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[bookmark: _Toc12594544]HS-ESS1-1 Earth's Place in the Universe
Students who demonstrate understanding can: 
Develop a model based on evidence to illustrate the life span of the sun and the role of nuclear fusion in the sun’s core to release energy in the form of radiation.
[Clarification Statement: Emphasis is on the energy transfer mechanisms that allow energy from nuclear fusion in the sun’s core to reach Earth. Examples of evidence for the model include observations of the masses and lifetimes of other stars, as well as the ways that the sun’s radiation varies due to sudden solar flares (“space weather”), the 11-year sunspot cycle, and non-cyclic variations over centuries.] [Assessment Boundary: Assessment does not include details of the atomic and sub-atomic processes involved with the sun’s nuclear fusion.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed world(s).
Develop a model based on evidence to illustrate the relationships between systems or between components of a system.
	ESS1.A: The Universe and Its Stars
5. The star called the sun is changing and will burn out over a lifespan of approximately 10 billion years.
PS3.D: Energy in Chemical Processes and Everyday Life
Nuclear fusion processes in the center of the sun release the energy that ultimately reaches Earth as radiation. (secondary)
	Scale, Proportion, and Quantity
The significance of a phenomenon is dependent on the scale, proportion, and quantity at which it occurs.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, a scientific event, system, or design solution
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain, or predict a scientific event
Disciplinary Core Idea Assessment Targets
	ESS1.A.5a	Identify the source of the Sun’s fuel as mainly hydrogen
ESS1.A.5b	Identify helium and energy as the products of fusion processes in the Sun
ESS1.A.5c	Use evidence to develop the model that the Sun, like all stars, has a life span based primarily on its initial mass and that the Sun’s life span is approximately 10 billion years
	PS3.D.6a	Describe the process of radiation being released due to fusion processes and how that energy reaches Earth
	PS3.D.6b	Use a model to predict how the relative amounts of hydrogen to helium change as the Sun ages
	PS3.D.6c	Describe qualitatively that the scale of energy released by fusion processes is much greater than the scale of energy released by chemical processes
	PS3.D.6d	Identify that the amounts of energy flowing out of the Sun over its life span cannot be produced by chemical processes but rather fusion processes
Crosscutting Concept Assessment Target(s)
CCC3	Identify that the significance of a phenomenon is dependent on the scale, proportion, and quantity at which it occurs
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a Hertzsprung-Russell diagram for star sequences based on luminosity and temperature:
Identifies the location of the Sun on the main sequence, relating its position to luminosity and mass (2.1.1, ESS1.A.5, and CCC3)
Task provides an incomplete model for the evolutionary track of main sequence stars as they age, which provides a representation for proto-stars, as well as very mature red giants nearing the end of their lifetimes:
Completes the model by adding the Sun, correctly predicting that the Sun’s total lifetime will be about 10 to 11 billion years (2.1.1, ESS1.A.5, and CCC3)	
Task provides a comparison of solar observations:
Identifies the limitation of a theoretical model, as well as drawing conclusions about features of Earth (such as its atmosphere and magnetic field) that act as obstacles to observing features of stars (2.1.3, PS3.D.6, and CCC3 )
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
A data set describing the mass, diameter, composition, and energy outputs of the Sun
A graph of the hydrogen to helium ratio in the Sun over time
A model depicting the products of the hydrogen fusion process in the Sun
A Hertzsprung-Russell diagram, comparing the Sun to other stars
A model or table comparing energy outputs of hydrogen fusion and combustion
A model of stellar evolution of main sequence stars based on mass
A comparison of the expected lifespan of the Sun to other stars
A demonstration of energy transfer in the Sun and between the Sun and Earth
Common Misconceptions
Note that the list in this section is not exhaustive.
Stars release energy with a combustion reaction similar to burning wood or natural gas on Earth, but on a more massive scale. 
Stars are eternal, discrete objects that do not rotate, move, or change.
Stars do not experience the force of gravity.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS1-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS1-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra, motion of distant galaxies, and composition of matter in the universe.
[Clarification Statement: Emphasis is on the astronomical evidence of the red shift of light from galaxies as an indication that the universe is currently expanding, the cosmic microwave background as the remnant radiation from the Big Bang, and the observed composition of ordinary matter of the universe, primarily found in stars and interstellar gases (from the spectra of electromagnetic radiation from stars), which matches that predicted by the Big Bang theory (3/4 hydrogen and 1/4 helium).]
	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, 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.
	ESS1.A: The Universe and Its Stars
The study of stars’ light spectra and brightness is used to identify compositional elements of stars, their movements, and their distances from Earth.
The Big Bang theory is supported by observations of distant galaxies receding from our own, of the measured composition of stars and non-stellar gases, and of the maps of spectra of the primordial radiation (cosmic microwave background) that still fills the universe.
	Energy and Matter
Energy cannot be created or destroyed–only moved between one place and another place, between objects and/or fields, or between systems.

	Continuation of the previous row:
Connections to Nature of Science
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
A scientific theory is a substantiated explanation of some aspect of the natural world, based on a body of facts that have been repeatedly confirmed through observation and experiment and the science community validates each theory before it is accepted. If new evidence is discovered that the theory does not accommodate, the theory is generally modified in light of this new evidence.
	Continuation of the previous row:
Other than the hydrogen and helium formed at the time of the Big Bang, nuclear fusion within stars produces all atomic nuclei lighter than and including iron, and the process releases electromagnetic energy. Heavier elements are produced when certain massive stars achieve a supernova stage and explode.
PS4.B: Electromagnetic Radiation
1. Atoms of each element emit and absorb characteristic frequencies of light. These characteristics allow identification of the presence of an element, even in microscopic quantities. (secondary)
	Continuation of the previous row:
Connections to Engineering, Technology, and Applications of Science
Interdependence of Science, Engineering, and Technology
Science and engineering complement each other in the cycle known as research and development (R&D). Many R&D projects may involve scientists, engineers, and others with wide ranges of expertise.
Connections to Nature of Science
Scientific Knowledge Assumes an Order and Consistency in Natural Systems
Scientific knowledge is based on the assumption that natural laws operate today as they did in the past and they will continue to do so in the future.
Science assumes the universe is a vast single system in which basic laws are consistent.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6.1	Ability to construct explanations of phenomena
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6.1.1	Ability to construct a quantitative and/or qualitative explanations of observed relationships 
6.1.2	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
Disciplinary Core Idea Assessment Targets
	ESS1.A.6a	Construct an explanation that includes a description of how the study of light spectra from stars allows scientists to determine chemical composition, movements, and their distances from Earth
ESS1.A.7a	Identify and describe the evidence required to construct the explanation including the composition of stars, the hydrogen to helium ratio of stars and interstellar gases, the redshift of the majority of galaxies and the redshift vs. distance relationship, and the evidence of cosmic background radiation
ESS1.A.8a	Use reasoning to connect evidence, 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 construct the explanation for the early universe (the Big Bang theory)
ESS1.A.8b	Describe the following chain of reasoning for their explanation of the Big Bang theory:
Redshifts indicate that an object is moving away from the observer, thus the observed redshift for most galaxies and the redshift vs. distance relationship is evidence that the universe is expanding
The observed background cosmic radiation and the ratio of hydrogen to helium have been shown to be consistent with a universe that was very dense and hot a long time ago and that evolved from different stages as it expanded and cooled
An expanding universe must have been smaller in the past and can be extrapolated back in time to a tiny size from which it expanded
Crosscutting Concept Assessment Target(s)
CCC5	Identify that energy cannot be created or destroyed; it only moves between one place and another place, between objects and/or fields, or between systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides spectra of stars at various distances:
Explains the redshift pattern as indicating that more distant stars are moving away faster (6.1.1, ESS1.A.6, and CCC5) 
Task provides distribution of elements across the universe:
Identifies the distribution of hydrogen and helium as evidence for the Big Bang (6.1.1, ESS1.A.7, and CCC5)
Task provides the following statement: “The temperature of the cosmic microwave background supports the theory of the Big Bang”:
Explains the validity of the statement (6.1.2, ESS1.A.8, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Comparisons of spectra of various stars
Data about background radiation, hydrogen to helium ( H : He ) ratios, and temperatures throughout the universe
A representation of distant objects
Common Misconceptions
Note that the list in this section is not exhaustive.
Redshifted stars appear red.
All of the elements in the universe were created at the time of the Big Bang.
The expansion of the universe causes everything (matter included) to grow larger.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS1-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS1-2%20Evidence%20Statements%20June%202015%20asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Communicate scientific ideas about the way stars, over their life cycle, produce elements.
[Clarification Statement: Emphasis is on the way nucleosynthesis, and therefore the different elements created, varies as a function of the mass of a star and the stage of its lifetime.] [Assessment Boundary: Details of the many different nucleosynthesis pathways for stars of differing masses are not assessed.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9–12 builds on K–8 experiences and progresses to evaluating the validity and reliability of the claims, methods, and designs.
Communicate scientific ideas (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).
	ESS1.A: The Universe and Its Stars
The study of stars’ light spectra and brightness is used to identify compositional elements of stars, their movements, and their distances from Earth.
8. Other than the hydrogen and helium formed at the time of the Big Bang, nuclear fusion within stars produces all atomic nuclei lighter than and including iron, and the process releases electromagnetic energy. Heavier elements are produced when certain massive stars achieve a supernova stage and explode.
	Energy and Matter
In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is conserved.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
8.2	Ability to engage in communication of science and engineering (especially regarding the investigations that they are conducting and the observations they are making)
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
8.2.1	Ability to produce written and illustrated text that communicate one’s own ideas 
8.2.2	Ability to use appropriate combinations of language, models, and mathematical expressions to communicate one’s understanding or to ask questions about a concept, event, system, or design
Disciplinary Core Idea Assessment Targets
	ESS1.A.6a	Use at least two different formats (e.g., oral, graphical, textual, and mathematical) to communicate scientific information and cite the origin of the information as appropriate
ESS1.A.6b	Explain that absorption spectra are used to determine a star’s composition and motion
ESS1.A.8a	Identify that helium and a small amount of other light nuclei (i.e., up to lithium) were formed from high-energy collisions starting from protons and neutrons in the early universe before any stars existed
ESS1.A.8b	Identify that heavy elements, up to iron, are produced in the cores of high-mass stars by a chain of processes of nuclear fusion, which also releases energy, and elements heavier than iron can be produced in supernovas
ESS1.A.8c	Recognize that there is a correlation between a star’s mass and the types of elements it can create during its lifetime
Crosscutting Concept Assessment Target(s)
CCC5	Identify that, in nuclear processes, atoms are not conserved; but rather, the total number of protons plus neutrons is conserved
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a basic model of nuclear fusion:
Describes how factors such as composition and temperature affect the rate of nuclear fusion and energy production (8.2.2, ESS1.A.8b, and CCC5)
Task provides a question asking students to explain how the mass fraction of hydrogen and helium is represented inside the diameter of the present-day Sun:
Generates a graphical representation, noting what the approximate mass fraction of each element was when the Sun was originally formed (8.2.1, ESS1.A.8, and CCC5) 
Task provides three different possible end-of-life stages for a star, such as white dwarf, neutron star, and black hole. Three descriptions of life cycles are given which explain how these end-of-life stages come about, but some information is missing. Also provided is physical data about examples of a white dwarf, neutron star, and black hole:
Utilizes the data provided to complete the description of each life cycle (8.2.2, ESS1.A.8c, and CCC5)
Task provides an image of the path a main sequence star like the Sun would take superimposed on a graph where the x-axis is surface temperature and the y-axis is luminosity. On the graph are diagonal dotted lines that indicate radius in terms of the radius of the Sun:
Describes the temperature, luminosity, and radius of stars at various points on the diagram (8.2.2, ESS1.A.6, and CCC5)
Task provides an image of an old high-mass star with an inset image focused into a smaller center of the star where its fusing shells are located:
Identifies the elements that are fusing in each layer of the shell (8.2.2, ESS1.A.8, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The synthesis and relative abundance of hydrogen, helium, and trace light elements in the primordial universe
The origin of heavy elements
The importance of stellar mass on the lifetime and chemical production of stars
The role of supernovas in creating elements heavier than iron
The use of spectroscopic absorption features to measure surface composition of stars
Common Misconceptions
Note that the list in this section is not exhaustive.
