisms based on analyzing the pictorial displays provided (4.2.1, LS4.A.5, and CCC1)
Identifies developmental patterns or phylogenetic relationships among the organisms based on analyzing the pictorial displays provided (4.2.2, LS4.A.5, and CCC1)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Appearance of the embryos of diverse vertebrate species during progression through early stages of development
Features such as gill slits and a tail during early stages of vertebrate embryonic development that are lacking in many of the species as adults
Comparison of embryo development in different invertebrate marine phyla
Developmental patterns of species undergoing metamorphosis
Comparison of juvenile development in different invertebrate marine phyla
Common Misconceptions
Note that the list in this section is not exhaustive.
Embryos of different species always look very different.
Embryos of a single species look the same at every stage.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS4-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS4-3 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 an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of surviving and reproducing in a specific environment.
[Clarification Statement: Emphasis is on using simple probability statements and proportional reasoning to construct explanations.]
	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.
Construct an explanation that includes qualitative or quantitative relationships between variables that describe phenomena.
	LS4.B: Natural Selection
3. Natural selection leads to the predominance of certain traits in a population, and the suppression of others.
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


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
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.
6.1.1	Ability to construct quantitative and/or qualitative explanations of observed relationships
6.1.2	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
6.1.3	Ability to use models and representations in scientific explanations
Disciplinary Core Idea Assessment Targets
	LS4.B.3a	Identify and describe the evidence that individuals in a species are not identical and genetic variations are inherited
	LS4.B.3b	Identify and describe the evidence to support that some individuals are better suited to survive and reproduce in a specific environment
	LS4.B.3c	Identify and describe cause-and-effect relationships between traits and the probability of survival and reproduction of a given organism in a specific environment
	LS4.B.3d	Describe natural selection in that the proportion of individuals with the best suited traits for the environment will be more likely to survive and reproduce; therefore, the given traits will increase in frequency over many generations
	LS4.B.3e	Describe natural selection in that the proportion of individuals with disadvantageous traits for the environment will be less likely to survive and reproduce; therefore, the given traits will decrease over many generations
Crosscutting Concept Assessment Target(s)
CCC2 	Identify that phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a scenario showing two or more variations of a trait within a given population in response to environmental change:
Explains why one variation of the trait is more advantageous given the environmental change (6.1.1, LS4.B.3, and CCC2)
Task provides data on changing frequencies of multiple variations of a trait within a given population in response to environmental change:
Describes how the increasing frequency of one variation over other variations is evidence for how the variation is more advantageous for the specific environmental change (6.1.2, LS4.B.3, and CCC2)
Describes how the frequencies of given traits within a population are evidence for natural selection (6.1.2, LS4.B.3, and CCC2)
Task provides a graphical example of change in a species over time:
Explains the change in the species using appropriate scientific concepts (6.1.2, LS4.B.3, and CCC2)
Task provides a simulation representing changing phenotypes within a given population in response to environmental change:
Explains how the environmental change resulted in the different frequencies of traits (6.1.3, LS4.B.3, and CCC2)
Predicts a likely change in frequency of the phenotypes in the population (6.1.3, LS4.B.3, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Environmental changes over time
Changes in available resources
Disease outbreak
Introduction/removal of a species
Changes from increased gene flow with other populations
Effects of habitat change due to human activity
Common Misconceptions
Note that the list in this section is not exhaustive.
Individual organisms can change their features to suit the environment. 
All individuals of the same species have the same features.
Natural selection occurs within an organism’s lifetime.
All organisms in a population are able to adapt to environmental changes and survive.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS4-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS4-4 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
[image: ]
MS-LS4-4 Biological Evolution: Unity and Diversity
California Science Test—Item Specifications

Page 87

[bookmark: _Toc12552881]MS-LS4-5 Biological Evolution: Unity and Diversity
Students who demonstrate understanding can: 
Gather and synthesize information about the technologies that have changed the way humans influence the inheritance of desired traits in organisms.
[Clarification Statement: Emphasis is on synthesizing information from reliable sources about the influence of humans on genetic outcomes in artificial selection (such as genetic modification, animal husbandry, gene therapy); and, on the impacts these technologies have on society as well as the technologies leading to these scientific discoveries.]
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 experiences 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 not supported by evidence.
	LS4.B: Natural Selection
2. In artificial selection, humans have the capacity to influence certain characteristics of organisms by selective breeding. One can choose desired parental traits determined by genes, which are then passed on to offspring.
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.
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.
Connections to Nature of Science
Science Addresses Questions About the Natural and Material World
Scientific knowledge can describe the consequences of actions but does not necessarily prescribe the decisions that society takes.


