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[bookmark: _Toc219357102]Introduction
[bookmark: PS1]The purpose of this Framework is to ensure that New Jersey’s teachers can implement the New Jersey Student Learning Standards for Science (NJSLS-S) with clarity, consistency, and effectiveness. It is designed to support science educators in developing a comprehensive and accurate understanding of the performance expectations. 
The performance expectations for grades 6-8 life science blend elements of disciplinary core ideas (DCIs) with scientific and engineering practices (SEPs)and crosscutting concepts (CCC) to support students in developing useable knowledge that can be applied across the science disciplines. While the performance expectations in grades 6-8 life science couple particular practices with specific disciplinary core ideas, instruction should provide multiple opportunities across the year for students to use a range of SEPs—not just the ones appearing in a single PE. This introduction includes an overarching question for each of the life science disciplinary core ideas and a summary of what students will understand and be able to do by the end of grade 8.
“How can one explain the ways cells contribute to the function of living organisms?” 
By the end of middle school, students gather and use this information to support explanations of the structure and function relationship of cells. They communicate understanding of cell theory. They have a basic understanding of the role of cells in body systems and how those systems work to support the life functions of the organism. The understanding of cells provides a context for the plant process of photosynthesis and the movement of matter and energy needed for the cell. Students construct an explanation for how environmental and genetic factors affect growth of organisms. They connect this to the role of animal behaviors in reproduction of animals as well as the dependence of some plants on animal behaviors for their reproduction. Crosscutting concepts of cause and effect, structure and function, and matter and energy are called out as organizing concepts for the core ideas about processes of living organisms. 
“How does a system of living and non-living things operate to meet the needs of the organisms in an ecosystem?” 
By the end of middle school, students analyze and interpret data, develop models, and construct arguments and demonstrate a deeper understanding of resources and the cycling of matter and the flow of energy in ecosystems. They also study patterns of the interactions among organisms within an ecosystem. They consider biotic and abiotic factors in an ecosystem and the effects these factors have on population. They evaluate competing design solutions for maintaining biodiversity and ecosystem services.
“How do living organisms pass traits from one generation to the next?” 
By the end of middle school, students use models to describe ways gene mutations and sexual reproduction contribute to genetic variation. Crosscutting concepts of cause and effect and structure and function provide students with a deeper understanding of how gene structure determines differences in the functioning of organisms.
“How do organisms change over time in response to changes in the environment?”
By the end of middle school, students construct explanations based on evidence to support fundamental understandings of natural selection and evolution. They use ideas of genetic variation in a population to make sense of organisms surviving and reproducing, hence passing on the traits of the species. They are able to use fossil records and anatomical similarities of the relationships among organisms and species to support their understanding. Crosscutting concepts of patterns and structure and function contribute to the evidence students can use to describe biological evolution.
[bookmark: _Toc219357103][bookmark: _Toc208913944][bookmark: _Toc209532930]Assessment Resources
Next Generation Science Assessment Task Portal: The tasks are intended to be used to support teaching and learning in classrooms that are striving for NGSS-aligned instruction. They include tasks that are ideal for checking in on student learning at various time points during instruction; some are designed for a mid-point check-in, whereas others are better suited for early formative assessment, and still others encompass more aspects of a performance expectation and thus are a better fit for near the end of instruction. 
[bookmark: _Toc219357104]Model Curriculum Framework for Middle School Science
The model science curriculum framework for middle school is organized around units that each target a bundle of performance expectations. We developed the units so that students’ learning is driven by their questions about intriguing phenomena, rather than grouping ideas by science topic that might be logical to someone who an expert in the field is already. 
The model curriculum framework is sequenced to enable units to build on what students have developed in prior units while supporting the development of the three dimensions of NGSS, disciplinary core ideas (DCIs), crosscutting concepts (CCCs), and science and engineering practices (SEPs) coherently across the program. This coherence allows for presenting the concepts in a way that makes sense to students. Materials were designed to motivate student learning and help students see science as more connected to their lives. The tables below show the DCI bundling and the progression summary for the SEPs and CCCs across the units. 
Before implementing these instructional materials in your classroom, educators are strongly encouraged to attend professional learning to ensure effective and informed usage. The Liberty Science Center is a certified provider of this professional learning and offers sessions designed to support educators in understanding and applying the material with confidence and fidelity.
For more information on scheduling or registering for professional learning opportunities, please visit Liberty Science Center Professional Development.
[bookmark: _Toc208913945][bookmark: _Toc209532931][bookmark: _Toc219357105]Model Scope and Sequence
The Model Scope and Sequence organizes middle school science into units that build on what students have learned before and connect ideas across grades. Each unit bundles performance expectations and develops the three dimensions of the NJSLS-S Disciplinary Core Ideas (DCIs), Crosscutting Concepts (CCCs), and Science and Engineering Practices (SEPs) in a way that feels logical and meaningful to students. See Figure 1 on page 4.
The scope and sequence focuses on two key goals: scaffolding learning so students deepen their understanding step by step, and creating coherence from the student’s perspective, meaning students see how what they’re learning now connects to what they already know. This approach, based on the Framework for K–12 Science Education (NRC, 2012), helps students view science as a tool for making sense of the world. Instead of treating topics as isolated, we help students link ideas from earlier units to new phenomena and problems. 
While most units contain PEs from multiple science disciplines Life Science (LS), Physical Science (PS), or Earth and Space Science (ESS), the color shading of the unit indicates which strand is the emphasis. In addition, engineering PEs are integrated across all science disciplines. These are not indicated with colors but are listed using the PE code ETS (Engineering, Technology, and Applications of Science). The arrows show DCI connections between units, indicating that the later unit builds directly on what students figure out about the DCIs in the prior unit. The small dots at the top right of each unit also show connections, indicating the science strands the unit builds upon. For example, Unit 7.3 is shaded to represent that the unit emphasizes Life Science DCIs, and the dots on its top right indicate that this unit builds on both Life Science and Physical Science ideas from earlier units (6.6., 7.1, 7.2).
Figure 1: Disciplinary Core Idea Bundling and Connections
[image: A flow chart of the disciplinary core ideas in grades six, seven, and eight.]
Accessible Version of Figure 1: Grades 6 - 8 Unit Map
[bookmark: _Toc219357106][bookmark: _Toc208913946][bookmark: _Toc209163300][bookmark: _Toc209532933]Coherence with English Language Arts
Literacy skills are essential to how students build and deepen their understanding of science. Integrating English Language Arts (ELA) into science instruction allows students to use reading, writing, speaking, and listening to engage in the core practices of scientists and engineers—“actively trying to figure out how the world works or how to design solutions to problems” (NSTA, 2025). As middle school learners continue to develop their ability to comprehend and communicate through text, they become increasingly capable of reading about phenomena, writing explanations, recording observations, and participating in meaningful scientific discussions.
This Framework identifies the Grade 6 NJSLS - ELA skills that directly support the science and engineering practices. These literacy skills extend beyond the ELA classroom and can be used across content areas to enhance science learning and strengthen students’ disciplinary literacy (NASEM, 2023). References to Connections with English Language Arts throughout this document focus specifically on Grade 6 standards; Grade 7 and 8 teachers should refer to the 2023 NJSLS‑ELA for the skills aligned to their respective grade levels.
[bookmark: _Toc219357107]Coherence with Mathematics
Science is a quantitative discipline, which means it is important for educators to ensure that students’ learning in science coheres well with their learning in mathematics. Beginning in middle school, students develop a number of powerful quantitative tools, from rates and proportional relationships to basic algebra and functions, to basic statistics and probability. Their applicability extends far beyond the mathematics classroom. These tools can also become better understood, and more securely mastered, by applying them in a variety of contexts. The NRC Framework makes clear in its Science and Engineering Practices (Analyzing and Interpreting Data, Using Mathematics and Computational Thinking) that statistics and mathematics have a prominent role in science. NJSLS -S also aim to give middle school and high school science educators a clear road map for how they can prepare their students for the quantitative demands of college and careers, where students need to apply quantitative tools in an applied or scientific context. Grade 7 and 8 teachers should refer to the 2023 NJSLS‑M for the skills aligned to their respective grade levels.
[bookmark: _Toc219357108]Professional Learning Resources
· National Academies of Sciences, Engineering, and Medicine. 2019. Science and Engineering for Grades 6-12: Investigation and Design at the Center. Washington, DC: The National Academies Press. DOI: https://doi.org/10.17226/25216 
· Interactive Infographic: Teacher Guidance During Science Investigation and Engineering Design
· Interactive Infographic: How Students Engage with Science Investigation and Engineering Design
· STEM Teaching Tools Website: Each tool is focused on a specific issue and leverages the best knowledge from research and practice. STEM Teaching Tools have also been used to support extended professional learning sessions. Open educational resource (OER) versions of professional learning sessions include slides, speaker notes, facilitator guide, and embedded resources. 
· NextGenScience works alongside educators to support the design of quality, coherent K–12 programs that align science standards, instructional materials, professional learning, and assessments to support meaningful science experiences for all students.
[bookmark: _Toc219357109]Attributions
The performance expectations referenced are based on the Next Generation Science Standards: For States, By States. (NGSS), developed by the National Research Council, the National Science Teachers Association, the American Association for the Advancement of Science, and Achieve. © 2013 Achieve, Inc. on behalf of the twenty-six states and partners that collaborated on the NGSS. Available at https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states 
The science and engineering practices, disciplinary core ideas, and crosscutting concepts referenced are based on the Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas, developed by the National Research Council. © 2012 National Academy of Sciences. Published by the National Academies Press. Available at: https://nap.nationalacademies.org/catalog/13165/a-framework-for-k-12-science-education-practices-crosscutting-concepts 
Examples referencing mathematics connections are adapted from Appendix L: Connections to the Common Core State Standards for Mathematics, originally published by Achieve, Inc. as part of the Next Generation Science Standards (NGSS). © 2013 Achieve, Inc. Used with permission. Available at www.nextgenscience.org.
The Model Science Curriculum Framework and the Model Scope and Sequence are adapted from OpenSciEd Middle School Curriculum originally developed by The OpenSciEd Project of the National Center for Civic Innovation. © 2023 National Center for Civic Innovation Licensed under the Creative Commons Attribution Non-Commercial 4.0 International License (CC-BY-NC). Available at www.openscied.org.


[bookmark: ls1][bookmark: _Toc219357110]LS1: From Molecules to Organisms: Structures and Processes
MS-LS1-1.	Conduct an investigation to provide evidence that living things are made of cells; either one cell or many different numbers and types of cells. 
(Clarification Statement: Emphasis is on developing evidence that living things are made of cells, distinguishing between living and non-living things, and understanding that living things may be made of one cell or many and varied cells. Evidence can be developed through sources such as microscope observations, simulations, and adapted primary literature.)
	[bookmark: _Hlk210896258]Dimension
	Descriptions of the Developmentally Appropriate Elements

	[bookmark: _Hlk209087231]Science and Engineering Practices
	Planning and Carrying Out Investigations
· Planning and carrying out investigations includes investigations that use multiple variables and provide evidence to support explanations or solutions.
· Conduct an investigation to produce data to serve as the basis for evidence that meet the goals of an investigation.