All stars and galaxies were formed at the moment of the Big Bang.
All elements were formed at the moment of the Big Bang.
Astronomers have directly observed a star going through its complete life cycle.
Giants, supergiants, and red giants are interchangeable names for the same life cycle stage of a star.
All stars are about the same size, age, and composition.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS1-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS1-3 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Use mathematical or computational representations to predict the motion of orbiting objects in the solar system.
[Clarification Statement: Emphasis is on Newtonian gravitational laws governing orbital motions, which apply to human-made satellites as well as planets and moons.] [Assessment Boundary: Mathematical representations for the gravitational attraction of bodies and Kepler’s laws of orbital motions should not deal with more than two bodies, nor involve calculus.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Using Mathematical and Computational Thinking
Mathematical and computational thinking in 9–12 builds on K–8 experiences and progresses to using algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
Use mathematical or computational representations of phenomena to describe explanations.
	ESS1.B: Earth and the Solar System
Kepler’s laws describe common features of the motions of orbiting objects, including their elliptical paths around the sun. Orbits may change due to the gravitational effects from, or collisions with, other objects in the solar system.
	Scale, Proportion, and Quantity
Algebraic thinking is used to examine scientific data and predict the effect of a change in one variable on another (e.g., linear growth vs. exponential growth).
Connections to Engineering, Technology, and Applications of Science
Interdependence of Science, Engineering, and Technology
Science and engineering complement each other in the cycle known as research and development (R&D). Many R&D projects may involve scientists, engineers, and others with wide ranges of expertise.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
5.2	Ability to conduct mathematical and/or computational analyses
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
5.2.1	Ability to use the results of computational models (e.g., graphical representation in a simulation) to identify the mathematical and/or computational representations to support a scientific explanation or a design solution
5.2.2	Ability to use computational models (e.g., simulations) to make predictions of a scientific phenomenon
5.2.3	Ability to use the results of computational models (e.g., simulations) to identify patterns in natural and/or design worlds
Disciplinary Core Idea Assessment Targets
ESS1.B.6a [bookmark: _Hlk536725758]Represent, identify, and describe a mathematical and/or computational model of orbital motion including the trajectories of orbiting bodies (e.g., planets, moons, or human-made spacecraft) with the depiction of the revolving body’s eccentricity, e=f/d, where f is the distance between foci of an ellipse, and d is the ellipse’s major axis length (Kepler’s first law of planetary motion)
ESS1.B.6b Use Kepler’s third law of planetary motion as a mathematical or   computational representation of orbital motion to depict that the square of a revolving body’s period of revolution is proportional to the cube of its distance to a gravitational center (T2R3, where T is the orbital period and R is the semi-major axis of the orbit)
ESS1.B.6c 	Analyze Kepler’s second law of planetary motion to predict the relationship between the distance between an orbiting body and its star, and the object’s orbital velocity
ESS1.B.6d Analyze Kepler’s third law of planetary motion to predict how either the orbital distance or orbital period changes given a change in the other variable
ESS1.B.6e Analyze Newton’s law of gravitation and his third law of motion to predict how the acceleration of a planet towards the Sun varies with its distance from the Sun, and to argue qualitatively about how this relates to the observed orbits
Crosscutting Concept Assessment Target(s)
CCC3	Use algebraic thinking to examine scientific data and to predict the effect of a change in one variable on another (e.g., linear growth vs. exponential growth)
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data from a simulation that displays the orbital period (T) and the semi-major axis orbit (R) for different planets in the solar system: 
Identifies the pattern between T and R for each planet and which law this represents (5.2.1, ESS1.B.6, and CCC3)
Task provides a table with data that was collected about various orbiting objects that includes their distance between foci and ellipse, and the ellipse’s major axis length:
Chooses from a list of choices what prediction from this data they can make regarding eccentricity and orbiting objects (5.2.1, ESS1.B.6, and CCC3)
Task provides a simulation of a comet orbiting the Sun where various conditions can be changed, including distance of the comet from the Sun and the velocity and mass of the comet:
Evaluates how the comet’s acceleration and/or force of attraction between the Sun and comet changes with respect to the change in the comet’s distance and/or mass (5.2.1, ESS1.B.6, and CCC3)
Task provides data from a simulation that displays the orbital period (T) and the semi-major axis orbit (R) for different planets in the solar system and the period of a newly-discovered planet:
Predicts the semi-major axis of the orbit (5.2.2, ESS1.B.6, and CCC3)
Task provides a simulation of a comet orbiting the Sun where various conditions can be changed, including distance of the comet from the Sun and the velocity and mass of the comet: 
Explains how the velocity changes with respect to the change in distance and which of Kepler’s laws this simulation model assumes to follow (5.2.3, ESS1.B.6, and CCC3)
Explains how the velocity of the comet changes with respect to the change in the comet’s mass (5.2.3, ESS1.B.6, and CCC3)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Kepler’s three laws of planetary motion
Newton’s law of universal gravitation
Common Misconceptions
Note that the list in this section is not exhaustive.
Orbits around the Sun are perfect circles.
The acceleration of a planet is constant through its orbital period.
The speed of an orbiting planet is dependent on its size and mass.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS1-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS1-4 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12594548]HS-ESS1-5 Earth's Place in the Universe
Students who demonstrate understanding can: 
Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate tectonics to explain the ages of crustal rocks.
[Clarification Statement: Emphasis is on the ability of plate tectonics to explain the ages of crustal rocks. Examples include evidence of the ages of oceanic crust increasing with distance from mid-ocean ridges (a result of plate spreading) and the ages of North American continental crust decreasing with distance away from a central ancient core of the continental plate (a result of past plate interactions).]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current scientific or historical episodes in science.
Evaluate evidence behind currently accepted explanations or solutions to determine the merits of arguments.
	ESS1.C: The History of Planet Earth
5. Continental rocks, which can be older than 4 billion years, are generally much older than the rocks of the ocean floor, which are less than 200 million years old.
ESS2.B: Plate Tectonics and Large-Scale System Interactions
4. Plate tectonics is the unifying theory that explains the past and current movements of the rocks at Earth’s surface and provides a framework for understanding its geologic history. (ESS2.B Grade 8 GBE) (secondary)
PS1.C: Nuclear Processes
1. Spontaneous radioactive decays follow a characteristic exponential decay law. Nuclear lifetimes allow radiometric dating to be used to determine the ages of rocks and other materials. (secondary)
	Patterns
Empirical evidence is needed to identify patterns.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
7.2	Ability to compare, evaluate and critique competing arguments
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
7.2.1	Ability to evaluate arguments about a natural phenomenon based on scientific concepts, principles, and big ideas
7.2.2	Ability to respond to critiques from others by probing reasoning and evidence, and revising the argument
7.2.3	Ability to evaluate competing perspectives/claims using reasoning and evidence
Disciplinary Core Idea Assessment Targets
	ESS1.C.5a	Describe the observed pattern of the continental crust being older than the oceanic crust
ESS1.C.5b	Describe the observed pattern of the oldest continental rocks being located at the center of continents with the ages of the rocks decreasing from their centers to their margins
ESS1.C.5c	Describe the pattern of the ages of oceanic crust being greatest nearest the continents and decreasing in age with proximity to the mid-ocean ridges
ESS2.B.4a	Identify and describe the motion of tectonic plates based on the types, ages, and locations of crustal rocks
ESS2.B.4b	Describe that new oceanic crust is formed at mid-ocean ridges, resulting in the observed pattern of ages of oceanic rock
ESS2.B.4c	Describe that new continental crust is added to the margins of continents at subduction zones, resulting in the observed pattern of ages of continental rock
ESS2.B.4d	Describe that oceanic crust is constantly being destroyed at subduction zones, resulting in the observed pattern of continental crust being older than oceanic crust
PS1.C.1a		Describe that ages of rocks can be determined using radiometric dating based on the half-lives of isotopes that undergo radioactive decay
Crosscutting Concept Assessment Target(s)
CCC1	Use empirical evidence to identify patterns
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides evidence of tectonic plate movement, such as a representation of the pattern of crustal rock ages, and a flawed explanation for the pattern:
Identifies the flaw in the explanation (7.2.1, ESS1.C.5, and CCC1)
Describes how to correct the explanation  (7.2.1, ESS1.C.5, and CCC1)
Task provides an explanation of the pattern of crustal rock ages and a critique of the explanation:
Explains why the evidence supports the explanation (7.2.2, ESS2.B.4, and CCC1)
Identifies how to construct a stronger explanation (e.g., additional evidence, better reasoning)  (7.2.2, ESS2.B.4, and CCC1)
Task provides competing explanations about tectonic plate movement using evidence, such as the ages of rocks based on radiometric dating:
Identifies which explanation is correct (7.2.3, PS1.C.1, and CCC1)
Describes the evidence that supports the correct explanation (7.2.3, PS1.C.1, and CCC1)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The increasing age of oceanic crust from a ridge to a trench
The relative ages of islands in a hotspot volcanic chain
Observable lateral displacement along a fault during an earthquake
The formation of mountains along subduction zones
Similar rock strata on different continents
The difference in age between oldest continental crust and oldest ocean crust
The cycle of ocean crust formation and destruction to the continental crust history
Maps of continents or plate location over time to explain the formation of mountain ranges on continents
Common Misconceptions
Note that the list in this section is not exhaustive.
Carbon dating is the only method of radiometric dating.
Carbon dating is used to determine the ages of ancient rocks.
All coastlines are plate boundaries.
All mountains that exist today existed when Earth first formed.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS1-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS1-5 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12594549]HS-ESS1-6 Earth's Place in the Universe
Students who demonstrate understanding can: 
Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces to construct an account of Earth’s formation and early history.
