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Nevada Academic Content Standards – Science Resource Page
The resources below have been created to assist teachers' understanding and to aid instruction of this standard


Topic Big Question:
How can there be so many similarities among organisms yet so many different kinds of plants, animals, and microorganisms?
Sub-question: What evidence shows that different species are related?
Sub-question: How does genetic variation among organisms affect survival and reproduction?
Sub-question: How does the environment influence populations of organisms over multiple generations?

Topic: 
HS. Natural Selection and Evolution

Represented Performance Expectations in this Topic:
HS-LS4-1	Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence.
HS-LS4-2	Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the environment.
HS-LS4-3	Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait.
HS-LS4-4	Construct an explanation based on evidence for how natural selection leads to adaptation of populations.
HS-LS4-5	Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the extinction of other species.

Storyline: 
The performance expectations in the topic Natural Selection and Evolution help students answer the questions: “How can there be so many similarities among organisms yet so many different plants, animals, and microorganisms? How does biodiversity affect humans?” High school students can investigate patterns to find the relationship between the environment and natural selection. Students demonstrate understanding of the factors causing natural selection and the process of evolution of species over time. They demonstrate understanding of how multiple lines of evidence contribute to the strength of scientific theories of natural selection and evolution. Students can demonstrate an understanding of the processes that change the distribution of traits in a population over time and describe extensive scientific evidence ranging from the fossil record to genetic relationships among species that support the theory of biological evolution. Students can use models, apply statistics, analyze data, and produce scientific communications about evolution. Understanding of the crosscutting concepts of patterns, scale, structure and function, and cause and effect supports the development of a deeper understanding of this topic.

Framework Dimensions:
This topic uses the dimensions listed in the table below. Other dimensions may be included during instruction; however, the dimensions listed in the table below are central to the topic.

	How do kids engage in science and engineering?
	What do kids need to know?
	How do kids learn and understand these ideas?

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	
Analyzing and Interpreting Data

Constructing Explanations and Designing Solutions 

Engaging in Argument form Evidence

Obtaining, Evaluating, and Communicating Information
	LS4.A: Evidence of Common Ancestry and Diversity

LS4.B: Natural Selection

LS4.C: Adaptation
	Patterns

Cause and Effect





NVACS for Science Guides are based on content from the Next Generation Science Standards, NGSS Appendices, and A Framework for K-12 Science Education.

NGSS Lead States. (2013). Next Generation Science Standards: For States, By States.

Schweingruber, H., Keller, T., & Quinn, H. (Eds.). (2012). A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. National Academies Press.
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Big Question: 
What evidence shows that different species are related?

Topic:  Natural Selection and Evolution

	What should kids be able to do after learning?
	HS-LS4-1
	Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence.

	What could this look like?
	Clarification Statement:
	Emphasis is on a conceptual understanding of the role each line of evidence has relating to common ancestry and biological evolution. Examples of evidence could include similarities in DNA sequences, anatomical structures, and order of appearance of structures in embryological development.

	How far should I go with this?
	Assessment Boundary:
	None indicated

	How do kids engage in science and engineering?
	What do kids need to know?
	How do kids learn and understand these ideas?

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9–12 builds on K–8 and progresses to evaluating the validity and reliability of the claims, methods, and designs.
· Communicate scientific information (e.g., about phenomena and/or the process of development and the design and performance of a proposed process or system) in multiple formats (including orally, graphically, textually , and mathematically ). (HS-LS4-1)
	LS4.A: Evidence of Common Ancestry and Diversity
· Genetic information provides evidence of evolution. DNA sequences vary among species, but there are many overlaps; in fact, the ongoing branching that produces multiple lines of descent can be inferred by comparing the DNA sequences of different organisms. Such information is also derivable from the similarities and differences in amino acid sequences and from anatomical and embryological evidence. (HS-LS4-1)
	Patterns
· Different patterns may be observed at each of the scales at which a system is studied and can provide evidence for causality in explanations of phenomena. (HS-LS4-1)



Nevada Academic Content Standards for Mathematics and English Language Arts Connections:
Through explicit teaching to target the central learning intended within the Performance Expectation above the following ELA and Mathematics content standards can be integrated for a more connected learning. 

	ELA
	RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-LS4-1)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-LS4-1)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS4-1)
SL.11-12.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use appropriate eye contact, adequate volume, and clear pronunciation. (HS-LS4-1)

	Mathematics
	MP.2 Reason abstractly and quantitatively. (HS-LS4-1)







Big Question: What evidence shows that different species are related?