	Disciplinary Core Ideas
	LS1.A: Structure and Function
All living things are made up of cells, which is the smallest unit that can be said to be alive. An organism may consist of one single cell (unicellular) or many different numbers and types of cells (multicellular). Unicellular organisms (microorganisms), like multicellular organisms, need food, water, a way to dispose of waste, and an environment in which they can live.

	Crosscutting Concepts
	Scale, Proportion, and Quantity
Phenomena that can be observed at one scale may not be observable at another scale.
Connections to Engineering, Technology and Applications of Science
Interdependence of Science, Engineering, and Technology
Engineering advances have led to important discoveries in virtually every field of science, and scientific discoveries have led to the development of entire industries and engineered systems.


Connections to other DCIs in middle school: N/A
[bookmark: _Hlk201132651]Articulation of DCIs across grade levels: HS.LS1.A
Connections to English Language Arts: 
W.WR.6.5.	Conduct short research projects to answer a question, drawing on several sources and refocusing the inquiry when appropriate.
RI.CI.6.2.	Determine the central idea of an informational text and explain how it is supported by key details; provide a summary of the text distinct from personal opinions or judgments.
Connections to Mathematics
6.EE.C.9.	Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables, and relate these to the equation. 


Rubric:
1. Identifying the phenomenon under investigation
a. From the given investigation plan, students identify and describe the phenomenon under investigation, which includes the idea that living things are made up of cells.
b. Students identify and describe the purpose of the investigation, which includes providing evidence for the following ideas: that all living things are made of cells (either one cell or many different numbers and types of cells) and that the cell is the smallest unit that can be said to be alive.
2. Identifying the evidence to address the purpose of the investigation
a. From the given investigation plan, students describe the data that will be collected and the evidence to be derived from the data, including:
i. The presence or absence of cells in living and nonliving things.
ii. The presence or absence of any part of a living thing that is not made up of cells.
iii. The presence or absence of cells in a variety of organisms, including unicellular and multicellular organisms.
iv. Different types of cells within one multicellular organism.
b. Students describe how the evidence collected will be relevant to the purpose of the investigation.
3. Planning the investigation
a. From the given investigation plan, students describe how the tools and methods included in the experimental design will provide the evidence necessary to address the purpose of the investigation, including that due to their small-scale size, cells are unable to be seen with the unaided eye and require engineered magnification devices to be seen.
b. Students describe how the tools used in the investigation are an example of how science depends on engineering advances. 
4. Collecting the data
a. According to the given investigation plan, students collect and record data on the cellular composition of living organisms.
b. Students identify the tools used for observation at different magnifications and describe that different tools are required to observe phenomena related to cells at different scales.
c. Students evaluate the data they collect to determine whether the resulting evidence meets the goals of the investigation, including cellular composition as a distinguishing feature of living things.


MS-LS1-2.	Develop and use a model to describe the function of a cell as a whole and ways parts of cells contribute to the function. 
(Clarification Statement:  Emphasis is on the cell functioning as a whole system and the primary role of identified parts of the cell and how they work together, specifically the nucleus, chloroplasts, mitochondria, cell membrane, and cell wall.) 
	(Assessment Boundary: Assessment of organelle structure/function relationships is limited to the cell wall and cell membrane. Assessment of the function of the other organelles is limited to their relationship to the whole cell. Assessment does not include the biochemical function of cells or cell parts.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Modeling includes developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
· Develop and use a model to describe phenomena.

	Disciplinary Core Ideas
	LS1.A: Structure and Function
Within cells, special structures are responsible for particular functions, and the cell membrane forms the boundary that controls what enters and leaves the cell.

	Crosscutting Concepts
	Structure and Function
Complex and microscopic structures and systems can be visualized, modeled, and analyzed to explain how their functions depend on the interactions and relationships among their parts. Complex structures and systems can be analyzed to determine how they function.


Connections to other DCIs in middle school: MS.LS3.A
Articulation of DCIs across grade levels: 4.LS1.A, HS.LS1.A
Connections to English Language Arts:
SL.UM.6.5.	Include multimedia components (e.g., graphics, images, music, sound) and visual displays in presentations to clarify information.
Connection to Mathematics:
6.EE.C.9	Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables, and relate these to the equation.


Rubric:
1. Components of the model
a. To make sense of a phenomenon, students develop a model in which they identify the parts (i.e., components; e.g., nucleus, chloroplasts, cell wall, mitochondria, cell membrane, the function of a cell as a whole) of cells relevant for the given phenomenon.
2. Relationships
a. In the model, students describe the relationships between components, including:
i. The particular functions of parts of cells in terms of their contributions to overall cellular functions (e.g., chloroplasts’ involvement in photosynthesis and energy production, mitochondria’s involvement in cellular respiration).
ii. The structure of the cell membrane or cell wall and its relationship to the function of the organelles and the whole cell.
3. Connections
a. Students use the model to describe a causal account for the phenomenon, including how different parts of a cell contribute to how the cell functions as a whole, both separately and together with other structures. Students include how components, separately and together, contribute to:
i. Maintaining a cell’s internal processes, for which it needs energy.
ii. Maintaining the structure of the cell and controlling what enters and leaves the cell.
iii. Functioning together as parts of a system that determines cellular function.
b. Students use the model to identify key differences between plant and animal cells based on structure and function, including:
i. Plant cells have a cell wall in addition to a cell membrane, whereas animal cells have only a cell membrane. Plants use cell walls to provide structure to the plant. 
ii. Plant cells contain organelles called chloroplasts, while animal cells do not. Chloroplasts allow plants to make the food they need to live, using photosynthesis.


MS-LS1-3.	Use argument supported by evidence for how the body is a system of interacting subsystems composed of groups of cells. 
(Clarification Statement: Emphasis is on the conceptual understanding that cells form tissues and tissues form organs specialized for particular body functions. Examples could include the interaction of subsystems within a system and the normal functioning of those systems.) 
	(Assessment Boundary: Assessment does not include the mechanism of one body system independent of others. Assessment is limited to the circulatory, excretory, digestive, respiratory, muscular, and nervous systems.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Engaging in Argument from Evidence
· Engaging in argument from evidence includes constructing a convincing argument that supports or refutes claims for either explanations or solutions about the natural and designed world(s).
· Use an oral and written argument supported by evidence to support or refute an explanation or a model for a phenomenon.

	Disciplinary Core Ideas
	LS1.A: Structure and Function
In multicellular organisms, the body is a system of multiple interacting subsystems. These subsystems are groups of cells that work together to form tissues or organs that are specialized for particular body functions. (Boundary: At this grade level, only a few major cell structures should be introduced. These include circulatory, excretory, digestive, respiratory, muscular, and nervous systems.)

	Crosscutting Concepts
	Systems and System Models
Systems may interact with other systems; they may have sub-systems and be a part of larger complex systems.
Connections to Nature of Science
Science Is a Human Endeavor
Scientists and engineers are guided by habits of mind such as intellectual honesty, tolerance of ambiguity, skepticism, and openness to new ideas.


[bookmark: _Hlk201736798]Connections to other DCIs in middle school: MS.LS2.A
Articulation of DCIs across grade levels: 3.LS1.B; HS.LS2.A and HS.LS2.D
Connections to English Language Arts:
SL.PE.6.1.	Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on others’ ideas and expressing their own clearly. 
A. Come to discussions prepared, having read or studied required material; explicitly draw on that preparation by referring to evidence on the topic, text, or issue to probe and reflect on ideas under discussion.
B. Follow rules for collegial discussions, set specific goals and deadlines, and define individual roles as needed. 
C. Pose and respond to specific questions with elaboration and detail by making comments that contribute to the topic, text, or issue under discussion. 
D. Review the key ideas expressed and demonstrate understanding of multiple perspectives through reflection and paraphrasing.
E. Acknowledge new information expressed by others, and, when warranted, qualify or justify their own views in light of the evidence presented.
Connections to Mathematics:
6.EE.C.9.	Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables and relate these to the equation. For example: 
· Quantify the sizes of cells and parts of cells, using convenient units such as microns as well as (in Grade 8) scientific notation. 
· Appreciate the orders of magnitude that span the difference in size between cells, molecules, and atoms. 
Rubric:
1. Supported claims
a. Students make a claim to be supported, related to a given explanation or model of a phenomenon. In the claim, students include the idea that the body is a system of interacting subsystems composed of groups of cells.
2. Identifying scientific evidence
a. Students identify and describe the given evidence that supports the claim (e.g., evidence from data and scientific literature), including evidence that:
i. Specialized groups of cells work together to form tissues (e.g., evidence from data about the kinds of cells found in different tissues, such as nervous, muscular, and epithelial, and their functions). 
ii. Specialized tissues comprise each organ, enabling the specific organ functions to be carried out (e.g., the heart contains muscle, connective, and epithelial tissues that allow the heart to receive and pump blood).
iii. Different organs can work together as subsystems to form organ systems that carry out complex functions (e.g., the heart and blood vessels work together as the circulatory system to transport blood and materials throughout the body).
iv. The body contains organs and organ systems that interact with each other to carry out all necessary functions for survival and growth of the organism (e.g., the digestive, respiratory, and circulatory systems are involved in the breakdown and transport of food and the transport of oxygen throughout the body to cells, where the molecules can be used for energy, growth, and repair).
3. Evaluating and critiquing the evidence
a. Students evaluate the evidence and identify the strengths and weaknesses of the evidence, including: 
i. Types of sources.
ii. Sufficiency, including validity and reliability, of the evidence to make and defend the claim.
iii. Any alternative interpretations of the evidence and why the evidence supports the student’s claim, as opposed to any other claims. 
4. Reasoning and synthesis
a. Students use reasoning to connect the appropriate evidence to the claim. Students describe the following chain of reasoning in their argumentation:
i. Every scale (e.g., cells, tissues, organs, organ systems) of body function is composed of systems of interacting components.
ii. Organs are composed of interacting tissues. Each tissue is made up of specialized cells. These interactions at the cellular and tissue levels enable the organs to carry out specific functions. 
iii. A body is a system of specialized organs that interact with each other and their subsystems to carry out the functions necessary for life.
b.  Students use oral or written arguments to support or refute an explanation or model of a phenomenon. 


MS-LS1-4.	Use arguments based on empirical evidence and scientific reasoning to support an explanation for how characteristic animal behaviors and specialized plant structures affect the probability of successful reproduction of animals and plants, respectively. 
(Clarification Statement: Examples of behaviors that affect the probability of animal reproduction could include nest building to protect young from cold, herding of animals to protect young from predators, and vocalization of animals and colorful plumage to attract mates for breeding. Examples of animal behaviors that affect the probability of plant reproduction could include transferring pollen or seeds and creating conditions for seed germination and growth. Examples of plant structures could include bright flowers attracting butterflies that transfer pollen, flower nectar and odors that attract insects that transfer pollen, and hard shells on nuts that squirrels bury.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Engaging in Argument from Evidence
· Engaging in argument from evidence includes constructing a convincing argument that supports or refutes claims for either explanations or solutions about the natural and designed world(s).
· Use an oral and written argument supported by empirical evidence and scientific reasoning to support or refute an explanation or a model for a phenomenon or a solution to a problem.