[Clarification Statement: Emphasis is on using available evidence within the solar system to reconstruct the early history of Earth, which formed along with the rest of the solar system 4.6 billion years ago. Examples of evidence include the absolute ages of ancient materials (obtained by radiometric dating of meteorites, moon rocks, and Earth’s oldest minerals), the sizes and compositions of solar system objects, and the impact cratering record of planetary surfaces.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.


	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
Apply scientific reasoning to link evidence to the claims to assess the extent to which the reasoning and data support the explanation or conclusion.
Connections to Nature of Science
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
A scientific theory is a substantiated explanation of some aspect of the natural world, based on a body of facts that have been repeatedly confirmed through observation and experiment, and the science community validates each theory before it is accepted. If new evidence is discovered that the theory does not accommodate, the theory is generally modified in light of this new evidence.
Models, mechanisms, and explanations collectively serve as tools in the development of a scientific theory.
	ESS1.C: The History of Planet Earth
Although active geologic processes, such as plate tectonics and erosion, have destroyed or altered most of the very early rock record on Earth, other objects in the solar system, such as lunar rocks, asteroids, and meteorites, have changed little over billions of years. Studying these objects can provide information about Earth’s formation and early history.
PS1.C: Nuclear Processes
1. Spontaneous radioactive decays follow a characteristic exponential decay law. Nuclear lifetimes allow radiometric dating to be used to determine the ages of rocks and other materials. (secondary)
	Stability and Change
Much of science deals with constructing explanations of how things change and how they remain stable.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6.1	Ability to construct explanations of phenomena
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6.1.1 	Ability to construct a quantitative and/or qualitative explanations of observed relationships 
6.1.2 	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon 
6.1.3 	Ability to use models and representations in scientific explanations
Disciplinary Core Idea Assessment Targets
	ESS1.C.6a	Describe Earth’s formation and early history using evidence from ancient Earth materials, Moon rocks, and meteorites, and observations of other planetary surfaces
ESS1.C.6b	Describe the composition of the celestial objects in the solar system
ESS1.C.6c	Compare the size and distribution of impact craters on the surface of Earth and on the surfaces of other solar system objects (e.g., the Moon, Mercury, and Mars)
ESS1.C.6d	Describe the effects of plate tectonic processes (e.g., volcanism) and surface processes (e.g., erosion) operating on Earth
	PS1.C.1a	Describe that ages of ancient Earth materials can be determined using radiometric dating based on the half-lives of isotopes that undergo radioactive decay
Crosscutting Concept Assessment Target(s)
CCC7	Identify that much of science deals with constructing explanations of how things change and how they remain stable
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides information about hypothetical element X of extraterrestrial origin that was found at a location of a new meteor impact in Antarctica: 
Describes the link between the presence of element X and Earth’s formation and history (6.1.1, ESS1.C.6, and CCC7)
Identifies the roles of various earth processes (e.g., plate tectonics and erosion) in the preservation and destruction of evidence about Earth history (6.1.1, ESS1.C.6, and CCC7)
Task provides a scenario where a virtual mass spectrometer can be used to quickly determine the composition of samples of different rock layers of the Earth’s crust:
Uses radiometric dating and the half-life law to support a claim about the age of the rock samples taken from different depths (6.1.1, PS1.C.1, and CCC7)
Task provides a representation of the distribution of marine fossils in areas that are not presently covered by ocean:
Identifies the roles of various earth processes (e.g. plate tectonics and erosion) in altering the Earth’s surface throughout Earth history (6.1.2, ESS1.C.6, and CCC7)
Task provides students with an animated model of the formation of the solar system from an accretion disk:
Identifies that the cooling down of the solar system as the accretion disk slowed allowed for the atmosphere and water to exist on the Earth (6.1.3, ESS1.C.6, and CCC7)  
Identifies that planetesimals and meteorites are sources of water and atmosphere on Earth (6.1.3, ESS1.C.6, and CCC7)
Task describes a scenario where a researcher cannot relocate a surface fossil bed that was studied the previous field season:
Explains, by using a representation or model, how various earth processes (e.g., plate tectonics and erosion) can alter the Earth’s surface throughout Earth’s history ( 6.1.3, ESS1.C.6, and CCC7)  
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The relative abundance of certain elements in meteorites and samples of Earth’s crust from different locations and geologic periods as evidence of impacts
The ages of samples of ancient Earth rocks, lunar rocks, and meteorites to construct an account of formation of Earth and the solar system
The geologic record (e.g., first appearance of photosynthetic organisms or banded iron formations) to construct a history of Earth’s atmosphere
Effects of tectonics and other processes on Earth’s surface
Compare the tectonic and other processes operating on Earth’s surface to surface features observed on other planets 
Use evidence to reconstruct Earth’s geologic history
Compare theories of the history and formation of the Moon 
Use data to compare the composition of Earth’s atmosphere to the atmospheres of other solar system planets
Common Misconceptions
Note that the list in this section is not exhaustive.
Water and the modern atmosphere existed on Earth as it was formed.
The Moon was formed as a separate entity when the solar system was formed.
The landmasses on Earth do not move.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS1-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS1-6 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12594550]HS-ESS2-1 Earth’s Systems
Students who demonstrate understanding can: 
Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and temporal scales to form continental and ocean-floor features. 
[Clarification Statement: Emphasis is on how the appearance of land features (such as mountains, valleys, and plateaus) and sea-floor features (such as trenches, ridges, and seamounts) are a result of both constructive forces (such as volcanism, tectonic uplift, and orogeny) and destructive mechanisms (such as weathering, mass wasting, and coastal erosion).] [Assessment Boundary: Assessment does not include memorization of the details of the formation of specific geographic features of Earth’s surface.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed world(s).
Develop a model based on evidence to illustrate the relationships between systems or between components of a system.
	ESS2.A: Earth Materials and Systems
Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes.
ESS2.B: Plate Tectonics and Large-Scale System Interactions
4. Plate tectonics is the unifying theory that explains the past and current movements of the rocks at Earth’s surface and provides a framework for understanding its geologic history. Plate movements are responsible for most continental and ocean-floor features and for the distribution of most rocks and minerals within Earth’s crust. (ESS2.B Grade 8 GBE)
	Stability and Change
Change and rates of change can be quantified and modeled over very short or very long periods of time. Some system changes are irreversible.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.2	Ability to determine scope, scale, and grain-size of the model, as appropriate to its intended use
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
Disciplinary Core Idea Assessment Targets
ESS2.A.6a	Identify and describe the interactions and feedbacks between processes that affect change and rates of change of Earth’s surface
ESS2.A.6b	Describe the rate at which a feature changes related to the time scale on which the processes operate
ESS2.B.4a	Identify and describe specific continental and seafloor features
ESS2.B.4b	Identify and describe internal processes, such as volcanism and tectonic uplift, and surface processes, such as weathering and erosion, including the different spatial and temporal scales on which they operate
ESS2.B.4c	Identify the causal agents that build up or wear down (i.e., constructive and destructive forces) Earth’s surface over time
ESS2.B.4d	Use a model to illustrate the relationship between the formation of continental and ocean floor features and Earth’s internal and surface processes operating on different temporal or spatial scales
Crosscutting Concept Assessment Target(s)
CCC7	Develop models that quantify change and rates of change over very short to very long periods of time, and recognize irreversible changes
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides information about a geomorphic feature and a list of relevant and irrelevant components of a model:
Identifies and selects relevant components to illustrate or explain the internal and/or surface process(es) that produced the feature (2.1.1, ESS2.A.6, and CCC7)
Task provides information about a geomorphic feature, an incomplete model representing the feature, and a list of relevant and irrelevant components:
Identifies and selects the missing components to complete the model (2.1.1, ESS2.B.4, and CCC7)
Describes how the model illustrates or explains the internal and/or surface process(es) that produced the feature (2.1.1, ESS2.B.4, and CCC7)
Task provides information about a geomorphic feature and a list of models:
Selects the appropriate model to illustrate or explain the internal and/or surface process(es) that produced the feature (2.1.2, ESS2.B.4, and CCC7)
Task provides a model and/or information about a geomorphic feature and a list of relevant and irrelevant representations of the geomorphic feature:
Selects and uses the appropriate representations to describe the mechanisms underlying changes to Earth’s surface (2.1.3, ESS2.A.6, and CCC7)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Mountain ranges and valleys at colliding plate boundaries
Volcanoes at colliding plate boundaries
Ocean trenches at colliding plate boundaries
Mid-ocean ridges and rift valleys at spreading plate boundaries
Weathering and erosion shaping landforms on continents
Relationship between gradient, erosion, and deposition
Earth’s surface changing by both internal and external processes
Volcanoes at hot spots as evidence of plate movement 
Erosion and deposition of continental materials forming features such as barrier islands, continental shelves, and continental slopes
Relationship between stream conditions (velocity, discharge volume, etc.) and stream geometry
Common Misconceptions
Note that the list in this section is not exhaustive.
Volcanoes only form at plate boundaries.
All valleys are the result of downcutting by rivers.
Internal and surface processes operate on the same spatial and temporal scale.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS2-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS2-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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[bookmark: _Toc12594551]HS-ESS2-2 Earth’s Systems
Students who demonstrate understanding can: 
Analyze geoscience data to make the claim that one change to Earth's surface can create feedbacks that cause changes to other Earth systems.
[Clarification Statement: Examples should include climate feedbacks, such as how an increase in greenhouse gases causes a rise in global temperatures that melts glacial ice, which reduces the amount of sunlight reflected from Earth's surface, increasing surface temperatures and further reducing the amount of ice. Examples could also be taken from other system interactions, such as how the loss of ground vegetation causes an increase in water runoff and soil erosion; how dammed rivers increase groundwater recharge, decrease sediment transport, and increase coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further reduces the wetland extent.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	[bookmark: Text3]Analyzing and Interpreting Data
Analyzing data in 9–12 builds on K–8 experiences and progresses to introducing more detailed statistical analysis, the comparison of data sets for consistency, and the use of models to generate and analyze data.
[bookmark: Text4]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.
	[bookmark: Text5]ESS2.A: Earth Materials and Systems
[bookmark: Text6]Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes.
[bookmark: Text7]ESS2.D: Weather and Climate
[bookmark: Text8]The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as well as its reflection, absorption, storage, and redistribution among the atmosphere, ocean, and land systems, and this energy’s re-radiation into space.
	[bookmark: Text9]Stability and Change
[bookmark: Text10]Feedback (negative or positive) can stabilize or destabilize a system.
Connections to Engineering, Technology, and Applications of Science 
Influence of Engineering, Technology, and Science on Society and the Natural World 
New technologies can have deep impacts on society and the environment, including some that were not anticipated. Analysis of costs and benefits is a critical aspect of decisions about technology. 