Topic: Natural Selection and Evolution


Performance Expectation: HS-LS4-1 - Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence.

What does mastery look like? (This is the academic vocabulary to be used in context) 

Obtaining, Evaluating, and Communicating Information
In high school, students should be able to:
· Use words, tables, diagrams, and graphs (whether in hard copy or electronically), as well as mathematical expressions, to communicate their understanding or to ask questions about a system under study.
· Read scientific and engineering text, including tables, diagrams, and graphs, commensurate with their scientific knowledge and explain the key ideas being communicated.
· Recognize the major features of scientific and engineering writing and speaking and be able to produce written and illustrated text or oral presentations that communicate their own ideas and accomplishments.
· Engage in a critical reading of primary scientific literature (adapted for classroom use) or of media reports of science and discuss the validity and reliability of the data, hypotheses, and conclusions.

Evidence of Common Ancestry and Diversity
In high school, students should understand:
· Genetic information, like the fossil record, also provides evidence of evolution. DNA sequences vary among species, but there are many overlaps; in fact, the ongoing branching that produces multiple lines of descent can be inferred by comparing the DNA sequences of different organisms. Such information is also derivable from the similarities and differences in amino acid sequences and from anatomical and embryological evidence.

Patterns
In high school, students should be able to:
· Recognize that different patterns may be observed at each of the scales at which a system is studied. Thus classifications used at one scale may fail or need revision when information from smaller or larger scales is introduced (e.g., classifications based on DNA comparisons versus those based on visible characteristics).

What resources can help me?
Video Links – 
Obtaining, Evaluating, and Communicating Information: http://www.bozemanscience.com/ngs-obtaining-evaluating-communicating-information 
Evidence of Common Ancestry and Diversity: http://www.bozemanscience.com/ngs-ls4a-evidence-of-common-ancestry-diversity 
Patterns: http://www.bozemanscience.com/ngs-patterns 

Classroom Resources – 
NSSTA Lessons – http://www.nvscience.org/index.html 
NSTA Curators Project – http://ngss.nsta.org/DisplayStandard.aspx?view=topic&id=49 

RPDP Content Help – (courses and content)
SNRPDP – 
Courses: http://www.rpdp.net/coursecatalogs.html# 
Content Support: http://www.rpdp.net/show.php?action=show&type=Science+High+School 
NWRPDP – 
Courses/Content: http://nwrpdp.com/ 
NNRPDP – 
Courses/Content: http://nnrpdp.com/ 



Big Questions: 
How does genetic variation among organisms affect survival and reproduction?
How does the environment influence populations of organisms over multiple generations?


Topic: Natural Selection and Evolution

	What should kids be able to do after learning?
	HS-LS4-2
	Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the environment.

	What could this look like?
	Clarification Statement:
	Emphasis is on using evidence to explain the influence each of the four factors has on number of organisms, behaviors, morphology, or physiology in terms of ability to compete for limited resources and subsequent survival of individuals and adaptation of species. Examples of evidence could include mathematical models such as simple distribution graphs and proportional reasoning.

	How far should I go with this?
	Assessment Boundary:
	Assessment does not include other mechanisms of evolution, such as genetic drift, gene flow through migration, and co-evolution.

	How do kids engage in science and engineering?
	What do kids need to know?
	How do kids learn and understand these ideas?

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
· Construct an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review ) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future. (HS-LS4-2)
	LS4.B: Natural Selection
· Natural selection occurs only if there is both (1) variation in the genetic information between organisms in a population and (2) variation in the expression of that genetic information—that is, trait variation—that leads to differences in performance among individuals. (HS-LS4-2)
LS4.A: Adaptation
· Evolution is a consequence of the interaction of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the ensuing proliferation of those organisms that are better able to survive and reproduce in that environment. (HS-LS4-2)
	Cause and Effect
· Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. (HS-LS4-2)



Nevada Academic Content Standards for Mathematics and English Language Arts Connections:
Through explicit teaching to target the central learning intended within the Performance Expectation above the following ELA and Mathematics content standards can be integrated for a more connected learning. 

