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[bookmark: _Toc12907983]HS-LS1-1 From Molecules to Organisms: Structure and Processes
Students who demonstrate understanding can: 
Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins which carry out the essential functions of life through systems of specialized cells.
[Assessment Boundary: Assessment does not include identification of specific cell or tissue types, whole body systems, specific protein structures and functions, or the biochemistry of protein synthesis.]
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 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
Construct an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
	LS1.A: Structure and Function
Systems of specialized cells within organisms help them perform the essential functions of life.
All cells contain genetic information in the form of DNA molecules. Genes are regions in the DNA that contain the instructions that code for the formation of proteins, which carry out most of the work of cells. (Note: This Disciplinary Core Idea is also addressed by HS-LS3-1.)
	Structure and Function
Investigating or designing new systems or structures requires a detailed examination of the properties of different materials, the structures of different components, and connections of components to reveal its function and/or solve a problem.


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
	LS1.A.6a	Explain that multicellular organisms have specialized cells
	LS1.A.6b	Explain that tissues are composed of specialized cells that contribute to essential organismal functions
	LS1.A.7.a	Explain that all cells contain genes composed of DNA
	LS1.A.7.b	Explain that DNA contains coded information needed to synthesize proteins
	LS1.A.7.c	Explain that genes determine the primary structure of proteins
	LS1.A.7.d	Explain that proteins are critical to cell functioning
	LS1.A.7.e	Explain that all cells in an organism have the same genetic information, but that expression of the information varies, resulting in different cell types
Crosscutting Concept Assessment Target(s)
CCC6 	Perform a detailed examination of the properties of different materials, the structures of different components, and connections of components to design new systems that solve a problem
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides the nucleotide sequence of a particular segment of DNA:
Predicts the amino acid sequence of the resulting protein (6.1.1, LS1.A.7, and CCC6)
Explains how the structure of DNA determines the primary protein sequence (6.1.3, LS1.A.7, and CCC6)
Task provides two sequences of nucleotides from two different cells: a wild-type sequence and a variation of the wild-type sequence that contains a nucleotide deletion or addition in the coding region:
Predicts if the cells will produce proteins encoded by these sequences that differ in structure or that the cell with the mutated sequence will not produce the protein at all (6.1.3, LS1.A.7, and CCC6)
Explains how the differing nucleotide sequences can cause specialized cells of the same type to differ in phenotype (6.1.2, LS1.A.7, and CCC6)
Task provides information about specialized cells in multicellular organisms from published sources, laboratory data, or simulations:
Uses the information to support a claim that specialized cells within organisms work together to support the essential functions of life (6.1.2, LS1.A.6, and CCC6)
Task provides model with undifferentiated stem cells and differentiated specialized cells:
Uses the model to explain that all the cells have the same DNA sequences, but the differentiated specialized cells express (use) different genes (DNA sequences) and so contain different proteins, which causes them to have specialized functions (6.1.3, LS1.A.7, and CCC6)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Most cells in an organism contain the same DNA sequences, but an organism contains many specialized cell types.
Expression of different genes in different cells causes cells to produce different sets of proteins and gives rise to cell specialization.
Allelic variations of genes result in proteins of slightly different sequences in different individuals of the same species.
Variation in gene sequence due to mutation often changes the sequence of the encoded proteins and can result in truncated or degraded proteins or in atypical proteins that do not function as well as the typical proteins.
Mechanisms such as jumping genes and viral transduction increase variability by inserting DNA codes that can produce functional proteins.
Expression of genes can be triggered by the location of a cell in the organism or by timing during development.
Common Misconceptions
Note that the list in this section is not exhaustive.
Cell types with specialized structures/functions differ in their DNA sequences.
Changes to the nucleotide sequence of DNA always prevent a protein from being synthesized.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS1-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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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[bookmark: _Toc12907984]HS-LS1-2 From Molecules to Organisms: Structures and Processes
Students who demonstrate understanding can: 
Develop and use a model to illustrate the hierarchical organization of interacting systems that provide specific functions within multicellular organisms.
[Clarification Statement: Emphasis is on functions at the organism system level such as nutrient uptake, water delivery, and organism movement in response to neural stimuli. An example of an interacting system could be an artery depending on the proper function of elastic tissue and smooth muscle to regulate and deliver the proper amount of blood within the circulatory system.] [Assessment Boundary: Assessment does not include interactions and functions at the molecular or chemical reaction level.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed worlds.
Develop and use a model based on evidence to illustrate the relationships between systems or between components of a system.
	LS1.A: Structure and Function
8. Multicellular organisms have a hierarchical structural organization, in which any one system is made up of numerous parts and is itself a component of the next level.
	Systems and System Models
Models (e.g., physical, mathematical, computer models) can be used to simulate systems and interactions—including energy, matter, and information flows—within and between systems at different scales.


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.A.8a	Identify the component parts of organ systems
	LS1.A.8b	Describe the major roles of the component parts of organ systems
	LS1.A.8c	Describe a likely effect on an organism if one of the component parts of an organ system does not function normally
	LS1.A.8d	Describe the contributions of particular tissues that make up organs in an organ system
	LS1.A.8e	Describe likely effects on an organism if a particular tissue found in the body does not function normally
	LS1.A.8f	Describe how organ systems interact to maintain homeostasis
Crosscutting Concept Assessment Target(s)
CCC4	Use models to represent systems and their interactions—such as inputs, processes, and outputs—and energy and matter flows within systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides component organs of an organ system:
Labels the components of the organ system to develop a complete model (2.1.1, LS1.A.8, and CCC4)
Describes relationships between organs (e.g., how the function of one organ is dependent on the normal functioning of another organ in the organ system) (2.1.1, LS1.A.8, and CCC4)
Describes relationships between tissues and organs (e.g., how an organ system is dependent on the normal functioning of a particular tissue in a component organ) (2.1.1, LS1.A.8, and CCC4)
Describes how the interacting systems of an organism are dependent on the correct functioning of the components of different organ systems (2.1.1, LS1.A.8, and CCC4)
Predicts the likely effect on the interactions of an organ system or organism in the absence or malfunctioning of the organ or tissue. (2.1.1, LS1.A.8, and CCC4) 
Task provides an incomplete model of an organ system:
Completes the model (2.1.1, LS1.A.8, and CCC4)
Describes the relationships among the components of the model (2.1.1, LS1.A.8, and CCC4)
Task provides a representation of a mechanism important to the correct functioning of an organ or organ system:
Interprets how a change to one part of the organ system will most likely affect another part of the organ system (2.1.3, LS1.A.8, and CCC4)
Task provides a simulation of an organ system in which one factor can be manipulated:
Analyzes the relationship between the factor and another factor of the organ system or organism as a whole after manipulating the model (2.2.1, LS1.A.8, and CCC4)
Predicts how a change to one factor in an organ system will impact the function of the organ system (2.2.1, LS1.A.8, and CCC4)
Task provides a model of two or more organ systems of an organism:
Interprets the interactions between organ systems (2.2.2, LS1.A.8, and CCC4)
Predicts outcomes to the organ systems if one component fails (2.2.2, LS1.A.8, and CCC4)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Interaction of systems during a hiccup or sneeze
Malfunction of tissues observed in hypothyroidism
Common Misconceptions
Note that the list in this section is not exhaustive.
Systems in the human body work in isolation.
A change in function to an organ system leads to the death of an organism.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS1-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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: 
Plan and conduct an investigation to provide evidence that feedback mechanisms maintain homeostasis.
[Clarification Statement: Examples of investigations could include heart rate response to exercise, stomate response to moisture and temperature, and root development in response to water levels.] [Assessment Boundary: Assessment does not include the cellular processes involved in the feedback mechanism.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Planning and Carrying Out Investigations
Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.
Plan and conduct an investigation individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., number of trials, cost, risk, time), and refine the design accordingly.
Connections to Nature of Science
Scientific Investigations Use a Variety of Methods
Scientific inquiry is characterized by a common set of values that include: logical thinking, precision, open-mindedness, objectivity, skepticism, replicability of results, and honest and ethical reporting of findings.
	LS1.A: Structure and Function
9. Feedback mechanisms maintain a living system’s internal conditions within certain limits and mediate behaviors, allowing it to remain alive and functional even as external conditions change within some range. Feedback mechanisms can encourage (through positive feedback) or discourage (negative feedback) what is going on inside the living system.
	Stability and Change
Feedback (negative or positive) can stabilize or destabilize a system.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
3.1  	Ability to clarify the goal of the investigation and identify the evidence needed to address the purpose of the investigation
3.2  	Ability to develop, evaluate, and refine a plan for the investigation
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.
3.1.1	Ability to describe the purpose of the investigation or formulate a question that can be investigated
3.1.2	Ability to identify relevant independent and dependent variables and to consider possible confounding variables or effects
3.1.3	Ability to describe what and how much data need to be collected to provide sufficient evidence to the purpose of the investigation
3.1.4	Ability to describe how the observations and/or collected data can be used as evidence for the phenomenon under investigation
3.2.1	Ability to decide how to measure and observe relevant variables, including considering the level of accuracy and precision required, and the kinds of instrumentation and techniques best suited to making such measurements to reduce both random and systematic error
3.2.2	Ability to describe detailed experimental procedure, including how the data will be collected, the number of trials, the experimental setup, and the equipment and tools required
3.2.3	Ability to compare and evaluate alternative methods to determine which design provides the evidence necessary to address the purpose of the investigation
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.9a	Identify feedback mechanisms and their effects on living systems
	LS1.A.9b	Describe the evidence needed to document the effect of feedback mechanisms on living system
	LS1.A.9c	Develop an investigation plan (including how environmental changes and the living system’s response to them will be measured) to demonstrate the effect of feedback mechanisms on living systems
	LS1.A.9d	Implement a data collection strategy to provide evidence that feedback mechanisms maintain homeostasis
	LS1.A.9e	Evaluate investigation into feedback mechanisms that maintain homeostasis including an assessment of accuracy and precision of data, limitation, and ability to provide the evidence required to draw conclusions
Crosscutting Concept Assessment Target(s)
CCC7	Identify feedback, both positive and negative, that can stabilize or destabilize a system
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides student with a list of materials/tools for planning an investigation based on feedback mechanisms:
Identifies/describes a feedback mechanism that can be investigated with the provided list of materials/tools (3.1.1, LS1.A.9, and CCC7)
Formulates an investigable question based on the selected feedback mechanism (3.1.1, LS1.A.9, and CCC7)
Describes the data that would need to be collected as evidence to address the purpose of the investigation (3.1.1, LS1.A.9, and CCC7)
Task provides student with an experimental question based on how living things maintain homeostasis via feedback loops:
Identify factors that might affect the result of the investigation (3.1.2, LS1.A.9, and CCC7)
Identify the dependent and independent variables (3.1.2, LS1.A.9, and CCC7)
Task provides student with an experimental protocol for measuring homeostatic response based on feedback mechanisms:
Identifies what is to be recorded as useful data (3.1.3, LS1.A.9, and CCC7)
Decides how relevant variables will be measured and collects data for analysis (3.1.3, LS1.A.9, and CCC7)
Task provides student with data from a simulation based on an experimental investigation of homeostasis based on feedback mechanisms:
Evaluates the quality of data to determine if the evidence meets the goal of the investigation (3.1.4, LS1.A.9, and CCC7)
Develops a procedure with explicit scientific rationales to support the goal of the investigation (3.1.4, LS1.A.9, and CCC7)
Identifies which trials of data from a simulation can be used as evidence for the goal of the investigation (3.1.4, LS1.A.9, and CCC7)
Task provides student with a list of materials/tools for planning an investigation based on feedback mechanisms:
Evaluates a provided list of materials/tools for an investigation and identifies gaps (3.1.2, LS1.A.9, and CCC7)
Selects relevant measuring tools and instrumentations that can help obtain sufficient and precise data (3.1.2, LS1.A.9, and CCC7)
Task provides student with an experimental question based on how living things maintain homeostasis via feedback loops:
Selects/describes experimental procedures appropriate to the target feedback mechanism under investigation (3.2.2, LS1.A.9, and CCC7)
Describes what and how to measure, observe, and sample the feedback mechanism under investigation (3.2.2, LS1.A.9, and CCC7)
Task provides student with alternative experimental protocols for measuring homeostatic response based on feedback mechanisms:
Compares and evaluates alternative methods to determine which design provides the evidence necessary to address the purpose of the investigation (3.2.3, LS1.A.9, and CCC7)
Task provides a lab simulation in conjunction with an experimental procedure for investigating homeostasis based on feedback mechanisms:
Uses tools and techniques to collect data useful for investigating the feedback mechanism (3.3.1, LS1.A.9, and CCC7)
Task provides a video or simulated model of an investigation of homeostasis based on feedback mechanisms:
Describes and identifies observations relevant to the feedback mechanism under investigation (3.3.2, LS1.A.9, and CCC7)
Records observations from a video or simulated models (3.3.2, LS1.A.9, and CCC7)
Uses the observations to evaluate the investigation plan and identify gaps (3.3.2, LS1.A.9, and CCC7)
Task provides student with data from an investigation into the role of a feedback mechanism in maintaining homeostasis:
Evaluates the quality of data to determine if the evidence meets the goal of the investigation (3.3.3, LS1.A.9, and CCC7)
Evaluates the amount of data to determine if the data is sufficient to answer the scientific question about the feedback mechanism under investigation (3.3.3, LS1.A.9, and CCC7)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Thermoregulation of endotherms
Effect of exercise on heart rate/breathing rate
Fruit ripening
Stomata response to moisture/temperature
Root development in response to water levels
Plant growth in response to changing light conditions
Common Misconceptions
Note that the list in this section is not exhaustive.
Animals, but not plants, need to maintain homeostasis to survive.
Living things cannot maintain constant internal conditions when external conditions change.
When organisms experience changes in their external environment, they die.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS1-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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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[bookmark: _Toc12907986]HS-LS1-4 From Molecules to Organisms: Structures and Processes
Students who demonstrate understanding can: 
Use a model to illustrate the role of cellular division (mitosis) and differentiation in producing and maintaining complex organisms.
[Assessment Boundary: Assessment does not include specific gene control mechanisms or rote memorization of the steps of mitosis.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed worlds.
Use a model based on evidence to illustrate the relationships between systems or between components of a system.
	LS1.B: Growth and Development of Organisms
7. In multicellular organisms individual cells grow and then divide via a process called mitosis, thereby allowing the organism to grow. The organism begins as a single cell (fertilized egg) that divides successively to produce many cells, with each parent cell passing identical genetic material (two variants of each chromosome pair) to both daughter cells. Cellular division and differentiation produce and maintain a complex organism, composed of systems of tissues and organs that work together to meet the needs of the whole organism.
	Systems and System Models
Models (e.g., physical, mathematical, computer models) can be used to simulate systems and interactions — including energy, matter, and information flows — within and between systems at different scales.