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction (hyperlink to section on explanation of assessment targets) for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
[bookmark: Text11]4.2	Ability to analyze data to identify relationships
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
[bookmark: Text12]4.2.1	Ability to use observational and/or empirical data to describe patterns and relationships
4.2.2	Ability to identify patterns (qualitative or quantitative) among variables represented in data
4.2.3	Ability to apply concepts of statistics and probability to data
4.2.4	Ability to consider limitations of data analysis
Disciplinary Core Idea Assessment Targets
[bookmark: Text16]	ESS2.A.6a	Identify and describe mechanisms for the feedbacks between two Earth systems and whether the feedback is positive or negative, increasing (destabilizing) or decreasing (stabilizing) the original changes.
ESS2.A.6b	Identify and describe the unintended effects of human activity and specific technologies on Earth’s systems
ESS2.A.6c	Identify and describe the relationship between changes in one Earth system and another Earth system or changes within the same system
ESS2.D.7a	Identify and describe the electromagnetic spectrum from the Sun as the foundation of global climate systems
ESS2.D.7b	Describe the reflection, storage, and redistribution of the electromagnetic radiation from the Sun among the atmosphere, hydrosphere, and geosphere
ESS2.D.7c	Describe the reradiation of the electromagnetic radiation from the Sun back into space
Crosscutting Concept Assessment Target(s)
[bookmark: Text20]CCC7	Identify feedback, both positive and negative, that can stabilize or destabilize a system.
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a scenario involving changes to one or more Earth systems as a result of natural processes or human activity and a data display:
Describes the patterns or relationships in the data set (4.2.1, ESS2.A.6, and CCC7)
Task provides a scenario involving changes to one or more Earth systems as a result of natural processes or human activity and a data display:
Identifies the patterns or relationships among the variables represented in the data (4.2.2, ESS2.A.6, and CCC7)
Task provides a scientific question about changes to one or more Earth systems as a result of natural processes or human activity and a data display:
Analyzes the data using reasoning, mathematics, or statistics and probability (including mean, median, mode, and variability) to answer the scientific question (4.2.3, ESS2.A.6, and CCC7)
Task provides a scientific question about changes to one or more Earth systems as a result of natural processes or human activity and a data display:
Identifies the limitations of data sets or analyses with respect to their ability to answer the scientific question (4.2.4, ESS2.D.7, and CCC7)
Environmental Principles and Concepts
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Clouds, volcanic eruptions, precipitation, permafrost, or ice in climate change:
· Effect of climate change and sea level changes
· Effect of climate change on coastal wetlands and other sensitive environments
Vegetation in climate change or groundwater recharge or erosion
Reservoir creation in groundwater recharge or sediment transport or coastal erosion
Effect of human activity and natural processes on the cycling of elements:
· Cycling of carbon in Earth systems 
· Cycling of nitrogen in Earth systems
Common Misconceptions
Note that the list in this section is not exhaustive.
Climate change is only caused by human activities.
Short-term anomalies in data are evidence for or against long-term trends.
Small changes in Earth’s systems have no significant long-term effects.
Additional Assessment Boundaries
None listed at this time.
Additional References
[bookmark: Text38]HS-ESS2-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS2-2 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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[bookmark: _Toc12594552]HS-ESS2-3 Earth’s Systems
Students who demonstrate understanding can: 
Develop a model based on evidence of Earth’s interior to describe the cycling of matter by thermal convection.
[Clarification Statement: Emphasis is on both a one-dimensional model of Earth, with radial layers determined by density, and a three-dimensional model, which is controlled by mantle convection and the resulting plate tectonics. Examples of evidence include maps of Earth’s three-dimensional structure obtained from seismic waves, records of the rate of change of Earth’s magnetic field (as constraints on convection in the outer core), and identification of the composition of Earth’s layers from high-pressure laboratory experiments.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed world(s).
Develop a model based on evidence to illustrate the relationships between systems or between components of a system.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science knowledge is based on empirical evidence.
Science disciplines share common rules of evidence used to evaluate explanations about natural systems.
Science includes the process of coordinating patterns of evidence with current theory.
	ESS2.A: Earth Materials and Systems
7. Evidence from deep probes and seismic waves, reconstructions of historical changes in Earth’s surface and its magnetic field, and an understanding of physical and chemical processes lead to a model of Earth with a hot but solid inner core, a liquid outer core, a solid mantle and crust. Motions of the mantle and its plates occur primarily through thermal convection, which involves the cycling of matter due to the outward flow of energy from Earth’s interior and gravitational movement of denser materials toward the interior.
ESS2.B: Plate Tectonics and Large-Scale System Interactions
The radioactive decay of unstable isotopes continually generates new energy within Earth’s crust and mantle, providing the primary source of the heat that drives mantle convection. Plate tectonics can be viewed as the surface expression of mantle convection.
	Energy and Matter
Energy drives the cycling of matter within and between systems.
Connections to Engineering, Technology, and Applications of Science
Interdependence of Science, Engineering, and Technology
Science and engineering complement each other in the cycle known as research and development (R&D). Many R&D projects may involve scientists, engineers, and others with wide ranges of expertise.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.2	Ability to determine scope, scale, and grain-size of the model, as appropriate to its intended use
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
Disciplinary Core Idea Assessment Targets
	ESS2.A.7a  	Identify and describe the layers of Earth (e.g., solid inner core, a liquid outer core, mantle, and crust)
ESS2.A.7b  	Describe how the evidence from deep probes and seismic waves, reconstructions of historical changes of Earth’s surface and its magnetic field, and an understanding of physical and chemical processes have been used to develop the model of Earth’s internal structure
ESS2.A.7c  	Describe how convection in Earth’s liquid outer core generates a magnetic field that has reversed polarity throughout Earth’s history as evidenced in the geological record of the seafloor 
ESS2.A.7d  	Describe thermal convection in terms of the density and temperature of matter
ESS2.A.7e  	Describe the role of thermal convection in the mantle in the movement of plates, the cycling of matter at plate boundaries, and the outward flow of energy from Earth’s interior
ESS2.B.6a  	Describe how the radioactive decay of unstable isotopes is a primary source of heat that drives thermal convection in the mantle and the resulting plate tectonics
Crosscutting Concept Assessment Target(s)
CCC5	Describe how energy drives the cycling of matter within and between systems
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides seismic or magnetic evidence and a list of relevant and irrelevant components of a model:
Identifies the relevant components to describe the cycling of matter due to thermal convection in Earth’s interior based on the evidence (2.1.1, ESS2.B.6, and CCC5)
Task provides evidence, an incomplete model of Earth’s interior or Earth’s surface plates describing the cycling of matter due to thermal convection, and a list of relevant and irrelevant components:
Completes the model based on the evidence (2.1.1, ESS2.A.7, and CCC5)
Task provides evidence about the structure of Earth’s interior or Earth’s surface plates and the cycling of matter due to thermal convection and a list of models:
Identifies the appropriate model based on the evidence (2.1.2, ESS2.A.7, and CCC5)
Task provides a model of and/or evidence about Earth’s interior or Earth’s surface plates and a list of relevant and irrelevant representations or descriptions:
Identifies the appropriate representations to describe the mechanisms underlying the cycling of matter based on the model and/or evidence (2.1.3, ESS2.A.7, and CCC5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The direction of convection currents in the mantle and the relative direction of plate movements
Thermal convection 
· Relationship of thermal convection to radioactive decay in Earth’s interior
· Effect of thermal convection on Earth’s surface and interior
Empirical evidence about tectonic plate motion
Seismic waves traveling through the Earth’s interior
· Evidence for composition and structure of Earth’s interior 
· Advantage of seismic data over deep probes
Magnetic reversals in the crust on either side of a mid-ocean ridge
· Source of Earth’ s magnetic field
· Interpretation of seafloor magnetic data
Common Misconceptions
Note that the list in this section is not exhaustive.
Tectonic plates float and move above a sea of magma.
Plates are deep beneath Earth’s surface.
Magma originates from the core.
Convection only occurs in liquids.
Radioactivity is manmade.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS2-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS2-3 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
[image: ]
HS-ESS2-3 Earth’s Systems
California Science Test—Item Specifications

Page 43

[bookmark: _Toc12594553]HS-ESS2-4 Earth's Systems
Students who demonstrate understanding can: 
Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate.
[Clarification Statement: Examples of the causes of climate change differ by timescale, over 1-10 years: large volcanic eruption, ocean circulation; 10-100s of years: changes in human activity, ocean circulation, solar output; 10-100s of thousands of years: changes to Earth's orbit and the orientation of its axis; and 10-100s of millions of years: long-term changes in atmospheric composition.] [Assessment Boundary: Assessment of the results of changes in climate is limited to changes in surface temperatures, precipitation patterns, glacial ice volumes, sea levels, and biosphere distribution.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed world(s).
Use a model to provide mechanistic accounts of phenomena.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science arguments are strengthened by multiple lines of evidence supporting a single explanation.
	ESS1.B: Earth and the Solar System
7. Cyclical changes in the shape of Earth’s orbit around the sun, together with changes in the tilt of the planet’s axis of rotation, both occurring over hundreds of thousands of years, have altered the intensity and distribution of sunlight falling on the earth. These phenomena cause a cycle of ice ages and other gradual climate changes. (secondary)
ESS2.A: Earth Materials and System
8. The geological record shows that changes to global and regional climate can be caused by interactions among changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean circulation, volcanic activity, glaciers, vegetation, and human activities. These changes can occur on a variety of time scales from sudden (e.g., volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles.