	ELA
	RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-LS4-2)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-LS4-2)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS4-2)
SL.11-12.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use appropriate eye contact, adequate volume, and clear pronunciation. (HS-LS4-2)

	Mathematics
	MP.2 Reason abstractly and quantitatively. (HS-LS4-2)
MP.4 Model with mathematics. (HS-LS4-2)


Big Question: How does genetic variation among organisms affect survival and reproduction?
          How does the environment influence populations of organisms over multiple generations?

Topic: Natural Selection and Evolution

Performance Expectation: HS-LS4-2 - Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the environment.

What does mastery look like? (This is the academic vocabulary to be used in context) 
Constructing Explanations and Designing Solutions
In high school, students should be able to:
· Construct their own explanations of phenomena using their knowledge of accepted scientific theory and linking it to models and evidence.
· Use primary or secondary scientific evidence and models to support or refute an explanatory account of a phenomenon.
· Offer causal explanations appropriate to their level of scientific knowledge.
· Identify gaps or weaknesses in explanatory accounts (their own or those of others). 
In their experience of engineering, students should have the opportunity to:
· Solve design problems by appropriately applying their scientific knowledge.
· Undertake design projects, engaging in all steps of the design cycle and producing a plan that meets specific design criteria.
· Construct a device or implement a design solution.
· Evaluate and critique competing design solutions based on jointly developed and agreed-on design criteria.
Natural Selection and Adaptation
In high school, students should understand:
· Natural selection occurs only if there is both (1) variation in the genetic information between organisms in a population and (2) variation in the expression of that genetic information—that is, trait variation—that leads to differences in performance among individuals. The traits that positively affect survival are more likely to be reproduced and thus are more common in the population.
· Natural selection is the result of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the ensuing proliferation of those organisms that are better able to survive and reproduce in that environment. Natural selection leads to adaptation—that is, to a population dominated by organisms that are anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific environment. That is, the differential survival and reproduction of organisms in a population that have an advantageous heritable trait leads to an increase in the proportion of individuals in future generations that have the trait and to a decrease in the proportion of individuals that do not. Adaptation also means that the distribution of traits in a population can change when conditions change. Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline—and sometimes the extinction—of some species. Species become extinct because they can no longer survive and reproduce in their altered environment. If members cannot adjust to change that is too fast or too drastic, the opportunity for the species’ evolution is lost.
Cause and Effect
In high school, students should be able to:
· Argumentation, starting from students’ own explanations, of cause and effect can help them appreciate standard scientific theories that explain the causal mechanisms in the systems under study. Strategies for this type of instruction include asking students to argue from evidence when attributing an observed phenomenon to a specific cause.
What resources can help me?
Video Links – 
Constructing Explanations and Designing Solutions: http://www.bozemanscience.com/ngs-constructing-explanations-designed-solutions 
Natural Selection and Adaptation: http://www.bozemanscience.com/ngs-ls4b-natural-selection ; http://www.bozemanscience.com/ngs-ls4c-adaptation 
Cause and Effect: http://www.bozemanscience.com/ngs-cause-effect-mechanism-and-explanation 
Classroom Resources – 
NSSTA Lessons – http://www.nvscience.org/index.html 
NSTA Curators Project – http://ngss.nsta.org/DisplayStandard.aspx?view=topic&id=49 
RPDP Content Help – (courses and content)
SNRPDP – 
Courses: http://www.rpdp.net/coursecatalogs.html# 
Content Support: http://www.rpdp.net/show.php?action=show&type=Science+High+School 
NWRPDP – 
Courses/Content: http://nwrpdp.com/ 
NNRPDP – 
Courses/Content: http://nnrpdp.com/ 
Big Questions: 
How does genetic variation among organisms affect survival and reproduction?
How does the environment influence populations of organisms over multiple generations?

Topic: Natural Selection and Evolution

	What should kids be able to do after learning?
	HS-LS4-3
	Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait.

	What could this look like?
	Clarification Statement:
	Emphasis is on analyzing shifts in numerical distribution of traits and using these shifts as evidence to support explanations.

	How far should I go with this?
	Assessment Boundary:
	Assessment is limited to basic statistical and graphical analysis. Assessment does not include allele frequency calculations.

	How do kids engage in science and engineering?
	What do kids need to know?
	How do kids learn and understand these ideas?