	Disciplinary Core Ideas
	LS1.B: Growth and Development of Organisms
Organisms reproduce, either sexually or asexually, and transfer their genetic information to their offspring. Animals engage in characteristic behaviors that increase the odds of reproduction. Plants reproduce in a variety of ways, sometimes depending on animal behavior and specialized features (such as attractively colored flowers) for reproduction. Plant growth can continue throughout the plant’s life through production of plant matter in photosynthesis.

	Crosscutting Concepts
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


Connections to other DCIs in middle school: MS.LS2.A
Articulation of DCIs across grade levels: 3.LS1.B, 3.LS3.A, HS.LS2.A
Connections to English Language Arts:
RI.AA.6.7.	Trace the development of and evaluate the argument and specific claims in a text, distinguishing claims that are supported by reasons and evidence from claims that are not.
W.SE.6.6.	Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and providing basic bibliographic information for sources.
Connections to Mathematics:
6.SP.A.2.	Understand that a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, and overall shape. For example,
•	Use data in a two-way table as evidence to support an explanation that different local environmental conditions impact growth in organisms. (in Grade 8)
•	Use data in a two-way table as evidence to support an explanation of how social behaviors and group interactions benefit organisms’ abilities to survive and reproduce. (in Grade 8)
6.SP.B.4.	Display numerical data in plots on a number line, including dot plots, histograms, and box plots.
Rubric:
1. Supported claims
a. Students make a claim to support a given explanation of a phenomenon. In their claim, students include the idea that characteristic animal behaviors and specialized plant structures affect the probability of successful reproduction of animals and plants, respectively.
2. Identifying scientific evidence
a. Students identify the given evidence that supports the claim (e.g., evidence from data and scientific literature), including:
i. Characteristic animal behaviors that increase the probability of reproduction. 
ii. Specialized plant and animal structures that increase the probability of reproduction.
iii. Cause-and-effect relationships between:
a) Specialized plant structures and the probability of successful reproduction of plants that have those structures. 
b) Animal behaviors and the probability of successful reproduction of animals that exhibit those behaviors. 
c) Plant reproduction and the animal behaviors related to plant reproduction.
3. Evaluating and critiquing the evidence
a. Students evaluate the evidence and identify the strengths and weaknesses of the evidence used to support the claim, including: 
i. Validity and reliability of sources.
ii. Sufficiency — including relevance, validity, and reliability — of the evidence to make and defend the claim.
iii. Alternative interpretations of the evidence and why the evidence supports the student’s claim, as opposed to any other claims. 
4. Reasoning and synthesis
a. Students use reasoning to connect the appropriate evidence to the claim, using oral or written arguments. Students describe the following chain of reasoning in their argumentation:
i. Many characteristic animal behaviors affect the likelihood of successful reproduction.
ii. Many specialized plant structures affect the likelihood of successful reproduction.
iii. Sometimes, animal behavior plays a role in the likelihood of successful reproduction in plants.
iv. Because successful reproduction has several causes and contributing factors, the cause-and-effect relationships between any of these characteristics, separately or together, and reproductive likelihood can be accurately reflected only in terms of probability.
[bookmark: _Hlk166067235]MS-LS1-5.	Construct a scientific explanation based on evidence for how environmental and genetic factors influence the growth of organisms. 
(Clarification Statement: Examples of local environmental conditions could include availability of food, light, space, and water. Examples of genetic factors could include large breed cattle and species of grass affecting growth of organisms. Examples of evidence could include drought decreasing plant growth, fertilizer increasing plant growth, different varieties of plant seeds growing at different rates in different conditions, and fish growing larger in large ponds than they do in small ponds.) 
(Assessment Boundary: Assessment does not include genetic mechanisms, gene regulation, or biochemical processes.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific knowledge, principles, and theories.
· Construct a scientific explanation based on valid and reliable evidence obtained from sources (including the students’ own experiments) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.

	Disciplinary Core Ideas
	LS1.B: Growth and Development of Organisms
Genetic factors as well as local conditions affect the growth of the adult plant. The growth of an animal is controlled by genetic factors, food intake, and interactions with other organisms, and each species has a typical adult size range. (Boundary: Reproduction is not treated in any detail here; for more specifics about grade level, see LS3.A.) 

	Crosscutting Concepts
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


Connections to other DCIs in middle school: MS.LS2.A
Articulation of DCIs across grade levels: 3.LS1.B, 3.LS3.A, HS.LS2.A
Connections to English Language Arts:
W.WR.6.5.	Conduct short research projects to answer a question, drawing on several sources and refocusing the inquiry when appropriate.
RI.CR.6.1.	Cite textual evidence and make relevant connections to support analysis of what an informational text says explicitly as well as inferences drawn from the text.


Connections to Mathematics:
6.SP.A.2.	Understand that a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, and overall shape. For example:
· Use data in a two-way table as evidence to support an explanation of how environmental and genetic factors affect the growth of organisms. (in Grade 8) 
· Use data in a two-way table as evidence to support an explanation that different local environmental conditions impact growth in organisms. (in Grade 8)
· Use data in a two-way table as evidence to support an explanation of how social behaviors and group interactions benefit organisms’ abilities to survive and reproduce. (in Grade 8)
6.SP.B.5.	Summarize numerical data sets in relation to their context. 
a. Reporting the number of observations. 
b.	Describing the nature of the attribute under investigation, including how it was measured and its units of measurement. 
c.	Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered. 
d.	Relating the choice of measures of center and variability to the shape of the data distribution and the context in which the data were gathered.
Rubric:
1. Articulating the explanation of phenomena
a. Students articulate a statement that relates the given phenomenon to a scientific idea, including the idea that both environmental and genetic factors influence the growth of organisms.
b. Students use evidence and reasoning to construct a scientific explanation for the given phenomenon.
2. Evidence
a. Students identify and describe evidence (e.g., from students’ own investigations, observations, reading material, archived data) necessary for constructing the explanation, including: 
i. Environmental factors (e.g., availability of light, space, water; size of habitat) and that they can influence growth.
ii. Genetic factors (e.g., specific breeds of plants and animals and their typical sizes) and that they can influence growth.
iii. Changes in the growth of organisms as specific environmental and genetic factors change.
b. Students use multiple valid and reliable sources of evidence to construct the explanation.
3. Reasoning
a. Students use reasoning, along with 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, to connect the evidence and support an explanation for a phenomenon involving genetic and environmental influences on organism growth. Students describe their chain of reasoning that includes:
i. Organism growth is influenced by multiple environmental (e.g., drought, changes in food availability) and genetic (e.g., specific breed) factors. 
ii. Because both environmental and genetic factors can influence organisms simultaneously, organism growth is the result of environmental and genetic factors working together (e.g., water availability influences how tall dwarf fruit trees will grow). 
iii. Because organism growth can have several genetic and environmental causes, the contributions of specific causes or factors to organism growth can be described only using probability (e.g., not every fish in a large pond grows to the same size).


MS-LS1-6.	Construct a scientific explanation based on evidence for the role of photosynthesis in the cycling of matter and flow of energy into and out of organisms. 
(Clarification Statement: Emphasis is on tracing movement of matter and flow of energy. Students are expected to understand that photosynthesis is a chemical reaction, but only at a basic level, with atoms rearranging to form new molecules, and should attend to substances such as carbon dioxide, water, glucose [sugar], and oxygen. The focus is on the big picture—inputs and outputs and the “purpose” of these central biological processes.) 
(Assessment Boundary: Assessment does not include the biochemical mechanisms of photosynthesis.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific knowledge, principles, and theories.
· Construct a scientific explanation based on valid and reliable evidence obtained from sources (including the students’ own experiments) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical connections between evidence and explanations.

	Disciplinary Core Ideas
	LS1.C: Organization for Matter and Energy Flow in Organisms
Plants, algae (including phytoplankton), and many microorganisms use the energy from light to make sugars (food) from carbon dioxide from the atmosphere and water through the process of photosynthesis, which also releases oxygen. These sugars can be used immediately or stored for growth or later use. Animals obtain food from eating plants or eating other animals.
PS3.D: Energy in Chemical Processes and Everyday Life
The chemical reaction by which plants produce complex food molecules (sugars) requires an energy input (i.e., from sunlight) to occur. In this reaction, carbon dioxide and water combine to form carbon-based organic molecules and release oxygen. (Boundary: Further details of the photosynthesis process are not taught at this grade level.)

	Crosscutting Concepts
	Energy and Matter
Within a natural system, the transfer of energy drives the motion and/or cycling of matter.


Connections to other DCIs in middle school: N/A MS.PS1.B, MS.ESS2.A
Articulation of DCIs across grade levels: 5.PS3.D, 5.LS1.C, 5.LS2.A, 5.LS2.B; HS.PS1.B, HS.LS1.C, HS.LS2.B, HS.ESS2.D


Connections to English Language Arts:
W.IW.6.2.	Write informative/explanatory texts (including the narration of historical events, scientific procedures/ experiments, or technical processes) to examine a topic and convey ideas, concepts, and information through the selection, organization, and analysis of relevant content. 
A. Introduce a topic and organize ideas, concepts, and information, using text structures (e.g., definition, classification, comparison/contrast, cause/effect, etc.) and text features (e.g., headings, graphics, and multimedia) when useful to aid in comprehension. 
B. Develop the topic with relevant facts, definitions, concrete details, quotations, or other information and examples. 
C. Use appropriate transitions to clarify the relationships among ideas and concepts. 
D. Use precise language and domain-specific vocabulary to inform about or explain the topic. 
E.  Acknowledge and attempt a formal/academic style, approach, and form.
Connections to Mathematics: 
6.EE.C.9	Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables and relate these to the equation. For example: 
· Write a number sentence that expresses the conservation of mass as food moves through an organism. Assign values to the arrows in a diagram to show flows quantitatively. 
MP.2.	Reason abstractly and quantitatively. For example,
· Infer an unknown mass by using the concept of conservation to write and solve an equation with a variable.
Rubric: 
1. Articulating the explanation of phenomena
a. Students articulate a statement that relates the given phenomenon to a scientific idea, including the idea that photosynthesis results in the cycling of matter and energy into and out of organisms.
b. Students use evidence and reasoning to construct a scientific explanation for the given phenomenon.
2. Evidence
a. Students identify and describe evidence (e.g., from students’ own investigations, observations, reading material, archived data) necessary to constructing the explanation, including that: 
i. Plants, algae, and photosynthetic microorganisms require energy (in the form of sunlight) and must take in carbon dioxide and water to survive.
ii. Energy from sunlight is used to combine simple nonfood molecules (e.g., carbon dioxide and water) into food molecules (e.g., sugar) and oxygen, which can be used immediately or stored by the plant. 
iii. Animals take in food and oxygen to provide energy and materials for growth and survival. 
iv. Some animals eat plants, algae, and photosynthetic microorganisms, and some animals eat other animals, which have themselves eaten photosynthetic organisms.
b. Students use multiple valid and reliable sources of evidence.
3. Reasoning
a. Students use reasoning, along with 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, to connect the evidence and support an explanation for energy and matter cycling during photosynthesis. Students describe a chain of reasoning for their explanation, including:
i. Plants, algae, and photosynthetic microorganisms take in matter (in the form of carbon dioxide and water) and use energy from the sun to produce carbon-based organic molecules (food), which they can use immediately or store, and release oxygen into the environment through photosynthesis.
ii. Plants use the food they have made for energy, growth, and other necessary functions (e.g., repair, seed production).
iii. Animals depend on matter from plants for growth and survival, including:
a) Eating photosynthetic organisms (or other organisms that have eaten photosynthetic organisms), thus acquiring the matter they contain, the production of which was driven by photosynthesis. 
b) Breathing in oxygen, which was released when plants used energy to rearrange carbon dioxide and water during photosynthesis.
iv. Because animals acquire their food from photosynthetic organisms (or from other animals that have eaten those organisms) and their oxygen from the products of photosynthesis, all food and most of the oxygen animals use for life processes are the results of energy from the sun driving matter flows through the process of photosynthesis. 
v. The process of photosynthesis has an important role in energy and matter cycling within plants (i.e., the conversion of carbon dioxide and water into complex carbon-based molecules (sugars) and oxygen, the contribution of sugars to plant growth and internal processes) as well as from plants to other organisms.


