HS-PS1 Matter and Its Interactions

HS-PS1  Matter and Its Interactions
Students who demonstrate understanding can:

HS-PS1-a. Evaluate the merits of different atomic and molecular representations based on their ability to explain a given
property of matter or phenomenon. [Clarification Statement: Types of atomic and molecular structural representations can include computer-based
simulations, physical, ball and stick, and drawings. Properties of matter can include melting points, boiling points, and polarity. Phenomena can include formation of
solutions and phase changes.] [Assessment Boundary: Computational models and advanced conceptual models (e.g4 molecular orbital theory) are not assessed.]

HS-PS1-b. Use the periodic table as a model to predict the relative properties of elements’based on the patterns of electrons
in the outer energy level of atoms. [Clarification Statement: An example of a pattern that predicts elément properties would be Group I of the
periodic table. These elements all have one electron in the outermost energy level and as such, are all highly reacfive metals. Other properties could include types of
bonds formed with other elements, number of bonds formed, and reactions with oxygen.] [Assessment y: Only for main group elements (not transition
metals). Ionization energy is not required.]

HS-PS1-c. Analyze and interpret provided data about bulk properties of vario tances-to support claims about the
relative strength of the interactions among particles in the subs ment: Students should infer the strength
of interactions between particles. Bulk properties of substances can include melting point and bo sure,and surface tension. Only the following
types of particles are included in data and explanations: atoms, monatomic ions, and mojecules Provided data is limited to the macroscopic
scale. Comparisons require understanding of interactions between ions, interactions be d materials, and interactions
between molecules; however, names of specific intermolecular forces (e.g., dipole-di

HS-PS1-d. Develop a representation to show that energy is required to $eparate t and that energy is
released when atoms at a distance come together to fication Statement
Examples of representations can include drawings, graphs, chemical equations, ahd dlag ould be appropriate.]
[Assessment Boundary: Representations are only of common substances (e.g., wat dibxide, ommon hydrocarbons sodium chloride).]

HS-PS1-e. Construct an explanation about the effects of changing the re or concentration of the reacting
particles on the rate at which a reaction oc widence will come from temperature, concentration, and rate data;
student reasoning should include that the factors that affect reaction rates~depend on the number and, the energy of the collisions between molecules.] [Assessment
Boundary: Limited to simple reactions in which there are only p between rate and temperature is not required.]

HS-PS1-f. Use models to support that the release or ab ical system depends upon the
changes in total bond energy. [Clarification Stateme de mglecular level drawings and diagrams of reactions, and
graphs showing the relative energies of reactants and products.] [Assess y: Calculating the totalbond energy changes during a chemical reaction from
the bond energies of reactants and products is not assessed.]

HS-PS1-g. Refine the design of a chemi that would produce increased amounts
of pI‘OdUCtS at equmbrlum. 4 igns could include different ways to increase product formation including adding
reactants, or removing products. Designs shéuld mclu e ction between changes made at the macroscopic level and what happens at the
molecular level. Examples of cherpical systems could be n producing ammonia or reactions in which water is produced — such as a simple
condensation reaction.] [Assess ple reactions provideq to students, adding or removing one reactant or product at a time. Calculating
equilibrium constants and concentra equilibrium is not included. Quantitative changes are not required.]

HS-PS1-h. Use mathematical expressions that atoms, and therefore mass, are conserved during
a chemical reaction. and stick models, computer simulations, and drawings. Using mathematical
expressions includ een masses of atoms in the reactants and the products, and the translation of
these relationshj ole as the conversion from the atomic to the macroscopic scale. Memorization and rote application of
problem-solvirig tec! performance.] [Assessment Boundary: Complex chemical reactions are not included.]

HS-PS1-i. Construct tions about the outcome of simple chemical reactions, using the
structure of atoms, trends in he periodic table, and knowledge of the patterns of chemical properties. [Clarification
Statements action of sodium and chlorine, or carbon and oxygen, or carbon and hydrogen.] [Assessment
Boundary: emical reactions not readily predictable from the element’s position on the periodic table (i.e., the main group elements) and combustion reactions are
not intended. urfare level characteristics (e.g., double or single displacement reactions) are not intended.]

HS-PS1-j. Develop representations of the/changes in the composition of the nucleus of the atom and the energy released
during the processes of fission, fusion, and radioactive decay. [Carification Statement: Representations should be qualitative.]
[Assessment Boundary: atical repfesengations or quantitative calculation of energy released during nuclear processes are not assessed. Radioactive decays
limited to alpha, beta, and

The performance expectations above weré developed using the following elements from the NRC document A Framework for K-12 Science Education:
Science and Engineering Practices Crosscutting Concepts
Developing and Using Models PS1.A: Structure and Properties of Matter Patterns
Modeling in 9-12 builds on K-8 and progresses to using, = Each atom has a charged substructure consisting of a = Different patterns may be observed at each of
synthesizing, and developing models to predict and explain nucleus, which is made of protons and neutrons, the scales at which a system is studied and can
relationships between systems and their components in the surrounded by electrons. (HS-PS1-a) provide evidence for causality in explanations of
natural and designed world. = The periodic table orders elements horizontally by the phenomena. (HS-PS1-i)
= Use multiple types of models to represent and support number of protons in the atom’s nucleus and places Cause and Effect
explanations of phenomena, and move flexibly between those with similar chemical properties in columns. The = Empirical evidence is required to differentiate
model types based on merits and limitations. (HS-PS1- repeating patterns of this table reflect patterns of outer between cause and correlation and make claims
d),(HS-PS1-f) electron states. (HS-PS1-b) about specific causes and effects.

= Develop, revise, and use models to predict and support The structure and interactions of matter at the bulk = Cause and effect relationships can be suggested

explanations of relationships between systems or between scale are determined by electrical forces within and and predicted for complex natural and human
components of a system. (HS-PS1-j) between atoms. (HS-PS1-a),(HS-PS1-c), (secondary to designed systems by examining what is known
= Use models (including mathematical and computational) to HS-PS2-f) about smaller scale mechanisms within the
generate data to support explanations and predict Stable forms of matter are those in which the electric system.
phenomena, analyze systems, and solve problems. (HS- and magnetic field energy is minimized. A stable = Systems can be designed to cause a desired
PS1-b) molecule has less energy, by an amount known as the effect.
Analyzing and Interpreting Data binding energy, than the same set of atoms separated; = Changes in systems may have various causes
Analyzing data in 9-12 builds on K-8 and progresses to one must provide at least this energy in order to take that may not have equal effects. (HS-PS1-
introducing more detailed statistical analysis, the comparison of the molecule apart. (HS-PS1-d) b),(HS-PS1-d)
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HS-PS1 Matter and Its Interactions

data sets for consistency, and the use of models to generate PS1.B: Chemical Reactions o Clarification Statement for HS-PS1-b: The
and analyze data. = Chemical processes, their rates, and whether or not likelihood of interactions between elements
= Use tools, technologies, and/or models (e.g., energy is stored or released can be understood in terms is caused by the number of electrons in
computational, mathematical) to generate and analyze of the collisions of molecules and the rearrangements of their valence shell; thus, the arrangement
data in order to make valid and reliable scientific claims or atoms into new molecules, with consequent changes in he periodic table.
determine an optimal design solution. (HS-PS1-c) total binding energy (i.e., the sum of all bond energies Clarification Statement for HS-PS1-d:
Using Mathematics and Computational Thinking in the set of molecules) that are matched by changes in ility is caused by minimization of
Mathematical and computational thinking at the 9-12 level kinetic energy. (HS-PS1-e),(HS-PS1-f) energy.
builds on K-8 and progresses to using algebraic thinking and = In many situations, a dynamic and condition-dependent s and System Models
analysis, a range of linear and nonlinear functions including balance between a reaction and the reverse reaction = Models can be used to predict the behavior of a
trigonometric functions, exponentials and logarithms, and determines the numbers of all types of molecules but these predictions have limited
computational tools for statistical analysis to analyze, present. (HS-PS1-g) ecisiorand reliability due to the assumptions
represent, and model data. Simple computational simulations = The fact that atoms are conserved, together wi pproximations inherent in models. (HS-

are created and used based on mathematical models of basic knowledge of the chemical properties of the elem

assumptions. involved, can be used to describe and predict chemical Energy an
= Use mathematical or algorithmic representations of reactions. (HS-PS1-h),(HS-PS1-i) = In nuclear atoms are not conserved,
phenomena or design solutions to describe and support PS1.C: Nuclear Processes but the total n protons plus neutrons is
claims and explanations, and create computational models = Nuclear processes, including fusio conserved. (HS-
or simulations. (HS-PS1-h) radioactive decays of unstable i, i =" The total amount of‘energyyand matter in closed
= Apply techniques of algebra and functions to represent and nuclear binding energies. The total.number of neutrons systems is conserved. PS1-h)
solve scientific and engineering problems. (HS-PS1-h) plus protons does not change in any*nuclea . = Changes of energy and matter in a system can
Constructing Explanations and Designing Solutions (HS-PS1-j) be described in terms of energy and matter

flows into, out of, and within that system. (HS-
PS1-f)
Structure and Function
= Investigating or designing new systems or

structures requires a detailed examination of the

roperties of different materials, the structures
different components, and connections of

components to reveal its function and/or solve a

problem. (HS-PS1-c)

o Clarification Statement for HS-PS1-c: The
relative strength of interactions among
particles causes different bulk properties.

Stability and Change
= Much of science deals with constructing
explanations of how things change and how they
remain stable. (HS-PS1-g)
= Change and rates of change can be quantified
and modeled over very short or very long
periods of time. (HS-PS1-e),(HS-PS1-g)

Constructing explanations and designing solutions in 9-12 PS3.A: Definitions of Energy
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.
= Make quantitative and qualitative claims regarding the
relationship between dependent and independent
variables. (HS-PS1-e)
= Construct and revise explanations based on evidence
obtained from a variety of sources (e.qg., scientific
principles, models, theories, simulation) and peer review.
(HS-PS1-€),(HS-PS1-i)
= Design, evaluate, and refine a solution to a complex reai-
world problem, based on scientific knowledge, studerit-
generated sources of evidence, prioritized criteria, and
tradeoff considerations. (HS-PS1-g)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 bui
experiences and progresses to using appropri

Connections to Nature of Science

Science is a Way of Knowing
= Science knowledge has a history that includes
the refinement of, and changes to, theories,
ideas, and beliefs over time. (HS-PS1-b)

= Critique and evaluate competl
and/or design solutions in light

ents, models,
idence, limitations

a)

Connections to other DCIs_in this grade-level: _willbe adeted in fufure vérsion.

Articulation to DCIs across grade-levels: will be ada@i\/n futtwd versp'/n.

Common Core State Standards Connections:
ELA/ Literacy —
RST.9-10.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions. (HS-PS1-e),(HS-

PS1-)

RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or
inconsistencies in the account. (HS-PS1-a),(HS-PS1-c)

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words. (HS-PS1-a),(HS-PS1-c),(HS-PS1-d),(HS-PS1-j)

RST.9-10.8 Assess the extent to which the reasoning and evidence in a text support the author’s claim or a recommendation for solving a scientific or technical problem. (HS-
PSI-a)

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their own experiments), noting when the findings support or contradict
previous explanations or accounts. (HS-PSI-e),(HS-PS1-i)

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understanding of a process, phenomenon, or concept,

resolving conflicting information when possible. (HS-PS1-e),(HS-PS1-i)
WHST.11-12.1 Write arguments focused on discipline-specific content. (HS-PS1-a)
WHST.11-12. 2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes. (HS-PS1-e),(HS-PS1-i)
WHST.11-12.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. (HS-PSI-a),(HS-PS1-e),(HS-

PS1-i)
WHST.9-10.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (HS-PS1-g)
WHST.9-10.8 Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the usefulness of each source in

answering the research question; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and following a standard format
for citation. (HS-PS1-a)

WHST.9-10.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-e),(HS-PS1-i)

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-a)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-PS1 Matter and Its Interactions

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quanti y, orally) evaluating the credibility and accuracy of each
source. (HS-PSI-a),(HS-PS1-c),(HS-PS1-e),(HS-PS1-i)

Mathematics —

MP.2 Reason abstractly and quantitatively. (HS-PS1-b),(HS-PS1-c),(HS-PS1-e),(HS-PS1-h)

MP.3 Construct viable arguments and critique the reasoning of others. (HS-PS1-a)

MP.4 Model with mathematics. (HS-PS1-b),(HS-PS1-h)

8.SP Investigate patterns of association in bivariate data. (HS-PS1-b),(HS-PS1-e)

F.LE Construct and compare linear, quadratic, and exponential models and solve pr

S.ID Summarize, represent, and interpret data on two categorical and quantitative’variapies. (HS-PS1-c), (HS- S-PS1-h)

S.IC.B Make inferences and justify conclusions from sample surveys, experimen -PS1-e),(HS-PS1-h),(HS-PS1-i)

A-CED.1 Create equations that describe numbers or relationships. (HS-PS1-h)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-PS2 Motion and Stability: Forces and Interactions

HS-PS2 Motion and Stability: Forces and Interactions

Students who demonstrate understanding can:

HS-PS2-a.

HS-PS2-b.

HS-PS2-c.

HS-PS2-d.

HS-PS2-e.

HS-PS2-f.

Analyze data to support the claim that Newton’s second law of motion describes th
among the net force on macroscopic objects, their mass, and acceleration.* [Assessment
dimensional motion and to macroscopic objects moving at non-relativistic speeds.]
Use mathematical expressions to support the claim that the total momentum of a
conserved when there is no net force on the system. [Clarification Statement: Consérvation o

mathematical expressions includes explaining the meaning of those expressions. Desired quantities are the
interaction.] [Assessment Boundary: Systems are restricted to two macroscopic bodies moving in one di

athematical relationship
Boundary: Restricted to one-

ystem of objects is
momentum is the focus. Using

the functioning of designed materials. [Clarification
of metal, flexible but durable materials are made up of long chained mol
pharmaceuticals are designed to interact with specific receptors.] [Assess|

intended.]