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 9–12 builds on K–8 and progresses to introducing more detailed statistical analysis, the comparison of data sets for consistency, and the use of models to generate and analyze data.
· Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in order to make valid and reliable scientific claims or determine an optimal design solution. (HS-LS4-3)
	LS4.B: Natural Selection
· Natural selection occurs only if there is both (1) variation in the genetic information between organisms in a population and (2) variation in the expression of that genetic information—that is, trait variation—that leads to differences in performance among individuals. (HS-LS4-3)
· The traits that positively affect survival are more likely to be reproduced, and thus are more common in the population. (HS-LS4-3)
LS4.A: Adaptation
· Natural selection leads to adaptation, that is, to a population dominated by organisms that are anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific environment. That is, the differential survival and reproduction of organisms in a population that have an advantageous heritable trait leads to an increase in the proportion of individuals in future generations that have the trait and to a decrease in the proportion of individuals that do not. (HS-LS4-3)
· Adaptation also means that the distribution of traits in a population can change when conditions change. (HS-LS4-3)
	Cause and Effect
· Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. (HS-LS4-3)



Nevada Academic Content Standards for Mathematics and English Language Arts Connections:
Through explicit teaching to target the central learning intended within the Performance Expectation above the following ELA and Mathematics content standards can be integrated for a more connected learning. 

	ELA
	RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-LS4-3)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-LS4-3)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS4-3)

	Mathematics
	MP.2 Reason abstractly and quantitatively. (HS-LS4-3)




Big Question: How does genetic variation among organisms affect survival and reproduction?; How does the environment influence populations of organisms over multiple generations?

Topic: Natural Selection and Evolution
Performance Expectation: HS-LS4-3 - Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait.
What does mastery look like? (This is the academic vocabulary to be used in context) 
Analyzing and Interpreting Data
In high school, students should be able to:
· Analyze data systematically, either to look for salient patterns or to test whether data are consistent with an initial hypothesis.
· Recognize when data are in conflict with expectations and consider what revisions in the initial model are needed.
· Use spreadsheets, databases, tables, charts, graphs, statistics, mathematics, and information and computer technology to collate, summarize, and display data and to explore relationships between variables, especially those representing input and output.
· Evaluate the strength of a conclusion that can be inferred from any data set, using appropriate grade-level mathematical and statistical techniques.
· Recognize patterns in data that suggest relationships worth investigating further. Distinguish between causal and correlational relationships.
· Collect data from physical models and analyze the performance of a design under a range of conditions.

Natural Selection and Adaptation
In high school, students should understand:
· Natural selection occurs only if there is both (1) variation in the genetic information between organisms in a population and (2) variation in the expression of that genetic information—that is, trait variation—that leads to differences in performance among individuals. The traits that positively affect survival are more likely to be reproduced and thus are more common in the population.
· Natural selection is the result of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the ensuing proliferation of those organisms that are better able to survive and reproduce in that environment. Natural selection leads to adaptation—that is, to a population dominated by organisms that are anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific environment. That is, the differential survival and reproduction of organisms in a population that have an advantageous heritable trait leads to an increase in the proportion of individuals in future generations that have the trait and to a decrease in the proportion of individuals that do not. Adaptation also means that the distribution of traits in a population can change when conditions change. Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline—and sometimes the extinction—of some species. Species become extinct because they can no longer survive and reproduce in their altered environment. If members cannot adjust to change that is too fast or too drastic, the opportunity for the species’ evolution is lost.
Cause and Effect
In high school, students should be able to:
· Argumentation, starting from students’ own explanations, of cause and effect can help them appreciate standard scientific theories that explain the causal mechanisms in the systems under study. Strategies for this type of instruction include asking students to argue from evidence when attributing an observed phenomenon to a specific cause.
What resources can help me?
Video Links – 
Analyzing and Interpreting Data: http://www.bozemanscience.com/ngss-analyzing-interpreting-data 
Natural Selection and Adaptation: http://www.bozemanscience.com/ngs-ls4b-natural-selection ; http://www.bozemanscience.com/ngs-ls4c-adaptation 
Cause and Effect: http://www.bozemanscience.com/ngs-cause-effect-mechanism-and-explanation 
Classroom Resources – 
NSSTA Lessons – http://www.nvscience.org/index.html 
NSTA Curators Project – http://ngss.nsta.org/DisplayStandard.aspx?view=topic&id=49 
RPDP Content Help – (courses and content)
SNRPDP – 
Courses: http://www.rpdp.net/coursecatalogs.html# 
Content Support: http://www.rpdp.net/show.php?action=show&type=Science+High+School 
NWRPDP – 
Courses/Content: http://nwrpdp.com/ 
NNRPDP – 
Courses/Content: http://nnrpdp.com/ 
Big Question: How does the environment influence populations of organisms over multiple generations?