ESS2.D: Weather and Climate 
7. The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as well as its reflection, absorption, storage, and redistribution among the atmosphere, ocean, and land systems, and this energy’s re-radiation into space.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.2	Ability to use models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.2.1	Ability to use the model to collect evidence to reason qualitatively or quantitatively about concepts and relationships represented in the model
2.2.2	Ability to use the model to generate explanations and predictions about the behavior of a scientific phenomenon
2.2.3	Ability to use models to test and compare the effectiveness of different design solutions
Disciplinary Core Idea Assessment Targets
	ESS1.B.7a	Identify that changes in the shape of Earth’s orbit and the orientation of Earth’s axis of rotation have affected Earth’s climate over time
ESS1.B.7b	Identify that the climate changes on Earth due to changes in orbit and/or the orientation of its axis occur over different timescales
ESS2.A.8a	Identify that changes to global and regional climate are caused by interactions among different Earth systems
ESS2.A.8b	Identify the relevant timescale in which astronomical, atmospheric, geologic, oceanic, and/or biologic changes in Earth systems operate
ESS2.D.7a	Describe the flow of energy between the Sun and Earth systems
ESS2.D.7a	Identify that the input, output, storage, and redistribution of energy has an effect on climate
Crosscutting Concept Assessment Target(s)
CCC2	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a model that illustrates how changes in Earth’s orbit, the orientation of its axis, and/or the Sun’s energy output affect Earth’s climate:
Identifies or describes evidence to test a hypothesis about the effect of the changes on Earth’s climate and/or the relative time scale over which the changes take place (2.2.1, ESS1.B.7, and CCC2)
Analyzes the model to identify evidence for relationships represented among different components of the system that affects Earth’s climate and/or the relative time scale over which the changes take place (2.2.1, ESS1.B.7, and CCC2)
Task provides a model that illustrates how astronomical, atmospheric, geologic, oceanic, and/or biologic changes in Earth systems affect Earth’s climate:
Identifies or describes evidence to test a hypothesis about the effect of the changes on Earth’s climate and/or the relative time scale over which the changes take place (2.2.1, ESS2.A.8, and CCC2)
Analyzes the model to identify evidence for relationships represented among different components of the system that affects Earth’s climate and/or the relative time scale over which the changes take place (2.2.1, ESS2.A.8, and CCC2)
Task provides a model that illustrates the flow of energy between components of Earth systems that affect Earth’s climate:
Describes the flow of energy between components of the model and/or identifies the flow of energy as causal or correlational (2.2.2, ESS2.D.7, and CCC2)
Identifies and describes the relationships between components of the model that affect the input, output, storage and redistribution of energy, and/or the net effect on climate (2.2.2, ESS2.D.7, and CCC2)
Task provides two or more potential solutions to mediate the effect of astronomical, atmospheric, geologic, oceanic, and/or biologic changes in Earth systems on Earth’s climate with supporting data:
Selects the most viable solution based on evidence and supports the selection using data (2.2.3, ESS2.D.7, and CCC2)
Environmental Principles and Concepts
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The eccentricity, obliquity, and precession of Earth’s orbit
Sunspot cycles
The greenhouse effect
Plate tectonics
Gulf Stream, El Niño, and La Niña events
Ice ages
Deforestation 
Anthropogenic addition of greenhouse gases to the atmosphere
Common Misconceptions
Note that the list in this section is not exhaustive.
Earth’s orbit is constant.
Earth is always the same distance from the Sun.
El Niño and La Niña events only affect equatorial regions.
Removal of greenhouse gases from the atmosphere is easy to accomplish.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS2-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS2-4 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface processes. 
[Clarification Statement: Emphasis is on mechanical and chemical investigations with water and a variety of solid materials to provide the evidence for connections between the hydrologic cycle and system interactions commonly known as the rock cycle. Examples of mechanical investigations include stream transportation and deposition using a stream table, erosion using variations in soil moisture content, or frost wedging by the expansion of water as it freezes. Examples of chemical investigations include chemical weathering and recrystallization (by testing the solubility of different materials) or melt generation (by examining how water lowers the melting temperature of most solids).]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Planning and Carrying Out Investigations
Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.
Plan and conduct an investigation individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., number of trials, cost, risk, time), and refine the design accordingly.
	ESS2.C: The Roles of Water in Earth's Surface Processes
The abundance of liquid water on Earth’s surface and its unique combination of physical and chemical properties are central to the planet’s dynamics. These properties include water’s exceptional capacity to absorb, store, and release large amounts of energy, transmit sunlight, expand upon freezing, dissolve and transport materials, and lower the viscosities and melting points of rocks.
	Structure and Function
The functions and properties of natural and designed objects and systems can be inferred from their overall structure, the way their components are shaped and used, and the molecular substructures of its various materials.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
3.1	Ability to clarify the goal of the investigation and identify the evidence needed to address the purpose of the investigation
3.2	Ability to develop, evaluate, and refine a plan for the investigation 
3.3	Ability to collect the data for the investigation
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
3.1.1 	Ability to describe the purpose of the investigation or formulate a question that can be investigated
3.1.2 	Ability to identify relevant independent and dependent variables and to consider possible confounding variables or effects
3.1.3 	Ability to describe what and how much data need to be collected to provide sufficient evidence to the purpose of the investigation
3.1.4 	Ability to describe how the observations and/or collected data can be used as evidence for the phenomenon under investigation
3.2.1 	Ability to decide how to measure and observe relevant variables, including considering the level of accuracy and precision required, and the kinds of instrumentation and techniques best suited to making such measurements to reduce both random and systematic error
3.2.2 	Ability to describe detailed experimental procedure, including how the data will be collected, the number of trials, the experimental set up, and the equipment and tools required
3.2.3 	Ability to compare and evaluate alternative methods to determine which design provides the evidence necessary to address the purpose of the investigation
3.3.1 	Ability to use appropriate tools for accurate and precise measurements
3.3.3 	Ability to evaluate the quality of data to determine if the evidence meets the goals of the investigation
Disciplinary Core Idea Assessment Targets
	ESS2.C.8a	Identify the properties of water (e.g., heat capacity, density of different states, polar nature due to molecular structure) that are central to Earth’s surface processes
ESS2.C.8b	Describe the role of heat capacity of water to affect the temperature, movement of air, and movement of water on Earth’s surface and the transfer of thermal energy in Earth’s systems
ESS2.C.8c	Describe the role of flowing water (liquid or solid) in the transportation and deposition of sediments
ESS2.C.8d	Describe the role of the polarity of water (through cohesion) and soil saturation in erosion
ESS2.C.8e	Describe the role of the density of water in the liquid and solid states in the breakdown of rock
ESS2.C.8f		Identify and describe the mechanical effects of water on Earth materials
ESS2.C.8g	Describe the role of the polar nature of water in the dissolving and precipitation/crystallization of Earth materials
ESS2.C.8h	Describe the role of water as a component in chemical reactions that change Earth materials, such as the rusting of iron
ESS2.C.8i		Describe the role of water in lowering the melting temperature of rock and decreasing the viscosity of melted rock, such as in volcanic eruptions
ESS2.C.8j		Identify and describe the chemical effects of water on Earth materials
Crosscutting Concept Assessment Target(s)
CCC6	Infer the functions and properties of natural and designed objects and systems from their overall structure, the way their components are shaped and used, and the molecular substructures of their various materials
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides an image of a landform, such as a landslide, a braided stream bed, or sand spit that has been formed by water:
Formulates a scientific question based on the provided observation (3.1.1, ESS2.C.2, and CCC6)
Task provides an experimental design to investigate the impact of water on Earth’s surface:
Identifies factors that might affect the result of the investigation (3.1.2, ESS2.C.2, and CCC6)
Task provides a list of variables related to a scientific investigation on the impact of water on Earth’s surface:
Identifies the dependent and independent variables in the investigation (3.1.2, ESS2.C.2, and CCC6)
Task provides experimental designs to answer a scientific question about the impact of water on Earth’s surface:
Identifies the design that will provide the best evidence to address the purpose of the investigation (3.1.3, ESS2.C.2, and CCC6)
Task provides a procedure and a list of rationales for using that procedure during an investigation on the impact of water on Earth’s surface:
Selects the rationale that explains why the procedure supports the goal of the investigation (3.1.4, ESS2.C.2, and CCC6)
Task provides a scientific question about the impact of water on Earth’s surface and a list of tools and instrumentation:
Identifies the tools and instrumentation that can help obtain accurate and precise data (3.2.1, ESS2.C.2, and CCC6)
Task provides a hypothesis/scientific question about the impact of water on Earth’s surface:
Selects or describes a detailed experimental procedure, including how the data will be collected, the number of trials, the experimental setup, and the equipment and tools required (3.2.2, ESS2.C.2, and CCC6)
Task provides alternate experimental designs and/or a data from a flawed design to determine the impact of water on Earth’s surface:
Evaluates alternative designs to determine which design provides the evidence necessary to better address the purpose of the investigation (3.2.3, ESS2.C.2, and CCC6)
Task provides a set of data relevant to the goal of the investigation on the impact of water on Earth’s surface:
Evaluates the quality of data to determine if the data meet the goal of the investigation (3.3.3, ESS2.C.2, and CCC6)
Environmental Principles and Concepts
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Erosion of hillsides after heavy storms differs based on soil type
Impact of melting glaciers on stream beds
Formation of sand from erosion of larger rocks
Creation of landforms due to translocation of rock and soil by water
Creation of landforms due to difference in nature of substrate
Rate of chemical weathering or physical weathering of material under different conditions
Effect of manmade structures on erosion and deposition  
Patterns of ocean circulation
Effect of pollutants on water properties
Chemical weathering and cave formation
Common Misconceptions
Note that the list in this section is not exhaustive.
Rocks do not change.
Weathering and erosion are the same thing.
Erosion only happens quickly.
Erosion only happens after big storms.
Erosion is bad.
Wind and water cannot wear away the rock of a mountain.
Erosion did not occur in the past.
Ice can only break rock when it moves (e.g., glaciers).
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS2-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS2-5 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, geosphere, and biosphere.
[Clarification Statement: Emphasis is on modeling biogeochemical cycles that include the cycling of carbon through the ocean, atmosphere, soil, and biosphere (including humans), providing the foundation for living organisms. The carbon cycle is a property of the Earth system that arises from interactions among the hydrosphere, atmosphere, geosphere, and biosphere.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed world(s).
Develop a model based on evidence to illustrate the relationships between systems or between components of a system.
	ESS2.D: Weather and Climate
8. Gradual atmospheric changes were due to plants and other organisms that captured carbon dioxide and released oxygen.
9. Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and thus affect climate.
	Energy and Matter
The total amount of energy and matter in closed systems is conserved.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1	Ability to develop models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1 	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.2 	Ability to determine scope, scale, and grain-size of the model, as appropriate to its intended use
2.1.3 	Ability to represent mechanisms, relationships, and connections to illustrate, explain, or predict a scientific event
Disciplinary Core Idea Assessment Targets
ESS2.D.8a	Identify the relative concentrations of carbon present in various parts of the carbon cycle including carbon dioxide in the atmosphere, organic molecules in the biosphere, dissolved carbon in the oceans, and sequestered carbon in fossil fuels in the geosphere
ESS2.D.8b	Describe the relationships between the hydrosphere, atmosphere, geosphere, and biosphere as carbon cycles between sources and sinks
ESS2.D.8c	Describe the mechanisms or processes that transfer carbon (e.g., photosynthesis, respiration, decomposition, combustion, and volcanism)
ESS2.D.8d	Describe the role of plants and other photosynthetic organisms in the gradual change in the composition of the atmosphere over Earth’s geologic history
ESS2.D.9a	Identify human activities that increase carbon dioxide concentration in the atmosphere
ESS2.D.9b	Explain and predict the effect of increased carbon dioxide concentrations in Earth’s atmosphere on the climate
Crosscutting Concept Assessment Target(s)
CCC5	Identify that the total amount of energy and matter in closed systems is conserved
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides list of relevant and irrelevant components to develop or complete an incomplete model of the carbon cycle: 
Selects/adds components or labels those components to complete the model of the carbon cycle (2.1.1, ESS2.D.8, and CCC5)
Task provides a scenario and an incomplete model illustrating human activities, such as fossil fuel combustion and/or their effects on the carbon cycle:
Completes the model to predict changes in the carbon cycle due to human activities (e.g., as burning coal for electricity increases, carbon dioxide concentration in the atmosphere increases) (2.1.1, ESS2.D.9, and CCC5)
Completes the model to predict environmental changes as a result of human activities (e.g., as carbon dioxide concentration in the atmosphere increases, sea level rises) (2.1.1, ESS2.D.9, and CCC5)
Task provides a diagram of a simple mathematical model of the carbon cycle:
Determines the relative amounts and rates of carbon transfer between spheres (2.1.2, ESS2.D.8, and CCC5)
Task provides a diagram of the components of the carbon cycle but does not show connections between the pools or illustrate the fluxes:
Labels connections between components (2.1.3, ESS2.D.8, and CCC5)
Indicates the direction of carbon transfer between the components (2.1.3, ESS2.D.8, and CCC5)
Environmental Principles and Concepts
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Storage and movement of carbon in various pools
Cycling of carbon between the atmosphere, soil, and biosphere
Capture of carbon from the atmosphere by producers
Impact of the amount of carbon dioxide in the atmosphere on climate
Model of the history of atmospheric change in the geologic record:
· The role of plants and other organisms in the composition of the atmosphere 
· Geologic evidence for changes in atmospheric composition
Role of human activity (such as the use of fossil fuels, agricultural practices, and urban development) on the composition of the atmosphere
Common Misconceptions
Note that the list in this section is not exhaustive.