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questio
test solutions to problems in 9-12 builds on K-8 experiences
and progresses to include investigations that build, test, and
revise conceptual, mathematical, physical and empirical
models.
= Design and conduct an investigation i
collaboratively, and in the design: d

on the precision of
risk, time), and refine
the design accordingly. (HS-PS
Analyzing and Interpreting Data
Analyzing data in 9—-12 builds on K-8 an
introducing more detailed statistical analysis;
data sets for consistency, and the use of modeis to generate
and analyze data.
= Use tools, technologies, and/or models (e.g.,
computational, mathematical) to generate and anaiyze
data in order to make valid and reliable scientific clai
determine an optimal design solution. (HS-PS2-a)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 9-12 level
builds on K-8 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 algorithmic representations of
phenomena or design solutions to describe and support
claims and explanations, and create computational models
or simulations. (HS-PS2-b),(HS-PS2-d)
= Apply techniques of algebra and functions to represent and
solve scientific and engineering problems. (HS-PS2-b),(HS-
PS2-d)
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, evaluate, and refine a solution to a complex real-
world problem, based on scientific knowledge, student-
generated sources of evidence, prioritized criteria, and
tradeoff considerations. (HS-PS2-c)

Forces at a distance are explained by fields permeating space that
can transfer energy through space. Magnets or changing electric
ields cause magnetic fields; electric charges or changing
magnetic fields cause electric fields. (HS-PS2-e), (secondary to HS-
PS3-e)
= Attraction and repulsion between electric charges at the atomic
scale explain the structure, properties, and transformations of
matter, as well as the contact forces between material objects.
(HS-PS2-f), (secondary to HS-PS1-a),(secondary to HS-PS1-c)
PS3.A: Definitions of Energy
= ...and “electrical energy” may mean energy stored in a battery or
energy transmitted by electric currents. (secondary to HS-P52-e)
ETS1.A: Defining and Delimiting an Engineering Problem
= Design criteria and constraints, which typically reflect the needs of
the end-user of a technology or process, address such things as
the product’s or system’s function (what job it will perform and
how), its durability, and limits on its size and cost. (secondary to
HS-PS2-c)
= Criteria and constraints also include satisfying any requirements
set by society, such as taking issues of risk mitigation into
account, and they should be quantified to the extent possible and
stated in such a way that one can tell if a given design meets
them. (secondary to HS-PS2-c)
ETS1.B: Developing Possible Solutions
= 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 to HS-PS2-c)
= Testing should lead to improvements in the design through an
iterative procedure. (secondary to HS-PS2-c)
= Both physical models and computer models can be used in various

Crosscutting Concepts

Cause and Effect
= Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-
PS2-a),(HS-PS2-e)
= Cause and effect relationships can be
suggested and predicted for complex
natural and human designed systems
by examining what is known about
smaller scale mechanisms within the
system. (HS-PS2-d)
= Systems can be designed to cause a
desired effect. (HS-PS2-c)
= Changes in systems may have
various causes that may not have
equal effects. (HS-PS2-a)
Systems and System Models
= When investigating or describing a
system, the boundaries and initial
conditions of the system need to be
defined. (HS-PS2-b)
Structure and Function
= Investigating or designing new
systems or structures requires a
detailed examination of the
properties of different materials, the
structures of different components,
and connections of components to
reveal its function and/or solve a
problem. (HS-PS2-f)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-PS2 Motion and Stability: Forces and Interactions

Obtaining, Evaluating, and Communicating Information

Obtaining, evaluating, and communicating information in 9-12

builds on K-8 and progresses to evaluating the validity and

reliability of the claims, methods, and designs.

= Produce scientific and/or technical writing and/or oral

presentations that communicate scientific ideas and/or the
process of development and the design and performance
of a proposed process or system. (HS-PS2-f)

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories
Explain Natural Phenomena
= Theories and laws provide explanations in science, but
theories do not with time become laws or facts. (HS-PS2-
a),(HS-PS2-d)
= Laws are statements or descriptions of the relationships
among observable phenomena. (HS-PS2-a),(HS-PS2-d)

ways to aid in the engineering design process. Physical models,
or prototypes, are helpful in testing product ideas or the

properties of different materials. (secondary to HS-PS2-a)
Computer models are useful for a variety of purposes, su
representing a design in 3-D through CAD software; in

running simulations to test different ways of solvi
to see which one is most efficient or economical;

problem but to design the best s
constraints and criteria. (secor
Testing should lead to design impri
process, and computer simulations a
such tests. (secondary to HS-PS2-a)

Connections to other DCIs in this grade-level: will be added in future version. \

Articulation to DCIs across grade-levels: will be added in future version. \

Common Core State Standards Connections:
ELA/Literacy —

RST.11-12.3 Follow precisely a complex multistep procedure when carrying out expetiments, taking

RST.9-10.7 Translate quantltatlve or technlcal |nformat|0n expressedin words in a text\into \ds

RST.11-12.7 Integrate and evaluate muItipIe sources of inforpaa

WHST.11-12.2 Write informative/explanatory texts,ncludigig the narration of his|
WHST.11-12.4 Produce clear and coherent writing in“which the developmen

WHST.11-12.7 Conduct short as WeII as more sustaine esear

WHST.9-10.8 Gather reIevant information from muIt|pIe auth r|tat|

SL.9-10.2 Integrate multip e sources of information prese

each source.
SL.9-10.5 Make strategi

reasoning,
Mathematics —
MP.2 Reason abstractly and qua
MP.4 Model with Mathemati
8.F Define, evaluate, and co
S.ID Summarize, represent, and In 4 single count or measurement variable (HS-PS2-b),(HS-PS2-d)
A.CED.1 Create equations that describe numbers opfelationships. (HS-PS2-b),(HS-PS2-d)
F.BF Build a function that models a relationship between two quantities (HS-PS2-a),(HS-PS2-b),(HS-PS2-d)
F.IF Interpret functions that arise in applieationsin terms of the context. (HS-PS2-a),(HS-PS2-b),(HS-PS2-d)
S.IC.B Make inferences and justify conclusions\{rdm sample surveys, experiments, and observational studies. (HS-PS1-b),( HS-PS2-f)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-PS3 Energy

HS-PS3 Energy

Students who demonstrate understanding can:
HS-PS3-a. Use mathematical expressions to describe, model, or simulate the change
component within a closed system when_ t_he chang_e in the energy o he ¢

nergy in the energy of one
her component(s) is known. [Carification

HS-PS3-b. i ild, i i ithin gi i to0 convert one form of energy into another

HS-PS3-c. i > cribed as either the movement

HS-PS3-d.
HS-PS3-e. j field to explain the changes in energy and the

HS-PS3-f. ow scientific discoveries about the conversion

ion, including the further development of

HS-PS3-g. backs of nuclearprocesses compared to other types of energy production.

Crosscutting Concepts
Cause and Effect
= Empirical evidence is required to differentiate
between cause and correlation and make claims
3 about specific causes and effects. (HS-PS3-e)
components in e to the fact that a system'’s total energy is Systems and System Models
= Use multiple , even as, within the system, energy is continually When investigating or describing a system, the
support explanations o transferred from one object to another and between its boundaries and initial conditions of the system need
various possible forms. (HS-PS3-a) to be defined and their inputs and outputs analyzed
limitations. (HS-PS3-c = At the macroscopic scale, energy manifests itself in multiple and described using models. (HS-PS3-a),(HS-PS3-
- i ways, such as in motion, sound, light, and thermal energy. c),(HS-PS3-d)
“Mechanical energy” generally refers to some combination of = Models can be used to predict the behavior of a
motion and stored energy in an operating machine. (HS- system, but these predictions have limited precision
(HS-PS3-e) PS3-b) and reliability due to the assumptions and
i 3 = These relationships are better understood at the microscopic approximations inherent in models. (HS-PS3-a),(HS-
Planning and carrying out investigations to v scale, at which all of the different manifestations of energy PS3-d)
questions or test solutions to problems in 9— can be modeled as either motions of particles or energy o Clarification Statement for all PEs: Energy
on K-8 experiences and progresses to include stored in fields (which mediate interactions between transfer cannot be directly studied — a model
investigations that build, test, and revise conceptual, particles). This last concept includes radiation, a must be used. In design for maximal or minimal
mathematical, physical, and empirical models. phenomenon in which energy stored in fields moves across energy transfer, the boundaries of a system
= Design an investigation individually and space. (HS-PS3-c) must be defined
collaboratively and test designs as part of building PS3.B: Conservation of Energy and Energy Transfer Stability and Change
and revising models, supporting explanations for = Conservation of energy means that the total change of = Feedback (negative or positive) can stabilize or
phenomena, or testing solutions to problems. energy in any system is always equal to the total energy destabilize a system. Systems can be designed for
Consider possible confounding variables or effects transferred into or out of the system. (HS-PS3-a) greater or lesser stability. (HS-PS3-g)
and evaluate the investigation’s design to ensure = Energy cannot be created or destroyed, but it can be
variables are controlled. (HS-PS3-d) transported from one place to another and transferred
Using Mathematics and Computational Thinking between systems. (HS-PS3-a),(HS-PS3-d) Connections to Engineering, Technology, and
Mathematical and computational thinking at the 9-12 = Mathematical expressions, which quantify how the stored Applications of Science
level builds on K-8 and progresses to using algebraic energy in a system depends on its configuration (e.g.
thinking and analysis, a range of linear and nonlinear relative positions of charged particles, compression of a Interdependence of Science, Engineering, and
functions including trigonometric functions, spring) and how kinetic energy depends on mass and speed, | Technology
exponentials and logarithms, and computational tools allow the concept of conservation of energy to be used to = Science and engineering complement each other in
for statistical analysis to analyze, represent, and model predict and describe system behavior. (HS-PS3-a) the cycle known as research and development
data. Simple computational simulations are created = The availability of energy limits what can occur in any (R&D). (HS-PS3-f)
and used based on mathematical models of basic system. (HS-PS3-a) = Many R&D projects may involve scientists, engineers,
assumptions. = Uncontrolled systems always evolve toward more stable and others with wide ranges of expertise. (HS-PS3-f)
= Use mathematical or algorithmic representations states—that is, toward more uniform energy distribution Influence of Science, Engineering, and Technology
of phenomena or design solutions to describe and (e.g., water flows downhill, objects hotter than their on Society and the Natural World
support claims and explanations, and create surrounding environment cool down). (HS-PS3-d) = Modern civilization depends on major technological
computational models, or simulations. (HS-PS3-a) PS3.C: Relationship Between Energy and Forces systems such as agriculture, health, water, energy,
Constructing Explanations and Designing = When two objects interacting through a force field change transportation, manufacturing, construction, and

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-PS3 Energy

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.
= Apply scientific knowledge and evidence to explain
phenomena and solve design problems, taking
into account possible unanticipated effects. (HS-
PS3-b)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds
from 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.
Arguments may also come from current scientific or
historical episodes in science.
= Evaluate a claim for a design solution to a real-
world problem based on scientific knowledge,
empirical evidence, and logical arguments
regarding relevant factors (e.g. economic, societal,
environmental, ethical considerations). (HS-PS3-g)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating information
in 9—12 builds on K-8 and progresses to evaluating
the validity and reliability of the claims, methods, and
designs.
= Produce scientific and/or technical
oral presentations that communi
ideas and/or the process of development and the
design and performance of 4 propased process or
system. (HS-PS3-f)

PS3.D: Energy in Chemical Processes

ETS1.B: Developing Possible Solutions
= When evaluating solutions, it is important to take into account

ETS1.C: Optimizing the Design Solution
= The aim of engineering design is not simply to find a solution

= Testing should lead to design improvements through an

relative position, the energy stored in the force field is
changed. (HS-PS3-e)
Each force between the two interacting objects acts in.the

of motion. (HS-PS3-e)

needed for life functions.) (HS
All forms of electricity gene

/its durab|||ty, and limits on its size and
S-PS3-b)

anity faces major global challenges today, such as the

need for suppties/of clean water and food or for energy

sources that minimize pollution, which can be addressed

through engineering. These global challenges may also have
anifestations in local communities. But, whatever the scale,

the first things that engineers do is define the problem and

specify the criteria and constraints for potential solutions.
econdary to HS-PS3-b),(secondary to HS-PS3-f)

a range of constraints, including cost, safety, reliability, and
aesthetics, and to consider social, cultural, and environmental
impacts. (secondary to HS-PS3-b)

Testing should lead to improvements in the design through an
iterative procedure. (secondary to HS-PS3-b)

to a problem but to design the best solution under the given
constraints and criteria. (secondary to HS-PS3-b)

iterative process, and computer simulations are one useful
way of running such tests. (secondary to HS-PS53-b)

communications. Engineers continuously modify
these systems to increase benefits while decreasing
costs and risks. (HS-PS3-b),(HS-PS3-f)

= Widespread adoption of technological innovations
often depends on market forces or other societal
demands, but it may also be subject to evaluation by
scientists and engineers and to eventual government
regulation. (HS-PS3-b),(HS-PS3-f)

= 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. (HS-PS3-
b),(HS-PS3-f)

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. (HS-PS3-g)
= 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. (HS-PS3-f),(HS-PS3-g)
= Many decisions are not made using science alone,
but rely on social and cultural contexts to resolve
issues. (HS-PS3-f),(HS-PS3-g)

Connections to other DCIs in this grade-level: will be added in future version.

Articulation to DCIs across grade-levels: will be added in future version.

Common Core State Standards Connections:

Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or
Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or
Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or

in an equation) into words. (HS-PS3-a),(HS-PS3-c),(HS-PS3-g)
Assess the extent to which the reasoning and evidence in a text support the author’s claim or a recommendation for solving a scientific or technical problem. (HS-

Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the

inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (HS-PS3-b),(HS-PS3-d)

Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the usefulness of each source in

answering the research question; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and following a standard format

Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS3-g)

ELA/Ljteracy —
RST.11-12.1
inconsistencies in the account. (HS-PS3-g)
RST.9-10.3
exceptions defined in the text. (HS-PS3-d)
RST.9-10.7
mathematically (e.g.,
RST.9-10.8
PS3-g)
WHST.11-12.1  Write arguments focused on discipline-specific content. (HS-PS3-g)
WHST.9-10.7
WHST.9-10.8
for citation. (HS-PS3-g)
WHST.11-12.9
SL.9-10.2

Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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source. (HS-PS3-g)
SL.11-12.2 Integrate multiple sources of information presented in diverse formats and medid (e. uantitatively, orally) in order to make informed decisions
and solve problems, evaluating the credibility and accuracy of each source a
SL.9-10.5 i i in‘presentations to enhance understanding of findings,

SL.11-12.5 i nce, and add interest. (HS-PS3-€)

Mathematics —
MP.1
MP.2
MP.3
MP.6
S.ID
F.BF

F.IF
A-REI.10
A.CED
N-Q

le (HS-PS3-b),(HS-PS3-d)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-PS4 Waves and Their Applications in Technologies for Information Transfer

HS-PS4 Waves and Their Applications in Technologies for Information Transfer

Students who demonstrate understanding can:

HS-PS4-a.