Topic: HS. Natural Selection and Evolution

	What should kids be able to do after learning?
	HS-LS4-4
	Construct an explanation based on evidence for how natural selection leads to adaptation of populations.

	What could this look like?
	Clarification Statement:
	Emphasis is on using data to provide evidence for how specific biotic and abiotic differences in ecosystems (such as ranges of seasonal temperature, long-term climate change, acidity, light, geographic barriers, or evolution of other organisms) contribute to a change in gene frequency over time, leading to adaptation of populations.

	How far should I go with this?
	Assessment Boundary:
	None indicated

	How do kids engage in science and engineering?
	What do kids need to know?
	How do kids learn and understand these ideas?

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

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

	Cause and Effect
· Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. (HS-LS4-4)



Nevada Academic Content Standards for Mathematics and English Language Arts Connections:
Through explicit teaching to target the central learning intended within the Performance Expectation above the following ELA and Mathematics content standards can be integrated for a more connected learning. 

	ELA
	RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-LS4-4)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-LS4-4)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS4-4)

	Mathematics
	MP.2 Reason abstractly and quantitatively. (HS-LS4-4)











Big Question: How does the environment influence populations of organisms over multiple generations?

Topic: Natural Selection and Evolution

Performance Expectation: HS-LS4-4 - Construct an explanation based on evidence for how natural selection leads to adaptation of populations.

What does mastery look like? (This is the academic vocabulary to be used in context) 

Constructing Explanations and Designing Solutions
In high school, students should be able to:
· Construct their own explanations of phenomena using their knowledge of accepted scientific theory and linking it to models and evidence.
· Use primary or secondary scientific evidence and models to support or refute an explanatory account of a phenomenon.
· Offer causal explanations appropriate to their level of scientific knowledge.
· Identify gaps or weaknesses in explanatory accounts (their own or those of others). 
In their experience of engineering, students should have the opportunity to:
· Solve design problems by appropriately applying their scientific knowledge.
· Undertake design projects, engaging in all steps of the design cycle and producing a plan that meets specific design criteria.
· Construct a device or implement a design solution.
· Evaluate and critique competing design solutions based on jointly developed and agreed-on design criteria.
Adaptation
In high school, students should understand:
· Natural selection is the result of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the ensuing proliferation of those organisms that are better able to survive and reproduce in that environment. Natural selection leads to adaptation—that is, to a population dominated by organisms that are anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific environment. That is, the differential survival and reproduction of organisms in a population that have an advantageous heritable trait leads to an increase in the proportion of individuals in future generations that have the trait and to a decrease in the proportion of individuals that do not. Adaptation also means that the distribution of traits in a population can change when conditions change. Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline—and sometimes the extinction—of some species. Species become extinct because they can no longer survive and reproduce in their altered environment. If members cannot adjust to change that is too fast or too drastic, the opportunity for the species’ evolution is lost.
Cause and Effect
In high school, students should be able to:
· Argumentation, starting from students’ own explanations, of cause and effect can help them appreciate standard scientific theories that explain the causal mechanisms in the systems under study. Strategies for this type of instruction include asking students to argue from evidence when attributing an observed phenomenon to a specific cause.
What resources can help me?
Video Links – 
Constructing Explanations and Designing Solutions: http://www.bozemanscience.com/ngs-constructing-explanations-designed-solutions 
Adaptation: http://www.bozemanscience.com/ngs-ls4c-adaptation 
Cause and Effect: http://www.bozemanscience.com/ngs-cause-effect-mechanism-and-explanation 
Classroom Resources – 
NSSTA Lessons – http://www.nvscience.org/index.html 
NSTA Curators Project – http://ngss.nsta.org/DisplayStandard.aspx?view=topic&id=49 
RPDP Content Help – (courses and content)
SNRPDP – 
Courses: http://www.rpdp.net/coursecatalogs.html# 
Content Support: http://www.rpdp.net/show.php?action=show&type=Science+High+School 
NWRPDP – 
Courses/Content: http://nwrpdp.com/ 
NNRPDP – 
Courses/Content: http://nnrpdp.com/ 
Big Question: How does the environment influence populations of organisms over multiple generations?

Topic: Natural Selection and Evolution

	What should kids be able to do after learning?
	HS-LS4-5
	Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the extinction of other species.