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.
2.2	Ability to use models
2.3	Ability to evaluate and revise models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.2.1	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
2.3.1	Ability to evaluate the model taking into account additional evidence or aspects of a phenomenon
Disciplinary Core Idea Assessment Targets
	LS1.B.7a	Recognize that mitosis is necessary for the growth of a multicellular organism
	LS1.B.7b	Describe that a fertilized egg obtains one member of each chromosome pair from each parent
	LS1.B.7c	Describe that mitosis results in two diploid daughter cells with identical genetic material
	LS1.B.7d	Attribute differences in various cells within a multicellular organism to differences in gene expression rather than different genetic material
	LS1.B.7e	Describe the process of cellular differentiation via variable gene expression and describe the roles both differentiated play in maintaining body systems
	LS1.B.7f	Attribute maintenance of body systems and organs to cell division that acts to replace dying cells
	LS1.B.7g	Recognize that mitosis can also be a form of reproduction
Crosscutting Concept Assessment Target(s)
CCC4 	Use models to represent systems and their interactions—including energy, matter, and information flows— within systems at different scales
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a model representing mitosis and/or cellular differentiation acting to produce/maintain the functioning of existing body systems:
Identifies the concepts and relationships represented by the model (2.2.1, LS1.B.7, and CCC4)
Student correctly identifies evidence for the relationships represented among different components of the system (2.2.1, LS1.B.7, and CCC4)
Task provides a model representing the process of mitosis and/or cellular differentiation:
Selects or generates an explanation using the model for how the cellular process represented acts to produce/maintain the functioning of existing body systems (2.2.2, LS1.B.7, and CCC4)
Selects or generates a prediction about the outcome of the process represented in light of a scenario regarding the need to produce/maintain the functioning of existing body systems (2.2.2, LS1.B.7, and CCC4)
Task provides a model in need of refinement that attempts to represent mitosis and/or cellular differentiation:
Critiques the provided model to correctly identify its limitations in explaining the production or maintenance of body systems (2.3.1, LS1.B.7, and CCC4)
Task provides a model in need of refinement that attempts to represent mitosis and/or cellular differentiation. Task also provides evidence about an actual mitotic process:
Critiques the explanatory power of the model by comparing the model to the evidence provided (2.3.1, LS1.B.7, and CCC4)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Growth
Development
Tissue repair
Influx of cells
Stem cell plasticity
Growth vs. repair vs. senescence
Common Misconceptions
Note that the list in this section is not exhaustive.
Sister chromatids and homologous chromosomes are interchangeable terms.
Mitosis and meiosis are interchangeable.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS1-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS1-4 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12907987]HS-LS1-5 From Molecules to Organisms: Structures and Processes
Students who demonstrate understanding can: 
Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy.
[Clarification Statement: Emphasis is on illustrating inputs and outputs of matter and the transfer and transformation of energy in photosynthesis by plants and other photosynthesizing organisms. Examples of models could include diagrams, chemical equations, and conceptual models.] [Assessment Boundary: Assessment does not include specific biochemical steps.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed worlds.
Use a model based on evidence to illustrate the relationships between systems or between components of a system.
	LS1.C: Organization for Matter and Energy Flow in Organisms
The process of photosynthesis converts light energy to stored chemical energy by converting carbon dioxide plus water into sugars plus released oxygen.
	Energy and Matter
Changes of energy and matter in a system can be described in terms of energy and matter flows into, out of, and within that system.


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.
2.2	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.
2.2.1	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.C.6a	Describe that photosynthesis transforms light energy into stored chemical energy by converting carbon dioxide and water into sugars and oxygen
	LS1.C.6b	Describe that in chemical reactions including photosynthesis the breaking of bonds requires energy and the forming of bonds releases energy
	LS1.C.6c	Describe that the chemical energy stored in organic compounds produced by photosynthesis is a result of the difference in the total bond energies of the inputs (carbon dioxide and water) and outputs (sugars and oxygen)
	LS1.C.6d	Describe the role of photosynthesis in the transfer of matter and flow of energy between organisms and the environment
	LS1.C.6e	Identify relationships between the components of a model illustrating the process of photosynthesis
Crosscutting Concept Assessment Target(s)
CCC5 	Describe changes of energy and matter in a system in terms of the flow of energy and matter into, out of, and within that system
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides an interactive model and a question/hypothesis about energy and matter in photosynthesis:
Uses the data/evidence generated by the model to answer the question (2.2.1, LS1.C.6, and CCC5)
Uses the data/evidence generated by the model to support or refute the hypothesis (2.2.1, LS1.C.6, and CCC5)
Task provides data/evidence from a model of energy and matter in photosynthesis:
Identifies the mechanisms and relationships among the inputs and outputs of photosynthesis (2.2.1, LS1.C.6, and CCC5)
Task provides a model of energy and matter in photosynthesis:
Uses the model to explain an aspect of photosynthesis (2.2.2, LS1.C.6, and CCC5)
Uses the model to make a prediction about photosynthesis (2.2.2, LS1.C.6, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
An interactive model of photosynthesis in which inputs can be varied to generate data
An energy diagram of the overall reaction of photosynthesis that shows the relative energy levels of reactants and products
A matter diagram showing the transfer of matter between organisms and the environment during photosynthesis
A model comparing relative efficiency of C3 and C4 photosynthesis in different environments
An interactive model comparing light-absorbing ability of different pigment combinations
A model of CAM photosynthesis stressing its adaptive advantage in a desert environment
Common Misconceptions
Note that the list in this section is not exhaustive.
Photosynthesis is a one-step process, as represented by the overall chemical equation.
Glucose is the major end product of photosynthesis.
Breaking bonds releases energy and forming bonds requires energy.
Matter is created through photosynthesis.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS1-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS1-5 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar molecules may combine with other elements to form amino acids and/or other large carbon-based molecules.
[Clarification Statement: Emphasis is on using evidence from models and simulations to support explanations.] [Assessment Boundary: Assessment does not include the details of the specific chemical reactions or identification of macromolecules.]
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 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future. 
	LS1.C: Organization for Matter and Energy Flow in Organisms
7. The sugar molecules thus formed contain carbon, hydrogen, and oxygen: their hydrocarbon backbones are used to make amino acids and other carbon-based molecules that can be assembled into larger molecules (such as proteins or DNA), used for example to form new cells.
8. As matter and energy flow through different organizational levels of living systems, chemical elements are recombined in different ways to form different products.
	Energy and Matter
Changes of energy and matter in a system can be described in terms of energy and matter flows into, out of, and within that system.


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
6.2.1	Ability to evaluate and revise a given explanation based on accepted scientific theory and/or data provided
6.2.2	Ability to use data to support or refute an explanatory account of a phenomenon
Disciplinary Core Idea Assessment Targets
	LS1.C.7a	Describe that sugar molecules are composed of carbon, hydrogen, and oxygen atoms
	LS1.C.7b	Describe that simple sugars can be assembled into larger molecules
	LS1.C.7c	Describe that the breakdown of sugar molecules provides component atoms for other carbon-based molecules (e.g., amino acids), which in turn can be assembled into even more complex biological molecules (e.g., proteins)
	LS1.C.8a	Understand that metabolic processes in organisms break down and synthesize molecules necessary to sustain life
	LS1.C.8b	Describe how recombination of atoms in molecules creates new molecules
Crosscutting Concept Assessment Target(s)
CCC5 	Describe changes of energy and matter in a system in terms of energy and matter flows into, out of, and within that system
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a model (e.g., illustration or photo of a 3D model) showing the chemical structure of various biologically important hydrocarbons:
Explains the similarities and/or differences between the molecules  (6.1.1, LS1.C.7, and CCC5)
Explains that the molecules are synthesized in living organisms from atoms derived from other molecules (6.1.1, LS1.C.7, and CCC5)
Task provides a description, observations, and/or data about the biosynthesis of complex biological molecules:
Uses scientific concepts to explain how the evidence supports a conclusion about biosynthesis of more complex molecules from simple ones such as sugars (6.1.2, LS1.C.7, LS1.C.8, and CCC5)
Uses big ideas to explain matter and energy flow as biosynthesis occurs at different organizational levels in living systems (6.1.2, LS1.C.7, LS1.C.8, and CCC5)
Task provides a model (e.g., a structural formula or photo of a 3D model) or simulation about the synthesis of complex biological molecules:
Uses the model or data from the simulation in an explanation (6.1.3, LS1.C.7, and CCC5)
Task provides a description/observations/data about the synthesis of complex biological molecules:
Selects the model (e.g., structural formula, chemical reaction) that represents the correct explanation (6.1.3, LS1.C.7, and CCC5)
Task provides a flawed explanation with/without supporting data about the biosynthesis of complex biological molecules:
Identifies the misconception or missing reasoning in the explanation (6.2.1, LS1.C.7, and CCC5)
Describes what information is needed to clarify the explanation (6.2.1, LS1.C.7, and CCC5) 
Revises the explanation to make it scientifically accurate (6.2.1, LS1.C.7, and CCC5)
Task provides conflicting explanations about the synthesis of complex biological molecules:
Selects the correct explanation (6.2.2, LS1.C.7, and CCC5)
Identifies the flaw in the reasoning of the incorrect explanation (6.2.2, LS1.C.7, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Nutritional requirements to synthesize macromolecules from glucose
The atoms and/or functional groups that determine the properties of various types of molecules
Molecules other than glucose that provide energy for cells
Synthesis of structural components of the cell from glucose
Synthesis of energy-storage molecules such as lipids and carbohydrates
Relationship between the ability to synthesize specific molecules and their classification as either an essential or non-essential nutrient
Common Misconceptions
Note that the list in this section is not exhaustive.
The only use for glucose in the cell is to provide fuel for the mitochondria.
Animals can break down macromolecules made by plants, but can’t make their own.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS1-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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 a model to illustrate that cellular respiration is a chemical process whereby the bonds of food molecules and oxygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy.
[Clarification Statement: Emphasis is on the conceptual understanding of the inputs and outputs of the process of cellular respiration.] [Assessment Boundary: Assessment should not include identification of the steps or specific processes involved in cellular respiration.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed worlds.
Use a model based on evidence to illustrate the relationships between systems or between components of a system.
	LS1.C: Organization for Matter and Energy Flow in Organisms
8. As matter and energy flow through different organizational levels of living systems, chemical elements are recombined in different ways to form different products.
9. As a result of these chemical reactions, energy is transferred from one system of interacting molecules to another. Cellular respiration is a chemical process in which the bonds of food molecules and oxygen molecules are broken and new compounds are formed that can transport energy to muscles. Cellular respiration also releases the energy needed to maintain body temperature despite ongoing energy transfer to the surrounding environment.
	Energy and Matter
Energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems.