HS-PS4-b.

HS-PS4-c.

HS-PS4-d.

HS-PS4-e.

HS-PS4-f.

HS-PS4-g.

HS-PS4-h.

Make quantitative claims using provided data regarding the relationship among frequency and wavelength, and

the speed of the wave traveling in various media. [Clarification Statement: Examples of provided data could include electromagnetic radiation
traveling in a vacuum and glass, sound waves traveling through air and water, and seismic waves traveling through the Earth. Relationships are only expressed
algebraically.]
Evaluate a provided experimental design that attempts to determine the extent to whichan interface between
two materials meets the theoretical prediction for transmission, reflection, and refraction of waves. [Clarification
Statement: Theoretical predictions are based on Law of Reflection and/or Snell’s Law. Students should be provided relévant jrfformation, such as index of refraction of
media and angle of incidence.] [Assessment Boundary: Restricted to light and sound waves.]

Ask questions that challenge the relative advantages of analog vs. digital trar

photoelectric effect.] [Assessment Boundary: Limited to understanding th
quantum theory.]

electromagnetic radiation is much more damagin
microwaves, infrared, visible, UV, gamma, and

Construct an explanation, usi
application in everyday devic

simulations.

set, or the suitability of a design. (HS-PS4-c
Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to usirig
synthesizing, and developing models to predict and
explain relationships between systems and their
components in the natural and designed world.
= Develop, revise, and use models to predict and
support explanations of relationships between ]
systems or between components of a system. (HS-

PS4-d)

Planning and Carrying Out Investigations

Planning and carrying out investigations to answer

questions or test solutions to problems in 9-12 builds on

K-8 experiences and progresses to include investigations

that build, test, and revise conceptual, mathematical, L]

physical, and empirical models.

= Design and conduct an investigation individually and

collaboratively, 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. (HS-PS4-b) .

testable questions and design solutions

Crosscutting Concepts

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. (HS-PS4-a),(HS-PS4-
b),(HS-PS4-d),(HS-PS4-¢),(HS-PS4-
f),(HS-PS4-g),(HS-PS4-h)
o Clarification Statement for HS-PS4-
e: The way something functions,
(e.g., visible light) can be best
understood through a particular
representation of its structure.

ves of different frequencies can make a wide variety of
thereby encode and transmit information. (HS-PS4-c)
ion can be digitized (e.g., a picture stored as the values of an
pixels); in this form, it can be stored reliably in computer

Resonance is a phenomenon in which waves add up in phase in a
structure, growing in amplitude due to energy input near the natural
vibration frequency. Structures have particular frequencies at which
they resonate. This phenomenon (e.g., waves in a stretched string,
vibrating air in a pipe) is used in speech and in the design of all musical
instruments. (HS-PS4-d)

PS4.B: Electromagnetic Radiation

Electromagnetic radiation (e.g., radio, microwaves, light) can be
modeled as a wave of changing electric and magnetic fields or as
particles called photons. The wave model is useful for explaining many
features of electromagnetic radiation, and the particle model explains
other features. Quantum theory relates the two models. (Boundary: and Science on Society and the Natural
Quantum theory is not explained further at this grade level.) (HS-PS4- World

e) = Modern civilization depends on major
Because a wave is not much disturbed by objects that are small technological systems, such as

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). (HS-
PS4-h)
Influence of Engineering, Technology,

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

compared with its wavelength, visible light cannot be used to see such
objects as individual atoms. (HS-PS4-f)

= All electromagnetic radiation travels through a vacuum at the same
speed, called the speed of light. Its speed in any other given medium
depends on its wavelength and the properties of that medium. (HS-
PS4-a)

agriculture, health, water, energy,
transportation, manufacturing,
construction, and communications. (HS-
PS4-c),(HS-PS4-d),(HS-PS4-f),(HS-PS4-h)
= Engineers continuously modify these
systems to increase benefits while

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-PS4 Waves and Their Applications in Technologies for Information Transfer

theories. = When light or longer wavelength electromagnetic radiation is absorbed decreasing costs and risks. (HS-PS4-d)
= Make quantitative and qualitative claims regarding in matter, it is generally converted into thermal energy (heat). (HS-
the relationship between dependent and independent PS4-g)
variables. (HS-PS4-a) = Shorter wavelength electromagnetic radiation (ultraviolet, X-rays,
= Construct and revise explanations based on evidence gamma rays) can ionize atoms and cause damage to living cells. (HS-
obtained from a variety of sources (e.g., scientific PS4-g)
principles, models, theories, simulations) and peer = Photovoltaic materials emit electrons when they absorb light of a high-
review. (HS-PS4-h) enough frequency. (HS-PS4-h)
Engaging in Argument from Evidence = Atoms of each element emit and absorb characteristic frequencies of
Engaging in argument from evidence in 9-12 builds from light, and nuclear transitions have distinctive gamma ray wavelengths.
K-8 experiences and progresses to using appropriate and These characteristics allow identification of the presence of an element,
sufficient evidence and scientific reasoning to defend and even in microscopic quantities. (HS-PS4-h)
critique claims and explanations about natural and PS4.C: Information Technologies and Instrumentation
designed world. Arguments may also come from current = Multiple technologies based on the understanding of waves and their
scientific or historical episodes in science. interactions with matter are part of everyday experiences in the
= Evaluate the claims, evidence, and reasoning behind modern world (e.g., medical imaging, communications, scanners) and
currently accepted explanations or solutions to in scientific research. They are essential tools for producing,
determine the merits of arguments. (HS-PS4-e),(HS- transmitting, and capturing signals and for storing and interpreting thie
PS4-f) information contained in them. (HS-PS4-f)
= Make and defend a claim about the natural world or = Knowledge of quantum physics enabled the development of

the effectiveness of a design solution that reflects semiconductors, computer chips, and lasers, all of which are‘now
scientific knowledge, and student-generated essential components of modern imaging, communicatio
evidence. (HS-PS4-f) information technologies. (Boundary: Details of quanti
Obtaining, Evaluating, and Communicating not formally taught at this grade level.) (HS-PS4-f)

Information ETS1.A: Defining and Delimiting an Engineeri

Obtaining, evaluating, and communicating information in = Design criteria and constraints, which typically re

9-12 builds on K-8 and progresses to evaluating the end-user of a technology or process, address such things as

validity and reliability of the claims, methods, and product’s or system’s function (what job it will perform and ho

designs. durability, and limits on its size and cost. (secondary to H5-PS4-c),(

= Synthesize, communicate, and evaluate the validity secondary to HS-PS4-d), (secondary to-HS-PS4-f)

and reliability of claims, methods, and designs that = Criteria and constraints also include satisfying.any requirements'set by
appear in scientific and technical texts or media society, such as taking issues of risk mitigation into_account, and they
reports, verifying the data when possible. (HS-PS4-g) should be quantified to the extent possible and stated-in such a way

Connections to Nature of Science ETS1.B: Developing Possible Solution:
= To design something complicated one may need to bréak the preblem
Science Models, Laws, Mechanisms, and Theories into parts and-attend to each part separately but must theh bring the
Explain Natural Phenomena parts together to test the overall plan. (secendary to H5-PS4-f)
= A scientific theory is a substantiated explanation of = Testing should mprovements in the design through an iterative
some aspect of the natural world, based on a body of procedure. HS-PS4-d)
facts that have been repeatedly confirmed through = Botfi physical models and computer models can‘be used in various
observation and experiment and the science waysto aid in_the engineering design process. Physical models, or
community validates each theory before it is prototypes, are helpful in tésting-product ideas or the properties of

accepted. If new evidence is discovered that the different
theory does not accommodate, the theory is generally | E
modified in light of this new evidence. (HS-PS4-¢)

that one can tell if a given design meets them.
c),(secondary to HS-PS4-d),(secondary to HS-PS4-f)

and

econdary ta HS-P54-

indary to HS-PS4-aG
Desjg olution
ay need to be broken down into simpierones that can be
atically;.and decisions about the priority of certain
ers (trade-offs) may be needed. (secondary to HS-PS4-

>

Connections to other DCIs_in this grade-level: “wjll be added in future version. \___\

Articulation to DCIs across grade-levels: will be added in future version.

Common Core State Standards Connections:

ELA//Literacy—

RST.9-10.7 Translate quantitative or technical infol ordg in a text into visual form (e.g., a table or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.

RST.11-12.7 Integrate and evaluate multiple sources of in resented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a
question or solve a problem. (HS-PS4-a)

RST.9-10.8 Assess the extent to which the reasoning and evi a text support the author’s claim or a recommendation for solving a scientific or technical problem. (HS-PS4-
f), (HS-PS4-g)

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible and corroborating or challenging conclusions
with other sources of information. (HS-PS4-c), (HS-PS4-b), (HS-PS4-E), (HS-PS4-g),

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understanding of a process, phenomenon, or concept, resolving

conflicting information when possible. (HS-PS4-d),(HS-PS4-f),(HS-PS4-h)
WHST.11-12.1  Write arguments focused on discipline-specific content. (HS-PS4-f)
WHST.11-12.4  Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. (HS-PS4-f)
WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS4-f)

SL.9-10.1c Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others into the
discussion; and clarify, verify, or challenge ideas and conclusions. (HS-PS4-c)

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.qg., visually, quantitatively, orally) evaluating the credibility and accuracy of each
source. (HS-PS4-b), (HS-PS4-f), (HS-PS4-g), (HS-PS4-h)

SL.9-10.4 Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization,

development, substance, and style are appropriate to purpose, audience, and task. (HS-PS4-f), (HS-PS4-h)

Mathematics —
MP.3 Construct viable arguments and critique the reasoning of others. (HS-PS4-e),(HS-PS4-f),(HS-PS4-g)
MP.4 Model with mathematics. (HS-PS4-a), (HS-PS4-d)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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Information Transfer

S4-e),(HS-PS4-f), (HS-PS4-h)

MP.5 Use appropriate tools strategically. (HS-PS4-b)

N-Q Reason quantitatively and use units to solve problems (HS-PS4-a)

S.ID Summarize, represent, and interpret data on a single count or measurement variable
S.IC Make inferences and justify conclusions from sample surveys, experiments, and obsérvati
F.IF Interpret functions that arise in applications in terms of the context. (HS-PS4-a)

F.BF Build a function that models a relationship between two quantities. (HS-PS4-

F.LE Construct and compare linear, quadratic, and exponential models and solve probl

A.CED Create equations that describe numbers or relationships. (HS-PS4-a)

A-REI.10 Represent and solve equations and inequalities graphically. (HS-PS54-a,

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS1 From Molecules to Organisms: Structures and Processes

HS-LS1  From Molecules to Organisms: Structures and Processes

Students who demonstrate understanding can:

HS-LS1-a.

HS-LS1-b.

HS-LS1-c.

HS-LS1-d.

HS-LS1-e.

HS-LS1-f.

HS-LS1-g.

HS-LS1-h.

HS-LS1-i.

HS-LS1-j.

HS-LS1-k.

HS-LS1-I.

Critically read scientific literature and produce scientific writing and/or oral presentations that communicate how
the structure and function of systems of specialized cells within organisms help perform the essential functions of

life. [Clarification Statement: Emphasis is on identifying systems of specialized cells or tissues (e.g., nervous, muscular, connective, epithelial) and specialized
structures that these cells possess that are vital to their functioning in carrying out essential life processes (e.g., transmission of neural impulses, muscle contraction,
maintenance of blood glucose levels). Students should be able to determine information that is relevant to how the structure and function of these systems are related
to chemical reactions that take place between different types of molecules (e.g., water, proteins, carbohydrates, lipids, nucleic acids).] [Assessment Boundary: The
assessment should measure students’ understanding of the hierarchical and structural organization of cells. Emphasis is not on whole body systems or biochemistry.]

Critically read scientific literature and produce scientific writing and/or oral presentations that communicate how

DNA sequences determine the structure and function of proteins, which carry out most of the work of the cell.
[Clarification Statement: Emphasis is on the conceptual understanding that DNA sequences determine the amino acid sequence; thus, protein structure and function.]
[Assessment Boundary: The assessment should provide evidence of students’ abilities to read critically and identify key ideas and major conceptual ideas of the
relationship between structure and the processes that lead to protein synthesis. The specific steps of transcriptigfnand translation or actual protein structure are not
assessed.]

Develop and use a model to support explanations about the hierarchica

organization including cells, tissues, organs, and systems of an organism.] [Assessment Boundary: he asse sment should prowde ewdence of students abilities to
develop and use models to explain how each level is dependent on the next to operate as a syste

Design and conduct an investigation to gather evidence in suppgo rtl anations for the function of feedback
mechanisms to maintain homeostasis. [Clarification Statement: The e tions e.g., heart rate response to exercise, blood
vessels response to temperature changes) that students use to provide evidence to sygport qof feedback.] [Assessment Boundary: The
assessment should provide evidence that students can distinguish between evidence’supporting the feedback mechanism and evidence that does not include a
feedback mechanism. Additionally, students should be able to determine whethep/or nof e assessment should provide evidence of
students’ abilities to distinguish between supporting and irrelevant data. Cellu e not assessed.]