MS-LS1-7.	Develop a model to describe how food is rearranged through chemical reactions forming new molecules that support growth and/or release energy as this matter moves through an organism. 
(Clarification Statement: Emphasis is on describing that molecules are broken apart and put back together and that in this process, energy is released.)
(Assessment Boundary: Assessment does not include details of the chemical reactions for photosynthesis or respiration.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Modeling includes developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
· Develop a model to describe unobservable mechanisms.

	Disciplinary Core Ideas
	LS1.C: Organization for Matter and Energy Flow in Organisms
Within individual organisms, food moves through a series of chemical reactions in which it is broken down and rearranged to form new molecules, to support growth, or to release energy. In most animals and plants, oxygen reacts with carbon-containing molecules (sugars) to provide energy and produce carbon dioxide; anaerobic bacteria achieve their energy needs in other chemical processes that do not require oxygen.
PS3.D: Energy in Chemical Processes and Everyday Life
Both the burning of fuel and cellular digestion in plants and animals involve chemical reactions with oxygen that release stored energy. In these processes, complex molecules containing carbon react with oxygen to produce carbon dioxide and other materials.

	Crosscutting Concepts
	Energy and Matter
Matter is conserved because atoms are conserved in physical and chemical processes.


Connections to other DCIs in middle school: N/A MS.PS1.B
Articulation of DCIs across grade levels: 5.PS3.D, 5.LS1.C, 5.LS2.B, HS.PS1.B, HS.LS1.C, HS.LS2.B
Connections to English Language Arts:
SL.UM.6.5.	Include multimedia components (e.g., graphics, images, music, sound) and visual displays in presentations to clarify information.
Connections to Mathematics: 
MP.4.	Model with mathematics. For example:
•	Write a number sentence that expresses the conservation of total matter or energy in a system as matter or energy flows into, out of, and within it. Assign values to the arrows in a diagram to show flows quantitatively. 
•	Infer an unknown matter or energy flow in a system by using the concept of conservation to write and solve an equation with a variable.
Rubric:
1. Components of the model
a. To make sense of a phenomenon, students develop a model in which they identify the relevant components for describing how food molecules are rearranged as matter moves through an organism, including:
i. Molecules of food, which are complex carbon-containing molecules.
ii. Oxygen.
iii. Energy that is released or absorbed during chemical reactions between food and oxygen.
iv. New types of molecules produced through chemical reactions involving food.
2. Relationships
a. In the model, students identify and describe the relationships between components, including: 
i. During cellular respiration, molecules of food undergo chemical reactions with oxygen, releasing stored energy.
ii. The atoms in food are rearranged through chemical reactions to form new molecules.
3. Connections
a. Students use the model to describe:
i. The number of each type of atom being the same before and after chemical reactions, indicating that the matter ingested as food is conserved as it moves through an organism to support growth. 
ii. That all matter (atoms) used by the organism for growth comes from the products of the chemical reactions involving the matter taken in by the organism.
iii. Food molecules taken in by the organism are broken down and can then be rearranged to become the molecules that comprise the organism (e.g., the proteins and other molecules in a hamburger can be broken down and used to make a variety of tissues in humans).
iv. As food molecules are rearranged, energy is released and can be used to support other processes within the organism.


MS-LS1-8.	Gather and synthesize information that sensory receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories. 
(Assessment Boundary: Assessment does not include mechanisms for the transmission of this information.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Obtaining, Evaluating, and Communicating Information
· Obtaining, evaluating, and communicating information includes evaluating the merit and validity of ideas and methods.
· Gather, read, and synthesize information from multiple appropriate sources and assess the credibility, accuracy, and possible bias of each publication and methods used, and describe how they are supported or not supported by evidence.

	Disciplinary Core Ideas
	LS1.D: Information Processing
An organism’s ability to sense and respond to its environment enhances its chance of surviving and reproducing. Animals have external and internal sensory receptors that detect different kinds of information, and they use internal mechanisms for processing and storing it. Each receptor can respond to different inputs (electromagnetic, mechanical, chemical), some receptors respond by transmitting impulses that travel along nerve cells. Each sense receptor responds to different inputs (electromagnetic, mechanical, chemical), transmitting them as signals that travel along nerve cells to the brain. The signals are then processed in the brain, resulting in immediate behaviors or memories. Changes in the structure and functioning of many millions of interconnected nerve cells allow combined inputs to be stored as memories for long periods of time.

	Crosscutting Concepts
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural systems.


Connections to other DCIs in middle school: N/A 
Articulation of DCIs across grade levels: 4.LS1.D, HS.LS1.A
Connections to English Language Arts:
W.SE.6.6.	Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and providing basic bibliographic information for sources.
Connections to Mathematics: N/A


Rubric:
1. Obtaining information
a. Students gather and synthesize information from at least two sources (e.g., text, media, visual displays, data) about a phenomenon that includes the relationship between sensory receptors and the storage and usage of sensory information by organisms. Students gather information about:
i. Different types of sensory receptors and the types of inputs to which they respond (e.g., electromagnetic, mechanical, chemical stimuli).
ii. Sensory information transmission along nerve cells from receptors to the brain.
iii. Sensory information processing by the brain as:
a) Memories (i.e., stored information).
b) Immediate behavioral responses (i.e., immediate use).
b. Students gather sufficient information to provide evidence that illustrates the causal relationships between information received by sensory receptors and behavior, both immediate and over longer time scales (e.g., a loud noise processed via auditory receptors may cause an animal to startle immediately or may be encoded as a memory, which can later be used to help the animal react appropriately in similar situations). 
2. Evaluating information
a. Students evaluate the information based on:
i. The credibility, accuracy, and possible bias of each publication and the methods used to generate and collect the evidence. 
ii. The ability of the information to provide evidence that supports or does not support the idea that sensory receptors send signals to the brain, resulting in immediate behavioral changes or stored memories. 
iii. Whether the information is sufficient to allow prediction of the response of an organism to different stimuli based on cause-and-effect relationships between the responses of sensory receptors and behavioral responses.


[bookmark: ls2][bookmark: _Toc219357111]LS2: Ecosystems: Interactions, Energy, and Dynamics
MS-LS2-1.	Analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem. 
(Clarification Statement: Emphasis is on cause-and-effect relationships between resources and growth of individual organisms and the numbers of organisms in ecosystems during periods of abundant and scarce resources.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Analyzing and Interpreting Data
· Analyzing data includes quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
· Analyze and interpret data to provide evidence for phenomena.

	Disciplinary Core Ideas
	LS2.A: Interdependent Relationships in Ecosystems
Organisms, and populations of organisms, are dependent on their environmental interactions both with other living things and with nonliving factors. In any ecosystem, organisms and populations with similar requirements for food, water, oxygen, or other resources may compete with each other for limited resources, access to which consequently constrains their growth and reproduction.

	Crosscutting Concepts
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.


Connections to other DCIs in middle school: MS.ESS3.A, MS.ESS3.C
Articulation of DCIs across grade levels: 3.LS2.C, 3.LS4.D, 5.LS2.A, HS.LS2.A, HS.LS4.C, HS.LS4.D, HS.ESS3.A
Connections to English Language Arts:
W.SE.6.6.	Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and providing basic bibliographic information for sources. 
Connections to Mathematics: 
6.SP.B.4.	Display numerical data in plots on a number line, including dot plots, histograms, and box plots.
6.SP.B.5.	Summarize numerical data sets in relation to their context. 
a. Reporting the number of observations. 
b. Describing the nature of the attribute under investigation, including how it was measured and its units of measurement. 
c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered. 
d. Relating the choice of measures of center and variability to the shape of the data distribution and the context in which the data were gathered
Rubric:
1. Organizing data
a. Students organize the given data (e.g., using tables, graphs, and charts) to allow for analysis and interpretation of relationships between resource availability and organisms in an ecosystem, including:
i. Populations (e.g., sizes, reproduction rates, growth information) of organisms as a function of resource availability.
ii. Growth of individual organisms as a function of resource availability.
2. Identifying relationships
a. Students analyze the organized data to determine the relationships between the size of a population, the growth and survival of individual organisms, and resource availability.
b. Students determine whether the relationships provide evidence of a causal link between these factors. 
3. Interpreting data
a. Students analyze and interpret the organized data to make predictions based on evidence of causal relationships between resource availability, organisms, and organism populations. Students make relevant predictions, including:
i. Changes in the amount and availability of a given resource (e.g., less food) may result in changes in the population of an organism (e.g., less food results in fewer organisms).
ii. Changes in the amount or availability of a resource (e.g., more food) may result in changes in the growth of individual organisms (e.g., more food results in faster growth).
iii. Resource availability drives competition among organisms, both within a population as well as between populations. 
iv. Resource availability may have effects on a population’s rate of reproduction.


MS-LS2-2.	Construct an explanation that predicts patterns of interactions among organisms across multiple ecosystems.
(Clarification Statement: Emphasis is on predicting consistent patterns of interactions in different ecosystems in terms of the relationships among and between organisms and abiotic components of ecosystems. Examples of types of interactions could include competitive, predatory, and mutually beneficial.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions in 6–8 includes constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories.
· Construct an explanation that includes qualitative or quantitative relationships between variables that predict phenomena.

	Disciplinary Core Ideas
	LS2.A: Interdependent Relationships in Ecosystems
· Growth of organisms and population increases are limited by access to resources. In any ecosystem, organisms and populations with similar requirements for food, water, oxygen, or other resources may compete with each other for limited resources, access to which consequently constrains their growth and reproduction. (secondary)
· Similarly, predatory interactions may reduce the number of organisms or eliminate whole populations of organisms. Mutually beneficial interactions, in contrast, may become so interdependent that each organism requires the other for survival. Although the species involved in these competitive, predatory, and mutually beneficial interactions vary across ecosystems, the patterns of interactions of organisms with their environments, both living and nonliving, are shared.