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.
2.2	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.
2.2.1	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.C.8a	Describe that metabolic processes in organisms break down and/or synthesize molecules necessary to sustain life
	LS1.C.8b	Explain that chemical elements are recombined in organisms to produce essential molecules
	LS1.C.9a	Describe that cellular respiration converts stored chemical energy into a more readily usable form of chemical energy (i.e., ATP) and heat by breaking down food molecules (e.g., sugars, proteins, fats)
	LS1.C.9b	Describe that chemical reactions involve energy transformations
	LS1.C.9c	Describe that the net energy released by cellular respiration is a result of the difference in the total bond energies of the inputs (food molecules and oxygen) and outputs (carbon dioxide and water)
	LS1.C.9d	Describe the role of cellular respiration in providing energy for other metabolic processes that are necessary to sustain life
Crosscutting Concept Assessment Target(s)
CCC5	Identify that energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides an incomplete model showing the movement of energy and matter in cellular respiration:
Completes the model (2.2.1, LS1.C.8, and CCC5)
Identifies the data/evidence that can be generated by the model to support energy transformations in cellular respiration  (2.2.1, LS1.C.8, and CCC5)
Task provides data/evidence from a model of energy and matter in cellular respiration:
Identifies the mechanisms and relationships among the inputs and outputs of cellular respiration (2.2.1, LS1.C.9, and CCC5)
Task provides a hypothesis about energy and matter in cellular respiration and data generated from a model:
Uses the data/evidence generated by the model to support or refute a hypothesis about energy and matter in cellular respiration (2.2.1, LS1.C.9, and CCC5)
Task provides a model of energy and matter in cellular respiration:
Uses the model to explain an aspect of cellular respiration (2.2.2, LS1.C.9, and CCC5)
Uses the model to make a prediction about cellular respiration (2.2.2, LS1.C.9, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Breaking of bonds in certain molecules to produce different units
Release of heat energy in reactions
Transfer of energy during chemical reactions
Input of oxygen and food molecules
Release of carbon dioxide and water as waste products
Release of thermal energy needed to maintain body temperature as connected to chemical processes (in some organisms)
Common Misconceptions
Note that the list in this section is not exhaustive.
Only animals undergo cellular respiration.
Plants undergo cellular respiration only at night.
Breaking bonds releases energy and forming bonds requires energy.
Energy is created during cellular respiration.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS1-7 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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: 
Use mathematical and/or computational representations to support explanations of factors that affect carrying capacity of ecosystems at different scales.
[Clarification Statement: Emphasis is on quantitative analysis and comparison of the relationships among interdependent factors including boundaries, resources, climate, and competition. Examples of mathematical comparisons could include graphs, charts, histograms, and population changes gathered from simulations or historical data sets.] [Assessment Boundary: Assessment does not include deriving mathematical equations to make comparisons.]
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

	Using Mathematics and Computational Thinking
Mathematical and computational thinking in 9-12 builds on K-8 experiences and progresses to using algebraic thinking and analysis; a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms; and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
Use mathematical and/or computational representations of phenomena or design solutions to support explanations.
	LS2.A: Interdependent Relationships in Ecosystems
8. Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they can support. These limits result from such factors as the availability of living and nonliving resources and from such challenges such as predation, competition, and disease. Organisms would have the capacity to produce populations of great size were it not for the fact that environments and resources are finite. This fundamental tension affects the abundance (number of individuals) of species in any given ecosystem.
	Scale, Proportion, and Quantity
The significance of a phenomenon is dependent on the scale, proportion, and quantity at which it occurs.


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.
5.1	Ability to develop mathematical and/or computational models
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.
5.1.1	Ability to generate mathematical measurement and representations to describe characteristics and patterns of a scientific phenomenon and/or a design solution
5.1.2	Ability to use mathematical units, diagrams, and graphs to record and organize firsthand or given data from scientific investigations
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
5.2.4	Ability to use critical mathematical skills to compare simulated effects in computational models to real world observations to identify limitations of computational models
5.2.5	Ability to use mathematical and statistical tools to analyze trends and patterns in data from scientific investigations
Disciplinary Core Idea Assessment Targets
	LS2.A.8a	Define carrying capacity as it relates to a population
	LS2.A.8b	Explain the factors that affect carrying capacity
	LS2.A.8c	Describe the impact of a change in environmental conditions on carrying capacity
	LS2.A.8d	Use mathematical comparisons to explain how carrying capacity is affected by a change in one or more factors in an ecosystem
	LS2.A.8e	Use mathematical representations to support claims about factors impacting carrying capacity in an ecosystem
	LS2.A.8f	Explain why populations are not usually maintained at a specific level, but show fluctuations
Crosscutting Concept Assessment Target(s)
CCC3 	Identify that the significance of a phenomenon is dependent on the scale, proportion, and quantity at which it occurs
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data on the population size(s) of one or more species in a particular habitat over time:
Accurately graphs the data (5.1.1, LS2.A.8, and CCC3)
Task provides data on the population size(s) of one or more species in a particular habitat over time:
Identifies patterns in the data (5.1.2, LS2.A.8, and CCC3)
Task provides a claim that a population has reached carrying capacity and provides data on the population size of a given species in a particular habitat over time:
Uses the data to support/refute the claim that the population has reached carrying capacity (5.2.1, LS2.A.8, and CCC3)
Task provides a claim about the ability of a particular ecosystem to support a population of organisms at carrying capacity:
Makes a prediction about how carrying capacity can change with changes in environmental conditions (5.2.2, LS2.A.8, and CCC3)
Task provides a simulation in which population sizes can be manipulated based on available resources/changes in environmental conditions:
Uses the results of the simulation to identify patterns (5.2.3, LS2.A.8, and CCC3)
Uses the results of the simulation to predict the impact of changes in available resources/changes in environmental conditions on actual populations (5.2.3, LS2.A.8, and CCC3)
Uses the results of the simulation to identify limitations of the simulation (5.2.3, LS2.A.8, and CCC3)
Task provides data on the population size(s) of one or more species in a particular habitat over time:
Uses mathematical and statistical tools to analyze patterns in the data (5.2.4, LS2.A.8, and CCC3)
Uses statistical tools to communicate data patterns (5.2.4, LS2.A.8, and CCC3)
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.
Carrying capacity affected by interspecies competition
Changes in a population as a result of biotic and abiotic factors
Changes to carrying capacity that result from changes to environmental conditions
Carrying capacity of different species with different niches
Stabilizing vs. destabilizing growth
Boom and bust cycles
Common Misconceptions
Note that the list in this section is not exhaustive.
Carrying capacity is a fixed number.
Ecosystems do not change.
All organisms have a similar carrying capacity.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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: 
Use mathematical representations to support and revise explanations based on evidence about factors affecting biodiversity and populations in ecosystems of different scales.
[Clarification Statement: Examples of mathematical representations include finding the average, determining trends, and using graphical comparisons of multiple sets of data.] [Assessment Boundary: Assessment is limited to provided data.]
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

	Using Mathematics and Computational Thinking
Mathematical and computational thinking in 9-12 builds on K-8 experiences and progresses to using algebraic thinking and analysis; a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms; and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
Use mathematical representations of phenomena or design solutions to support and revise explanations.
Connections to Nature of Science
Scientific Knowledge is Open to Revision in Light of New Evidence
Most scientific knowledge is quite durable, but is, in principle, subject to change based on new evidence and/or reinterpretation of existing evidence.
	LS2.A: Interdependent Relationships in Ecosystems
8. Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they can support. These limits result from such factors as the availability of living and nonliving resources and from such challenges such as predation, competition, and disease. Organisms would have the capacity to produce populations of great size were it not for the fact that environments and resources are finite. This fundamental tension affects the abundance (number of individuals) of species in any given ecosystem.
LS2.C: Ecosystem Dynamics, Functioning, and Resilience
4. A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively constant over long periods of time under stable conditions. If a modest biological or physical disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any population, however, can challenge the functioning of ecosystems in terms of resources and habitat availability.
	Scale, Proportion, and Quantity
Using the concept of orders of magnitude allows one to understand how a model at one scale relates to a model at another scale.