Use a model to support the explanation of how mitotic with identical patterns
of genetic material essential for producing and mai organism. [Clarification’Statement: Emphasis is on

are genetically identical.]
Construct an explanation using evidence i tion is the result of activation or inactivation of
specific genes and small differences in i 3 1 of the cells; relate these concepts to potential
solutions in biomedical engineering and Emphasis is limited to the concept that a single cell develops into
a variety of differentiated cells and thus, a complex organism.§ [As$ : should provide evidence of students’ abilities to construct an

explanation about the conditions necessary for cell differentiatio icati iomedicajtesearch (e.g., cancer treatment, replacing damaged organs,
engineering tissues to test drugs).]

Develop and revise a model

ent: Emphasis is on the concept that genetically identical cells produced from a single
ake up organs within organ systems working together to meet the needs of the

Use a model tc :
bonds of food mxc s’ancd’oxygen molecules are broken and the bonds in new compounds are formed resulting

specific steps.] [Assessment Baungdéry: The assessment should provide evidence of students’ abilities to use conceptual models or diagrams to explain the inputs and
outputs of metabolism. Students‘are not expected to identify the steps in cellular respiration.]

Produce technical writing to communicate information about the evidence from technologies that supports
explanations for the integrated functioning of various regions of the brain.* [Clarification Statement: Emphasis is on evaluating
evidence about the integrated functioning of various regions of the brain and the technologies (e.g., MRI, CAT scan) used to gather the evidence about how the brain
functions.] [Assessment Boundary: The assessment should provide evidence of students’ abilities to determine which explanations are supported by valid and reliable
data and the sources of the data. Emphasis is on physiological function, not the value of the behavior to the organism.]

Ask questions to establish the strength of evidence supporting scientific arguments for the patterns of behavior in
organisms related seeking rewards, avoiding punishments, and/or forming attachments to members of their own
species and, in some cases, to members of other species. [Clarification Statement: Emphasis is on the strength of arguments explaining the
relationship between brain circuits and motivation of behaviors. Emphasis is on the strength of evidence used to support an argument.] [Assessment Boundary: The
assessment should provide evidence of students’ abilities to recognize patterns of behaviors and relate those patterns to information processing regions of the brain and

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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whether the organisms are seeking rewards, avoiding punishments, and/or forming attachments. The assessment will provide evidence of students’ abilities to
recognize patterns of behaviors and relate those patterns to the integrated functioning of the brain and whether the organism is seeking rewards, avoiding

punishments, and/or forming attachments.]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Asking Questions and Defining Problems

Asking questions and defining problems in grades 9-12 builds on
grades K-8 experiences and progresses to formulating, refining,
and evaluating empirically testable questions and design solutions
using models and simulations.

Ask questions that arise from careful observation of
phenomena, models, theory, or unexpected results. (HS-LS1-
)

Ask and evaluate questions that challenge the premise of an
argument, the interpretation of a data set, or the suitability of

a design. (HS-LS1-I)
Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using,
synthesizing, and developing models to predict and explain
relationships between systems and their components in the
natural and designed world.
= Use multiple types of models to represent and support
explanations of phenomena, and move flexibly between

model types based on merits and limitations. (HS-LS1-c),(HS-

LS1-e),( HS-LS1-g),(HS-LS1-h),( HS-LS1-j)

= Develop, revise, and use models to predict and support
explanations of relationships between systems or between
components of a system. (HS-LS1-c),(HS-LS1-h),(HS-LS1-j)

= Evaluate merits and limitations of two different models of the
same proposed tool, process, or system in order to select or

revise a model that best fits the evidence or design criteria.
(HS-LS1-g)

Planning and Carrying Out Investigations

Planning and carrying out investigations to answer questions or

test solutions to problems in 9-12 builds on K-8 experiences and

progresses to include investigations that build, test, and revise
conceptual, mathematical, physical, and empirical models.
= Design and conduct an investigation individually and
collaboratively, 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 refihe the
design accordingly. (HS-LS1-d)

= Select appropriate tools to collect, record, analyze, and
evaluate data. (HS-LS1-d)

= Design and conduct investigations and test design sclutions\in

a safe and ethical manner including considerations of
environmental, social, and personal impacts. (HS-LS1-d)
Constructing Explanations and Designing Solutions

Constructing explanations and designing solutions in 9-12 builds
on K-8 experiences and progresses to explanations and desighs

that are supported by multipl€ and independent student-
generated sources of evidefice cansistent with scientific
knowledge, principles, and theories.

= Apply scientific reasoning, theory,xand models to link eviderice

to claims to assess the extent to which the reasoning and
data support the explanation or-conclusion. (HS-LS1-f)
= Construct and revise explanations based on evidence

obtained from a variety of sources (€:g., scientific principles,

models, theories, simulations) and peer-teview:(HS-LS1-f)
= Apply scientific knowledge and evidence to-explain
phenomena and solve design problems, taking into account
possible unanticipated effects. (HS-LS1-i)
= Design, evaluate, and refine a solution to a complex.real-
world problem, based on scientific knowledge, student-
generated sources of evidence, prioritized criteria, and
tradeoff considerations. (HS-LS1-f)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12
builds on 6-8 and progresses to evaluating the validity and
reliability of the claims, methods, and designs.
= Critically read scientific literature adapted for classroom use
to determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or information

presented in a text by paraphrasing them in simpler but still

accurate terms. (HS-LS1-a),(HS-LS1-b),(HS-LS1-k)
= Synthesize, communicate, and evaluate the validity and
reliability of claims, methods, and designs that appear in

LS1.A: Structure and Function

= Systems of specialized cells within organisms help them
perform the essential functions of life, which involve
chemical reactions that take place between different
types of molecules, such as water, proteins,
carbohydrates, lipids, and nucleic acids. (HS-LS1-a)

= All cells contain genetic information in the form of DNA
molecules. Genes are regions in the DNA that contain the
instructions that code for the formation of proteins,
which carry out most of the work of cells. (HS-LS1-b)

= Multicellular organisms have a hierarchical structural
organization, in which any one system is made up of
numerous parts and is itself a component of the‘hext
level. (HS-LS1-c)

= Feedback mechanisms maintain a living system'’s internal
conditions within certain limits and mediate bekaviors,
allowing it to remain alive and functighal even as external
conditions change within some rapge. OutSide that range
(e.g. at too high or too low extefnal terperature, with
too little food or water available) the’organism cannot
survive. Feedback mechapisms cafn encourage (threugh
positive feedback) or discourage (negative feedback)
what is going on inside the living.system. (HS-LS1-d)

LS1.B: Growth and Development of Organisms

= In multicellular organisms individual ceils grow and then
divide via a-process called mitosis, \thereby<allowing the
organispy’to grow., The organism begins as a single cell
(fertilized egg) that divides successivelyto produce many
cells, with each-parent ceil-passing identical genetic
material (two variants.of each chromosome pair) to both
daughter cells. (HS-LS1-&)

= As successive subdivisions of an embryo’s-cells occur,
programmed genetic instructions apd small differences in
their immediate\environments activate orinactivate
different genes, which'cause the cells to develep
differently—a process called differentiation. Cellular
division and differentiation produce and maintain a
cgmplex organism, composed of systems of tissues and
organs| that work together to\meet the needs of the
whole/organism. (HS-LS1-f),(HS-LS1-g)

LS1.C: Organization for-Matter and Energy Flow in
Organisims
= he process of photusynthesis converts light energy to
stored chemical energy by converting carbon dioxide plus
water into sugars plus released oxygen. (HS-LS1-h)
=\ The stigar molecules thus formed contain carbon,
hydrogen, and oxygen: their hydrocarbon backbones are
used\to make amino acids and other carbon-based
molecuiés that can be assembled into larger molecules
(such as proteins or DNA), used for example to form new
cells. (HS-LS1-i)
= As matter and energy flow through different
organizational levels of living systems, chemical elements
are recombined in different ways to form different
products. (HS-LS1-i),(HS-LS1-j)
As a result of these chemical reactions, energy is
transferred from one system of interacting molecules to
another. For example, aerobic (in the presence of
oxygen) cellular respiration is a chemical process
whereby the bonds of food molecules and oxygen
molecules are broken and new compounds are formed
that can transport energy to muscles. Anaerobic (without
oxygen) cellular respiration follows a different and less
efficient chemical pathway to provide energy in cells.
Cellular respiration also releases the energy needed to
maintain body temperature despite ongoing energy loss
to the surrounding environment. (HS-LS1-j), (secondary
to HS-LS2-d),(secondary to HS-LS2-c)
LS1.D: Information Processing
= In complex animals, the brain is divided into several
distinct regions and circuits, each of which primarily
serves dedicated functions, such as visual perception,

Crosscutting Concepts

Patterns
= Different patterns may be observed at each of
the scales at which a system is studied and can
provide evidence for causality in explanations
of phenomena. (HS-LS1-e),(HS-LS1-l)
Energy and Matter
= Changes of energy and matter in a system can
be described in terms of energy and matter
flows into, out of, and within that system. (HS-
LS1-i)
= Energy cannot be created or destroyed—it only
moves between one place and another place,
between objects and/or fields, or between
systems. (HS-LS1-h),(HS-LS1-j)
Cause and Effect
= Empirical evidence is required to differentiate
between cause and correlation and make
claims.about specific causes and effects. (HS-
S1-f)
Systems and System Models
= Models\(e.g., physical, mathematical, computer
models) ¢an be used to simulate systems and
interactions=<inciuding energy, matter, and
information flows—within and between systems
at different scales. (HS-LS1-c), (HS-LS1-g)
Structure and Function
= Investigating or designing new systems or
structures requires a detailed examination of
the properties of different materials, the
structures of different components, and
connections of components to reveal its
function and/or solve a problem. (HS-LS1-a)
= 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. (HS-LS1-b)
Stability and Change
= Feedback (negative or positive) can stabilize or
destabilize a system. (HS-LS1-d)

Connections to Engineering, Technology,
and Applications of Science

Interdependence of Science, Engineering,
and Technology
= Science and engineering complement each
other in the cycle of research and
development. (HS-LS1-k)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS1 From Molecules to Organisms: Structures and Processes

scientific and technical texts or media reports, verifying the
data when possible. (HS-LS1-a),(HS-LS1-k)

= Produce scientific and/or technical writing and/or oral
presentations that communicate scientific ideas and/or the
process of development and the design and performance of a
proposed process or system. (HS-LS1-a), (HS-LS1-b)

auditory perception, interpretation of perceptual
information, guidance of motor movement, and decision
making about actions to take in the event of certain
inputs. (HS-LS1-k)

= In addition, some circuits give rise to emotions and
memories that motivate organisms to seek rewards,

avoid punishments, develop fears, or form attacl

Connections to Nature of Science

Scientific Knowledge is Based on Empirical Evidence = The integrated functioning of all parts,of the brain is
= Science disciplines share common rules of evidence used to j i
evaluate explanations about natural systems. (HS-LS1-1)
= Science includes the process of coordinating patterns of

evidence with current theory. (HS-LS1-I)
= Science arguments are strengthened by multiple lines of
evidence supporting a single explanation. (HS-LS1-l)

to members of their own species and, in som
individuals of other species (e.g., mixed he

(secondary to HS-LS1-j)
PS3.D: Energy in Chemical Process
= A variety of muli i

<
Connections to other topics in this grade-level: will be added in Tuture version. | |

Articulation across grade-levels: will be added in future versioq.

Common Core State Standards Connections:

ich the development, organization, and style are appropriate to task, purpose, and audience. (HS-LS1-a),(HS-LS1-b),(HS-
Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. (HS-LS1-i)

Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (HS-LS1-g)

Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the usefulness of each source in
answering the research question; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and following a standard format
Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS1-a),(HS-LS1-b)

Integrate multiple sources of information presented in diverse media or formats (e.qg., visually, quantitatively, orally) evaluating the credibility and accuracy of

Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others into

Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details, and examples; use appropriate

Summarize, represent, and interpret data on two categorical and quantitative variables. (HS-LS1-l)

ELA/Literacy —
RST.9-10.1 Cite specific textual
151-k)
RST.9-10.3 Follow precisely’a complex multistép-procedure when, carry!
exceptions défined
RI.9-10.8 Delineate
false state
RST.9-10.8 Assess the extent to.which the reasoning and
LS1-a),(HS-LSIk)
RST.9-10.9 Compare and contrast findings presented in a t
previous explanations or act
RST.11-12.9 Synthesize information ftom a‘xange of sourcgs (e.
resolving conflicting inform j
WHST.9-10.2 Write informative/explanatory
(HS-LS1-g), (HS-LS1-k)
WHST.11-12.2 Write informative/explanatory texi
WHST.9-10.4 Produce clear and coherent writing i
LS1-k)
WHST.11-12.4
WHST.9-10.7
WHST.9-10.8
for citation. (HS-LS1-a),(HS-LS1-b),(HS-LS1-k)
WHST.9-10.9
WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS1-i)
SL.9-10.2
each source. (HS-LS1-a),(HS-LS1-b), (HS-LS1-g), (HS-LS1-i),(HS-LS1-k)
SL.9-10.1c
the discussion; and clarify, verify, or challenge ideas and conclusions. (HS-LS1-l)
SL.9-10.4
eye contact, adequate volume, and clear pronunciation. (HS-LS1-a), (HS-LS1-b),(HS-LS1-k)
Mathematics —
MP.4 Model with mathematics (HS-LS1-f)
S.ID
S.IC

Make inferences and justify conclusions from sample surveys, experiments, and observational studies. (HS-LS1-1)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS2 Ecosystems: Interactions, Energy, and Dynamics

HS-LS2

Ecosystems: Interactions, Energy, and Dynamics

Students who demonstrate understanding can:

HS-LS2-a.

HS-LS2-b.

HS-LS2-c.

HS-LS2-d.

HS-LS2-e.

HS-LS2-f.

HS-LS2-g.

HS-LS2-h.

HS-LS2-i.

HS-LS2-j.

HS-LS2-k.

HS-LS2-I.