	Crosscutting Concepts
	Patterns
Patterns can be used to identify cause and effect relationships.


Connections to other DCIs in middle school: MS.LS1.B
Articulation of DCIs across grade levels: 1.LS1.B, HS.LS2.A, HS.LS2.B, HS.LS2.D
Connections to English Language Arts:
W.IW.6.2.	Write informative/explanatory texts (including the narration of historical events, scientific procedures/ experiments, or technical processes) to examine a topic and convey ideas, concepts, and information through the selection, organization, and analysis of relevant content. 
A. Introduce a topic and organize ideas, concepts, and information, using text structures (e.g., definition, classification, comparison/contrast, cause/effect, etc.) and text features (e.g., headings, graphics, and multimedia) when useful to aid in comprehension. 
B. Develop the topic with relevant facts, definitions, concrete details, quotations, or other information and examples. 
C. Use appropriate transitions to clarify the relationships among ideas and concepts. 
D. Use precise language and domain-specific vocabulary to inform about or explain the topic. 
E. Acknowledge and attempt a formal/academic style, approach, and form.
F. Provide a concluding statement or section (e.g., sentence, part of a paragraph, paragraph, or multiple paragraphs) that follows from and supports the information or explanation presented.
Connections to Mathematics: 
6.SP.B.5.	Summarize numerical data sets in relation to their context. 
a. Reporting the number of observations. 
b. Describing the nature of the attribute under investigation, including how it was measured and its units of measurement. 
c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered. 
d. Relating the choice of measures of center and variability to the shape of the data distribution and the context in which the data were gathered
Rubric:
1. Articulating the explanation of phenomena
a. Students articulate a statement that relates the given phenomenon to a scientific idea, including that similar patterns of interactions occur between organisms and their environment, regardless of the ecosystem or the species involved.
b. Students use evidence and reasoning to construct an explanation for the given phenomenon.
2. Evidence
a. Students identify and describe the evidence (e.g., from students’ own investigations, observations, reading material, archived data) necessary for constructing the explanation, including evidence that:
i. Competitive relationships occur when organisms within an ecosystem compete for shared resources (e.g., data about the change in population of a given species when a competing species is introduced).
ii. Predatory interactions occur between organisms within an ecosystem. 
iii. Mutually beneficial interactions occur between organisms within an ecosystem. Organisms involved in these mutually beneficial interactions can become so dependent upon one another that they cannot survive alone. 
iv. Resource availability, or lack thereof, can affect interactions between organisms (e.g., organisms in a resource-limited environment may have a competitive relationship, while those same organisms may not be in competition in a resource-rich environment).
v. Competitive, predatory, and mutually beneficial interactions occur across multiple, different, ecosystems
b. Students use multiple valid and reliable sources for the evidence. 
3. Reasoning
a. Students identify and describe quantitative or qualitative patterns of interactions among organisms that can be used to identify causal relationships within ecosystems, related to the given phenomenon. 
b. Students describe that regardless of the ecosystem or species involved, the patterns of interactions (competitive, mutually beneficial, predator/prey) are similar. 
c. Students use reasoning to connect the evidence and support an explanation. In their reasoning, students use patterns in the evidence to predict common interactions among organisms in ecosystems as they relate to the phenomenon, (e.g., given specific organisms in a given environment with specified resource availability, which organisms in the system will exhibit competitive interactions). Students predict the following types of interactions: 
i. Predatory interactions.
ii. Competitive interactions.
iii. Mutually beneficial interactions.


MS-LS2-3.	Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem. 
(Clarification Statement: Emphasis is on describing the conservation of matter and flow of energy into and out of various ecosystems, and on defining the boundaries of the system.) 
(Assessment Boundary: Assessment does not include the use of chemical reactions to describe the processes.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Modeling includes developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
· Develop a model to describe phenomena.

	Disciplinary Core Ideas
	LS2.B: Cycle of Matter and Energy Transfer in Ecosystems
Food webs are models that demonstrate how matter and energy is transferred between producers, consumers, and decomposers as the three groups interact within an ecosystem. Transfers of matter into and out of the physical environment occur at every level. Decomposers recycle nutrients from dead plant or animal matter back to the soil in terrestrial environments or to the water in aquatic environments. The atoms that make up the organisms in an ecosystem are cycled repeatedly between the living and nonliving parts of the ecosystem.

	Crosscutting Concepts
	Energy and Matter
The transfer of energy can be tracked as energy flows through a natural system.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Science assumes that objects and events in natural systems occur in consistent patterns that are understandable through measurement and observation.


Connections to other DCIs in middle school: N/A MS.PS1.B
Articulation of DCIs across grade levels: 5.LS2.A, 5.LS2.B, HS.PS3.B, HS.LS1.C, HS.LS2.B, HS.ESS2.A
Connections to English Language Arts:
SL.UM.6.5.	Include multimedia components (e.g., graphics, images, music, sound) and visual displays in presentations to clarify information.
Connections to Mathematics: 
6.EE.C.9.	Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables and relate these to the equation. For example: 
· Write a number sentence that expresses the conservation of total matter or energy in a system as matter or energy flows into, out of, and within it. Assign values to the arrows in a diagram to show flows quantitatively. 
· Infer an unknown matter or energy flow in a system by using the concept of conservation to write and solve an equation with a variable.
Rubric:
1. Components of the model
a. To make sense of a given phenomenon, students develop a model in which they identify the relevant components, including:
i. Organisms that can be classified as producers, consumers, and/or decomposers.
ii. Nonliving parts of an ecosystem (e.g., water, minerals, air) that can provide matter to living organisms or receive matter from living organisms. 
iii. Energy 
b. Students define the boundaries of the ecosystem under consideration in their model (e.g., pond, part of a forest, meadow; a whole forest, which contains a meadow, pond, and stream).
2. Relationships
a. In the model, students describe relationships between components within the ecosystem, including:
i. Energy transfer into and out of the system.
ii. Energy transfer and matter cycling (cycling of atoms):
a) Among producers, consumers, and decomposers (e.g., decomposers break down consumers and producers via chemical reactions and use the energy released from rearranging those molecules for growth and development).
b) Between organisms and the nonliving parts of the system (e.g., producers use matter from the nonliving parts of the ecosystem and energy from the sun to produce food from nonfood materials).
3. Connections
a. Students use the model to describe the cycling of matter and flow of energy among living and nonliving parts of the defined system, including:
i. When organisms consume other organisms, there is a transfer of energy and a cycling of atoms that were originally captured from the nonliving parts of the ecosystem by producers.
ii. The transfer of matter (atoms) and energy between living and nonliving parts of the ecosystem at every level within the system, which allows matter to cycle and energy to flow within and outside of the system.
b. Students use the model to track energy transfer and matter cycling in the system based on consistent and measurable patterns, including:
i. That the atoms that make up the organisms in an ecosystem are cycled repeatedly between the living and nonliving parts of the ecosystem.
ii. That matter and energy are conserved through transfers within and outside of the ecosystem.


MS-LS2-4.	Construct an argument supported by empirical evidence that changes to physical or biological components of an ecosystem affect populations. 
(Clarification Statement: Emphasis is on recognizing patterns in data and making warranted inferences about changes in populations and on evaluating empirical evidence supporting arguments about changes to ecosystems.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Engaging in Argument from Evidence
· Engaging in argument from evidence includes constructing a convincing argument that supports or refutes claims for either explanations or solutions about the natural and designed world(s).
· Construct an oral and written argument supported by empirical evidence and scientific reasoning to support or refute an explanation or a model for a phenomenon or a solution to a problem.
Connections to Nature of Science
Scientific Knowledge Is Based on Empirical Evidence
Science disciplines share common rules of obtaining and evaluating empirical evidence.

	Disciplinary Core Ideas
	LS2.C: Ecosystem Dynamics, Functioning, and Resilience
Ecosystems are dynamic in nature; their characteristics can vary over time. Disruptions to any physical or biological component of an ecosystem can lead to shifts in all its populations

	Crosscutting Concepts
	Stability and Change
Small changes in one part of a system might cause large changes in another part.


Connections to other DCIs in middle school: MS.LS4.C, MS.LS4.D, MS.ESS2.A, MS.ESS3.A, MS.ESS3.C
Articulation of DCIs across grade levels: 3.LS2.C, 3.LS4.D, HS.LS2.C, HS.LS4.C, HS.LS4.D, HS.ESS2.E, HS.ESS3.B, HS.ESS3.C
Connections to English Language Arts:
W.AW.6.1.	Write arguments on discipline-specific content (e.g., social studies, science, math, technical subjects, English/Language Arts) to support claims with clear reasons and relevant evidence. 
A. Introduce claim(s) about a topic or issue and organize the reasons and evidence logically. 
B. Support claim(s) with logical reasoning and relevant, accurate data and evidence, that demonstrate an understanding of the topic or text, using credible sources. 
C. Use words, phrases, and clauses to link and clarify the relationships among claim(s), reasons, and evidence. 
D. Establish and maintain a formal/academic style, approach, and form. 
E. Provide a concluding statement or section that follows from the argument presented.
Connections to Mathematics: N/A
Rubric:
1. Supported claims
a. Students make a claim to be supported about a given explanation or model for a phenomenon. In their claim, students include the idea that changes to physical or biological components of an ecosystem can affect the populations living there.
2. Identifying scientific evidence
a. Students identify and describe the given evidence (e.g., evidence from data, scientific literature) needed for supporting the claim, including evidence about:
i. Changes in the physical or biological components of an ecosystem, including the magnitude of the changes (e.g., data about rainfall, fires, predator removal, species introduction).
ii. Changes in the populations of an ecosystem, including the magnitude of the changes (e.g., changes in population size, types of species present, and relative prevalence of a species within the ecosystem).
iii. Evidence of causal and correlational relationships between changes in the components of an ecosystem with the changes in populations. 
b. Students use multiple valid and reliable sources of evidence.
3. Evaluating and critiquing the evidence
a. Students evaluate the given evidence, identifying the necessary and sufficient evidence for supporting the claim.
b. Students identify alternative interpretations of the evidence and describe why the evidence supports the student’s claim.
4. Reasoning and synthesis
a. Students use reasoning to connect the appropriate evidence to the claim and construct an oral or written argument about the causal relationship between physical and biological components of an ecosystem and changes in organism populations, based on patterns in the evidence. In the argument, students describe a chain of reasoning that includes:
i. Specific changes in the physical or biological components of an ecosystem cause changes that can affect the survival and reproductive likelihood of organisms within that ecosystem (e.g., scarcity of food or the elimination of a predator will alter the survival and reproductive probability of some organisms).
ii. Factors that affect the survival and reproduction of organisms can cause changes in the populations of those organisms. 
iii. Patterns in the evidence suggest that many different types of changes (e.g., changes in multiple types of physical and biological components) are correlated with changes in organism populations.
iv. Several consistent correlational patterns, along with the understanding of specific causal relationships between changes in the components of an ecosystem and changes in the survival and reproduction of organisms, suggest that many changes in physical or biological components of ecosystems can cause changes in populations of organisms. 
v. Some small changes in physical or biological components of an ecosystem are associated with large changes in a population, suggesting that small changes in one component of an ecosystem can cause large changes in another component.