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
	LS4.B.2a	Identify the effect of selective breeding on a species
	LS4.B.2b	Identify the purpose and effect of genetic engineering
	LS4.B.2c	Identify the purpose and effect of gene therapy
	LS4.B.2d	Describe that humans employ artificial selection to both promote positive features in organisms and remove negative ones
	LS4.B.2e	Describe the possible social effects of using technology to influence genetic transmission in species
	LS4.B.2f	Gather and synthesize information about the technologies used in genetic engineering
Crosscutting Concept Assessment Target(s)
CCC2 	Identify that phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data showing changes in frequency of certain traits in a population over time due to artificial selection/genetic manipulation by humans:
Identifies the change over time (8.1.1, LS4.B.2, and CCC2)
Explains how artificial selection/genetic manipulation can change the frequency of traits (8.1.1, LS4.B.2, and CCC2)
Task provides research materials for students to look up examples of genetic modification in organisms:
Identifies relevant information on the types of genetic modifications presented (8.1.2, LS4.B.2, and CCC2)
Describes different methods of genetic manipulation and the possible outcomes (8.1.2, LS4.B.2, and CCC2)
Task provides a claim and a data set on genetic manipulation by humans in a particular species:
Summarizes the data and indicates trends (8.1.3, LS4.B.2, and CCC2)
Determines whether the data can be used to support the claim (8.1.3, LS4.B.2, and CCC2)
Describes the impact on society of the genetic manipulation (8.1.3, LS4.B.2, and CCC2)
Task provides data from multiple sources on genetic manipulation in a single species:
Combines and synthesizes the data (8.1.3, LS4.B.6, and CCC2)
Describes the process of genetic manipulation used (8.1.3, LS4.B.2, and CCC2)
Assesses the impact of the genetic manipulation (8.1.3, LS4.B.2, and CCC2)
Task provides a scenario in which a genetic manipulation can solve a particular agricultural problem (e.g., crops, livestock, etc.):
Describes one or more processes that could provide a solution (8.1.3, LS4.B.2, and CCC2)
Identifies potential negative/positive effects of the genetic manipulation needed to solve the problem (8.1.3, LS4.B.2,  and CCC2)
Uses the information presented to identify the most reasonable solution (8.1.3, LS4.B.2, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Genetic modification in food crops
Gene therapy to treat or prevent diseases
Domestication of animals
Cloning of domestic animals
Selective breeding in animal husbandry
Development of polyploid plants
Common Misconceptions
Note that the list in this section is not exhaustive.
Artificial selection is bad for organisms.
Natural selection is a directed process rather than a random one.
Selection against a species means the species will become extinct.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS4-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS4-5 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 support explanations of how natural selection may lead to increases and decreases of specific traits in populations over time.
[Clarification Statement: Emphasis is on using mathematical models, probability statements, and proportional reasoning to support explanations of trends in changes to populations over time.] [Assessment Boundary: Assessment does not include Hardy Weinberg calculations.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Using Mathematics and Computational Thinking
Mathematical and computational thinking in 6–8 builds on K–5 experiences and progresses to identifying patterns in large data sets and using mathematical concepts to support explanations and arguments.
Use mathematical representations to support scientific conclusions and design solutions.
	LS4.C: Adaptation
2. Adaptation by natural selection acting over generations is one important process by which species change over time in response to changes in environmental conditions. Traits that support successful survival and reproduction in the new environment become more common; those that do not become less common. Thus, the distribution of traits in a population changes.
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


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
5.2.3	Ability to use the results of computational models (e.g., simulations) to identify patterns in natural and/or design worlds
Disciplinary Core Idea Assessment Targets
	LS4.C.2a	Describe that species respond to changes in the environment over generations
	LS4.C.2b	Identify that individuals with favorable traits are more likely to pass on their inherited traits
	LS4.C.2c	Identify that environmental conditions act as a selective pressure
	LS4.C.2d	Identify traits that support successful survival based on environmental conditions
	LS4.C.2e	Identify that the most favorable traits to the environment become more common in a population
	LS4.C.2g	Identify that traits that do not support survival based on the environmental conditions will decrease in frequency within a given population over time
	LS4.C.2g	Recognize that not all populations are able to adapt and survive
	LS4.C.2j	Describe natural selection as a mechanism of evolution that acts over many generations
Crosscutting Concept Assessment Target(s)
CCC2 	Identify that phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data from a computational model (graph, table, etc.) that displays a measurable change in selected traits in a population over time:
Identifies patterns of change (5.2.1, LS4.C.2, and CCC2)
Identifies the specific selective pressure driving the change (5.2.1, LS4.C.2, and CCC2)
Explains how a specific pressure has led to the observed change (5.2.1, LS4.C.2, and CCC2)
Task provides a simulation of a population where specific environmental conditions can be manipulated:
Predicts which trait is most adaptive to a specific environmental change (5.2.2, LS4.C.2, and CCC2)
Predicts which variants of a trait will increase and which variants will decrease in frequency with regard to the manipulated condition (5.2.2, LS4.C.2, and CCC2)
Predicts that if environmental conditions change too drastically, the population may not have time to adapt and could die off (5.2.2, LS4.C.2, and CCC2)
Task provides data from a simulation that models a change in a specific trait over time:
Identifies evidence that demonstrates natural selection is acting on the population (5.2.3, LS4.C.2, and CCC2)
Describes the pattern of change (5.2.3, LS4.C.2, and CCC2)
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.
Defense from predation
Changes in food sources
Response to disease or parasitism
Changes in environmental conditions
Changes in competition with other species for resources
Changes in competition within a species for resources
Variation in the population
Differential reproductive success
Heritable traits
Common Misconceptions
Note that the list in this section is not exhaustive.
Organisms can change their features to suit their environment. 
Animals of the same species all have the same features.
Natural selection occurs within an organism’s lifetime.
“Survival of the fittest” means the strongest individuals survive.
Natural selection is goal-oriented.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-LS4-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-LS4-6 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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