Design and conduct an investigation to generate mathematical comparisons of factors that affect carrying
capacity and biodiversity of similar ecosystems at different scales. [Clarification Statepiént: Emphasis is on qualitative comparison of

Apply concepts of statistics and probability as mathematical evidence ation changes in ecosystems to
support assertions about the tentative nature of scientific explanati D d t i

explanations about population fluctuations and how explanations for a change at one scale nokexplain changes at\anothexscale. Emphasis is not on students
only completing mathematical calculations, but using the outcomes to reach a conclusion.] fAssessment Boundary: The assessmeqts should provide evidence of
students’ abilities to analyze and interpret the effect new information has on explanatiol .g. ions, &ffects of water temperature

y are conserved as matter cycles and
as carbon, oxygen, hydrogen, and nitrogen and their

tidents’ abilities to identify questions that define the problems when
Itered. The questions should be scientific in nature and useful in defining a

assessment should only use matha 2
Use scientific reasoning, theory, and models to link evidence to claims about the effects of modest and extreme
biological or physical changes to ecosystems on the natural capacity to reestablish an ecosystem with more or

less stable conditions. [Clarification Statement: Emphasis is on using evidence to support arguments for the mechanisms leading to either a more stable
ecosystem or less stable ecosystem. Computational models may be used as evidence to support the argument.] [Assessment Boundary: The assessment should
provide evidence of students’ abilities to distinguish between evidence supporting the capacity of ecosystems to respond to modest changes (e.g., hunting, fertilizer
run-off) and extreme changes (e.g., fire, flood).]

Design, evaluate, and refine a solution for reducing negative impact of human activities on the environment and

ways to sustain biodiversity and maintain the planet’s natural capital.* [Clarification Statement: Emphasis is on human activities
(e.g., pollution, climate change, making snow at ski areas, controlled burns, dams) that change the way ecosystems operate in terms of potential impacts on
biodiversity, as well as populations. The solutions should be based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff
considerations.] [Assessment Boundary: The assessment should provide evidence of students’ abilities to provide reasonable explanations of what might happen as
the basis for proposed engineering solutions.]

Evaluate evidence for its merits in supporting the role of group behavior on individual and species’ chances to

survive and reproduce. [Clarification Statement: Emphasis is on advantages of grouping behaviors (e.g., flocking, schooling, herding) and cooperative
behaviors (e.g., hunting, migrating, swarming) on survival and reproduction.] [Assessment Boundary: The assessment should provide evidence of students’ abilities
to: (1) distinguish between group versus individual behavior, (2) identify evidence supporting the outcomes of group behavior, and (3) develop logical and
reasonable arguments based on evidence.]

Design and conduct an investigation to test design solutions for increasing or maintaining the biodiversity of an

ecosystem.* [Clarification Statement: Emphasis is on designing solutions for a proposed problem. The investigation may be a simulation or a performance task
in the classroom.] [Assessment Boundary: The assessment should provide evidence of the students’ abilities to consider environmental, personal, and social impacts
as well as designing a solution and developing methods for measuring the effects of the proposed changes on the system in terms of: (1) increasing biodiversity,
and (2) maintaining biodiversity.]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS2 Ecosystems: Interactions, Energy, and Dy

ynamics

Science and Engineering Practices

Asking Questions and Defining Problems
Asking questions and defining problems in grades 9-12 builds from
grades K-8 experiences and progresses to formulating, refining,
and evaluating empirically testable questions and design solutions
using models and simulations.
= Define a design problem that involves the development of a
process or system with interacting components and criteria and
constraints that may include social, technical and/or
environmental considerations. (HS-LS2-f)
Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using,
synthesizing, and developing models to predict and explain
relationships between systems and their components in the natural
and designed world.
= Develop, revise, and use models to predict and support
explanations of relationships between systems or between
components of a system. (HS-LS2-h)
= Use models (including mathematical and computational) to
generate data to support explanations and predict phenomena,
analyze systems, and solve problems. (HS-LS2-h),(HS-LS2-d)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or
test solutions to problems in 9-12 builds on K-8 experiences and
progresses to include investigations that build, test, and revise
conceptual, mathematical, physical, and empirical models.
= Design an investigation individually and collaboratively and test
designs as part of building and revising models, supporting
explanations for phenomena, or testing solutions to problems.
Consider possible confounding variables or effects and evaluate
the investigation’s design to ensure variables are controlled.
(HS-LS2-a), (HS-LS2-1)
= Design and conduct an investigation individually and
collaboratively, 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. (HS-LS2-a),(HS-LS2-I)
= Design and conduct investigations and test design solutions in
a safe and ethical manner including considerations of
environmental, social, and personal impacts. (HS-£S2-I)
Analyzing and Interpreting Data
Analyzing data in 9-12 builds on K-8 and progresses to.introducing
more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data,
= Apply concepts of statistics and prebability (including
determining function fits to-data, slope, intercept, and
correlation coefficient for linear fits)j-to-scientific and
engineering questions and pioblems, using digital toals wheh
feasible. (HS-LS2-b), (HSLS2-d)
= Evaluate the imjjact of‘new data on a working expianation of a
proposed process-or system. (HS-LS2-g), (HS-LS2-c)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 9-12 level| and
builds on K-8 and progresses o using.algebraic thinking and
analysis, a range of linear and nonlinearfunctions includirg
trigonometric functions, exponentiais and legarithms, and
computational tools for statistical analysis to analyze, represeént,
and model data. Simple computational simulations zfe created and
used based on mathematical models of basie assumptions.
= Use mathematical or algorithmic representationsof phenomena
or design solutions to describe and support ciaims and
explanations, and create computational models or simulations.
(HS-LS2-h)
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.
= Make quantitative and qualitative claims regarding the
relationship between dependent and independent variables.
(HS-LS2-j)
= Apply scientific reasoning, theory, and models to link evidence
to claims to assess the extent to which the reasoning and data
support the explanation or conclusion. (HS-LS2-j)
= Construct and revise explanations based on evidence obtained
from a variety of sources (e.g., scientific principles, models,

LS1.C: Organization for Matter and Energy Flow in
Organisms
= Matter and energy are conserved in each change. This
is true of all biological systems, from individual cells to
ecosystems. (secondary to HS-LS2-e)

LS2.A: Interdependent Relationships in Ecosystems
= Ecosystems have carrying capacities, which are limits to
the numbers of organisms and populations they can
support. These limits result from such factors as the
availability of living and nonliving resources and fronx
such challenges such as predation, competition, aid

disease. Organisms would have the capacity to/produce
populations of great size were it not for the fact that
environments and resources are finite. This
fundamental tension affects the abundance (number of
individuals) of species in any given g€osystem. (HS-LS2-
a),(HS-LS2-b)
LS2.B: Cycles of Matter and Eriérgy Transfer in
Ecosystems
= Photosynthesis and cellular respifation (including
anaerobic processes) pfovidemost of the energy for life
processes. (HS-LS2-€)
= Plants or algae fofm the/lowest level of the food web.
At each link upward in a food web, only a smail fraction
of the matter consumed at.the lower levelis transferred
upward, to produce growth and rélease €nergy in
cellular respiration at the higher level<Given this
inefficiency, there are generally fewier organisms at
higher levels of a food web, and there_is a limit to the
number of organisms that an ecesystem.can sustain.
(HS-LSZ=d)
= The cheémicalelements that make up the moiecules of
organisms pass threugh food~webs and into and-out of
the atmosphere and soil, and they~are combined and
recombinedin different ways:-At eachfink in an
ecosystem, matterand erfergy are-conserved; (HS-LS2-
e)
= Some matter reactsto release energy for life functions,
some matter\is stored in newly made structures, and
much is discarded. (HS-LS2-d)
= | Competition among species is ultimately competition for
the matter and eiergy\needed for life. (HS-LS2-f)
= Photosynthesis and cellular respiration are important
components of the ¢arbon cycle, in which carbon is
exchanged-betweén the biosphere, atmosphere,
oceans, and geosphere through chemical, physical,
geological, and biological processes. (HS-LS2-g)
LS2.C: Ecosystem Dynamics, Functioning, and
Resilience
= A tomplex set of interactions within an ecosystem can
jéep its numbers and types of organisms relatively
constant over long periods of time under stable
conditions. (HS-LS2-h)
= If a modest biological or physical disturbance to an
ecosystem occurs, it may return to its more or less
original status (i.e., the ecosystem is resilient), as
opposed to becoming a very different ecosystem.
Extreme fluctuations in conditions or the size of any
population, however, can challenge the functioning of
ecosystems in terms of resources and habitat
availability. (HS-LS2-i),(HS-LS2-b)
= Moreover, anthropogenic changes (induced by human
activity) in the environment—including habitat
destruction, pollution, introduction of invasive species,
overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species.
(HS-LS2-j)
LS2.D: Social Interactions and Group Behavior
= Animals, including humans, having a strong drive for
social affiliation with members of their own species and
will suffer, behaviorally as well as physiologically, if
reared in isolation, even if all their physical needs are
met. Some forms of affiliation arise from the bonds
between offspring and parents. Other groups form
among peers. Group behavior has evolved because
membership can increase the chances of survival for
individuals and their genetic relatives. (HS-LS2-k)

Crosscutting Concepts

Cause and Effect
= Empirical evidence is required to
differentiate between cause and
correlation and make claims about specific
causes and effects. (HS-LS2-k)
Systems and System Models
= Models (e.g., physical, mathematical,
computer models) can be used to simulate
systems and interactions—including
energy, matter, and information flows—
within and between systems at different
scales. (HS-LS2-e)
Energy and Matter
= Energy cannot be created or destroyed—it
only moves between one place and
another place, between objects and/or
fields, or between systems. (HS-LS2-
d),(HS-LS2-f)
= Energy drives the cycling of matter within
and between systems. (HS-LS2-g),(HS-
LS2-c)
Scale, Proportion, and Quantity
= The significance of a phenomenon is
dependenton the scale, proportion, and
quantity at which it occurs. (HS-LS2-a)
= Using the concept of orders of magnitude
allows one to understand how a model at
one scale relates to a model at another
scale. (HS-LS2-b)
Stability and Change
= Much of science deals with constructing
explanations of how things change and
how they remain stable. (HS-LS2-h),(HS-
LS2-i)
= Systems can be designed for greater or
lesser stability. (HS-LS2-1),(HS-LS2-j)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS2 Ecosystems: Interactions, Energy, and D

namics

theories, simulations) and peer review. (HS-LS2-e)
= Design, evaluate, and refine a solution to a complex real-world
problem, based on scientific knowledge, student-generated
sources of evidence, prioritized criteria, and tradeoff
considerations. (HS-LS2-j)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from 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. Arguments
may also come from current scientific or historical episodes in
science.
= Evaluate the claims, evidence, and reasoning behind currently
accepted explanations or solutions to determine the merits of
arguments. (HS-LS2-i),(HS-LS2-k)

Connections to Nature of Science

Scientific Knowledge is Open to Revision in Light of New
Evidence.
= Scientific explanations can be probabilistic. (HS-LS2-b)
= Most scientific knowledge is quite durable, but is, in principle,
subject to change based on new evidence and/or
reinterpretation of existing evidence. (HS-LS2-b),(HS-LS2-c)
= Scientific argumentation is a mode of logical discourse used to
clarify the strength of relationships between ideas and
evidence that may result in revision of an explanation. (HS-
LS2-b)
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 f:

in light of this new evidence. (HS-LS2-

LS4.D: Biodiversity and Humans
= Biodiversity is increased by the formation of new
species (speciation) and decreased by the loss of
species (extinction). Biological extinction, being
irreversible, is a critical factor in reducing the planet’s
natural capital. (secondary to HS-L52-j)
= Humans depend on the Iiving world for the resour

things. Thus sustaining’ biodivérsity so that ecosystem
joni ivity are maintained is essential

Connections to other topics in this grade-level>will beadded in filturelversion. \

Articulation across grade-levels: _will be added iNuture versiorf,

jon from a pange of sources (e.g., texts, experiments, simulations) into a coherent understanding of a process, phenomenon, or concept,

Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-LS2-e)
Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. (HS-LS2-e)
Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the

inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (HS-LS2-a),(HS-LS2-I)

Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others

Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitatively, orally) in order to make informed decisions and
solve problems, evaluating the credibility and accuracy of each source and noting any discrepancies among the data. (HS-L52-j)
Evaluate a speaker’s point of view, reasoning, and use of evidence and rhetoric, identifying any fallacious reasoning or exaggerated or distorted evidence. (HS-

Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization,

ELA/Literacy —
RST.11-12.1
RST.9-10.3
RST.9-10.7
RST.11-12.7
RST.11-12.8
RST.9-10.9 5 2
previous explanations ox accounts: (HS-LS2-c),(HS-LS2-e), (HS-LS2-i), (HS-LS2-k)
RST.11-12.9 Synthesize inform
resolving conflicting information when possible. (HS-LS2-e),(HS-LS2-j)
WHST.11-12.1 Write arguments focused.on discipline-specific content (HS-LS2-i),(HS-LS2-k)
WHST.11-12.2
WHST.11-12.4
WHST.11-12.7
WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-LS2-e),(HS-LS2-i),(HS-LS2-k)
SL.9-10.1c
into the discussion; and clarify, verify, or challenge ideas and conclusions. (HS-LS2-f)
SL.11-12.2
SL.9-10.3
L52-e), (HS-LS2-i), (HS-LS2-k)
SL.9-10.4
development, substance, and style are appropriate to purpose, audience, and task. (HS-LS2-h)
Mathematics —
MP.1 Make sense of problems and persevere in solving them. (HS-LS2-a)
MP.2 Reason abstractly and quantitatively (HS-LS2-a),(HS-LS2-b),(HS-LS2-d)
MP.4 Model with mathematics. (HS-LS2-d),(HS-LS2-h)
MP.5 Use appropriate tools strategically. (HS-LS2-c)
N-Q Reason quantitatively and use units to solve problems. (HS-LS2-a),(HS-LS2-b)
S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational studies. (HS-LS2-h)
S.ID

Summarize, represent, and interpret data on a single count or measurement variable. (HS-LS2-b),(HS-LS2-c),(HS-LS2-d)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS2 Ecosystems: Interactions, Energy, and Dynamics

A-CED
F.BF
N-Q

Create equations that describe numbers or relationships (HS-LS2-b)
Build a function that models a relationship between two quantities. (HS-LS2-d)
Reason quantitatively and use units to solve problems. (HS-LS2-d),( HS-LS2-c)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS3 Heredity: Inheritance and Variation of Traits

HS-LS3 Heredity: Inheritance and Variation of Traits

Students who demonstrate understanding can:
HS-LS3-a. Ask questions to obtain information about the role of DNA and chromosomes in coding the instructions for

forming the characteristic traits of species passed from parents to offspri [Clarification Statement: Emphasis is on the

HS-LS3-b. Synthesize, communicate, and evaluate the validity and reliabi ty of the claim that inheritable genetic variations

understanding of the sources of genetic variation that are heritable. Information setic variation shotild incltide evidence of understanding the probability of

variations and the rarity of mutations.] [Assessment Boundary: The assessme, i i ts” abilities to evaluate and discuss sources of
genetic variation in offspring, not the details of the mechanism’s variations.