Carbon can be lost during transfer between sinks.
The carbon cycle is composed of only the processes of photosynthesis and respiration.
The only source of carbon for living things is the atmosphere.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS2-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS2-6 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
[image: ]
HS-ESS2-6 Earth’s Systems
California Science Test—Item Specifications

Page 60

[bookmark: _Toc12594556]HS-ESS2-7 Earth’s Systems
Students who demonstrate understanding can: 
Construct an argument based on evidence about the simultaneous coevolution of Earth’s systems and life on Earth.
[Clarification Statement: Emphasis is on the dynamic causes, effects, and feedbacks between the biosphere and Earth’s other systems, whereby geoscience factors control the evolution of life, which in turn continuously alters Earth’s surface. Examples include how photosynthetic life altered the atmosphere through the production of oxygen, which in turn increased weathering rates and allowed for the evolution of animal life; how microbial life on land increased the formation of soil, which in turn allowed for the evolution of land plants; or how the evolution of corals created reefs that altered patterns of erosion and deposition along coastlines and provided habitats for the evolution of new life forms.] [Assessment Boundary: Assessment does not include a comprehensive understanding of the mechanisms of how the biosphere interacts with all of Earth’s other systems.]
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current scientific or historical episodes in science.
Construct an oral and written argument or counter-arguments based on data and evidence.
	ESS2.D: Weather and Climate
8. Gradual atmospheric changes were due to plants and other organisms that captured carbon dioxide and released oxygen.
ESS2.E Biogeology
3. The many dynamic and delicate feedbacks between the biosphere and other Earth systems cause a continual coevolution of Earth’s surface and the life that exists on it.
	Stability and Change
Much of science deals with constructing explanations of how things change and how they remain stable.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets. 
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
7.1	Ability to construct scientific arguments
7.2	Ability to compare, evaluate, and critique competing arguments
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
7.1.1	Ability to develop scientific arguments that are supported by evidence/data
7.1.2	Ability to identify evidence/data that supports a claim
7.1.3	Ability to use reasoning to explain how relevant evidence/data supports or refute the claim; the reasoning should reflect application of scientific concepts, principles, ideas
7.2.3	Ability to evaluate competing perspectives/claims using reasoning and evidence
Disciplinary Core Idea Assessment Targets
ESS2.D.8a.	Describe the evidence that suggests Earth had particular atmospheric or geologic features in the past
ESS2.D.8b.	Describe the evidence for the presence of particular organisms on Earth in the past
ESS2.D.8c.	Compare features of the modern atmosphere (e.g., gas concentrations) on Earth to that of the atmosphere in the past in order to identify similarities, differences, and the rate at which those differences occurred
ESS2.D.8d.	Identify biological mechanisms (e.g., photosynthesis, nitrogen fixation, cellular respiration, etc.) that impact Earth systems
ESS2.D.8e.	Identify evidence that supports claims regarding the coevolution of Earth’s systems and organisms (e.g., the emergence of photosynthetic organisms and free oxygen in Earth’s atmosphere)
ESS2.E.3a.	Describe how changes to life on Earth could alter existing atmospheric/geologic systems 
ESS2.E.3b.	Describe how changes to Earth’s geologic/atmospheric systems could alter (positively or negatively) the presence of certain forms of life on Earth
Crosscutting Concept Assessment Target(s)
CCC7	Construct explanations of how things change and how they remain stable
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task presents students with data about the atmospheric concentration of oxygen and the history of life on Earth:
Constructs an argument that contains a claim, evidence, and the reasoning that links the evidence to the claim that the evolution of photosynthetic organisms led to an increase in atmospheric oxygen (7.1.1, ESS2.D.8, and CCC7)
Task presents students with information and a claim about various microbial organisms and rates of soil formation:
Explains whether the provided evidence is sufficient to defend the claim (7.1.2, ESS2.D.8, and CCC7)
Task presents students with a claim based on the idea that the evolution of life on land was influenced by increasing atmospheric oxygen levels:
Identifies pieces of evidence that support the claim (7.1.2, ESS2.D.8, and CCC7)
Task presents students with a claim that the change in erosion and deposition along a coastline was a result of the growth of a coral reef:
Provides reasoning that links the evidence and claim, and reflects an application of a scientific concept, principle, or big idea (7.1.3, ESS2.D.8, and CCC7)
Task presents various pieces of evidence linking evolution to changes in Earth’s systems:
Identifies possible evidence and reasoning that can be used to justify different perspectives/claims (7.2.3, ESS2.E.3, and CCC7)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Timelines of the changes in geologic structures and the evolution of living things 
Data on the concentration of atmospheric oxygen over time and the presence of photosynthetic organisms
The presence of different microbes (and other living organisms) in soil samples depending on various features of the soil and various features of the soil’s climate 
The structure of corals and the process of coral reef formation
The atmospheric and other environmental conditions leading to the formation of coal, red beds, and other materials
The effect of atmospheric gases on biological systems in the geologic record, such as elevated oxygen levels in the atmosphere that may have helped the survival of very large insects
Common Misconceptions
Note that the list in this section is not exhaustive.
The composition of the atmosphere does not change over time.
Plants do not use oxygen.
Organisms cannot impact the atmosphere, the oceans, or soil formation.
Organisms do not change over time.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS2-7 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS2-7 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity.
[Clarification Statement: Examples of key natural resources include access to fresh water (such as rivers, lakes, and groundwater), regions of fertile soils such as river deltas, and high concentrations of minerals and fossil fuels. Examples of natural hazards can be from interior processes (such as volcanic eruptions and earthquakes), surface processes (such as tsunamis, mass wasting and soil erosion), and severe weather (such as hurricanes, floods, and droughts). Examples of the results of changes in climate that can affect populations or drive mass migrations include changes to sea level, regional patterns of temperature and precipitation, and the types of crops and livestock that can be raised.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and independent student-generated sources of evidence consistent with scientific knowledge, 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.
	ESS3.A: Natural Resources
Resource availability has guided the development of human society.
ESS3.B: Natural Hazards
Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations.
	Cause and Effect
Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.
Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
Modern civilization depends on major technological systems.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6.1	Ability to construct explanations of phenomena 
6.2	Ability to evaluate explanations of phenomena
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6.1.1	Ability to construct a quantitative and/or qualitative explanations of observed relationships
6.1.2	Ability to apply scientific concepts, principles, theories, and big ideas to construct an explanation of a real-world phenomenon
6.1.3	Ability to use models and representations in scientific explanations
6.2.1	Ability to evaluate and revise a given explanation based on accepted scientific theory and/or data provided 
6.2.2	Ability to use data to support or refute an explanatory account of a phenomenon
Disciplinary Core Idea Assessment Targets
	ESS3.A.4a.	Identify cause-and-effect relationships between environmental factors (e.g., access to fresh water, soil fertility, available natural resources) and features of human societies including population size and migration patterns
ESS3.A.4b.	Describe the effect technology in modern civilization has on mitigating some of the effects of natural hazards, climate, and the availability of natural resources on human activity
ESS3.A.4c.	Identify and describe evidence that supports the following claims:
Changes in climate affect human activity (e.g., agriculture) and human populations and can drive mass migrations
Features of human societies have been affected by the availability of natural resources
Human populations depend on technological systems to acquire natural resources and modify physical settings
ESS3.A.4d.	Use 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 describe the availability of natural resources on features of human societies
ESS3.A.4e.	Differentiate between causal and correlational relationships between environmental factors and human activity and describe potential sources of evidence that could support a proposed causal relationship
ESS3.A.4f.	Describe differential trends in access to natural resources over time (e.g., that technology to access coal came before technology to access natural gas)
ESS3.B.5a.	Identify cause-and-effect relationships between incidence of natural disasters and features of human societies including population size and migration patterns
ESS3.B.5b.	Identify and describe evidence that supports the claim that changes to climate have a primary effect on human populations and a secondary effect (by altering the incidence of natural hazards)
ESS3.B.5c.	Describe differential trends in incidence of natural hazards over time
Crosscutting Concept Assessment Target(s)
CCC2	Identify empirical evidence to differentiate between cause and correlation and make claims about specific causes and effects
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task presents a graph of geologic factors on one axis and human population size on another axis:
Constructs an explanation about the relationships between the independent and dependent variables (6.1.1, ESS3.A.4, and CCC2)
Task provides data on geologic factors particularly related to climate and the impact of climate change and data of human populations:
Uses the data as evidence to support an explanation of the impact of changes to climate on human migration (6.1.2, ESS3.A.4, and CCC2)
Task presents a model/diagram representing changes in human activity throughout history (including population, geographic distribution, resource use, or the development of resource-acquiring technologies) along with map of availability of a particular natural resource:
Uses the model to construct an explanation of a human activity over time based on natural resource availability (6.1.3, ESS3.A.4, and CCC2)
Task provides a claim about the effect of a natural hazard or geologic event on human populations in conjunction with a data table:
Identifies (with reasoning) whether the provided data is sufficient to support the claim (6.2.1, ESS3.B.5, and CCC2)
Identifies aspects of the data that do or do not align to the claim (6.2.1, ESS3.B.5, and CCC2)
Task provides data on a given geologic factor that could affect human activity:
Uses data as evidence to support or refute an explanation for how that factor contributed to known changes in human activity (6.2.2, ESS3.B.5, and CCC2)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
The distribution or availability of a natural resource throughout history
The difficulty in acquiring natural resources throughout history
The incidence of natural disasters 
Variation in climate 
Changes in sea level and coastline over time
Unintended impacts of strategies designed to solve environmental problems 
Relationships between current population density and impact of natural disasters 
Relationships between current population density and availability of natural resources
Relating technological changes to availability of resources or mitigating natural disasters
Common Misconceptions
Note that the list in this section is not exhaustive.