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.
5.1	Ability to develop mathematical and/or computational models
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.
5.1.1	Ability to generate mathematical measurement and representations to describe characteristics and patterns of a scientific phenomenon and/or a design solution
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 designed worlds
5.2.4	Ability to use critical mathematical skills to compare simulated effects in computational models to real world observations to identify limitations of computational models
5.2.5	Ability to use mathematical and statistical tools to analyze trends and patterns in data from scientific investigations
Disciplinary Core Idea Assessment Targets
	LS2.A.8a	Define carrying capacity as it relates to a population, a community, and/or an ecosystem
	LS2.A.8b	Explain the factors that affect carrying capacity
	LS2.A.8c	Describe the impact of a change in environmental conditions on carrying capacity
	LS2.A.8d	Use mathematical comparisons to explain how carrying capacity is affected by a change in one or more factors in an ecosystem
	LS2.A.8e	Use mathematical representations to support claims about factors impacting carrying capacity in an ecosystem
	LS2.A.8f	Explain how population size fluctuates around carrying capacity due to physical and biological dynamics of the ecosystem
	LS2.C.5a	Explain that under stable conditions, numbers and types of organisms remain relatively constant over time
	LS2.C.5b	Explain that certain disturbances to an ecosystem do not have a lasting effect; the ecosystem is resilient
	LS2.C.5c	Explain that extreme changes to conditions can cause large-scale changes to the ecosystem
Crosscutting Concept Assessment Target(s)
CCC3 	Use the concept of orders of magnitude to understand how a model at one scale relates to a model at another scale
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data on the population size of one or more species in a particular habitat over time:
Provides or identifies a graph of the data (5.1.1, LS2.A.8/LS2.C.4, and CCC3)
Describes patterns in the data (5.2.1, LS2.A.8/LS2.C.4, and CCC3)
Provides a numerical description of data patterns (5.2.4, LS2.A.8/LS2.C.4, and CCC3)
Analyzes patterns in the data using mathematical tools, such as mean populations, change over time (5.2.5, LS2.A.8/LS2.C.4, and CCC3)
Task provides a claim that a population has reached carrying capacity and provides data on the population size of a given species in a particular habitat over time:
Uses the data to support or refute the claim that the population has reached carrying capacity (5.2.1, LS2.A.8, and CCC3)
Task provides a claim about the ability of a particular ecosystem to support a population of organisms at carrying capacity:
Predicts how carrying capacity would change with changes in environmental conditions (5.2.2, LS2.A.8, and CCC3)
Task provides a simulation in which population numbers of various species can be manipulated based on available resources/changes in environmental conditions:
Identifies patterns generated by the results of the simulation (5.2.3, LS2.A.8/LS2.C.4, and CCC3)
Applies the data from the simulation to predict the impact of changes in resources or environmental conditions on actual populations (5.2.3, LS2.A.8/LS2.C.4, and CCC3)
Uses the results of the simulation to predict which changes to the ecosystem can be overcome over time and which can lead to permanent changes (5.2.3, LS2.C.4, and CCC3)
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.
Carrying capacity affected by:
· Resource availability
· Competition
· Abiotic factors
· Extent of change to an ecosystem
Carrying capacity presented as a mathematical representation that includes trends, averages, and impact of environmental change
Mathematical representations that present changes over time in the numbers and types of organisms in a given ecosystem
Mathematical representations of boom and bust cycles
Interactive model to explore factors of an ecosystem (richness, complexity, resource availability) that determine the resilience of the ecosystem in the face of disturbances
Interactive models that explore the effect of a predator-prey relationship on population stability
Common Misconceptions
Note that the list in this section is not exhaustive.
Carrying capacity is a fixed number.
Ecosystems do not change.
Change in an ecosystem will always decrease the number of individuals who can survive in a population.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS2-2 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
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Students who demonstrate understanding can: 
Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions.
[Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic respiration in different environments.] [Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic or anaerobic respiration.]
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 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, and peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
Connections to Nature of Science
Scientific Knowledge is Open to Revision in Light of New Evidence
Most scientific knowledge is quite durable, but is, in principle, subject to change based on new evidence and/or reinterpretation of existing evidence.
	LS2.B: Cycles of Matter and Energy Transfer in Ecosystems
3. Photosynthesis and cellular respiration (including anaerobic processes) provide most of the energy for life processes.
	Energy and Matter
Energy drives the cycling of matter within and between 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.
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.B.3a	Identify and describe the evidence for the cycling of matter and flow of energy through organisms and ecosystems
	LS2.B.3b	Distinguish between photosynthesis and respiration and the significance of each
	LS2.B.3c	Distinguish between aerobic and anaerobic respiration and the significance of each
	LS2.B.3d	Identify and describe the chemical reactions of photosynthesis and cellular respiration
	LS2.B.3e	Use a reasoning to describe the flow of energy through a food web
Crosscutting Concept Assessment Target(s)
CCC5	Describe how energy drives the cycling of matter within and between systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a graph of CO2 levels varying seasonally in the Northern Hemisphere:
Constructs an explanation for the varying levels of CO2 based on an understanding of rates of photosynthesis and respiration over different seasons (6.1.1, LS2.B.3, and CCC5)
Describes how the evidence supports the explanation that the varying levels of CO2 are related to photosynthesis and respiration (6.1.1, LS2.B.3, and CCC5)
Task provides a graph of dissolved O2 levels varying hourly in an aquatic ecosystem (e.g., pond):
Constructs an explanation for the varying levels of O2 based on an understanding of photosynthesis and respiration (6.1.2, LS2.B.3, and CCC5)
Uses scientific concepts (e.g., energy), principles (e.g., matter conservation), theories (e.g., molecular theory), and big ideas (e.g., matter cycle and energy flow in ecosystems) to explain how the evidence supports a conclusion about the pattern in the graph (6.1.2, LS2.B.3, and CCC5)
Task provides data from a simulation measuring changes in dissolved CO2 or O2 in test tubes containing aquatic plants and/or aquatic animals kept in sealed test tubes in the light and in the dark:
Makes a claim about the cycling of matter and/or energy flow within the model system (6.1.3, LS2.B.3, and CCC5)
Justifies claim with evidence and reasoning (6.1.3, LS2.B.3, and CCC5)
Task provides students with a model of a terrestrial food web:
Uses the model to explain the cycling of matter between organisms in the food web (6.1.3, LS2.B.3, and CCC5)
Uses the model to describe the flow of energy through the food web (6.1.3, LS2.B.3, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Flow of energy/cycling of matter in various food webs
Net primary production variation by climate/biome
Chemosynthesis vs. photosynthesis
Carbon cycle and climate change
Cellular respiration in yeast
Carbon cycle with aquatic plants in light vs. dark
Common Misconceptions
Note that the list in this section is not exhaustive.
Cellular respiration does not occur in plants.
Cellular respiration is different in plants and animals.
Energy cycles through a food web.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS2-3 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 mathematical representations to support claims for the cycling of matter and flow of energy among organisms in an ecosystem.
[Clarification Statement: Emphasis is on using a mathematical model of stored energy in biomass to describe the transfer of energy from one trophic level to another and that matter and energy are conserved as matter cycles and energy flows through ecosystems. Emphasis is on atoms and molecules such as carbon, oxygen, hydrogen and nitrogen being conserved as they move through an ecosystem.] [Assessment Boundary: Assessment is limited to proportional reasoning to describe the cycling of matter and flow of energy.]
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

	Using Mathematical and Computational Thinking
Mathematical and computational thinking in 9-12 builds on K-8 experiences and progresses to using algebraic thinking and analysis; a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms; and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
Use mathematical representations of phenomena or design solutions to support claims.
	LS2.B: Cycles of Matter and Energy Transfer in Ecosystems
4. Plants or algae form the lowest level of the food web. At each link upward in a food web, only a small fraction of the matter consumed at the lower level is transferred upward, to produce growth and release energy in cellular respiration at the higher level. Given this inefficiency, there are generally fewer organisms at higher levels of a food web. Some matter reacts to release energy for life functions, some matter is stored in newly made structures, and much is discarded. The chemical elements that make up the molecules of organisms pass through food webs and into and out of the atmosphere and soil, and they are combined and recombined in different ways. At each link in an ecosystem, matter and energy are conserved.
	Energy and Matter
Energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems.


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.
5.1 	Ability to develop mathematical and/or computational models
5.2 	Ability to conduct mathematical and/or computational analysis
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.
5.1.1 	Ability to generate mathematical measurements and representations to describe characteristics and patterns of a scientific phenomenon and/or a design solution
5.1.2 	Ability to use mathematical units, diagrams, and graphs to record and organize first-hand or given data from scientific investigations
5.1.3 	Ability to create, evaluate, and/or revise a computational model or simulation of a scientific phenomenon, a design solution, or both
5.1.4 	Ability to recognize that scientific computational models such as simulations are built on mathematical models that incorporate underlying science principles being studied
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
5.2.4 	Ability to use critical mathematical skills to compare simulated effects in computational models to real world observations to identify limitations of computational models
Disciplinary Core Idea Assessment Targets
	LS2.B.4a	Explain that only a small fraction of the energy available at lower trophic levels is available to organisms at higher trophic levels in an ecosystem
	LS2.B.4b 	Explain why there are typically fewer organisms at high trophic levels than at lower trophic levels in an ecosystem
	LS2.B.4c  	Describe how chemical elements used by organisms are combined and recombined in different organisms
	LS2.B.4d  	Explain how biogeochemical cycles facilitate the recycling of the elements required by organisms
	LS2.B.4e  	Describe the energy capture and transfer processes in ecosystems, including photosynthesis and cellular respiration
Crosscutting Concept Assessment Target(s)
CCC5	Identify that energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides incomplete models of a biogeochemical cycle:
Generates a mathematical representation showing how the transfer of energy and/or matter can be determined (5.1.1, LS2.B.4, and CCC5)
Task provides data on the energy available at different trophic levels:
Uses the appropriate units, diagrams, and graphs to organize the data (5.1.2, LS2.B.4, and CCC5)
Task provides a pyramid of biomass and selected organisms representing different trophic levels:
Completes the model (5.1.3, LS2.B.4, and CCC5)
Places the organisms into the correct trophic level (5.1.3, LS2.B.4 and CCC5)
Task provides a pyramid of biomass and selected organisms representing different trophic levels:
Identifies the processes involved (5.1.4, LS2.B.4, and CCC5)
Describes the transfer of energy and/or matter between the organisms (5.1.4, LS2.B.4, and CCC5)
Task provides one or more simulations showing the transfer of materials in a food web:
Identifies the mathematical and/or computational representations (5.2.1, LS2.B.4, and CCC5)
Uses the simulations to make predictions about material transfer (5.2.3, LS2.B.4, and CCC5)
Task provides data on the energy available at different trophic levels:
Calculates the amount of energy lost between trophic levels (5.2.2, LS2.B.4, and CCC5)
Calculates the energy transfer between trophic levels (5.2.2, LS2.B.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.
The flow of energy through a food web or ecosystem
The cycling of matter through a food web or ecosystem
The significantly high percentage of biomass in terrestrial ecosystems found in producers
The numbers of organisms found at each trophic level
The inefficient transfer of energy between trophic levels
The low standing biomass of primary producers in aquatic ecosystems
Organisms that can occupy more than one trophic level
Common Misconceptions
Note that the list in this section is not exhaustive.
Food webs only have linear relationships.
Water is an energy source for producers.
Energy can be recycled.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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: 
Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere.
[Clarification Statement: Examples of models could include simulations and mathematical models.] [Assessment Boundary: Assessment does not include the specific chemical steps of photosynthesis and respiration.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed world(s).
Develop a model based on evidence to illustrate the relationships between systems or components of a system.
	LS2.B: Cycles of Matter and Energy Transfer in Ecosystems
5. Photosynthesis and cellular respiration are important components of the carbon cycle, in which carbon is exchanged among the biosphere, atmosphere, oceans, and geosphere through chemical, physical, geological, and biological processes.
PS3.D: Energy in Chemical Processes
5. The main way that solar energy is captured and stored on Earth is through the complex chemical process known as photosynthesis. (secondary)
	Systems and System Models
Models (e.g., physical, mathematical, computer models) can be used to simulate systems and interactions — including energy, matter and information flows — within and between systems at different scales.


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
	LS2.B.5a	Identify the relevant chemical components (reactants and products) of photosynthesis and cellular respiration
	LS2.B.5b	Identify the sources and reservoirs of carbon in the biosphere, atmosphere, hydrosphere, and geosphere
	LS2.B.5c	Describe the relative importance (with respect to amount of carbon stored and accessibility/rate of turnover) of the reservoirs of carbon in the biosphere, atmosphere, hydrosphere, and geosphere
	LS2.B.5d	Identify the roles played by both terrestrial and aquatic organisms in the storage of carbon and the addition of carbon to the biosphere, atmosphere, hydrosphere, and geosphere
	LS2.B.5e	Describe factors that affect the ratio of removal of carbon from the atmosphere by photosynthesis to the addition of carbon to the atmosphere by cellular respiration, burning of fossil fuels and wood, and other human activities
	LS2.B.5f	Predict the effect on the carbon cycle of altering the size of specific carbon sources or reservoirs
	PS3.D.5a	Identify that solar energy is captured and transformed to chemical energy by photosynthesis
	PS3.D.5b	Describe that the chemical energy produced by photosynthesis is in the form of carbon-based sugars that are stored in plants
Crosscutting Concept Assessment Target(s)
CCC4 	Use models to simulate systems and interactions with and between systems at different scales
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides an incomplete model of the carbon cycle:
Completes the model (2.1.1, LS2.B.5, and CCC4)
Describes relationships of the components to illustrate the roles of photosynthesis and cellular respiration in the carbon cycle (2.1.1, LS2.B.5, and CCC4)
Task provides an incomplete model of a simple biological system that illustrates the roles of photosynthesis and/or cellular respiration:
Completes the model (2.1.1, PS3.D.5, and CCC4)
Describes the components of the model (inputs, outputs, organisms, and processes) (2.1.1, PS3.D.5, and CCC4)
Describes the relationships among the components (2.1.1, PS3.D.5, and CCC4)
Task provides complete models representing a particular aspect of the cycling and exchange of carbon at different scales (e.g., molecular, cellular, organismal, ecosystem, atmosphere, hydrosphere, geosphere):
Selects the model with the relative scale and size of the components appropriate to represent the scale of the model’s intended use (2.1.2, LS2.B.5, and CCC4)
Task provides a scientific phenomenon or event related to the role of photosynthesis and/or cellular respiration in the carbon cycle:
Predicts an outcome using appropriate labels and/or representations to represent the process(es) involved (2.1.3, LS2.B.5, and CCC4)
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.
Addressing the modes and routes of cycling between the various components of the carbon cycle
The effects on the biosphere, atmosphere, hydrosphere, and geosphere of human activity (such as logging, industrialization, etc.)
The effects of carbon in the atmosphere or geosphere on oceans and marine organisms
The role of sunlight in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere
The effect of hours of sunlight on the amount of photosynthesis possible in a particular habitat and how this in turn affects the amount of atmospheric carbon dioxide fixed and ultimately the atmosphere, hydrosphere, and geosphere
Quantitative study of carbon sinks and sources
Common Misconceptions
Note that the list in this section is not exhaustive.
Plants only undergo cellular respiration in the dark.
Plants do not require oxygen for cellular respiration.
Cellular respiration is the same as breathing.
Cellular respiration produces energy rather than converting chemical energy from one form to another.
Energy cycles within an ecosystem.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS2-5 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: 
Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem.
[Clarification Statement: Examples of changes in ecosystem conditions could include modest biological or physical changes, such as moderate hunting or a seasonal flood; and extreme changes, such as volcanic eruption or sea level rise.]
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 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current scientific or historical episodes in science.
Evaluate the claims, evidence, and reasoning behind currently accepted explanations or solutions to determine the merits of arguments.
Connections to Nature of Science
Scientific Knowledge is Open to Revision in Light of New Evidence
Scientific argumentation is a mode of logical discourse used to clarify the strength of relationships between ideas and evidence that may result in revision of an explanation.
	LS2.C: Ecosystem Dynamics, Functioning, and Resilience
4. A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively constant over long periods of time under stable conditions. If a modest biological or physical disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any population, however, can challenge the functioning of ecosystems in terms of resources and habitat availability.
	Stability and Change
Much of science deals with constructing explanations of how things change and how they remain stable.