HS-LS3-c. Evaluate the merits of competing ethical arguments f the research, develop nd growth of industries
based on the development of technologles tha nism.* [Clarification Statement

of students’ abilities to evaluate the merits of genetic modification tec
scientific principles as well as ethical considerations and social implicatiol
genetic modification technologies (e.g., cloning, gene therapy, genetic engi
reliability as well as social and environmental impacts.

ne therapy, genetic engin ing, selective breeding) in terms of
ould provide evidence of students’ abilities to evaluate the merits of
ive breeding) in terms of scientific principles as well as cost, safety, and

HS-LS3-d. Apply concepts of statistics and pr i i tion and distribution of expressed traits in a
population. [Clarification Statement: Emphasis is 0! iQ a population and the use of mathematics (e.g., calculations of
frequencies in Punnett squares, graphical representations) to ssessment Boundary: The assessment should provide evidence of
students’ abilities to use mathematical reasoning to explain i a combination of genetic and environmental factors. Hardy-

Weinberg calculations are beyond the intent.]

The performance expectations above were developed using the following elements from the-NRC decument, A Framework for K-12 Science Education:

Crosscutting Concepts
and Development of Organisms Cause and Effect
Asking questions and defining problems in giades 9 ilds f production, a specialized type of cell = Empirical evidence is required to
grades K-8 experiences and progresses meiosis occurs that results in the differentiate between cause and
evaluating empirically testable questions g i i production of\sex cells, such as gametes in animals correlation and make claims about specific
models and simulations. (sperm aid eggs), which contain only one member causes and effects. (HS-LS3-a),(HS-LS3-
osome pair in the parent cell. b),(HS-LS3-d)
Scale, Proportion, and Quantity
= Algebraic thinking is used to examine
In aII organlsms the genetic instructions for forming scientific data and predict the effect of a
species’ characteristics are carried in the change in one variable on another (e.g.,
chromosomes. (HS-LS3-a),( HS-LS3-b) linear growth vs. exponential growth). (HS-
= Each chromosome consists of a single very long DNA LS3-d)
molecule, and each gene on the chromosome is a
particular segment of that DNA. The instructions for
forming species’ characteristics are carried in DNA. Connections to Engineering, Technology,
(HS-LS3-a),(HS-LS3-c) and Applications of Science
= All cells in an organism have the same genetic
content, but the genes used (expressed) by the cell Interdependence of Science,
may be regulated in different ways. Not all DNA codes | Engineering, and Technology
for a protein; some segments of DNA are involved in = Science and engineering complement each
regulatory or structural functions, and some have no other in the cycle known as research and
as-yet known function. (HS-LS3-d), (secondary to HS- development (R&D). Many R&D projects
basic assumptions. LS1-g) involve scientists, engineers, and others
= Use mathematical or algorithmic representations of phenomena or | LS3.B: Variation of Traits with wide ranges of expertise. (HS-LS3-c)
design solutions to describe and support claims and explanations, = The information passed from parents to offspring is Influence of Engineering, Technology,
and create computational models or simulations. (HS-LS3-d) coded in the DNA molecules that form the and Science on Society and the Natural
Engaging in Argument from Evidence chromosomes. (HS-LS3-a) World
Engaging in argument from evidence in 9-12 builds from K-8 = In sexual reproduction, chromosomes can sometimes = New technologies can have deep impacts
experiences and progresses to using appropriate and sufficient swap sections during the process of meiosis (cell on society and the environment, including
evidence and scientific reasoning to defend and critique claims and division), thereby creating new genetic combinations some that were not anticipated. (HS-LS3-
explanations about the natural and designed world. Arguments may and thus more genetic variation. (HS-LS3-b) c)
also come from current scientific or historical episodes in science. = Although DNA replication is tightly regulated and
= Critique and evaluate competing arguments, models, and/or remarkably accurate, errors do occur and result in
design solutions in light of new evidence, limitations (e.g., trade- mutations, which are also a source of genetic variation. Connections to Nature of Science
offs), constraints, and ethical issues. (HS-LS3-c) Environmental factors can also cause mutations in
Obtaining, Evaluating, and Communicating Information genes, and viable mutations are inherited. (HS-LS3-b) Science is a Human Endeavor
Obtaining, evaluating, and communicating information in 9-12 builds = Environmental factors also affect expression of traits, = Technological advances have influenced
on 6-8 and progresses to evaluating the validity and reliability of the and hence affect the probability of occurrences of traits the progress of science and science has
claims, methods, and designs. in a population. Thus the variation and distribution of influenced advances in technology. (HS-
= Critically read scientific literature adapted for classroom use to traits observed depends on both genetic and LS3-c)
determine the central ideas or conclusions of a text; summarize environmental factors. (HS-LS3-d),(HS-LS3-b) = Science and engineering are influenced by
complex concepts, processes, or information presented in a text ETS1.C: Optimizing the Design Solution society and society is influenced by science
by paraphrasing them in simpler but still accurate terms. (HS-LS3- = When evaluating solutions, all relevant considerations, and engineering. (HS-LS3-c)
b) including cost, safety, reliability, and aesthetic, social,
= Synthesize, communicate, and evaluate the validity and reliability cultural, and environmental impacts, should be
of claims, methods, and designs that appear in scientific and included. (secondary to HS-LS3-c)
technical texts or media reports, verifying the data when possible.
(HS-LS3-b)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS3 Heredity: Inheritance and Variation of Traits

Connections to other topics in this grave-level: will be added in future version.

Articulation across grade-levels: will be added in future version.

Common Core State Standards Connections:

ELA/Literacy—

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., atable or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words. (HS-LS3-d)

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (includi experiments), noting when the findings support or contradict
previous explanations or accounts. (HS-LS3-c)

WHST.9-10.2 Write informative/explanatory texts, including the narration of historical events, sCienti eriments, or technical processes.

(HS-LS3-b)

WHST.9-10.8 Gather relevant information from multiple authoritative print and digital souices, ctively; assess the usefulness of each source in
answering the research question; integrate information into the text selecti iding plagiarism and following a standard format
for citation. (HS-LS3-b)

WHST.9-10.9 Draw evidence from informational texts to support analysis, reflecti

SL.9-10.1c Propel conversations by posing and responding to questions th r ideas; actively incorporate others into
the discussion; and clarify, verify, or challenge ideas and conclusions.{(HS-LS3-a)

SL.9-10.2 Integrate multiple sources of information presented in diverse m uating the credibility and accuracy of each
source. (HS-LS3-b)

SL.9-10.5 Make strategic use of digital media (e.g., textual, graphical, audio, vis ive elements) in presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-LS3-b)

Mathematics —

AN

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS4 Biological Evolution: Unity and Diversity

HS-LS4 Biological Evolution: Unity and Diversity

Students who demonstrate understanding can:
HS-LS4-a. Produce scientific writing that communicates how multiple lines of evidence, such as similarities in DNA
sequences, anatomical structures, and order of appearance of structures in emibryglogical development,

contribute to the strength of science theories related to natural selection and bigiogical evolution. [Clarification
Statement: Emphasis is on identifying historically reliable sources of scientific evidence contributing to the strength’ of the theories of natural selection and biological

HS-LS4-b.

organisms that are better able to survive and reproduce in
interrelationship of the four factors that resuIt in natural selection. Mathematical mod

HS-LS4-c.

HS-LS4-d.

HS-LS4-e.

HS-LS4-f.

synthesizing, and developing models to predict and exp
relationships between systems and their components in the na
and designed world.
= Use multiple types of models to represent and suppe
explanations of phenomena, and move flexibly between model
types based on merits and limitations. (HS-LS4-b)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or test
solutions to problems in 9—-12 builds on K-8 experiences and
progresses to include investigations that build, test, and revise
conceptual, mathematical, physical, and empirical models.
= Design and conduct an investigation individually and
collaboratively, 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. (HS-LS4-f)
= Use investigations to gather evidence to support explanations or
concepts. (HS-LS4-f)
Analyzing and Interpreting Data
Analyzing data in 9-12 builds on K-8 and progresses to introducing
more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data.
= Apply concepts of statistics and probability (including
determining function fits to data, slope, intercept, and correlation
coefficient for linear fits) to scientific and engineering questions
and problems, using digital tools when feasible. (HS-LS4-c)
Constructing Explanations and Designing Solutions

ral

LS4.A: Evidence of Common Ancestry and Diversity
= Genetic information, like the fossil record, also provides
evidence of evolution. DNA sequences vary among species,
but there are many overlaps; in fact, the ongoing branching
that produces multiple lines of descent can be inferred by
comparing the DNA sequences of different organisms. Such
information is also derivable from the similarities and
differences in amino acid sequences and from anatomical
and embryological evidence. (HS-LS4-a)
LS4.B: Natural Selection
= Natural selection occurs only if there is both (1) variation in
the genetic information between organisms in a population
and (2) variation in the expression of that genetic
information—that is, trait variation—that leads to differences
in performance among individuals. (HS-LS4-b),(HS-LS4-c)
= The traits that positively affect survival are more likely to be
reproduced, and thus are more common in the population.
(HS-LS4-d),(HS-LS4-c),(HS-LS4-e)
LS4.C: Adaptation
= Natural selection is the result of four factors: (1) the
potential for a species to increase in number, (2) the genetic
variation of individuals in a species due to mutation and
sexual reproduction, (3) competition for an environment’s
limited supply of the resources that individuals need in order
to survive and reproduce, and (4) the ensuing proliferation
of those organisms that are better able to survive and
reproduce in that environment. (HS-LS4-b)
= Natural selection leads to adaptation, that is, to a population
dominated by organisms that are anatomically, behaviorally,
and physiologically well suited to survive and reproduce in a

Crosscutting Concepts

Patterns
= Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
(HS-LS4-c),(HS-LS4-f),(HS-LS4-a)
Cause and Effect
= Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-LS4-
b),(HS-LS4-d),(HS-LS4-e)

Connections to Nature of Science

Scientific Knowledge Assumes an

Order and Consistency (Regularity) 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. (HS-
LS4-d),(HS-LS4-a)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-LS4 Biological Evolution: Unity and Diversi

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.
= Apply scientific reasoning, theory, and models to link evidence to
claims to assess the extent to which the reasoning and data
support the explanation or conclusion. (HS-LS4-d)
= Construct and revise explanations based on evidence obtained
from a variety of sources (e.g., scientific principles, models,
theories, simulations) and peer review. (HS-LS4-d)
= Base causal explanations on valid and reliable empirical evidence
from multiple sources and the assumption that natural laws
operate today as they did in the past and will continue to do so
in the future. (HS-LS4-d)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12 builds
on 6-8 and progresses to evaluating the validity and reliability of the
claims, methods, and designs.
= Critically read scientific literature adapted for classroom use to
determine the central ideas or conclusions of a text; summarize
complex concepts, processes, or information presented in a text
by paraphrasing them in simpler but still accurate terms. (HS-
LS4-e),(HS-LS4-a)
= Produce scientific and/or technical writing and/or oral
presentations that communicate scientific ideas and/or the
process of development and the design and performance of a
proposed process or system. (HS-LS4-e),(HS-LS4-a)

Connections to Nature of Science

the science community validates each theory before
accepted. If new evidence is disc he theo
accommodate, the theory is erally modified ini
new evidence. (HS-LS4-a

specific environment. That is, the differential survival and
reproduction of organisms in a population that have an
advantageous heritable trait leads to an increase in the
proportion of individuals in future generations that hayé

expansion of some species, the e
species as populations diverge un
and the decline—and someti

Connections to other topics/in thisgrade-level: will be addedin futre version.

Articulation across grade4evels/” will be added in futureversion.