Resources are universally distributed throughout the biosphere.
Human populations have equal access to natural resources.
Natural hazards and geologic events always negatively impact human populations.
Human populations are not impacted by natural resource availability or natural disasters.
The impact of resource availability on human populations has not changed with new technologies.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS3-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS3-1 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios.
[Clarification Statement: Emphasis is on the conservation, recycling, and reuse of resources (such as minerals and metals) where possible, and on minimizing impacts where it is not. Examples include developing best practices for agricultural soil use, mining (for coal, tar sands, and oil shales), and pumping (for petroleum and natural gas). Science knowledge indicates what can happen in natural systems—not what should happen.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about natural and designed world(s). Arguments may also come from current scientific or historical episodes in science.
Evaluate competing design solutions to a real-world problem based on scientific ideas and principles, empirical evidence, and logical arguments regarding relevant factors (e.g., economic, societal, environmental, ethical considerations).
	ESS3.A: Natural Resources
5. All forms of energy production and other resource extraction have associated economic, social, environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of these factors.
ETS1.B: Developing Possible Solutions
10. When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (secondary)
	Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
Engineers continuously modify these technological systems by applying scientific knowledge and engineering design practices to increase benefits while decreasing costs and risks.
Analysis of costs and benefits is a critical aspect of decisions about technology.
Connections to Nature of Science
Science Addresses Questions About the Natural and Material World
Science and technology may raise ethical issues for which science, by itself, does not provide answers and solutions
Science knowledge indicates what can happen in natural systems — not what should happen. The latter involves ethics, values, and human decisions about the use of knowledge.
Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
7.2	Ability to compare, evaluate and critique competing arguments
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
7.2.1	Ability to evaluate arguments about a natural phenomenon based on scientific concepts, principles, and big ideas
7.2.2	Ability to respond to critiques from others by probing reasoning and evidence, and revising the argument
7.2.3	Ability to evaluate competing perspectives/claims using reasoning and evidence
Disciplinary Core Idea Assessment Targets
	ESS3.A5a	Identify the evidence to determine if/what type of design solution is needed
ESS3.A5b		Evaluate competing design solutions to minimize the economic, social, environmental, and/or geopolitical costs
ESS3.A5c		Identify the costs and risks involved in resource management design solutions
ESS3.A5d		Evaluate competing arguments about the potential benefits and risks of new technologies in resource management design solutions
ETS1.B10a	Identify the constraints for a design solution including cost, safety, reliability, aesthetics, and cultural and environmental effects
Crosscutting Concept Assessment Target(s)
Not applicable
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data comparing resource management design solutions:
Identifies valid evidence relevant to selecting the best solution (7.2.1 and ESS3.A5)
Identifies and evaluates evidence of weaknesses and strengths of each solution (7.2.1 and ESS3.A5) 
Task provides a faulty argument about the advantages of a particular resource management design solution and evidence relevant to the solution:
Revises the faulty argument supported with evidence (7.2.2 and ESS3.A5)
Task provides multiple arguments about the advantages of resource management design solutions with supporting material:
Identifies evidence for the weaknesses and strength of the provided arguments (7.2.3 and ETS1.B10)
Describes how the evidence supports a particular argument (7.2.3 and ETS1.B10)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Methods of coal mining and the associated costs and benefits
Methods of petroleum extraction and the associated costs and benefits
Soil management strategies varying with topography and climate
Evaluating reduce, reuse, and recycle strategies with specific mineral resources
Common Misconceptions
Note that the list in this section is not exhaustive.
Conservation is always costly.
Petroleum products are only important in automobiles.
Technology innovations can always lead to a sustainable system.
Earth’s resources, such as fuels and water, will never be depleted.
People must control nature more effectively.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS3-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS3-2 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Create a computational simulation to illustrate the relationships among management of natural resources, the sustainability of human populations, and biodiversity.
[Clarification Statement: Examples of factors that affect the management of natural resources include costs of resource extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that affect human sustainability include agricultural efficiency, levels of conservation, and urban planning.] [Assessment Boundary: Assessment for computational simulations is limited to using provided multi-parameter programs or constructing simplified spreadsheet calculations.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Using Mathematics and Computational Thinking
Mathematical and computational thinking in 9–12 builds on K–8 experiences and progresses to using algebraic thinking and analysis; a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms; and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
Create a computational model or simulation of a phenomenon, designed device, process, or system.
	ESS3.C: Human Impacts on Earth Systems
5. The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources.
	Stability and Change
Change and rates of change can be quantified and modeled over very short or very long periods of time. Some system changes are irreversible.
Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
Modern civilization depends on major technological systems.
New technologies can have deep impacts on society and the environment, including some that were not anticipated.
Connections to Nature of Science
Science is a Human Endeavor
Science is a result of human endeavors, imagination, and creativity.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
5.1	Ability to develop mathematical and/or computational models
5.2	Ability to conduct mathematical and/or computational analyses
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
5.1.1	Ability to generate mathematical measurements and representations to describe characteristics and patterns of a scientific phenomenon and/or a design solution
5.1.2	Ability to use mathematical units, diagrams, and graphs to record and organize first-hand or given data from scientific investigations
5.1.3	Ability to create, evaluate, and/or revise a computational model or simulation of a scientific phenomenon, a design solution, or both
5.1.4	Ability to recognize that scientific computational models such as simulations are built on mathematical models that incorporate underlying science principles being studied
5.2.1	Ability to use the results of computational models (e.g., graphical representation in a simulation) to identify the mathematical and/or computational representations to support a scientific explanation or a design solution
5.2.2	Ability to use computational models (e.g., simulations) to make predictions of a scientific phenomenon
5.2.3	Ability to use the results of computational models (e.g., simulations) to identify patterns in natural and/or design worlds
5.2.4	Ability to use critical mathematical skills to compare simulated effects in computational models to real world observations to identify limitations of computational models
Disciplinary Core Idea Assessment Targets
	ESS3.C.5a	Quantify and describe linear and non-linear relationships among resource management, sustainability of human populations, and biodiversity
ESS3.C.5b	Identify ways in which introduction of technology has altered pre-existing relationships among resource management, sustainability of human populations, and biodiversity
ESS3.C.5c	Identify ways in which alterations in resource management, sustainability of human populations, or biodiversity can be resisted by negative feedback loops or exacerbated by positive feedback loops
ESS3.C.5d	Identify differential relationships among resource management, sustainability of human populations, and biodiversity including differential rates of change and differential impacts on Earth’s environment
Crosscutting Concept Assessment Target(s)
CCC7	Develop models that quantify change and rates of change over very short to very long periods of time and recognize irreversible changes
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data about the ecological footprint for various human populations:
Uses diagrams and/or graphs to correctly record and organize data on ecological footprints to compare various populations (5.1.2, ESS3.C.5, and CCC7)
Task provides data on changes in the size of human populations and changes in biodiversity in a given area:
Develops mathematical models using given data that correctly show relationships between population size and biodiversity (5.1.3, ESS.C.5, and CCC7)
Task provides a computation model or simulation showing the relationships between resource management, human population size, and biodiversity:
Evaluates the model/simulation to determine if it meets the goal (Note: computational models can be simplified and focused on one selected aspect) (5.1.3, ESS3.C.5, and CCC7)
Task provides a computation model or simulation showing the relationships between resource management, human population size, and biodiversity:
Identifies the mathematical principles that are relevant to the computational model/simulation (5.1.4, ESS3.C.5, and CCC7)
Task provides the results of a computation model or simulation showing the relationships between resource management, human population size, and biodiversity:
Identifies the mathematical and/or computational representations supporting a scientific explanation of the relationships (5.2.1, ESS3.C.5, and CCC7)
Makes a correct prediction based on the combination of variables in the simulation about the relationships (5.2.1, ESS3.C.5, and CCC7)
Task provides a computation model or simulation showing the relationships between resource management, human population size, and biodiversity:
Identifies a pattern contained in the data from the simulation (5.2.3, ESS3.C.5, and CCC7)
Task provides a computation model or simulation showing the relationships between resource management, human population size, and biodiversity:
Uses statistical tools to compare simulated effects in the models to real-world observations to identify limitations of simulations (5.2.4, ESS3.C.5, and CCC7)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Global human population growth and impact on natural systems
Changes in biodiversity over time in a given region due to human impact
Use of data to predict world population size under different conditions and impact on biodiversity
Calculating ecological footprints
Use of models to evaluate various management systems of natural resources
Evaluation of the environmental impact of plans for urban development or waste management 
Evaluation of the effect of adding or removing data from a simulation
Common Misconceptions
Note that the list in this section is not exhaustive.
Human population size is not an environmental problem.
Exponential human population growth and development is not linked to depletion of resources.
Population structure is the same all over Earth.
Simulations cannot predict real events.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS3-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS3-3 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
[Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).]
	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 knowledge, principles and theories.
Design or refine a solution to a complex real-world problem based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff considerations.
	ESS3.C: Human Impacts on Earth Systems
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation.
ETS1.B: Developing Possible Solutions
1. When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (secondary)
	Stability and Change
Feedback (negative or positive) can stabilize or destabilize a system.
Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
Engineers continuously modify these technological systems by applying scientific knowledge and engineering design practices to increase benefits while decreasing costs and risks.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6E.2.	Ability to evaluate and/or refine solutions to design problems
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6E.2.1.	Ability to compare or critique competing design solutions based on design criteria
6E.2.2.	Ability to evaluate and/or refine (optimize) design solutions based on scientific knowledge or evidence
6E.2.3.	Ability to optimize performance of a design by prioritizing criteria, making tradeoffs, testing, revising, and re-testing
Disciplinary Core Idea Assessment Targets
	ESS3.C.6a.	Identify an Earth system (e.g., forest, wetland, stream, etc.) affected by human activity (e.g., introduction of pollution/toxic chemicals, reduction of biomass, urban development, and mining) and describe how a certain human is affecting the system
ESS3.C.6b.	Apply relevant scientific knowledge of environmental issues to solutions
ESS3.C.6c.	Describe how technological solutions may be stabilizing or destabilizing the natural system
ESS3.C.6d.	Identify real-world technological solutions that reduce human impacts on a natural system
ETS1.B.10a.	Describe and quantify (when appropriate) constraints for solutions to the problem (e.g., cost, safety, reliability, aesthetics, social, and cultural constraints)
ETS1.B.10b.	Describe tradeoffs of the solution (e.g., moving from coal-burning power plants to hydroelectric power generation impacts stream flow and aquatic organisms but reduces emissions, including heavy metals and carbon dioxide)
ETS1.B.10c.	Evaluate how the proposed refinement will improve the problem and increase benefits and/or decrease costs/risks to people and the environment (e.g., inserting the Bt gene into corn reduces the need to spray pesticides and improves crop yield so less land needs to be used and fewer chemicals are needed)
ETS1.B.10d.	Evaluate proposed refinements for their effect on the overall stability of a natural system (e.g., improving fishing techniques to reduce by-catch can help to stabilize aquatic food chains)
ETS1.B.10e.	Evaluate proposed refinements for cost, safety, aesthetics, and reliability, as well as cultural and environmental impacts (e.g., creating multi-use spaces reduces urban sprawl and can help to maintain green spaces in urban areas, providing areas for community gatherings and improving urban air quality)
Crosscutting Concept Assessment Target(s)
CCC7	Identify feedback, both positive and negative, that can stabilize or destabilize a system
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides several potential technological solutions to reducing pollution from a human activity:
Identifies the best design from among multiple designs based on a prioritized list of criteria (e.g., maximize pollutant in waste-water, cost, aesthetics, etc.) (6E.2.1, ESS3.C.6, and CCC7)
Task provides several potential technological solutions to improving resource availability (e.g., crop yield) in a given area and in light of provided ecological/geological constraints:
Identifies the best design from among multiple designs based on prioritization of criteria (e.g., maxim crop yield, minimal land use, cost, etc.) (6E.2.1, ETS1.B.10, and CCC7)
Provides justification for the selection (6E.2.1, ETS1.B.10, and CCC7)
Task presents students with a technological solution to reducing amount of negative output (e.g., waste from packaging) from a human activity (e.g., shipping/transportation):
Identifies tradeoffs that would have been necessary in a given design (6E.2.2, ETS1.B.10, and CCC7)
Task provides information about a newly designed technology to sequester carbon dioxide in the ocean:
Describes possible unanticipated effects of a given design, existing product, or process (6E.2.3, ETS1.B.10, and CCC7)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Changes in biomass and species diversity in a forest impacted by clear-cutting
Wastewater treatment processes 
Water quality in streams affected by acid mine drainage
The costs and benefits of managing public lands for social, cultural, and economic impacts
The impact of genetically modified foods on crop yields and efficiency of land use 
The tradeoffs of using alternative fuels to replace traditional gasoline-powered automobiles 
The costs and benefits of recycling and proposed methods to refine the process to better reduce the impacts of humans on natural systems
Common Misconceptions
Note that the list in this section is not exhaustive.
Well-designed technological designs do not have unanticipated negative effects.
Solutions can always eliminate human impact.
All constraints equally influence solutions.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS3-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS3-4 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current rate of global or regional climate change and associated future impacts to Earth systems.
[Clarification Statement: Examples of evidence, for both data and climate model outputs, are for climate changes (such as precipitation and temperature) and their associated impacts (such as on sea level, glacial ice volumes, or atmosphere and ocean composition).] [Assessment Boundary: Assessment is limited to one example of a climate change and its associated impacts.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 9–12 builds on K–8 experiences and progresses to introducing more detailed statistical analysis, the comparison of data sets for consistency, and the use of models to generate and analyze data.
Analyze data using computational models in order to make valid and reliable scientific claims.
Connections to Nature of Science
Scientific Investigations Use a Variety of Methods
Science investigations use diverse methods and do not always use the same set of procedures to obtain data.
New technologies advance scientific knowledge.
Scientific Knowledge is Based on Empirical Evidence 
Science knowledge is based on empirical evidence.
Science arguments are strengthened by multiple lines of evidence supporting a single explanation.
	ESS3.D: Global Climate Change
Though the magnitudes of human impacts are greater than they have ever been, so too are human abilities to model, predict, and manage current and future impacts.
	Stability and Change
Change and rates of change can be quantified and modeled over very short or very long periods of time. Some system changes are irreversible.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
4.2	Ability to analyze data to identify relationships
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
4.2.1	Ability to use observational and/or empirical data to describe patterns and relationships
4.2.2	Ability to identify patterns (qualitative or quantitative) among variables represented in data
4.2.3	Ability to apply concepts of statistics and probability to data
4.2.4	Ability to consider limitations of data analysis
Disciplinary Core Idea Assessment Targets
	ESS3.D2a.	Describe the key outputs of climate models
ESS3.D2b.	Identify the meaning and utility of key inputs to computational climate change models (including sources of anthropogenic greenhouse gases and how those sources have changed over time)
ESS3.D2c.	Describe how scientists develop and use climate models to make predictions about future impacts of human-driven and non-human-driven climate changes
ESS3.D2d.	Describe how the explanatory and predictive power of climate models has improved with improved data collection and modelling methods
ESS3.D2e.	Describe a selected aspect of present or past climate and the associated physical parameters (e.g., temperature, precipitation, and sea level) or chemical composition (e.g., ocean pH) of the atmosphere, geosphere, hydrosphere, or cryosphere
ESS3.D2f.		Describe if the predicted changes on Earth systems are reversible or irreversible
ESS3.D2g.	Identify sources of uncertainty in the prediction of the effect of the future of a selected aspect of climate change
Crosscutting Concept Assessment Target(s)
CCC7	Develop models that quantify change and rates of change over very short to very long periods of time and recognize irreversible changes
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides data presenting changes in human activity and physical features of the climate over a meaningful timespan:
Describes the correlation between the graphs (4.2.1, ESS3.D.2, and CCC7)
Describes the patterns in the data over time (4.2.1, ESS3.D.2, and CCC7)
Task presents student with data showing physical parameters (e.g., temperature, precipitation, sea level) and changes in range of a given species:
Identifies the patterns between the variables represented in the data (4.2.2, ESS3.D.2, and CCC7)
Task provides student with data/graph of climate observations over time:
Predicts changes to the Earth’s systems based on probability (4.2.3, ESS3.D.2, and CCC7) 
Predicts if the changes are reversible or irreversible (4.2.3, ESS3.D.2, and CCC7) 
Task provides data displaying atmospheric climatological data sets over time:
Identifies the limitations of the graphs in investigating the role of humans in climate change (4.2.4, ESS3.D.2, and CCC7)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Anthropogenic sources of greenhouse gases that contribute to global warming
Graphs of carbon emissions from human activities, atmospheric carbon dioxide levels, and global temperatures over time
Species range size changes in response to climate change
Melting of ice caps leading to changing sea levels and surface albedo
Changes in frequency, intensity, location of storms, droughts, wildfires or other weather-related events 
Changes in the chemical composition of the ocean or atmosphere 
Sources of uncertainty in climate change predictions 
Reversible and irreversible changes in Earth system related to climate change
Common Misconceptions
Note that the list in this section is not exhaustive.
Climate change is only the result of anthropogenic factors.
Climate change models cannot predict changes to physical parameters or chemical composition of the atmosphere, geosphere, hydrosphere, or cryosphere.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS3-5 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS3-5 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity.
[Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: Assessment does not include running computational representations but is limited to using the published results of scientific computational models.]
Continue to the next page for the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Using Mathematics and Computational Thinking
Mathematical and computational thinking in 9–12 builds on K–8 experiences and progresses to using algebraic thinking and analysis; a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms; and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
Use a computational representation of phenomena or design solutions to describe and/or support claims and/or explanations.
	ESS2.D: Weather and Climate
11. Current models predict that, although future regional climate changes will be complex and varied, average global temperatures will continue to rise. The outcomes predicted by global climate models strongly depend on the amounts of human-generated greenhouse gases added to the atmosphere each year and by the ways in which these gases are absorbed by the ocean and biosphere. (secondary)
ESS3.D: Global Climate Change
3. Through computer simulations and other studies, important discoveries are still being made about how the ocean, the atmosphere, and the biosphere interact and are modified in response to human activities.
	Systems and System Models
When investigating or describing a system, the boundaries and initial conditions of the system need to be defined and their inputs and outputs analyzed and described using models.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
5.2	Ability to conduct mathematical and/or computational analyses
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
5.2.1	Ability to use the results of computational models (e.g., graphical representation in a simulation) to identify the mathematical and/or computational representations to support a scientific explanation or a design solution
5.2.2	Ability to use computational models (e.g., simulations) to make predictions of a scientific phenomenon
5.2.3	Ability to use the results of computational models (e.g., simulations) to identify patterns in natural and/or design worlds
5.2.4	Ability to use critical mathematical skills to compare simulated effects in computational models to real world observations to identify limitations of computational models
Disciplinary Core Idea Assessment Targets
	ESS2.D.11a	Identify evidence in mathematical and/or computational models showing how Earth systems are being modified by human activity
ESS2.D.11b	Differentiate changes in weather or climate attributable to human activities from those attributable to natural processes (e.g., changes in solar activity or volcanism)
ESS2.D.11c	Identify relevant relationships that should be included in a model predicting Earth’s future climate including sources and sinks of greenhouse gases
ESS2.D.11d	Differentiate between the effects of different human activities on Earth’s climate
ESS2.D.11e	Describe the role that various assumptions about future human activities have on our predictions of future climate/weather
ESS2.D.11f	Describe the role of measures of “initial conditions” in making predictions of future climate/weather
ESS3.D.3a	Describe modern barriers to making accurate predictions of future climate or weather patterns
ESS3.D.3b	Identify areas of uncertainty that exist in modern scientific understanding of the relationships between Earth systems
ESS3.D.3c	Identify areas of uncertainty that exist in modern scientific understanding of future trends in human activity
Crosscutting Concept Assessment Target(s)
CCC4	Identify that the boundaries and initial conditions of the system need to be defined when investigating or describing a system
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides the results of a computation model or simulation showing the effect human activity is having on preexisting relationships between Earth systems:
Uses the results of the models to identify the mathematical and/or computational representations supporting a scientific explanation of the relationships (5.2.1, ESS2.D.11, and CCC4)
Task provides a computation model or simulation showing the effect human activity is having on preexisting relationships between Earth systems:
Makes a prediction about global climate change based on the combination of variables in the simulation (5.2.2, ESS3.D.3, and CCC4)
Evaluates the assumptions and simplifications of the simulation (5.2.3, ESS2.D.11, and CCC4)
Identifies the limitations of the simulation in making accurate predictions (5.2.3, ESS2.D.11, and CCC4)
Identifies areas of uncertainty in the predictions generated from the model or simulation (5.2.3, ESS2.D.11, and CCC4)
Uses statistical tools to compare simulated effects in the models to real-world observations (5.2.4, ESS2.D.11, and CCC4)
Environmental Principles and Concepts
EP1: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
EP2: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
EP3: Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.
EP4: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
EP5: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Effect of increases in global or local ocean temperatures on marine life
Acidification of surface waters due to increased carbon concentrations in the hydrosphere and atmosphere
Changes in precipitation trends due to increases in ocean temperature and increases in sea level
Decreases in available freshwater resources
Common Misconceptions
Note that the list in this section is not exhaustive.
Interactions between human activity and Earth systems are always negative.
Interactions between human activity and Earth systems involve a single sequence of causes and effects rather than a complex system in which multiple interactions happen simultaneously.
Changes to Earth systems will not affect people.
The effects of human activities on Earth systems can only be felt in the long term.
Additional Assessment Boundaries
None listed at this time.
Additional References
HS-ESS3-6 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ESS3-6 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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