MS-LS2-5.	Evaluate competing design solutions for maintaining biodiversity and ecosystem services. 
(Clarification Statement: Examples of ecosystem services could include water purification, nutrient recycling, and prevention of soil erosion. Examples of design solution constraints could include scientific, economic, and social considerations.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Engaging in Argument from Evidence
· Engaging in argument from evidence includes constructing a convincing argument that supports or refutes claims for either explanations or solutions about the natural and designed world(s).
· Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.

	Disciplinary Core Ideas
	LS2.C: Ecosystem Dynamics, Functioning, and Resilience
Biodiversity describes the variety of species found in Earth’s terrestrial and oceanic ecosystems. The completeness or integrity of an ecosystem’s biodiversity is often used as a measure of its health.
ETS2.B: Influence of Engineering, Technology, and Science on Society and the Natural World
All human activity draws on natural resources and has both short- and long-term consequences, positive as well as negative, for the health of both people and the natural environment. 
LS4.D: Biodiversity and Humans
Changes in biodiversity can influence humans’ resources, such as food, energy, and medicines, as well as ecosystem services that humans rely on, for example, water purification and recycling. 
ETS1.B: Developing Possible Solutions
There are systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a problem. 

	Crosscutting Concepts
	Stability and Change
Small changes in one part of a system might cause large changes in another part.
Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
The use of technologies and any limitations on their use are driven by individual or societal needs, desires, and values; by the findings of scientific research; and by differences in such factors as climate, natural resources, and economic conditions. Thus, technology use varies from region to region and over time.
Connections to Nature of Science
Science Addresses Questions About the Natural and Material World
Scientific knowledge can describe the consequences of actions but does not necessarily prescribe the decisions that society takes.


Connections to other DCIs in middle school: MS.ESS3.C
Articulation of DCIs across grade levels: HS.LS2.A, HS.LS2.C, HS.LS4.D, HS.ESS3.A, HS.ESS3.C, HS.ESS3.D
[bookmark: _Hlk215479727]Connections to English Language Arts:
RI.MF.6.6.	Integrate information when presented in different media or formats (e.g., visually, quantitatively) to develop a coherent understanding of a topic or issue.
RI.MF.7.6.	Compare and contrast texts to analyze the unique qualities of different mediums, including the integration of information from multiple formats and sources to develop deeper understanding of the concept, topic or subject and resolve conflicting information.
RI.MF.8.6.	Evaluate the choices made (by the authors, directors, or actors) when presenting an idea in different mediums and the advantages and disadvantages of using different mediums or formats (e.g., visually, quantitatively) to address a question or solve a problem.
Connections to Mathematics: 
MP.4.	Model with mathematics. 
6.RP.A.3.	Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of equivalent ratios, tape diagrams, double number line diagrams, or equations. For example: 
· Use ratios and unit rates as inputs for evaluating plans for maintaining biodiversity and ecosystem services (e.g., consider the net cost or net value of developing a wetland, using inputs such as the value of various wetland services in dollars per acre per year; in analyzing urban biodiversity, rank world cities by the amount of green space as a fraction of total land area; in analyzing social factors, determine the amount of green space per capita (m2 per person)).
Rubric:
1. Identifying the given design solution and supporting evidence 
a. Students identify and describe:
i. The given competing design solutions for maintaining biodiversity and ecosystem services. 
ii. The given problem involving biodiversity and/or ecosystem services that is being solved by the given design solutions, including information about why biodiversity and/or ecosystem services are necessary to maintaining a healthy ecosystem.
iii. The given evidence about performance of the given design solutions. 
2. Identifying any potential additional evidence that is relevant to the evaluation
a. Students identify and describe the additional evidence (in the form of data, information, or other appropriate forms) that is relevant to the problem, design solutions, and evaluation of the solutions, including: 
i. The variety of species (biodiversity) found in the given ecosystem.
ii. Factors that affect the stability of the biodiversity of the given ecosystem.
iii. Ecosystem services (e.g., water purification, nutrient recycling, prevention of soil erosion) that affect the stability of the system.
b. Students collaboratively define and describe criteria and constraints for the evaluation of the design solution.
3. Evaluating and critiquing the design solution
a. In their evaluations, students use scientific evidence to:
i. Compare the ability of each of the competing design solutions to maintain ecosystem stability and biodiversity.
ii. Clarify the strengths and weaknesses of the competing designs with respect to each criterion and constraint (e.g., scientific, social, and economic considerations).
iii. Assess possible side effects of the given design solutions on other aspects of the ecosystem, including the possibility that a small change in one component of an ecosystem can produce a large change in another component of the ecosystem.
[bookmark: ps3][bookmark: ls3]

[bookmark: _Toc219357112]LS3: Heredity: Inheritance and Variation of Traits
MS-LS3-1.	Develop and use a model to describe why structural changes to genes (mutations) located on chromosomes may affect proteins and may result in harmful, beneficial, or neutral effects to the structure and function of the organism. 
(Clarification Statement: Emphasis is on conceptual understanding that changes in genetic material may result in making different proteins.) 
(Assessment Boundary: Assessment does not include specific changes at the molecular level, mechanisms for protein synthesis, or specific types of mutations.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Modeling includes developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
· Develop and use a model to describe phenomena.

	Disciplinary Core Ideas
	LS3.A: Inheritance of Traits
Genes are located in the chromosomes of cells, with each chromosome pair containing two variants of each of many distinct genes. Each distinct gene chiefly controls the production of specific proteins, which in turn affects the traits of the individual. Changes (mutations) to genes can result in changes to proteins, which can affect the structures and functions of the organism and thereby change traits.
LS3.B: Variation of Traits
In addition to variations that arise from sexual reproduction, genetic information can be altered because of mutations. Though rare, mutations may result in changes to the structure and function of proteins. Some changes are beneficial, others harmful, and some neutral to the organism.

	Crosscutting Concepts
	Structure and Function
Complex and microscopic structures and systems can be visualized, modeled, and used to describe how their function depends on the shapes, composition, and relationships among its parts, therefore complex natural structures/systems can be analyzed to determine how they function.


Connections to other DCIs in middle school: MS.LS1.A, MS.LS4.A
Articulation of DCIs across grade levels: 3.LS3.A, 3.LS3.B, HS.LS1.A, HS.LS1.B, HS.LS3.A, HS.LS3.B


Connections to English Language Arts:
SL.UM.6.5.	Include multimedia components (e.g., graphics, images, music, sound) and visual displays in presentations to clarify information.
RI.CR.6.1.	Cite textual evidence and make relevant connections to support analysis of what an informational text says explicitly as well as inferences drawn from the text.
RI.MF.6.6.	Integrate information when presented in different media or formats (e.g., visually, quantitatively) to develop a coherent understanding of a topic or issue.
Connections to Mathematics: N/A
Rubric:
1. Components of the model
a. Students develop a model in which they identify the relevant components for making sense of a given phenomenon involving the relationship between mutations and the effects on the organism, including:
i. Genes, located on chromosomes.
ii. Proteins.
iii. Traits of organisms.
2. Relationships
a. In their model, students describe the relationships between components, including:
i. Every gene has a certain structure, which determines the structure of a specific set of proteins.
ii. Protein structure influences protein function (e.g., the structure of some blood proteins allows them to attach to oxygen, the structure of a normal digestive protein allows it break down particular food molecules).
iii. Observable organism traits (e.g., structural, functional, behavioral) result from the activity of proteins. 
3. Connections
a. Students use the model to describe that structural changes to genes (i.e., mutations) may result in observable effects at the level of the organism, including why structural changes to genes:
i. May affect protein structure and function.
ii. May affect how proteins contribute to observable structures and functions in organisms.
iii. May result in trait changes that are beneficial, harmful, or neutral for the organism. 
b. Students use the model to describe that beneficial, neutral, or harmful changes to protein function can cause beneficial, neutral, or harmful changes in the structure and function of organisms.


MS-LS3-2.	Develop and use a model to describe why asexual reproduction results in offspring with identical genetic information and sexual reproduction results in offspring with genetic variation. 
(Clarification Statement: Emphasis is on using models such as Punnett squares, diagrams, and simulations to describe the cause-and-effect relationship of gene transmission from parent(s) to offspring and resulting genetic variation.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Modeling includes developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
· Develop and use a model to describe phenomena.

	Disciplinary Core Ideas
	LS1.B: Growth and Development of Organisms
Organisms reproduce, either sexually or asexually, and transfer their genetic information to their offspring. (secondary)
LS3.A: Inheritance of Traits
Variations of inherited traits between parent and offspring arise from genetic differences that result from the subset of chromosomes (and therefore genes) inherited.
LS3.B: Variation of Traits
In sexually reproducing organisms, each parent contributes half of the genes acquired (at random) by the offspring. Individuals have two of each chromosome and hence two alleles of each gene, one acquired from each parent. These versions may be identical or may differ from each other.

	Crosscutting Concepts
	Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural systems.


Connections to other DCIs in middle school: N/A 
Articulation of DCIs across grade levels: 3.LS3.A, 3.LS3.B, HS.LS1.B, HS.LS3.A, HS.LS3.B
Connections to English Language Arts:
RI.CR.6.1.	Cite textual evidence and make relevant connections to support analysis of what an informational text says explicitly as well as inferences drawn from the text.
SL.UM.6.5.	Include multimedia components (e.g., graphics, images, music, sound) and visual displays in presentations to clarify information.
Connections to Mathematics: 
MP.4.	Model with mathematics. For example:
· Recognize a Punnett square as a component of a probability model, and compute simple probabilities from the model. 
· Use a computer to simulate the variation that comes from sexual reproduction, and determine probabilities of traits from the simulation.
6.SP.B.5	Summarize numerical data sets in relation to their context. 
a. Reporting the number of observations. 
b. Describing the nature of the attribute under investigation, including how it was measured and its units of measurement. 
c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered. 
d. Relating the choice of measures of center and variability to the shape of the data distribution and the context in which the data were gathered.
Rubric: 
1. Components of the model
a. Students develop a model (e.g., Punnett squares, diagrams, simulations) for a given phenomenon involving the differences in genetic variation that arise from sexual and asexual reproduction. In the model, students identify and describe the relevant components, including:
i. Chromosome pairs, including genetic variants, in asexual reproduction:
a) Parents
b) Offspring
ii. Chromosome pairs, including genetic variants, in sexual reproduction:
a) Parents
b) Offspring
2. Relationships
a. In their model, students describe the relationships between components, including:
i. During reproduction (both sexual and asexual), parents transfer genetic information in the form of genes to their offspring. 
ii. Under normal conditions, offspring have the same number of chromosomes, and therefore genes, as their parents.
iii. During asexual reproduction, a single parent’s chromosomes (one set) are the source of genetic material in the offspring.
iv. During sexual reproduction, two parents (two sets of chromosomes) contribute genetic material to the offspring.
3. Connections
a. Students use the model to describe a causal account for why sexual and asexual reproduction result in different amounts of genetic variation in offspring relative to their parents, including that:
i. In asexual reproduction:
a) Offspring have a single source of genetic information, and their chromosomes are complete copies of each single parent pair of chromosomes.
b) Offspring chromosomes are identical to parent chromosomes.
ii. In sexual reproduction:
a) Offspring have two sources of genetic information (i.e., two sets of chromosomes) that contribute to each final pair of chromosomes in the offspring.
b) Because both parents are likely to contribute different genetic information, offspring chromosomes reflect a combination of genetic material from two sources and therefore contain new combinations of genes (genetic variation) that make offspring chromosomes distinct from those of either parent. 
b. Students use cause-and-effect relationships found in the model between the type of reproduction and the resulting genetic variation to predict that more genetic variation occurs in organisms that reproduce sexually compared to organisms that reproduce asexually.