ELA/Literacy—

RST.11-12.1

RST.9-10.3

RST.9-10.7

RST.9-10.8 Assess the extent to whichthe reasoning’and evidence in a text support the author’s claim or a recommendation for solving a scientific or technical problem. (HS-LS4-
RI.9-10.8 eD)éI(i::;t_:‘;_:g evaluate the argu t and specific claims in a text, assessing whether the reasoning is valid and the evidence is relevant and sufficient; identify false

statements and fallacious reasoning. (HS-LS4-e), (HS-LS4-a)
WHST.9-10.2  Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-LS4-d), (HS-LS4-e),

(HS-L54-a)

WHST.9-10.4  Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. (HS-LS54-d), (HS-LS4-e), (HS-

L54-a)

WHST.9-10.7  Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the

inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (HS-LS4-f)

WHST.9-10.8  Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each source; and quote or

paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation. (HS-LS54-e), (HS-LS4-a)
WHST.9-10.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-L54-d), (HS-LS4-€), (HS-LS4-a)

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each

source. (HS-LS4-d),(HS-LS4-e),(HS-LS4-a)

Mathematics —

MP.4 Model with mathematics. (HS-LS4-b)

N-Q Reason quantitatively and use units to solve problems (HS-LS4-c),(HS-LS4-e)

F.LE Construct and compare linear, quadratic, and exponential models and solve problems. ( HS-LS4-b)

S.ID Summarize, represent, and interpret data on a single count or measurement variable (HS-LS4-c)

S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational studies (HS-LS4-c),(HS-LS4-e),(HS-LS4-a)
F.BF Build a function that models a relationship between two quantities. (HS-LS4-c)

A.CED.1 Create equations that describe numbers or relationships (HS-LS4-c)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-ESS1 Earth’s Place in the Universe

HS-ESS1 Earth’s Place in the Universe

Students who demonstrate understanding can:
HS-ESS1-a. Use models to describe the sun’s place in space in relation to the Milky Way galaxy and the distribution of
galaxies and galaxy clusters in the Universe. [Clarification Statement: Mathematical medels can focus on the logarithmic powers-of-ten

HS-ESS1-b.
HS-ESS1-c.
HS-ESS1-d.
HS-ESS1-e.
and moons.] [Assessment Boundary: Mathematical
g@al with more than two bodies, nor involve calculus.]
HS-ESS1-f. based on space exploration and
olar system bodies.* [Clarification Statement
orfs about our sofai” system. Evidence that our solar system formed from a disk of
the direction of rotation of the sun, the orbits of the planets, and the directions of
(3) the composition of meteorites, some of which show the make-up of the early
r system with\metal/rock-rich objects close to the sun and ice-rich objects far from the sun.]
lar system, such as the timing of the late-heavy bombardment period, are not
HS-ESS1-g. v’ materials to make valid and reliable scientific claims
rocks, and the overall time scale of Earth’s history.*
rom materials that include igneous rocks, fossils, sedimentary layers, or ice cores) to
b|II|on ear h story have absolute ages that can be quantified.] [Assessment Boundary: Radiometric dating techniques
HS-ESS1-h. the theoty of plate tectonlcs, for patterns in the general trends of the ages of
ation Statement: For oceanic crust, trends of crustal ages entail the youngest seafloor rocks located
not always) located near continental boundaries, with age bands of rocks parallel across mid-ocean
upon spreading rates. \For cpntinental crust, continents such as North America contain ancient cores (cratons) with regions of increasingly
HS-ESS1-i. omplete nature of Earth’s rock record when analyzing and interpreting the events of Earth’s
distant past. Dynamic Earth processes have destroyed most of Earth’s very early rock record (e.g., erosion of land surfaces,
subduction of ocean t very few rocks from Earth’s first billions of years remain.] [Assessment Boundary: Specific events are not assessed.]
HS-ESS1-j. Construct and re ations about Earth’s early history based on data from ancient Earth materials,

asteroids, meteorites, and other planetary surfaces. [Clarification Statement: Lunar rocks, asteroids, and meteorites have remained
relatively unchanged, and they serve as proxies for conditions during Earth’s earliest time periods, which likely involved high levels of volcanic activity and
surface impacts, including the formation of the Moon and the Late Heavy Bombardment period.] [Assessment Boundary: Memorization of absolute time periods
of Earth’s past is not required.]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices Crosscutting Concepts

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using,
synthesizing, and developing models to predict and explain

relationships between systems and their components in the natural

and designed world.
= Develop, revise, and use models to predict and support
explanations of relationships between systems or between
components of a system. (HS-ESS1-a)
Analyzing and Interpreting Data

ESS1.A: The Universe and Its Stars

= The sun is one of more than 200 billion stars in the Milky
Way galaxy, and the Milky Way is just one of hundreds of
billions of galaxies in the universe. (HS-ESS1-a)

= The study of stars’ light spectra and brightness is used to
identify compositional elements of stars, their movements,
and their distances from Earth. (HS-ESS1-b)

= The Big Bang theory is supported by observations of
distant galaxies receding from our own, of the measured

Patterns
= Empirical evidence is needed to identify
patterns. (HS-ESS1-h)
Cause and Effect
= Changes in systems may have various
causes that may not have equal effects.
(HS-ESS1-d)
Scale, Proportion, and Quantity
= Patterns observable at one scale may

not be observable or exist at other
scales. (HS-ESS1-a), (HS-ESS1-i)

= 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

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. (NRC
Framework, p. 173) (HS-ESS1-b)

= 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 growth). (HS-ESS1-g)
process releases electromagnetic energy. Heavier Systems and System Models
elements are produced when certain massive stars achieve = Models (e.g., physical, mathematical
a supernova stage and explode. The star called the sun is and computer models) can be used to

Analyzing data in 9—12 builds on K-8 and progresses to introducing
more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data.
= Use tools, technologies, and/or models (e.g., computational,
mathematical) to generate and analyze data in order to make
valid and reliable scientific claims or determine an optimal design
solution. (HS-ESS1-e), (HS-ESS1-g)
= Compare and contrast various types of data sets (e.g., self-
generated, archival) to examine consistency of measurements

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-ESS1 Earth’s Place in the Universe

and observations. (HS-ESS1-e)
= Consider limitations (e.g., measurement error, sample selection)
when analyzing and interpreting data. (HS-ESS1-g),(HS-ESS1-i)
Using Mathematical and Computational Thinking
Mathematical and computational thinking at the 9—-12 level builds on
K-8 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 algorithmic representations of phenomena
or design solutions to describe and support claims and
explanations, and create computational models or simulations.
(HS-ESS1-f),( HS-ESS1-g)
= Use simple limit cases to test mathematical expressions,
computer programs, algorithms, or simulations of a process or
system to see if a model “makes sense” by comparing the
outcomes with what is known about the real world. (HS-ESS1-f)
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.
= Make quantitative and qualitative claims regarding the
relationship between dependent and independent variables. (HS-
ESS1-h)
= Apply scientific reasoning, theory, and models to link evidence to
claims to assess the extent to which the reasoning and data
support the explanation or conclusion. (HS-ESS1-j)
= Construct and revise explanations based on evidence obtained
from a variety of sources (e.g., scientific principles, models,
theories, simulations) and peer review. (HS-ESS1-b), (HS-ESS1-
h),(HS-ESS1-j)
= Base causal explanations on valid and reliable empirical evidence
from multiple sources and the assumption that natural laws
operate today as they did in the past and will continue to do so
in the future. (HS-ESS1-b)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information-in 9-12 builds
on 6-8 and progresses to evaluating the validity and reliability of the
claims, methods, and designs.
= (ritically read scientific literature adaptedfor classroom use to
determine the central ideas or conclusiéns of & text; summarize
complex concepts, processes, or information presented in a text
by paraphrasing them in simpler but still accurate tarms. (HS-
ESS1-c),(HS-ESS1-d)
= Synthesize, communicate, and evaluate the validity and
reliability of claims, methods, and designs that appear in
scientific and technical‘texts or media reports, verifying-the data
when possible. (HS-ESS1-c),(HS-ESS1-d)

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories Explain
Natural Phenomena
= A scientific theory is a substantiated explanation of some jaspect

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 e theory does not
accommodate, the theory is generally.modified inight of this
new evidence. (HS-ESS1-h)
Models, mechanisms, and explanations coiiectively serve as tools
in the development of a scientific theory. (HS-ESS1-h)

changing and will burn out over a lifespan of
approximately 10 billion years. (NRC Framework, p. 173)
(HS-ESS1-b),(HS-ESS1-c),(HS-ESS1-d),(HS-ESS1-€)
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.
(HS-ESS1-€)
= The solar system appears to have formed from a disk of
dust and gas, drawn together by gravity. (NRC
Framework, p. 175) (HS-ESS1-f)
ESS1.C: The History of Planet Earth
= Radioactive-decay lifetimes and isotopic content inrocks
provide a way of dating rock formations and thefeby fixing
the scale of geologic time. (HS-ESS1-g)
= Continental rocks, which can be older thap4 billieh years,
are generally much older than the rocks’of the/6cean floor,
which are less than 200 million years/old. (HS-ESS1-h)
= Although active geologic processes, such-as platétectonics
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 ovei”billions of years. Studying these
objects can provide information about Earth’s formation
and early history,(HS-ES51-i),(HS-ESS1-j)
ESS2.B: Plate Tectonics and Large-Scale System
Interactions
= Plate tectonics.is theunifying theary that'explains the past
and current movements-of thefocks at Earth’s surface and
provides a framework for understapding its geologic
history. (ESS2.B Grade 8 GBE) (sécondary to HS-ESS1-h)
ES52.E: Biogeology
= The many dynamic and delicate feedbacks between the
bigsphere and_ other Earth systems cause a continual co-
evolution_of Earth's surface and the life that exists on it.
(secondary ta HS-ESS2-<()
PS1.C: Nuclear Processes
= Speontaneous radioaCctive decays fallow a‘eharacteristic
expanential decay law, ANuclear lifetimes allow radiometric
dating to be uSed to-determine the ages of rocks and other
materials from the isotope ratios present. (secondary to
HS-ESSk-q)
PS3.B: Conservation of Energy and Energy Transfer
= Any object or system that can degrade with no added
energy is unstable), Eventually it will do so, but if the
energy releases throughout the transition are small, the
process duratioh_can be very long (e.g., long-lived
radioactive isotapes). (secondary to HS-ESS1-g)

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 to HS-ESS1-c)
PS4.B: Electromagnetic Radiation
= Atoms of each element emit and absorb characteristic
frequencies of light, and nuclear transitions have
distinctive gamma ray wavelengths. These characteristics
allow identification of the presence of an element, even in
microscopic quantities. (secondary to HS-ESS1-b)
ETS1.A: Defining and Delimiting an Engineering
Problem
= Design criteria and constraints, which typically reflect the
needs of the end user of a technology or process, address
such things as the product’s or system'’s function (what job
it will perform and how), its durability and limits on its size
and cost. (secondary to HS-ESS1-f)
ETS1.B: Developing Possible Solutions
= Both physical models and computer models can be used in
various ways to aid in the engineering design process.
Physical models or prototypes are helpful in testing
product ideas or the properties of different materials.
(secondary to HS-ESS1-e),(secondary to HS-ESS1-f)
= Computer models are useful for a variety of purposes,
such as in representing a design in 3-D through CAD
software; in troubleshooting to identify or describe a
design problem; in running simulations to test different
ways of solving a problem or to see which one is most
efficient or economical; and in making a persuasive
presentation to a client about how a given design will
meet his or her needs. (secondary to HS-ESS1-

simulate systems and interactions
within and between systems at different
scales. (HS-ESS1-e)
Stability and Change
= Change and rates of change can be
quantified and modeled over very short
or very long periods of time. (HS-ESS1-
)]
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. (HS-ESS1-b)
= In nuclear processes, atoms are not
conserved, but the total number of
protons plus neutrons is conserved.
(HS-ESS1-c)

Connection 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. (HS-ESS1-b),(HS-ESS1-
e),(HS-ESS1-f), (HS-ESS1-g)

Connection to Nature of Science

Science is a Human Endeavor
= Scientific knowledge is a result of
human endeavors, imagination, and
creativity. (HS-ESS1-f)
= Individuals and teams from many
nations and cultures have contributed
to science and engineering advances.
(HS-ESS1-f)
= Technological advances have influenced
the progress of science and science has
influenced advances in technology. (HS-
ESS1-b),(HS-ESS1-f)
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.
(HS-ESS1-g)
= Science assumes the universe is a vast
single system in which basic laws are
consistent. (HS-ESS1-g)
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HS-ESS1 Earth’s Place in the Universe

A

e),(secondary to HS-ESS1-f)

Connections to other DCIs in this grade-level: will be added in future version.

Articulation to DCIs across grade-levels: will be added in future version.

Common Core State Standards Connections: [Note: these connections will be made available soon.]

ELA/Literacy —
Mathematics —

A

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.

January 2013

Page 3 of 3




HS-ESS2 Earth’s Systems

HS-ESS2 Earth's Systems

Students who demonstrate understanding can:
HS-ESS2-a. Use Earth system models to support explanations of how Earth’s internal and surface processes operate

concurrently at different spatial and temporal scales to form landscapes and sea floor features. [Clarification
Statement: The appearance of the land (e.g., mountains, basins, valleys, plateaus, platforms) and sea floor features (e.g., trenches, ridges, fracture zones,
seamounts, abyssal plains, continental slopes) are a result of both constructive forces (e.g., volcanism, tectonic uplift, orogeny) and destructive mechanisms
(e.g., stream processes, coastal wave action, mass wasting, weathering, erosion, shoreline progressions).] [Assessment Boundary: Details of the formation of
major geographic features of Earth’s surface are not assessed.]

HS-ESS2-b. Construct an evidence-based argument about how a natural or human-caused change to one part of an Earth
system can create feedback that causes changes in that system or other systems.* [Clarification Statement: Modern
civilization depends on major technological systems and these are critical aspects of decisions about technology usage. Local real world examples could include
how removing ground vegetation causes an increase in water runoff and soil erosion; building reserVeirs increases groundwater recharge; installing a coastal
rock jetty changes currents and resulting beach erosion patterns; removing wetlands causes a décreasg in local humidity that further reduces the wetland
extent; diminishing glacial ice reduces the amount of sunlight reflected from Earth’s surface, which inCreases surface temperatures and further reduces the
amount of ice.]

HS-ESS2-c. Apply scientific reasoning to show how empirical evidence ffom Earth observations and laboratory

HS-ESS2-d.

HS-ESS2-e.

HS-ESS2-f.