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.
7.2	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.
7.2.1 	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.C4a	Describe the strengths and weaknesses of the given claim explaining a response to a changing condition in an ecosystem
	LS2.C4b	Identify the factors that affect biodiversity
	LS2.C4c	Explain the relationships between species and the physical environment in an ecosystem
	LS2.C4d	Use additional evidence to assess the validity and reliability of the given evidence and its ability to support the argument that resiliency of an ecosystem is subject to the degree of change in the biological and physical environment of an ecosystem
	LS2.C4e	Distinguish between disturbances in an ecosystem that maintain relatively consistent numbers and types of organisms and those that can result in a change to the ecosystem
Crosscutting Concept Assessment Target(s)
CCC7 	Construct explanations of how things change and how they remain stable
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data illustrating the resulting changes in population size for various species in the ecosystem as an argument for a disturbance affecting the ecosystem:
Explains how the data illustrate the effects of the disturbance on various species (7.2.1, LS2.C.4, and CCC7)
Predicts the future effects of the disturbance on species distribution and biodiversity (7.2.1, LS2.C.4, and CCC7)
Task provides a claim about the effect of an environmental disturbance and data illustrating the resulting changes in population size for various species in the ecosystem:
Interprets the evidence to describe the impact of the disturbance on the various species (7.2.1, LS2.C.4, and CCC7)
Explains the relationships between species and the physical environment in the ecosystem (7.2.1, LS2.C.4, and CCC7)
Identifies additional evidence that could be used to assess the validity and reliability of the given evidence and its ability to support the given claim (7.2.1, LS2.C.4, and CCC7)
Task provides competing claims about the effects of one or more disturbances on an ecosystem in conjunction with data:
Uses the evidence to evaluate the claims (7.2.3, LS2.C.4, and CCC7)
Uses evidence and reasoning to explain why some disturbances in an ecosystem maintain relatively consistent numbers and types of organisms in stable conditions while other disturbances result in new ecosystems (7.2.3, LS2.C.4, and CCC7)
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.
Reintroduction of an endangered species to an ecosystem
Clear-cutting of forests for agricultural use
Introduction of a nonnative invasive species to an ecosystem
Physical disturbance to a habitat
Stability in an old-growth rain forest
Relationship of ecosystem stability and complexity
Common Misconceptions
Note that the list in this section is not exhaustive.
Disturbances are always detrimental to an ecosystem.
New species are beneficial to an ecosystem because they increase biodiversity.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS2-6 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: 
Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.
[Clarification Statement: Examples of human activities can include urbanization, building dams, and dissemination of invasive species.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
Design, evaluate, and refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff considerations.
	LS2.C: Ecosystem Dynamics, Functioning, and Resilience
5. Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an ecosystem and threaten the survival of some species.
LS4.D: Biodiversity and Humans
4. Biodiversity is increased by the formation of new species (speciation) and decreased by the loss of species (extinction). (secondary)
	Stability and Change
Much of science deals with constructing explanations of how things change and how they remain stable.

	Continuation of the previous row:
Not applicable
	Continuation of the previous row:
5. Humans depend on the living world for the resources and other benefits provided by biodiversity. But human activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so that ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational value. (secondary) (Note: This Disciplinary Core Idea is also addressed by HS-LS4-6.)
ETS1.B: Developing Possible Solutions
10. When evaluating solutions it is important to take into account a range of constraints including cost, safety, reliability and aesthetics and to consider social, cultural and environmental impacts. (secondary)
	Continuation of the previous row:
Not applicable


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6E.1	Ability to solve design problems
6E.2	Ability to evaluate and/or refine solutions to design problems
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6E.1.1	Ability to engage in a systematic, iterative process to solve design problems that result in structures or processes, or the plans for structure or processes
6E.1.2	Ability to generate multiple solutions for a design problem that meet design criteria and constraints
6E.1.3	Ability to construct a device or generate and/or implement a design (or redesign) solution
6E.1.4	Ability to apply relevant scientific knowledge and/or evidence in designing solutions
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.5a	Describe ways human activity can negatively impact the environment (overpopulation, overexploitation, habitat destruction, pollution, introduction of nonnative species, climate change) and ways that proposed solutions can reverse or decrease the negative impacts
	LS4.D.4a	Predict factors that will cause biodiversity to increase or decrease
	LS4.D.5.a	Propose and design solutions to decrease the negative impacts that human activities can have on the environment
	LS4.D.5.b	Refine proposed solutions to prioritizing the criteria and making tradeoffs necessary to further reduce the environmental impact and loss of biodiversity while addressing human needs
	ETS1.B.10a	Evaluate and refine solutions based on achieving a balance between overall environmental stability and human needs
ETS1.B.10b	Describe and quantify the criteria (human activities being mitigated) and the constraints (cost, human needs, environmental impacts) for the solution to a problem as well as tradeoffs to the solution
Crosscutting Concept Assessment Target(s)
CCC7 	Construct explanations of how things change and how they remain stable
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
[bookmark: _Hlk781206]Task provides a scenario describing how a human activity negatively affects the environment:
Designs or refines a design solution to mitigate the negative impacts of the activity (6E.1.1, LS2.C.5, and CCC7)
Sketches or selects a sketch of a design solution to mitigate the negative impacts of the activity (6E.1.3, LS2.C.5, and CCC7)
Task provides a scenario describing how a human activity decreases biodiversity:
Suggests design solutions that also meet certain criteria or constraints and are designed to mitigate the negative impacts of the activity (6E.1.2, LS4.D.5, and CCC7)
Task provides competing design solutions to mitigate the negative impacts of a human activity on the environment and/or biodiversity:
Selects the best design solution based on a given list of criteria and constraints (6E.2.1, ETS2.B, and CCC7)
Task provides a design solution to mitigate the negative impacts of a human activity on the environment and/or biodiversity:
Evaluates the design solution and identifies tradeoffs, e.g., social vs. environmental, which would have to be made in its implementation (6E.2.1,  ETS2.B, and CCC7)
Task provides a design solution to mitigate the effects of a human activity that negatively impacts the environment and/or decreases biodiversity:
Evaluates a design solution and identifies a likely unintended consequence, either social or environmental (6E.2.2, ETS2.B, and CCC7)
Task provides data on competing design solutions that attempt to mitigate the negative impacts of a human activity on the environment:
Uses data to suggest improvements to one or more competing design solutions (6E.2.3, ETS2.B, and CCC7)
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.
Dams that block water and organism flow
Culverts that do not permit adequate water flow
Water-requiring products that use less water
Reducing CO2 emissions from factories and automobiles
Alternative forms of energy such as installing windmills to harvest wind energy
Reforestation of land cleared for agriculture or other development
Government controls on poaching
The use of chemicals that damage the hydrosphere and atmosphere
Negative impacts of human activities
Expanding education on possible solutions to environmental damage
Common Misconceptions
Note that the list in this section is not exhaustive.
Every solution to a potential environmental problem is economically feasible.
Every solution to a potential environmental problem is socially feasible.
Human activities have minimal impact on the environment and biodiversity.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-7 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS2-7 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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[bookmark: _Toc12907997]HS-LS2-8 Ecosystems: Interactions, Energy, and Dynamics
Students who demonstrate understanding can: 
Evaluate the evidence for the role of group behavior on individual and species’ chances to survive and reproduce.
[Clarification Statement: Emphasis is on: (1) distinguishing between group and individual behavior, (2) identifying evidence supporting the outcomes of group behavior, and (3) developing logical and reasonable arguments based on evidence. Examples of group behaviors could include flocking, schooling, herding, and cooperative behaviors such as hunting, migrating, and swarming.]
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 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current scientific or historical episodes in science.
Evaluate the evidence behind currently accepted explanations to determine the merits of arguments.
Connections to Nature of Science
Scientific Knowledge is Open to Revision in Light of New Evidence
Scientific argumentation is a mode of logical discourse used to clarify the strength of relationships between ideas and evidence that may result in revision of an explanation.
	LS2.D: Social Interactions and Group Behavior
2. Group behavior has evolved because membership can increase the chances of survival for individuals and their genetic relatives.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
7.1 	Ability to construct scientific arguments
7.2 	Ability to compare, evaluate and critique competing arguments
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
7.1.1 	Ability to develop scientific arguments that are supported by evidence/data
7.1.2 	Ability to identify evidence/data that supports a claim
7.1.3 	Ability to use reasoning to explain how relevant evidence/data supports or refutes the claim; the reasoning should reflect application of scientific concepts, principles, ideas
7.2.1 	Ability to evaluate arguments about a natural phenomenon based on scientific concepts, principles, and big ideas
7.2.3 	Ability to evaluate competing perspectives/claims using reasoning and evidence
Disciplinary Core Idea Assessment Targets
	LS2.D.2a	Construct an argument that being a member of a group is beneficial for survival
	LS2.D.2b	Construct an argument to defend the claim that group behavior has evolved because membership in a group can increase the chances of survival for individuals
	LS2.D.2c	Construct an argument to defend the claim that group behavior is beneficial to genetic relatives of individuals therefore increasing fitness
	LS2.D.2d  	Distinguish between group and individual behavior (group behaviors include flocking, herding, schooling, etc.)
	LS2.D.2e  	Identify and use evidence about the outcomes of group behavior (e.g., advantages for hunting, avoiding predation, raising offspring)
	LS2.D.2f	Determine the appropriate data to support a claim about the advantages of group behavior
Crosscutting Concept Assessment Target(s)
CCC2 	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a scenario illustrating causal behavioral interactions of an animal species group:
Constructs an argument that contains 1) a claim, 2) evidence/data, and 3) the reasoning that links the evidence/data to the claim that group behavior increases individual and/or group survival (7.1.1, LS2.D.2, and CCC2)
Task provides a scenario illustrating group behavior in an animal species and a partial argument about the advantages of group behavior:
Completes the argument by making a claim that is supported by the given evidence and reasoning (7.1.2, LS2.D.2, and CCC2)
Completes the argument by identifying or describing evidence that would support the given claim (7.1.2, LS2.D.2, and CCC2)
Completes the argument by providing the reasoning that connects the given evidence to the stated claim (7.1.2, LS2.D.2, and CCC2)
Task provides data comparing individual and group behavior in an animal species:
Interprets the evidence and identifies individual vs. group behaviors (7.1.3, LS2.D.2, and CCC2)
Explains whether the provided evidence/data is sufficient to defend the claim that group behavior provides advantages (7.1.3, LS2.D.2, and CCC2)
Identifies additional evidence that would help support the claim that group behavior provides advantages (7.1.3, LS2.D.2, and CCC2)
Task provides an argument about the advantages of group behavior with supporting material:
Evaluates the strength of the evidence and reasoning in each argument (7.2.1, LS2.D.2, and CCC2)
Identifies additional evidence needed to further support a claim that group behavior increases the chances for an individual/species to survive and reproduce (7.2.1, LS2.D.2, and CCC2)
Uses the evidence to evaluate competing claims about the outcomes of group behavior (7.2.3, LS2.D.2, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Social structures govern group behavior in certain species.
Some species alternate between solitary and communal modes.
Cooperative behaviors such as hunting, migrating, and swarming increase survival.
Division of labor within groups leads to structural modifications.
The Selfish Gene theory can explain altruistic behavior among individuals in a group.
Common Misconceptions
Note that the list in this section is not exhaustive.
Group behavior increases survival for all animals.
Individual behaviors increase survival more than group behaviors.
Organisms must select one type of behavior; they do not have multiple approaches to survival.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS2-8 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS2-8 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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[bookmark: _Toc12907998]HS-LS3-1 Heredity: Inheritance and Variation of Traits
Students who demonstrate understanding can: 
Ask questions to clarify relationships about the role of DNA and chromosomes in coding the instructions for characteristic traits passed from parents to offspring.
[Assessment Boundary: Assessment does not include the phases of meiosis or the biochemical mechanism of specific steps in the process.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Asking Questions and Defining Problems
Asking questions and defining problems in 9–12 builds on K–8 experiences and progresses to formulating, refining and evaluating empirically testable questions and design problems using models and simulations.
Ask questions that arise from examining models or a theory to clarify relationships.
	LS1.A: Structure and Function
7. All cells contain genetic information in the form of DNA molecules. Genes are regions in the DNA that contain the instructions that code for the formation of proteins. (secondary) (Note: This Disciplinary Core Idea is also addressed by HS-LS1-1.)
LS3.A: Inheritance of Traits
5. Each chromosome consists of a single very long DNA molecule, and each gene on the chromosome is a particular segment of that DNA. The instructions for forming species’ characteristics are carried in DNA. All cells in an organism have the same genetic content, but the genes used (expressed) by the cell may be regulated in different ways. Not all DNA codes for a protein; some segments of DNA are involved in regulatory or structural functions, and some have no as-yet known function.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
1.2	Ability to ask and evaluate scientific questions arising from examining models, explanations, arguments to specify relationships between variables
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
1.2.1	Ability to ask questions that clarify and refine a model, or provide an explanation
1.2.3	Ability to ask and/or evaluate questions that challenge the premise(s) of an argument, or provide interpretation of a data set
Disciplinary Core Idea Assessment Targets
	LS1.A.7a	Use representations and models of DNA to formulate questions to clarify the relationship between genes, the proteins they code for, and the resulting traits in organisms
	LS3.A.5a	Use representations and models of DNA to formulate questions about the regulation of gene expression in a cell
	LS3.A.5b	Use representations and models of DNA to formulate questions to clarify the relationship between non-protein coding genes and their functions in an organism
Crosscutting Concept Assessment Target(s)
CCC2 	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence and Evidence of Proficiency
Note that the list in this section is not exhaustive.
Task provides a scenario/model of gene expression and scientific questions about the scenario:
Selects a question that correctly addresses the relationship between a chromosome and genes (1.2.1, LS1.A.7, LS3.A.5, and CCC2)
Selects a question that correctly addresses the relationship between chromosomes and proteins produced by a cell (1.2.1, LS1.A.7, LS3.A.5, and CCC2)
Selects a question that correctly addresses the relationship between chromosomes and non-protein coding regions of DNA (1.2.1, LS1.A.7, LS3.A.5, and CCC2)
Task provides a scenario of gene expression and an incomplete model of the scenario:
Proposes a scientifically correct question about an aspect of gene expression that helps to revise/clarify the model (1.2.1, LS1.A.7, and LS3.A.5)
Task provides an argument containing incorrect information about gene expression:
Asks a scientifically correct question that challenges the argument (1.2.3, LS1.A.7, LS3.A.5, and CCC2)
Task provides the genotypes of parental organisms and incorrect genotypes of the gametes produced by the organisms:
Asks/selects a scientifically correct question, based on an understanding of chromosome movement during meiosis, that challenges the proposed genotypes of the gametes (1.2.3, LS1.A.7, LS3.A.5, and CCC2)
Task provides a Punnett square and incorrect conclusions about the phenotypes of offspring produced by a particular cross:
Asks/selects a scientifically correct question that challenges the conclusions about the offspring phenotypes (1.2.3, LS1.A.7, LS3.A.5, and CCC2)
Task provides data about the types of proteins produced by a variety of cell types and an interpretation of the data stating that all cells produce the same types of proteins:
Asks a scientifically correct question supported by evidence to challenge the interpretation (1.2.3, LS1.A.7, LS3.A.5, and CCC2)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Models of DNA that show relationships between genes and chromosomes
The relationship between genotype and phenotype using Punnett squares
Models that compare the movement of chromosomes to the assortment of genetic traits during gamete formation
Interactive models of regulation of gene expression
Differential gene expression in cells with the same genotype but which display different phenotypes
Interactive models of post-transcriptional regulation of gene expression
Common Misconceptions
Note that the list in this section is not exhaustive.
All regions of DNA code for proteins.
The terms gene and chromosome can be used interchangeably.
Cell types differ because their DNA genomes differ.
Two cells that have the same genetic content also express the same genes.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS3-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS3-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12907999]HS-LS3-2 Heredity: Inheritance and Variation of Traits
Students who demonstrate understanding can: 
Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by environmental factors.
[Clarification Statement: Emphasis is on using data to support arguments for the way variation occurs.] [Assessment Boundary: Assessment does not include the phases of meiosis or the biochemical mechanism of specific steps in the process.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current scientific or historical episodes in science.
Make and defend a claim based on evidence about the natural world that reflects scientific knowledge and student-generated evidence. 
	LS3.B: Variation of Traits
In sexual reproduction, chromosomes can sometimes swap sections during the process of meiosis (cell division), thereby creating new genetic combinations and thus more genetic variation. Although DNA replication is tightly regulated and remarkably accurate, errors do occur and result in mutations, which are also a source of genetic variation. Environmental factors can also cause mutations in genes, and viable mutations are inherited.
Environmental factors also affect expression of traits, and hence affect the probability of occurrences of traits in a population. Thus the variation and distribution of traits observed depends on both genetic and environmental factors.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.