[bookmark: ls4][bookmark: _Toc219357113]LS4: Biological Evolution: Unity and Diversity
MS-LS4-1.	Analyze and interpret data for patterns in the fossil record that document the existence, diversity, extinction, and change of life forms throughout the history of life on Earth under the assumption that natural laws operate today as in the past. 
(Clarification Statement: Emphasis is on finding patterns of changes in the level of complexity of anatomical structures in organisms and the chronological order of fossil appearance in the rock layers.) 
(Assessment Boundary: Assessment does not include the names of individual species or geological eras in the fossil record.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Analyzing and Interpreting Data
· Analyzing data extends quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
· Analyze and interpret data to determine similarities and differences in findings.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based upon logical and conceptual connections between evidence and explanations.

	Disciplinary Core Ideas
	LS4.A: Evidence of Common Ancestry and Diversity
The collection of fossils and their placement in chronological order (e.g., through the location of the sedimentary layers in which they are found or through radioactive dating) is known as the fossil record. It documents the existence, diversity, extinction, and change of many life forms throughout the history of life on Earth.

	Crosscutting Concepts
	Patterns
Graphs, charts, and images can be used to identify patterns in data.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Science assumes that objects and events in natural systems occur in consistent patterns that are understandable through measurement and observation.


[bookmark: _PS4:_Waves_and]Connections to other DCIs in middle school: MS.ESS1.C, MS.ESS2.B
Articulation of DCIs across grade levels: 3.LS4.A, HS.LS4.A, HS.ESS1.C
Connections to English Language Arts:
SL.PI.6.4.	Present claims and findings, sequencing ideas logically and using pertinent descriptions, facts, and details to accentuate main ideas or themes; use appropriate speaking behaviors (e.g., eye contact, adequate volume, and clear pronunciation).


Connections to Mathematics: 
6.EE.B.6.	Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent an unknown number, or, depending on the purpose at hand, any number in a specified set. For example: 
· Quantify durations of time in interpreting the fossil record. 
· Use scientific notation for long intervals of time, or for dates in the distant past; also use convenient units (e.g., Myr, Gyr, Ma, Ga). (in Grade 8)
· Appreciate the spans of time involved in natural selection.
Rubric:
1. Organizing data
a. Students organize the given data (e.g., using tables, graphs, charts, images), including the appearance of specific types of fossilized organisms in the fossil record as a function of time, as determined by their locations in the sedimentary layers or the ages of rocks.
b. Students organize the data in a way that allows for the identification, analysis, and interpretation of similarities and differences in the data. 
2. Identifying relationships
a. Students identify:
i. Patterns between any given set of sedimentary layers and the relative ages of those layers.
ii. The time period(s) during which a given fossil organism is present in the fossil record.
iii. Periods of time for which changes in the presence or absence of large numbers of organisms or specific types of organisms can be observed in the fossil record (e.g., a fossil layer with very few organisms immediately next to a fossil layer with many types of organisms). 
iv. Patterns of changes in the level of complexity of anatomical structures in organisms in the fossil record, as a function of time.
3. Interpreting data
a. Students analyze and interpret the data to determine evidence for the existence, diversity, extinction, and change in life forms throughout the history of Earth, using the assumption that natural laws operate today as they would have in the past. Students use similarities and differences in the observed patterns to provide evidence for:
i. When mass extinctions occurred. 
ii. When organisms or types of organisms emerged, went extinct, or evolved.
iii. The long-term increase in the diversity and complexity of organisms on Earth.


MS-LS4-2.	Apply scientific ideas to construct an explanation for the anatomical similarities and differences among modern organisms and between modern and fossil organisms to infer evolutionary relationships. 
(Clarification Statement: Emphasis is on explanations of the evolutionary relationships among organisms in terms of similarity or differences of the gross appearance of anatomical structures.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories.
· Apply scientific ideas to construct an explanation for real-world phenomena, examples, or events.

	Disciplinary Core Ideas
	LS4.A: Evidence of Common Ancestry and Diversity
Anatomical similarities and differences between various organisms living today and between them and organisms in the fossil record, enable the reconstruction of evolutionary history and the inference of lines of evolutionary descent.

	Crosscutting Concepts
	Patterns
Patterns can be used to identify cause and effect relationships.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Science assumes that objects and events in natural systems occur in consistent patterns that are understandable through measurement and observation.


Connections to other DCIs in middle school: MS.LS3.A, MS.LS3.B, MS.ESS1.C
Articulation of DCIs across grade levels: 3.LS4.A, HS.LS4.A, HS.ESS1.C
Connections to English Language Arts:
SL.II.6.2.	Interpret information presented in diverse media and formats (e.g., visually, quantitatively, orally) and explain how it contributes to a topic, text, or issue under study. 
RI.TS.6.4.	Use text structures (e.g., cause-effect, problem-solution), search tools, and genre features (e.g., graphics, captions, indexes) to locate and integrate information.
W.IW.6.2.	Write informative/explanatory texts (including the narration of historical events, scientific procedures/ experiments, or technical processes) to examine a topic and convey ideas, concepts, and information through the selection, organization, and analysis of relevant content. 
A. Introduce a topic and organize ideas, concepts, and information, using text structures (e.g., definition, classification, comparison/contrast, cause/effect, etc.) and text features (e.g., headings, graphics, and multimedia) when useful to aid in comprehension. 
B. Develop the topic with relevant facts, definitions, concrete details, quotations, or other information and examples. 
C. Use appropriate transitions to clarify the relationships among ideas and concepts. 
D. Use precise language and domain-specific vocabulary to inform about or explain the topic. 
E.  Acknowledge and attempt a formal/academic style, approach, and form.
F. Provide a concluding statement or section (e.g., sentence, part of a paragraph, paragraph, or multiple paragraphs) that follows from and supports the information or explanation presented.
Connections to Mathematics: 
6.EE.B.6.	Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent an unknown number, or, depending on the purpose at hand, any number in a specified set. 
Rubric:
1. Articulating the explanation of phenomena
a. Students articulate a statement that relates a given phenomenon to scientific ideas, including the following ideas about similarities and differences in organisms and their evolutionary relationships:
i. Anatomical similarities and differences among organisms can be used to infer evolutionary relationships, including:
a) Among modern organisms.
b) Between modern and fossil organisms.
b. Students use evidence and reasoning to construct an explanation for the given phenomenon.
2. Evidence
a. Students identify and describe evidence (e.g., from students’ own investigations, observations, reading material, archived data, simulations) necessary for constructing the explanation, including similarities and differences in anatomical patterns in and between:
i. Modern, living organisms (e.g., skulls of modern crocodiles, skeletons of birds; features of modern whales and elephants).
ii. Fossilized organisms (e.g., skulls of fossilized crocodiles, fossilized dinosaurs).
3. Reasoning
a. Students use reasoning to connect the evidence to support an explanation. Students describe the following chain of reasoning for the explanation:
i. Organisms that share a pattern of anatomical features are likely to be more closely related than are organisms that do not share a pattern of anatomical features, due to the cause-and-effect relationship between genetic makeup and anatomy (e.g., although birds and insects both have wings, the organisms are structurally very different and not very closely related; the wings of birds and bats are structurally similar, and the organisms are more closely related; the limbs of horses and zebras are structurally very similar, and they are more closely related than are birds and bats or birds and insects). 
ii. Changes over time in the anatomical features observable in the fossil record can be used to infer lines of evolutionary descent by linking extinct organisms to living organisms through a series of fossilized organisms that share a basic set of anatomical features.
[bookmark: _Hlk166246602]

MS-LS4-3.	Analyze displays of pictorial data to compare patterns of similarities in the embryological development across multiple species to identify relationships not evident in the fully formed anatomy. 
(Clarification Statement: Emphasis is on inferring general patterns of relatedness among embryos of different organisms by comparing the macroscopic appearance of diagrams or pictures.) 
(Assessment Boundary: Assessment of comparisons is limited to gross appearance of anatomical structures in embryological development.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Analyzing and Interpreting Data
· Analyzing data extends quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
· Analyze displays of data to identify linear and nonlinear relationships.

	Disciplinary Core Ideas
	LS4.A: Evidence of Common Ancestry and Diversity
Anatomical similarities and differences between various organisms living today and between them and organisms in the fossil record enable the reconstruction of evolutionary history and the inference of lines of evolutionary descent. Comparison of the embryological development of different species also reveals similarities that show relationships not evident in the fully formed anatomy.

	Crosscutting Concepts
	Patterns
Graphs, charts, and images can be used to identify patterns in data.


Connections to other DCIs in middle school: N/A 
Articulation of DCIs across grade levels: HS.LS4.A
Connections to English Language Arts:
W.IW.6.2.	Write informative/explanatory texts (including the narration of historical events, scientific procedures/ experiments, or technical processes) to examine a topic and convey ideas, concepts, and information through the selection, organization, and analysis of relevant content.
SL.PI.6.4.	Present claims and findings, sequencing ideas logically and using pertinent descriptions, facts, and details to accentuate main ideas or themes; use appropriate speaking behaviors (e.g., eye contact, adequate volume, and clear pronunciation).)
Connections to Mathematics: N/A
Rubric:
1. Organizing data
a. Students organize the given displays of pictorial data of embryos by developmental stage and by organism (e.g., early, middle, just prior to birth) to allow for the identification, analysis, and interpretation of relationships in the data.
2. Identifying relationships
a. Students analyze their organized pictorial displays to identify linear and nonlinear relationships, including:
i.	Patterns of similarities in embryos across species (e.g., early mammal embryos and early fish embryos both contain gill slits; whale embryos and the embryos of land animals — even some snakes — have hind limbs).
ii.	Patterns of changes as embryos develop (e.g., mammal embryos lose their gill slits, but the gill slits develop into gills in fish).
3. Interpreting data
a. Students use patterns of similarities and changes in embryo development to describe evidence for relatedness among apparently diverse species, including similarities that are not evident in the fully formed anatomy (e.g., mammals and fish are more closely related than they appear to be based on their adult features, whales are related to land animals).