	What could this look like?
	Clarification Statement:
	Emphasis is on determining cause and effect relationships for how changes to the environment such as deforestation, fishing, application of fertilizers, drought, flood, and the rate of change of the environment affect distribution or disappearance of traits in species.

	How far should I go with this?
	Assessment Boundary:
	None indicated

	How do kids engage in science and engineering?
	What do kids need to know?
	How do kids learn and understand these ideas?

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument From Evidence 
Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about natural and designed worlds. Arguments may also come from current scientific or historical episodes in science.
· Evaluate the claims, evidence, and reasoning behind currently accepted explanations or solutions to determine the merits of arguments. (HS-LS4-5)
	LS4.A: Adaptation
· Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline–and sometimes the extinction–of some species. (HS-LS4-5)
· Species become extinct because they can no longer survive and reproduce in their altered environment. If members cannot adjust to change that is too fast or drastic, the opportunity for the species’ evolution is lost. (HS-LS4-5)
	Cause and Effect
· Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. (HS-LS4- 5)



Nevada Academic Content Standards for Mathematics and English Language Arts Connections:
Through explicit teaching to target the central learning intended within the Performance Expectation above the following ELA and Mathematics content standards can be integrated for a more connected learning. 

	ELA
	RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible and corroborating or challenging conclusions with other sources of information. (HS-LS4-5)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS4-5)

	Mathematics
	MP.2 Reason abstractly and quantitatively. (HS-LS4-5)












Big Question: How does the environment influence populations of organisms over multiple generations?


Topic: Natural Selection and Evolution

Performance Expectation: HS-LS4-5 - Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the extinction of other species.


What does mastery look like? (This is the academic vocabulary to be used in context) 

Engaging in Argument from Evidence
In high school, students should be able to:
· Construct a scientific argument showing how data support a claim.
· Identify possible weaknesses in scientific arguments, appropriate to the students’ level of knowledge, and discuss them using reasoning and evidence.
· Identify flaws in their own arguments and modify and improve them in response to criticism.
· Recognize that the major features of scientific arguments are claims, data, and reasons and distinguish these elements in examples.
· Explain the nature of the controversy in the development of a given scientific idea, describe the debate that surrounded its inception, and indicate why one particular theory succeeded.
· Explain how claims to knowledge are judged by the scientific community today and articulate the merits and limitations of peer review and the need for independent replication of critical investigations.
· Read media reports of science or technology in a critical manner so as to identify their strengths and weaknesses.
Adaptation
In high school, students should understand:
· Natural selection is the result of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the ensuing proliferation of those organisms that are better able to survive and reproduce in that environment. Natural selection leads to adaptation—that is, to a population dominated by organisms that are anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific environment. That is, the differential survival and reproduction of organisms in a population that have an advantageous heritable trait leads to an increase in the proportion of individuals in future generations that have the trait and to a decrease in the proportion of individuals that do not. Adaptation also means that the distribution of traits in a population can change when conditions change. Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline—and sometimes the extinction—of some species. Species become extinct because they can no longer survive and reproduce in their altered environment. If members cannot adjust to change that is too fast or too drastic, the opportunity for the species’ evolution is lost.
Cause and Effect
In high school, students should be able to:
· Argumentation, starting from students’ own explanations, of cause and effect can help them appreciate standard scientific theories that explain the causal mechanisms in the systems under study. Strategies for this type of instruction include asking students to argue from evidence when attributing an observed phenomenon to a specific cause.
What resources can help me?
Video Links – 
Engaging in Argument from Evidence: http://www.bozemanscience.com/ngs-engaging-in-argument-from-evidence 
Adaptation: http://www.bozemanscience.com/ngs-ls4c-adaptation 
Cause and Effect: http://www.bozemanscience.com/ngs-cause-effect-mechanism-and-explanation 
Classroom Resources – 
NSSTA Lessons – http://www.nvscience.org/index.html 
NSTA Curators Project – http://ngss.nsta.org/DisplayStandard.aspx?view=topic&id=49 
RPDP Content Help – (courses and content)
SNRPDP – 
Courses: http://www.rpdp.net/coursecatalogs.html# 
Content Support: http://www.rpdp.net/show.php?action=show&type=Science+High+School 
NWRPDP – 
Courses/Content: http://nwrpdp.com/ 
NNRPDP – 
Courses/Content: http://nnrpdp.com/ 
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