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
	LS3.B.6a  	Describe that crossing over between chromosomes occurs during meiosis
	LS3.B.6b  	Describe that crossing over creates new genetic combinations in offspring, resulting in increased genetic variation
	LS3.B.6c  	Identify and describe genetic mutations that result from errors in DNA replication that can be a source of genetic variation
	LS3.B.6d  	Identify and describe genetic mutations that result from environmental factors that can be a source of genetic variation
	LS3.B.7a  	Describe that environmental factors can affect expression of traits
	LS3.B.7b  	Describe that, because environmental factors can affect expression of traits, the frequency of a trait in a population will be affected
	LS3.B.7c  	Explain that the variation of traits in a population depends on both genetic and environmental factors
Crosscutting Concept Assessment Target(s)
CCC2	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data on genetic variation for a trait known to be determined by a gene on a particular chromosome in a population:
Describes that crossing over is responsible for part or all of the variation (7.1.1, LS3.B.6, and CCC2)
Describes that a genetic mutation is responsible for part or all of the variation (7.1.1, LS3.B.6, and CCC2)
Describes that genetic mutations can result from environmental factors (7.1.2, LS3.B.6, and CCC2)
Task provides a model of DNA replication:
Identifies potential types of mutations that occur during replication (7.1.2, LS3.B.6, and CCC2)
Identifies the impact of the mutations on genetic variation in the population (7.1.2, LS3.B.6, and CCC2)
Task provides a simulation of a trait in a population in which specific environmental conditions can be manipulated:
Describes how the environmental conditions will impact the expression of the trait (7.1.3, LS3.B.7, and CCC2)
Describes how the genetic variation in the population will be altered (7.1.3, LS3.B.7, and CCC2)
Explains that genetic variation depends on both environmental and genetic factors (7.1.3, LS3.B.7, and CCC2)
Environmental Principles and Concepts
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.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Crossing over during meiosis
Mutations due to mistakes in DNA replication
Mutations due to environmental factors
Variable expression of traits due to environmental factors
Comparison of distribution of environmental conditions and specific genotypes
Comparison of two genetically similar populations expressing different phenotypes due to environmental conditions
Potential Misconceptions
Note that the list in this section is not exhaustive.
Mutations in somatic cells are passed along to offspring and can impact genetic variation in a population.
Mutations are always harmful.
Radiation is the only environmental cause of mutation.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS3-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS3-2 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
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[bookmark: _Toc12908000]HS-LS3-3 Heredity: Inheritance and Variation of Traits
Students who demonstrate understanding can: 
Apply concepts of statistics and probability to explain the variation and distribution of expressed traits in a population.
[Clarification Statement: Emphasis is on the use of mathematics to describe the probability of traits as it relates to genetic and environmental factors in the expression of traits.] [Assessment Boundary: Assessment does not include Hardy-Weinberg calculations.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 9–12 builds on K–8 experiences and progresses to introducing more detailed statistical analysis, the comparison of data sets for consistency, and the use of models to generate and analyze data.
Apply concepts of statistics and probability (including determining function fits to data, slope, intercept, and correlation coefficient for linear fits) to scientific and engineering questions and problems, using digital tools when feasible.
	LS3.B: Variation of Traits
7. Environmental factors also affect expression of traits, and hence affect the probability of occurrences of traits in a population. Thus, the variation and distribution of traits observed depends on both genetic and environmental factors.
	Scale, Proportion, and Quantity
Algebraic thinking is used to examine scientific data and predict the effect of a change in one variable on another (e.g., linear growth vs. exponential growth).
Connections to Nature of Science
Science is a Human Endeavor
· Technological advances have influenced the progress of science and science has influenced advances in technology.
· Science and engineering are influenced by society and society is influenced by science and engineering.


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.
4.2.3 	Ability to apply concepts of statistics and probability to data
4.2.4 	Ability to consider limitations of data analysis
Disciplinary Core Idea Assessment Targets
	LS3.B.7a  	Apply concepts of statistics and probability to explain the distribution of expressed traits in a population
	LS3.B.7b 	 Apply concepts of statistics and probability to explain the impact of environmental factors on the distribution of expressed traits in a population
	LS3.B.7c  	Apply concepts of statistics and probability to predict the distribution of expressed traits in a population
	LS3.B.7d  	Apply concepts of statistics and probability to understand the interaction between genetic and environmental factors on the distribution of expressed traits in a population
	LS3.B.7e  	Identify the limitations of statistics and probability in predicting the distribution of expressed traits in a population
Crosscutting Concept Assessment Target(s)
CCC3	Use algebraic thinking to examine scientific data and to predict the effect of a change in one variable on another (e.g., linear growth vs. exponential growth)
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides the genotype of two parents in a cross for a trait with dominant and recessive alleles:
Calculates the predicted genotypic and/or phenotypic ratios of the offspring (4.2.3, LS3.B.7, and CCC3)
Task provides a data set containing the phenotypes of parents and their offspring for a trait with dominant and recessive alleles:
Calculates the predicted phenotypic ratio based on the parental phenotypes (4.2.3, LS3.B.7, and CCC3)
Determines whether the results of the cross are within statistical limits (4.2.3, LS3.B.7, and CCC3)
Explains the limits of statistical methods in analyzing the data set (4.2.4, LS3.B.7, and CCC3)
Task provides the phenotypic ratio that results from the cross of two parents:
Uses statistics and probability to determine the most likely genotypes of the parents (4.2.3, LS3.B.7, and CCC3)
Task provides data on parental genotypes for traits with multiple alleles:
Predicts the possible genotypic and phenotypic combinations of offspring (4.2.3 and LS3.B.7)
Explains the limits of statistical methods in analyzing the data set (4.2.4, LS3.B.7, and CCC3)
Task provides student with information on the phenotypes of offspring that do not match a predicted ratio:
Determines that environmental factors impacted gene expression (4.2.3, LS3.B.7, and CCC3)
Explains the limits of statistical methods in analyzing the data set (4.2.4, LS3.B.7, and CCC3)
Uses statistics to correctly explain the interaction between genetic and environmental factors on the distribution of expressed traits (4.2.3, LS3.B.7, and CCC3)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Mendelian genetics
Divergence from Mendelian genetics
Sex-linkage
Impact of environmental factors on gene expression
· Gradual, long-term changes
· Rapid, extreme environmental changes
Interaction between genetics and environment
Use of Punnett squares to facilitate probability calculations
Common Misconceptions
Note that the list in this section is not exhaustive.
Each trait has only two alleles — one dominant, one recessive.
The environment has no impact on gene expression.
A dominant trait is most frequent in a population.
Genotypic and phenotypic ratios are the same.
Mutations are always bad.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS3-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS3-3 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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[bookmark: _Toc12908001]HS-LS4-1 Biological Evolution: Unity and Diversity
Students who demonstrate understanding can: 
Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence.
[Clarification Statement: Emphasis is on a conceptual understanding of the role each line of evidence has relating to common ancestry and biological evolution. Examples of evidence could include similarities in DNA sequences, anatomical structures, and order of appearance of structures in embryological development.]
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 9–12 builds on K–8 experiences and progresses to evaluating the validity and reliability of the claims, methods, and designs.
Communicate scientific information (e.g., about phenomena and/or the process of development and the design and performance of a proposed process or system) in multiple formats (including orally, graphically, textually, and mathematically).
Connections to Nature of Science
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
A scientific theory is a substantiated explanation of some aspect of the natural world, based on a body of facts that have been repeatedly confirmed through observation and experiment and the science community validates each theory before it is accepted. If new evidence is discovered that the theory does not accommodate, the theory is generally modified in light of this new evidence.
	LS4.A: Evidence of Common Ancestry and Diversity
Genetic information, like the fossil record, provides evidence of evolution. DNA sequences vary among species, but there are many overlaps; in fact, the ongoing branching that produces multiple lines of descent can be inferred by comparing the DNA sequences of different organisms. Such information is also derivable from the similarities and differences in amino acid sequences and from anatomical and embryological evidence.
	Patterns
Different patterns may be observed at each of the scales at which a system is studied and can provide evidence for causality in explanations of phenomena.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Scientific knowledge is based on the assumption that natural laws operate today as they did in the past and they will continue to do so in the future.