MS-LS4-4.	Construct an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of surviving and reproducing in a specific environment. 
(Clarification Statement: Emphasis is on using simple probability statements and proportional reasoning to construct explanations.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories.
· Construct an explanation that includes qualitative or quantitative relationships between variables that describe phenomena.

	Disciplinary Core Ideas
	LS4.B: Natural Selection
Genetic variations among individuals in a population give some individuals an advantage in surviving and reproducing in their environment. This is known as natural selection. It leads to the predominance of certain traits in a population and the suppression of others. 

	Crosscutting Concepts
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


Connections to other DCIs in middle school: MS.LS2.A, MS.LS3.A, MS.LS3.B
Articulation of DCIs across grade levels: 3.LS3.B, 3.LS4.B, HS.LS2.A, HS.LS3.B, HS.LS4.B, HS.LS4.C
Connections to English Language Arts:
RI.CT.6.8.	Compare and contrast informational texts in different forms, by different authors, or from different genres (e.g., a memoir written by and a biography on the same person, historical novels and primary source documents, infographics, and scientific journals) in terms of their approaches to similar themes and topics.
RI.CT.6.8.	Compare and contrast informational texts in different forms, by different authors, or from different genres (e.g., a memoir written by and a biography on the same person, historical novels and primary source documents, infographics, and scientific journals) in terms of their approaches to similar themes and topics.
Connections to Mathematics: 
6.RP.A.1	Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For example: 
•	Apply several ratios in combination to determine a net survival rate. For example, if 50 animals in a population have trait A while 50 have trait B, and each winter the survival rates are 80% for trait A and 60% for trait B, then how many of the animals with each trait will be alive after 1 winter? How about after 2 winters? 6 winters? 
•	Use scaled histograms to summarize the results of a simulation of natural selection over many generations. 
•	For Grade 7 or 8: Use probability language and concepts when explaining how variation in traits among a population leads to an increase in some traits in the population and a decrease in others.
6.SP.B.5	Summarize numerical data sets in relation to their context. .
a. Reporting the number of observations. 
b. Describing the nature of the attribute under investigation, including how it was measured and its units of measurement. 
c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered. 
d. Relating the choice of measures of center and variability to the shape of the data distribution and the context in which the data were gathered
Rubric:
1. Articulating the explanation for phenomena
a. Students articulate a statement that relates the given phenomenon to scientific ideas about the cause-and-effect relationship between the inheritance of traits increasing the chances of successful reproduction and natural selection.
b. Students use evidence and reasoning to construct an explanation for the given phenomenon. 
2. Evidence
a. Students identify and describe given evidence (e.g., from students’ own investigations, observations, reading materials, archived data) necessary for constructing the explanation, including:
i. Individuals in a species have genetic variation that can be passed on to their offspring.
ii. The probability of a specific organism surviving and reproducing in a specific environment.
iii. The traits (i.e., specific variations of a characteristic) and the cause-and-effect relationships between those traits and the probability of survival and reproduction of a given organism in a specific environment.
iv. The particular genetic variations (associated with those traits) that are carried by that organism.
3. Reasoning
a. Students use reasoning to connect the evidence and support an explanation that describes the relationship between genetic variation and the success of organisms in a specific environment. Students describe a chain of reasoning that includes:
i. Any population in a given environment contains a variety of available, inheritable genetic traits.
ii. For a specific environment (e.g., different environments may have limited food availability, predators, nesting site availability, light availability), some traits confer advantages that make it more probable that an organism will be able to survive and reproduce there.
iii. In a population, there is a cause-and-effect relationship between the variation of traits and the probability that specific organisms will be able to survive and reproduce.
iv. Variation of traits is a result of genetic variations occurring in the population. 
v. The proportion of individual organisms that have genetic variations and traits that are advantageous in a particular environment will increase from generation to generation due to natural selection because the probability that those individuals will survive and reproduce is greater.
vi. Similarly, the proportion of individual organisms that have genetic variations and traits that are disadvantageous in a particular environment will be less likely to survive, and the disadvantageous traits will decrease from generation to generation due to natural selection.


MS-LS4-5.	Gather and synthesize information about the technologies that have changed the way humans influence the inheritance of desired traits in organisms. 
(Clarification Statement: Emphasis is on synthesizing information from reliable sources about the influence of humans on genetic outcomes in artificial selection [such as genetic modification, animal husbandry, gene therapy]; and on the impacts these technologies have on society as well as the technologies leading to these scientific discoveries.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Obtaining, Evaluating, and Communicating Information
· Obtaining, evaluating, and communicating information includes evaluating the merit and validity of ideas and methods.
· Gather, read, and synthesize information from multiple appropriate sources and assess the credibility, accuracy, and possible bias of each publication and methods used, and describe how they are supported or not supported by evidence.

	Disciplinary Core Ideas
	LS4.B: Natural Selection
In artificial selection, humans have the capacity to influence certain characteristics of organisms by selective breeding. One can choose desired parental traits determined by genes, which are then passed on to offspring.

	Crosscutting Concepts
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.
Connections to Engineering, Technology, and Applications of Science
Interdependence of Science, Engineering, and Technology
Engineering advances have led to important discoveries in virtually every field of science, and scientific discoveries have led to the development of entire industries and engineered systems.
Connections to Nature of Science
Science Addresses Questions About the Natural and Material World
Scientific knowledge can describe the consequences of actions but does not necessarily prescribe the decisions that society takes


Connections to other DCIs in middle school: N/A 
Articulation of DCIs across grade levels: HS.LS3.B, HS.LS4.C
Connections to English Language Arts:
W.SE.6.6.	Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and providing basic bibliographic information for sources. 
SL.PE.6.1.	Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on others’ ideas and expressing their own clearly. 
A. Come to discussions prepared, having read or studied required material; explicitly draw on that preparation by referring to evidence on the topic, text, or issue to probe and reflect on ideas under discussion.
B. Follow rules for collegial discussions, set specific goals and deadlines, and define individual roles as needed. 
C. Pose and respond to specific questions with elaboration and detail by making comments that contribute to the topic, text, or issue under discussion. 
D. Review the key ideas expressed and demonstrate understanding of multiple perspectives through reflection and paraphrasing.
Connections to Mathematics: N/A
Rubric:
1. Obtaining information
a. Students gather information about at least two technologies that have changed the way humans influence the inheritance of desired traits in plants and animals through artificial selection by choosing desired parental traits determined by genes, which are then often passed on to offspring. Examples could include gene therapy, genetic modification, and selective breeding of plants and animals.
b. Students use at least two appropriate and reliable sources of information for investigating each technology.
2. Evaluating information
a. Students assess the credibility, accuracy, and possible bias of each publication and method used in the information they gather.
b. Students use their knowledge of artificial selection and additional sources to describe how the information they gather is or is not supported by evidence. 
c. Students synthesize the information from multiple sources to provide examples of how technologies have changed the ways that humans are able to influence the inheritance of desired traits in organisms.
d. Students use the information to identify and describe how a better understanding of cause-and-effect relationships in how traits occur in organisms has led to advances in technology that provide a higher probability of being able to influence the inheritance of desired traits in organisms.


MS-LS4-6.	Use mathematical representations to support explanations of how natural selection may lead to increases and decreases of specific traits in populations over time. 
(Clarification Statement: Emphasis is on using mathematical models, probability statements, and proportional reasoning to support explanations of trends in changes to populations over time.) 
(Assessment Boundary: Assessment does not include Hardy Weinberg calculations.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Using Mathematics and Computational Thinking
· Mathematical and computational thinking includes identifying patterns in large data sets and using mathematical concepts to support explanations and arguments.
· Use mathematical representations to support scientific conclusions and design solutions.

	Disciplinary Core Ideas
	LS4.C: Adaptation
Adaptation by natural selection acting over generations is one important process by which species change over time in response to changes in environmental conditions. Traits that support successful survival and reproduction in the new environment become more common; those that do not become less common. Thus, the distribution of traits in a population changes. In separated populations with different conditions, the changes can be large enough that the populations, provided they remain separated (a process called reproductive isolation), evolve to become separate species.

	Crosscutting Concepts
	Cause and Effect
Phenomena may have more than one cause, and some cause and effect relationships in systems can only be described using probability.


Connections to other DCIs in middle school: N/A 
Articulation of DCIs across grade levels: HS.LS1.A
Connections to English Language Arts:
SL.UM.6.5.	Include multimedia components (e.g., graphics, images, music, sound) and visual displays in presentations to clarify information.
SL.UM.7.5.	Include multimedia components and visual displays in presentations to clarify claims and findings and emphasize salient points.
SL.UM.8.5.	Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest.
Connections to Mathematics: 
MP.4.	Model with mathematics. 
6.RP.A.1	Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. 
6.SP.B.5.	Summarize numerical data sets in relation to their context, such as by:
a. Reporting the number of observations. 
b. Describing the nature of the attribute under investigation, including how it was measured and its units of measurement. 
c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered. 
d. Relating the choice of measures of center and variability to the shape of the data distribution and the context in which the data were gathered. 
Rubric:
1. Representation
a. Students identify the explanations for phenomena that they will support, which include:
i. Characteristics of a species change over time (i.e., over generations) through adaptation by natural selection in response to changes in environmental conditions.
ii. Traits that better support survival and reproduction in a new environment become more common within a population within that environment.
iii. Traits that do not support survival and reproduction as well become less common within a population in that environment.
iv. When environmental shifts are too extreme, populations do not have time to adapt and may become extinct.
b. From given mathematical and/or computational representations of phenomena, students identify the relevant components, including: 
i. Population changes (e.g., trends, averages, histograms, graphs, spreadsheets) gathered from historical data or simulations. 
ii. The distribution of specific traits over time from data and/or simulations. 
iii. Environmental conditions (e.g., climate, resource availability) over time from data and/or simulations.
2. Mathematical Modeling
a. Students use the given mathematical and/or computational representations (e.g., trends, averages, histograms, graphs, spreadsheets) of the phenomenon to identify relationships in the data and/or simulations, including:
i. Changes and trends over time in the distribution of traits within a population. 
i. Multiple cause-and-effect relationships between environmental conditions and natural selection in a population.
ii. The increases or decreases of some traits within a population can have more than one environmental cause. 
3. Analysis
a. Students analyze the mathematical and/or computational representations to provide and describe evidence that distributions of traits in populations change over time in response to changes in environmental conditions. Students synthesize their analysis together with scientific information about natural selection to describe that species adapt through natural selection. This results in changes in the distribution of traits within a population and in the probability that any given organism will carry a particular trait. 
b. Students use the analysis of the mathematical and/or computational representations (including proportional reasoning) as evidence to support the explanations that:
i. Through natural selection, traits that better support survival and reproduction are more common in a population than those traits that are less effective. 
ii. Populations are not always able to adapt and survive because adaptation by natural selection occurs over generations.
c. Based on their analysis, students describe that because there are multiple cause-and-effect relationships contributing to the phenomenon, for each different cause it is not possible to predict with 100% certainty what will happen.
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