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
8.2	Ability to engage in communication of science and engineering (especially regarding the investigations that they are conducting and the observations they are making)
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.
8.1.3	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
8.2.1	Ability to produce written and illustrated text that communicate one’s own ideas
8.2.2	Ability to use appropriate combinations of language, models, and mathematical expressions to communicate one’s understanding or to ask questions about a concept, event, system, or design
Disciplinary Core Idea Assessment Targets
	LS4.A.6a	Use comparisons of DNA gene sequences to draw conclusions about common ancestry and evolution
	LS4.A.6b	Use comparisons of amino acid sequences among organisms from different species to draw conclusions about common ancestry and evolution
	LS4.A.6c	Use the fossil record and phenotypic similarities of organisms to draw conclusions about common ancestry
	LS4.A.6d	Use patterns of anatomical and/or embryonic similarities to draw conclusions about common ancestry and evolutionary patterns
	LS4.A.6e	Use evidence (e.g., genetic, anatomical, and fossil) to distinguish between convergent and divergent evolution
Crosscutting Concept Assessment Target(s)
CCC1 	Identify different patterns at each of the scales at which a system is studied and can provide evidence for causality in explanations of phenomena
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides single-source data (nucleic acid sequence, amino acid sequence, fossil record, anatomical, and/or embryonic) relating to the evolutionary relationships among organisms of different species:
Summarizes the data and indicates trends (8.1.3, LS4.A.6, and CCC1)
Determines whether the data can be used to support biological evolution and common ancestry (8.1.3, LS4.A.6, and CCC1)
Task provides data from multiple sources (nucleic acid sequence, amino acid sequence, fossil record, anatomical, and/or embryonic) relating to the evolutionary relationship among organisms of different species:
Combines and synthesizes the data to determine whether the data can be used to support biological evolution and common ancestry (8.1.3, LS4.A.6, and CCC1)
Communicates whether the data supports or does not support the proposed relationships (8.2.1, LS4.A.6, and CCC1)
Analyzes the data to identify evolutionary relationships and constructs a diagram indicating the likely evolutionary relationships among the organisms (8.2.1, LS4.A.6, and CCC1)
Explains how the different forms of data support the proposed relationships (8.2.1, LS4.A.6, and CCC1)
Uses appropriate scientific language and figures (e.g., cladograms) to communicate how the different forms of data can be used individually or together to determine or support established evolutionary relationships (8.2.2, LS4.A.6, and CCC1)
Proposes scientific questions that expand on the information provided (8.2.2, LS4.A.6, and CCC1)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Similarities/differences in nucleic acid sequences of DNA or rRNA from different sources
Similarities/differences in protein sequences from different sources
Anatomical similarities/differences among organisms from different species
Similarities/differences in embryological development among organisms from different species
Fossils that include several fossilized organisms and/or extant organisms
Cladograms that diagram relationships among species or other higher taxa
Common Misconceptions
Note that the list in this section is not exhaustive.
Cladograms show definitive relationships.
Fossils can provide exact dates that an organism or a species existed and show common ancestors that no longer exist.
Phenotypic similarities between species imply a close evolutionary relationship.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS4-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS4-1 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: 
Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the environment.
[Clarification Statement: Emphasis is on using evidence to explain the influence each of the four factors has on the number of organisms, behaviors, morphology, or physiology in terms of ability to compete for limited resources and subsequent survival of individuals and adaptation of species. Examples of evidence could include mathematical models such as simple distribution graphs and proportional reasoning.] [Assessment Boundary: Assessment does not include other mechanisms of evolution, such as genetic drift, gene flow through migration, and co-evolution.]
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 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
Construct an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
	LS4.B: Natural Selection
4. Natural selection occurs only if there is both (1) variation in the genetic information between organisms in a population and (2) variation in the expression of that genetic information — that is, trait variation — that leads to differences in performance among individuals.
LS4.C: Adaptation
3. Evolution is a consequence of the interaction of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the ensuing proliferation of those organisms that are better able to survive and reproduce in that environment.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.


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.4a	Describe that there is heritable genetic variation among individuals in a population as a result of mutations and sexual reproduction
	LS4.B.4b	Describe that genetic variation can lead to a variation of expressed traits in individuals in a population
	LS4.B.4c	Describe that individuals with favorable traits are more likely to survive and reproduce
	LS4.C.3a	Describe the factors and the interactions among the factors that lead to adaptive evolution by natural selection
	LS4.C.3b	Describe that an increase in population size can lead to competition for limited resources
	LS4.C.3c	Describe that the proportion of individuals in a population with a favorable trait increases over many generations
	LS4.C.3d	Identify heritable traits (behavioral, morphological, physiological) that provide a competitive advantage in a particular environment
	LS4.C.3e	Identify conditions of a particular environment that act as a selective pressure on a population
Crosscutting Concept Assessment Target(s)
CCC2 	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data of dependent and independent variables that may be evidence of evolutionary change in a population:
Makes a correct quantitative and/or qualitative conclusion regarding the relationships between the variables (6.1.1, LS4.C.3, and CCC2)
Uses the data to explain a correlational or causal relationship between the variables (6.1.1, LS4.C.3, and CCC2)
Task provides evidence of evolutionary change in a population:
Uses a scientific concept to explain how the evidence supports a conclusion about the evolutionary change (6.1.2, LS4.C.3, and CCC2)
Selects a model based on the evidence that best explains the evolutionary change  (6.1.3, LS4.C.3, and CCC2)
Task provides a mathematical model of evolutionary change in a population:
Uses the model to make a prediction about an evolutionary change (6.1.3, LS4.C.3, and CCC2)
Uses the model to construct an explanation of the evolutionary change (6.1.3, LS4.C.3, 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.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Mathematical models showing changes in allele frequency over time
Graphs showing variation in a particular feature over a geographic area
Competitive exclusion: the result of competition for limited resources
Data showing an increase in the frequency of a particular phenotype in a population
Identification of the different selective pressures that affect the trait distribution among two different isolated populations of a species
Common Misconceptions
Note that the list in this section is not exhaustive.
Evolution is a directed process.
Mutations are always bad.
The strongest individuals survive.
New adaptations are the results of the efforts of individual organisms.
Humans are exempt from evolution.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS4-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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
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Students who demonstrate understanding can: 
Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait.
[Clarification Statement: Emphasis is on analyzing shifts in numerical distribution of traits and using these shifts as evidence to support explanations.] [Assessment Boundary: Assessment is limited to basic statistical and graphical analysis. Assessment does not include allele frequency calculations.]
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

	Analyzing and Interpreting Data
Analyzing data in 9–12 builds on K–8 experiences and progresses to introducing more detailed statistical analysis, the comparison of data sets for consistency, and the use of models to generate and analyze data.
Apply concepts of statistics and probability (including determining function fits to data, slope, intercept, and correlation coefficient for linear fits) to scientific and engineering questions and problems, using digital tools when feasible.
	LS4.B: Natural Selection
4. Natural selection occurs only if there is both (1) variation in the genetic information between organisms in a population and (2) variation in the expression of that genetic information — that is, trait variation — that leads to differences in performance among individuals.
5. The traits that positively affect survival are more likely to be reproduced, and thus are more common in the population.
LS4.C: Adaptation
4. Natural selection leads to adaptation, that is, to a population dominated by organisms that are anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific environment. That is, the differential survival and reproduction of organisms in a population that have an advantageous heritable trait leads to an increase in the proportion of individuals in future generations that have the trait and to a decrease in the proportion of individuals that do not.
5. Adaptation also means that the distribution of traits in a population can change when conditions change.
	Patterns
Different patterns may be observed at each of the scales at which a system is studied and can provide evidence for causality in explanations of phenomena.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
4.1 	Ability to record and organize data
4.2 	Ability to analyze data to identify relationships
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
4.1.3 	Ability to organize data in a way that facilitates analysis and interpretation
4.2.1 	Ability to use observational and/or empirical data to describe patterns and relationships
4.2.2 	Ability to identify patterns (qualitative or quantitative) among variables represented in data
4.2.3 	Ability to apply concepts of statistics and probability to data
4.2.4 	Ability to consider limitations of data analysis
Disciplinary Core Idea Assessment Targets
	LS4.B.4a	Describe heritable phenotypic variation among individuals in a population as a result of mutations and sexual reproduction
	LS4.B.4b	Describe that genetic variation can lead to a variation of expressed traits in individuals in a population
	LS4.B.4c	Describe that the variation of the expressed traits may lead to differences in performance in individuals
	LS4.B.5a	Describe that traits that positively affect survival are more likely to be passed on to offspring and become more common in a population
	LS4.C.4a	Describe that the differential survival and reproduction of organisms with advantageous heritable traits leads to an increase in the proportion of individuals in a population over time
	LS4.C.4b	Identify heritable traits (anatomical, behavioral, and physiological) that provide an advantage in a particular environment
	LS4.C.3a	Describe that the distribution of adaptive traits in a population may change in response to changes in the environment
	LS4.C.3b	Identify conditions of a particular environment that act as a selective pressure on a population
Crosscutting Concept Assessment Target(s)
CCC1 	Identify different patterns at each of the scales at which a system is studied and can provide evidence for causality in explanations of phenomena
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task describes a description of an advantageous heritable trait and a description of data that have been collected or are expected to be collected:
Identifies the appropriate way to organize the data to facilitate analysis that supports an explanation about the distribution of the trait in a population (4.1.3, LS4.C.4, LS4.C.3, and CCC1)
Task provides a scenario about an advantageous heritable trait and a data set in the form of a table showing the distribution of the trait over time or varying habitats:
Describes patterns or relationships in a data set and its corresponding scientific concept, such as natural selection (4.2.1, LS4.C.4, LS4.C.3, and CCC1)
Task provides a description of an advantageous heritable trait and a data set in the form of a graph showing the distribution of the trait over time or varying habitats:
Connects patterns in the data set and its corresponding scientific concept relevant to the trait (4.2.2, LS4.C.4, LS4.C.3, and CCC1)
Task provides a description of an advantageous heritable trait and a data set related to the frequency of the trait among the population:
Analyzes data using reasoning, mathematics, or statistics and probability (including mean, median, mode, and variability) to answer a scientific question about the distribution of the trait in a population (4.2.3, LS4.C.4, LS4.C.3, and CCC1)
Task provides a description of an advantageous heritable trait, a data set, and a scientific question being investigated:
Identifies limitations of data sets or an analysis of the data set, with respect to their ability to answer the scientific question (4.2.4, LS4.C.4,LS4.C.3, and CCC1)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
A specific variation of a trait is observed to increase over time in a given population in a given environment.
Two populations of the same species are in two different habitats. Each habitat has a different variation of an advantageous trait.
Gene frequency data is used to determine if a change in frequency is a function of natural selection or a random major event.
Gene frequency data is used to predict whether a specific trait would be adaptive or maladaptive in a new environment.
Gene frequency data and quantitative environmental changes are analyzed for correlation.
A heterozygote advantage is observed within a population.
Common Misconceptions
Note that the list in this section is not exhaustive.
Statistics don't really mean anything important.
Patterns always indicate cause and effect.
Changes are due to the conscious efforts of organisms.
Adaptations develop in a single organism over its lifetime.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS4-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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 for how natural selection leads to adaptation of populations.
[Clarification Statement: Emphasis is on using data to provide evidence for how specific biotic and abiotic differences in ecosystems (such as ranges of seasonal temperature, long-term climate change, acidity, light, geographic barriers, or evolution of other organisms) contribute to a change in gene frequency over time, leading to adaptation of populations.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
Construct an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
	LS4.C: Adaptation
4. Natural selection leads to adaptation, that is, to a population dominated by organisms that are anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific environment. That is, the differential survival and reproduction of organisms in a population that have an advantageous heritable trait leads to an increase in the proportion of individuals in future generations that have the trait and to a decrease in the proportion of individuals that do not.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
· Scientific knowledge is based on the assumption that natural laws operate today as they did in the past and they will continue to do so in the future.


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.C.4a.	Identify evidence supporting a claim that natural selection leads to adaptations in populations
	LS4.C.4b.	Use a variety of scientifically reliable and valid sources to provide evidence supporting a claim that there is a cause-and-effect relationship between natural selection and adaptation
	LS4.C.4c.	Explain that biotic and abiotic factors play a role in natural selection
	LS4.C.4d.	Describe that a change in gene frequency over time leads to changes in the frequency of a trait in a population
Crosscutting Concept Assessment Target(s)
CCC2 	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data showing a measurable change in the frequency of a trait in a population over time:
Identifies the cause-and-effect relationship between a change in biotic or abiotic factors and the change in the frequency of the characteristic (6.1.1, LS4.C.4, and CCC2)
Task provides data showing a change in a measurable trait in a population over time:
Describes how the data allows the distinction between causal and correlational relationships between natural selection and adaptation (6.1.1, LS4.C.4, and CCC2)
Task provides a description of a real-world situation describing changes in biotic or abiotic factors in an ecosystem:
Uses principles of natural selection to correctly predict how such changes are likely to affect the frequency of particular alleles of a gene over time (6.1.2, LS4.C.4, and CCC2)
Task provides a model showing adaptation in a population in response to a change in a biotic or abiotic factor in an ecosystem:
Constructs an explanation about the relationship between natural selection and adaptation as shown in the model (6.1.3, LS4.C.4, and CCC2)
Explains the relationships between the components of the model (6.1.3, LS4.C.4, and CCC2)
Task provides data from an experiment in natural selection, e.g., in a rapidly reproducing organism such as bacteria:
Develops a model to construct an explanation relating a biotic or abiotic change in the environment of the organism to observed phenotypic or genetic changes in the organism (6.1.3, LS4.C.4, 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.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Variation in heritable traits
Environmental changes in respect to fitness of specific traits
· Gradual, long-term changes
· Rapid, extreme environmental changes
Differential survival and reproduction of organisms in a population
Changes in biotic factors in a community exerting a selective pressure on a population
Ecotypes of a specific species
Convergence of unrelated species in similar environments
Common Misconceptions
Note that the list in this section is not exhaustive.
Selective pressure is constant.
Individual organisms adapt to changes and pass on those adaptations.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS4-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS4-4 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
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 the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the extinction of other species.
[Clarification Statement: Emphasis is on determining cause and effect relationships for how changes to the environment such as deforestation, fishing, application of fertilizers, drought, flood, and the rate of change of the environment affect distribution or disappearance of traits in species.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds on K-8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current or historical episodes in science.
Evaluate the evidence behind currently accepted explanations or solutions to determine the merits of arguments.
	[bookmark: _GoBack]LS4.C: Adaptation
Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline — and sometimes the extinction — of some species.
Species become extinct because they can no longer survive and reproduce in their altered environment. If members cannot adjust to change that is too fast or drastic, the opportunity for the species’ evolution is lost.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.


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.
7.2	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.
7.2.1	Ability to evaluate arguments about a natural phenomenon based on scientific concepts, principles, and big ideas
7.2.2	Ability to respond to critiques from others by probing reasoning and evidence, and revising the argument
7.2.3	Ability to evaluate competing perspectives/claims using reasoning and evidence
Disciplinary Core Idea Assessment Targets
	LS4.C.6a	Identify changes in environmental conditions that could potentially result in an increase in the number of some species, lead to the emergence of new species over time, and/or lead to the extinction of other species
	LS4.C.6b	Identify the evidence supporting a claim that changes in environmental conditions can affect species both positively and/or negatively
	LS4.C.6c	Evaluate the evidence supporting a claim that changes in environmental conditions affected a species positively/negatively
	LS4.C.6d	Evaluate evidence supporting that environmental factors can determine the ability of individuals in a species to survive and reproduce
	LS4.C.7a	Explain why a change in an environment may cause extinction of a species
	LS4.C.7b	Explain why an inability to reproduce can lead to extinction
Crosscutting Concept Assessment Target(s)
CCC2 	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a claim stating that changing environmental conditions affect a species:
Identifies evidence that could be used to support the claim (7.2.1, LS4.C.6, and CCC2)
Describes the conditions under which the claim can be supported (7.2.1, LS4.C.6, and CCC2)
Task provides a claim and supporting data on how changing environmental conditions affect a species:
Evaluates whether the claim is supported by the data (7.2.1, LS4.C.6, and CCC2)
Critiques the claim with supporting reasoning and/or evidence (7.2.1, LS4.C.6, and CCC2)
Task provides a claim and supporting data on how changing environmental conditions lead to species extinction:
Evaluates whether the claim is supported by the data (7.2.1, LS4.C.7, and CCC2)
Critiques the claim with supporting reasoning and/or evidence (7.2.1, LS4.C.7, and CCC2)
Task provides a claim and supporting data on how changing environmental conditions can lead to species extinction:
Revises the claim based on an adequate critique (7.2.2, LS4.C.7, and CCC2)
Task provides competing claims about how changing environmental conditions affect a species:
Identifies possible evidence and reasoning that can be used to justify the different claims (7.2.3, LS4.C.6, and CCC2)
Student can evaluate the competing claims using reasoning and evidence (7.2.3, LS4.C.6, 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.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Natural disasters (e.g., storms, mudslides, etc.)
Human activities (e.g., overhunting, pollution, etc.)
Extinction
Rapid evolution
Change in species composition
Range expansion/contraction
Increases in the number of individuals of some species
Common Misconceptions
Note that the list in this section is not exhaustive.
Environmental changes are always bad for organisms.
Naturally occurring events are better for species survival than are human-caused ones.
All species are equally affected by environmental changes.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS4-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS4-5 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: 
Create or revise a simulation to test a solution to mitigate adverse impacts of human activity on biodiversity.*
[Clarification Statement: Emphasis is on designing solutions for a proposed problem related to threatened or endangered species, or to genetic variation of organisms for multiple species.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Using Mathematics and Computational Thinking
Mathematical and computational thinking in 9-12 builds on K-8 experiences and progresses to using algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
Create or revise a simulation of a phenomenon, designed device, process, or system.
	LS4.C: Adaptation
Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline — and sometimes the extinction — of some species.

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

	Continuation of the previous row:
N/A
	Continuation of the previous row:
LS4.D: Biodiversity and Humans
5. Humans depend on the living world for the resources and other benefits provided by biodiversity. But human activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so that ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational value. (Note: This Disciplinary Core Idea is also addressed by HS-LS2-7.)
ETS1.B: Developing Possible Solutions
10. When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (secondary)
11. Both physical models and computers can be used in various ways to aid in the engineering design process. Computers are useful for a variety of purposes, such as running simulations to test different ways of solving a problem or to see which one is most efficient or economical; and in making a persuasive presentation to a client about how a given design will meet his or her needs. (secondary)
	Continuation of the previous row:
N/A


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.
5.1	Ability to develop mathematical and/or computational models
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.
5.1.1	Ability to generate mathematical measurements and representations to describe characteristics and patterns of a scientific phenomenon and/or a design solution
5.1.3	Ability to create, evaluate, and/or revise a computational model or simulation of a scientific phenomenon, a design solution, or both
5.1.4	Ability to recognize that scientific computational models such as simulations are built on mathematical models that incorporate underlying science principles being studied
5.2.2	Ability to use computational models (e.g., simulations) to make predictions of a scientific phenomenon
Disciplinary Core Idea Assessment Targets
	LS4.C.6a	Identify naturally occurring changes in the physical environment that result in population changes in species, especially in the size or genetic diversity of the populations
	LS4.C.6b	Identify human-induced changes in the physical environment that result in population changes in other species, especially in the size or genetic diversity of the populations
	LS4.D.5a	Identify human activities that are having an adverse effect on biodiversity
	LS4.D.5b	Describe how sustaining biodiversity helps to maintain ecosystems
	LS4.D.5c	Describe how sustaining biodiversity aids the human population
	LS4.D.5c	Create or revise a simulation that models the effect of human activity on a threatened or endangered species
ETS1.B.10a	Use a simulation to show understanding of the reliance of ecosystem function and productivity on biodiversity
ETS1.B.10.b 	Evaluate proposed solutions to mitigating human-induced loss of biodiversity, weighing likely constraints such as the economic cost of the solutions and the social and cultural impact of the solutions against the successful implementation of the solutions
ETS1.B.11a  	Describe a complex real-world problem with criteria and constraints from a given computer simulation 
ETS.1B.11b  	Identify the system being modeled by a computer simulation 
Crosscutting Concept Assessment Target(s)
CCC2 	Identify empirical evidence to differentiate between cause and correlation and to make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides alternative computational models that include graphs or tables of the population sizes of one or several native species over time as habitat is damaged by human activity and then restored:
Evaluates the data to select the model that best predicts the number of years until the species population sizes return to pre-damage levels (5.1.3-1a, LS4.C.6, and CCC2)
Task provides a computational model that is (or will be) the basis for a simulation of the effects of reducing carbon emissions or an aspect of global climate change such as increasing ocean acidity:
Identifies a way by which the model can be revised for improved accuracy of prediction so that the model can be used to persuade factory owners to reduce emissions (5.1.4, ETS1.B.11, and CCC2)
Task provides a simulation (aligned with forest replanting to mitigate human activity) for calculating CO2 sequestration rates of several forests: one with all healthy growing trees, one with a portion of trees that are dying, perhaps as the result of pollution, and one that is reduced to felled trees on the ground:
Manipulates variables on sliders (e.g., representing proportion of live trees, rates of photosynthesis, and rate of cellular respiration) to calculate the CO2 sequestration rate in each forest (5.2.2, LS4.C.6, and CCC2)
Task provides two solutions by which aquatic organisms whose population sizes have been greatly reduced can be restored to earlier levels, such as removal of a dam vs. restocking juvenile populations:
Manipulates variables on sliders (e.g., representing cost, initial quantity of food source for fish, oxygenation of a stream, water temperature) to test which solution is likely to be more effective considering a range of constraints (5.2.2, ETS1.B.10, and CCC2)
Task provides a description of a scenario to model:
Describes components of the model (5.1.3 and ETS.1.B)
Manipulates the model (5.1.3 and ETS.1.B)
Refines the model (5.1.3 and ETS.1.B)
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.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The introduction of nonnative species
Fishing practices that protect juvenile fish and non-fish species
Hunting practices, especially illegal poaching
The use of certain polluting herbicides and pesticides
The destruction of habitat for development
The degree of global climate change
Human population growth
Common Misconceptions
Note that the list in this section is not exhaustive.
Humans can only decrease biodiversity.
Humans cannot affect biodiversity.
Humans are not affected by biodiversity; humans are separate from the rest of the environment.
Computational models are certain, rather than probabilistic.
Computational models are comprehensive and contain all factors.
All organisms will adopt perfect solutions to new environments.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-LS4-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-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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