HS-ESS2-g.

continents.]
HS-ESS2-h. Design an
taking into a

HS-ESS2-i. 3 of water to make valid scientific claims about the impact of

and the cycling of matter within and among Earth systems.* [Clarification Statement:
lude the role of water in the convective transfer of energy through oceanic and atmospheric circulation; the cycling of

HS-ESS2-k. op, revise, and/use quantitative models to support the explanation of the amount of carbon that cycles

HS-ESS2-l. Apply scientifi¢ reasoning, theory, and models to support the claim that dynamic causes, effects, and
feedbacks among Earth’s systems result in continual coevolution of Earth and the life that exists on it.
[Clarification Statement: Students investigate examples of feedbacks among Earth’s different systems (e.g., the atmosphere affects the conditions for life, which
in turn affects the composition of the atmosphere; or, soil supports life, which in turn increases the rate of development of soil).] [Assessment Boundary: The
complete ways that the biosphere interacts with Earth’s other systems are not assessed; only examples are necessary.]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices Crosscutting Concepts
Developing and Using Models ESS2.A: Earth Materials and Systems Cause and Effect
Modeling in 9-12 builds on K-8 and progresses to using, = Earth’s systems, being dynamic and interacting, cause feedback = Empirical evidence is required to
synthesizing, and developing models to predict and explain effects that can increase or decrease the original changes. A deep differentiate between cause and
relationships between systems and their components in the knowledge of how feedbacks work within and among Earth’s systems correlation and make claims about
natural and designed world. is still lacking, thus limiting scientists’ ability to predict some changes specific causes and effects. (HS-ESS2-
= Use multiple types of models to represent and support and their impacts. (HS-ESS2-a),(HS-ESS2-b) h)
explanations of phenomena, and move flexibly between = Evidence from deep probes and seismic waves, reconstructions of Scale, Proportion, and Quantity

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-ESS2 Earth’s Systems

model types based on merits and limitations. (HS-ESS2-
j)
= Develop, revise, and use models to predict and support
explanations of relationships between systems or
between components of a system. (HS-ESS2-a),(HS-
ESS2-d), (HS-ESS2-g),(HS-ESS2-k)
= Use models (including mathematical and
computational) to generate data to support
explanations and predict phenomena, analyze systems,
and solve problems. (HS-ESS2-d),(HS-ESS2-a)
Analyzing and Interpreting Data
Analyzing data in 9—12 builds on K-8 and progresses to
introducing more detailed statistical analysis, the
comparison of data sets for consistency, and the use of
models to generate and analyze data.
= Use tools, technologies, and/or models (e.g.,
computational, mathematical) to generate and analyze
data in order to make valid and reliable scientific claims
or determine an optimal design solution. (HS-ESS2-i)
Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions
or test solutions to problems in 9—-12 builds on K-8
experiences and progresses to include investigations that
build, test, and revise conceptual, mathematical, physical,
and empirical models.
= Design and conduct investigations individually and
collaboratively and test designs as part of building and
revising models, supporting explanations for
phenomena, or testing solutions to problems. Consider
possible confounding variables or effects and evaluate
the investigation’s design to ensure variables are
controlled. (HS-ESS2-h)
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.
= Apply scientific reasoning, theory, and models to link
evidence to claims to assess the extent to which the
reasoning and data support the explanation or
conclusion. (HS-ESS2-c),(HS-ESS2-I)
= Construct and revise explanations based on evidence
obtained from a variety of sources (e.g., scientific
principles, models, theories, simulations) and peer
review. (HS-ESS2-b), (HS-ESS2-e)
= Base causal explanations on valid and reliable empirical
evidence from multiple sources and the assumption that
natural laws operate today as they did in the past and
will continue to do so in the future. (HS-ESS2-e)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from 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. Arguments may also come from current
scientific or historical episodes in science.
= Evaluate the claims, evidence, and reasoning behind
currently accepted explanations or sglutions-to
determine the merits of arguments. (HS-ESS2-e)
Obtaining, Evaluating, and Comimunicating
Information
Obtaining, evaluating, and communicating information in 9—
12 builds on K-8 and progresses to evaluate the validity and
reliability of the claims, methods, and designis.
= Critically read scientific literature adapted fer classroom
use to determine the central ideas or conclusiens of a
text; summarize complex concepts, processes, O
information presented in a text by paraphrasing them in
simpler but still accurate terms. (HS-ESS2-f)

Connections to Nature of Science

Scientific Knowledge is Based on Empirical Evidence
= Science knowledge is based on empirical evidence. (HS-
ESS2-c),(HS-ESS2-€)
= Science disciplines share common rules of evidence
used to evaluate explanations about natural systems.

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. (HS-ESS2-c)
= 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. (HS-ESS2-d)
= 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. (HS-ESS2-e),(HS-ESS2-f)
= Weather is driven by interactions of the geosphere, hydrosphere,
and atmosphere. (NRC Framework, p. 180) (HS-ESS2-g),(HS-ESS2-
h)
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. (HS-ESS2-d)
= 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) (HS-ESS2-d)
= Plate movements are responsible for most continental and eCean-
floor features and for the distribution of most rocks and piinerals
within Earth’s crust. (ESS2.B Grade 8 GBE) (HS-ESS2-a)
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 propertjes are géntral 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, dissglve and transport
materials, and lower the viscosities and-melting. points of rocks. (H5-
ESS2-i)
ESS2.D: Weather and Climate
= The foundation for Earth’s global climate systems is the
electromagnetic radiatioi frem the sun, as well asiits reflection,
absorption, storage, ahd redistribution among the atmosphere,
ocean, and land systems, and this energy’s re-radiation\into space.
Climate change can occur when-eertain parts of Earth’s systems are
altered. (HS-ESS2-j)
= Geologic evidence indicates that past climate changes.were either
sudden changes caused by alterations in the’atmosphere;-anger-
term changes (e.g., ice ages)\due to variations jr sotar output,
Earth’s orbit, er the orientationof its axis; or g€ven more gradual
atmospheric chahges due to plants and othér organisms that
captured carhon digxide and released oxygen. The time scales of
these changes'\varied from a few to, millians of years. Human activity
causes changes|in the atmosphere that include increased carbon
dioxide concentrations and thus affect\climate (link to ESS3.D). (HS-
ESS2-k),(HS-ESS2-€),(HS-ESS2-f)
ESS2.E: Biogesiogy
= The manydynaniic-and-delicate feedbacks between the biosphere
and other Earth systems cause a contifiual co-evolution of Earth’s
surface and tha life that exists on it. (HS-ESS2-I)
ETS1.R: Developing Possible Solutions
»_Wheh evaluating solutions, it is important to take into account a
range of constraints, including cost, safety, reliability, and aesthetics,
and to consider sogial, cultural, and environmental impacts. (HS-
ESSR2-b)
ETS1.C:| Optimizing the Design Solution
= The aim of engineering design is not simply to find a solution to a
problem but to design the best solution under the given constraints
and critefia. (HS-ESS2-c)
= When gvaluating solutions, all relevant considerations, including cost,
safety, reliability, and aesthetics, and to consider social, cultural, and
environmental impacts, should be included. (HS-ESS2-i),(HS-ESS2-b)

= The significance of a phenomenon is
dependent on the scale, proportion,
and quantity at which it occurs. (HS-
ESS2-a)
= Using the concept of orders of
magnitude allows one to understand
how a model at one scale relates to a
model at another scale. (HS-ESS2-f)
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.
(HS-ESS2-j)
Energy and Matter
= The total amount of energy and
matter in closed systems is conserved.
(HS-ESS2-k)
= Energy drives the cycling of matter
within and between systems. (HS-
ESS2-d), (HS-ESS2-g),(HS-ESS2-i)
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
varigus materials. (HS-ESS2-c)
Stability'and Change
= Much of‘science deals with
constructing. explanations of how
things ehange and how they remain
stable. (HS-ESS2-b)
= Feedback (negative.or positive) can
stabilize or destabiiize a system. (HS-
ESS2-e),(HS-ESS2-1)

Connections to Engineering,
Technology,
and Applications of Science

Interaction 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. (HS-ESS2-c)
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. (HS-ESS2-
b), (HS-ESS2-e)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-ESS2 Earth’s Systems

(HS-ESS2-c)

= Science includes the process of coordinating patterns of
evidence with current theory. (HS-ESS2-c)

= Science arguments are strengthened by multiple lines of
evidence supporting a single explanation. (HS-ESS2-f)

Connections to other DCIs _in this grade-level: will be added in future version.

Articulation to DCIs across grade-levels: will be added in future version.

ELA/Ljteracy —
Mathematics —

Common Core State Standards Connections: [Note: these connections will be made available soon.] \

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-ESS3 Earth and Human Activity

HS-ESS3 Earth and Human Activity

Students who demonstrate understanding can:

HS-ESS3-a. Construct explanations based on evidence for how the development of human societies has been influenced

by natural resource availability.* [Clarification Statement: Examples can be drawn from the many civilizations across history whose rise,
transformation, or fall has been facilitated by the presence or lack of these resources. Examples of key resources include the location of water (rivers,
groundwater), coasts, regions of fertile soils such as deltas, and high concentrations of minerals, ores, coal, and hydrocarbons.]

HS-ESS3-b. Analyze and revise solutions for developing, managing, and utilizing resource
social, environmental, and/or cost: benefit ratios.* [Clarification Statement: Examples i

that would increase economic,
elude best practices for agricultural soil use,

retrieving water from aquifers or desalination, mining for coal and minerals, pumping for oil, hydro-frackdring te’retrieve natural gas, recovering off-shore

HS-ESS3-c. Ask questions to construct and revise explanations of the impacttha

fall of C|V|I|zat|ons 1

HS-ESS3-d. Construct and evaluate scientific claims based on valid a

HS-ESS3-e. Identify mathematical relationships between natu

equations for linear relationships.] [Assessment Boundary: The construction of eg
graphically (e.g., with “"Hubbert” curves) or computationally,

HS-ESS3-f. Analyze data regarding the effects of

HS-ESS3-g.

related events.]

HS-ESS3-h. Apply scientific reaso

HS-ESS3-i.

an activities can
yman activities (e.g., building

ol supports them.* [Clarification Statement: Use
expected for non-linear relationships, which can be studied

struct explanations for how humans may predict and
¥ [Clarification Statement: Examples can range from large-scale geoengineering

explanations of the relationships among the hydrosphere,
and biosphere systems and how they are being modified in response to

: Examples include: changes to groundwater levels and recharge rates; ocean acidity and coral health;

evaluating empirically testable questions and desig
models and simulations.
= Ask questions that arise from careful observation
models, theory, or unexpected results. (HS-ESS3-c)
Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using, synthesizing,
and developing models to predict and explain relationships between
systems and their components in the natural and designed world.
= Develop, revise, and use models to predict and support
explanations of relationships between systems or between
components of a system. (HS-ESS3-i)
= Use models (including mathematical and computational) to
generate data to support explanations and predict phenomena,
analyze systems, and solve problems. (HS-ESS3-g)
Analyzing and Interpreting Data
Analyzing data in 9—12 builds on K-8 and progresses to introducing
more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data.
= Use tools, technologies, and/or models (e.g., computational,
mathematical) to generate and analyze data in order to make
valid and reliable scientific claims or determine an optimal design
solution. (HS-ESS3-f)
= Evaluate the impact of new data on a working explanation of a

ESS2.D: Weather and Climate

= Global climate models incorporate scientists’ best
knowledge of physical and chemical processes and of
the interactions of relevant systems. They are tested
by their ability to fit past climate variations. (secondary
to HS-ESS3-g)

= 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. Hence the outcomes depend
on human behaviors (link to ESS3.D) as well as on
natural factors that involve complex feedbacks among
Earth’s systems (link to ESS3.A). (secondary to HS-
ESS3-h)

ESS3.A: Natural Resources L]

= Resource availability has guided the development of
human society. (HS-ESS3-a)

= 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. (HS-ESS3-b) L]

Crosscutting Concepts

Cause and Effect

Empirical evidence is required to
differentiate between cause and
correlation and make claims about specific
causes and effects. (HS-ESS3-c)

In complex natural and designed systems,
not all of the outcomes can be
predicted—but outcomes might be
predicted in systems when smaller scale
mechanisms are known. (HS-ESS3-g)

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.
(HS-ESS3-i)

Stability and Change

Much of science deals with constructing
explanations of how things change and
how they remain stable. (HS-ESS3-f)
Change and rates of change can be
quantified and modeled over very short or
very long periods of time. Some system
changes are irreversible. (HS-ESS3-f)
Feedback (negative or positive) can

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-ESS3 Earth and Human Activity

proposed process or system. (HS-ESS3-f)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 9-12 level builds on
K-8 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.
= Apply techniques of algebra and functions to represent and solve
scientific and engineering problems. (HS-ESS3-e)
= Create a simple computational model or simulation of a designed
device, process, or system. (HS-ESS3-e)
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.
= Apply scientific reasoning, theory, and models to link evidence to
claims to assess the extent to which the reasoning and data
support the explanation or conclusion. (HS-ESS3-h)
= Construct and revise explanations based on evidence obtained
from a variety of sources (e.g., scientific principles, models,
theories, simulations) and peer review. (HS-ESS3-a),(HS-ESS3-c),
(HS-ESS3-d)
= Base causal explanations on valid and reliable empirical evidence
from multiple sources and the assumption that natural laws
operate today as they did in the past and will continue to do so in
the future. (HS-ESS3-a),(HS-ESS3-d)
Apply scientific knowledge and evidence to explain phenomena
and solve design problems, taking into account possible
unanticipated effects. (HS-ESS3-h)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from K-8
experiences and progresses to using appropriate and sufficient
evidence and scientific reasoning to defend and critique ctaims and
explanations about natural and designed world. Argupients may also
come from current scientific or historical episodes jri scienee.
= (Critique and evaluate competing arguments,/models, and/or
design solutions in light of new evidence, dimitatians (e.g., trade-
offs), constraints, and ethical issues. (HS-ESS3-b)
= Evaluate a claim for a design solution to a real~world problem
based on scientific knowledge, empirical evidence, and logical
arguments regarding all relevant factors (e.g. economic, sosiétal,
environmental, and ethical ceriSiderations). (HS-ESS3-b)

Connections to Nature of Scierce

Scientific Investigations Use a Variety of Methods
= Science investigations use diverse methods and do nof always use
the same set of procedures to-obtain data. (HS-ESS3-q)
= New technologies advance scientific knowledge. (HS-E5S3-g)
= Scientific inquiry is characterized by~a common set of yalues that
include: logical thinking, precision, open-mindednesg, objectivity,
skepticism, replicability of results,~and honest and ethical
reporting of findings.
Scientific Knowledge is Based on Empirical EVidence
= Science knowledge is based on empirical evidence: (HS-ESS3-g)
= Science includes the process of coordinating patterns of evidence
with current theory. (HS-ESS3-h)
= Science arguments are strengthened by multiple lines of evidence
supporting a single explanation. (HS-ESS3-h),(HS-ESS3-g)

ESS3.B: Natural Hazards

Natural hazards and other geologic events have shaped
the course of human history by destroying buildings
and cities, eroding land, changing the courses of rivers,
and reducing the amount of arable land. These events
have significantly altered the sizes of human
populations and have driven human migrations. (HS-
ESS3-c)

Natural hazards can be local, regional, or global in
origin, and their risks increase as populations grow.

Human activities can contribute to the frequency and
intensity of some natural hazards. (HS-ESS3-d)
ESS3.C: Human Impacts on Earth Systems
* The sustainability of human societies and the
biodiversity that supports them regdires responsible
management of natural resources. (HS>ESS3-e)
= Scientists and engineers can ndake médjor contributions
[to responsible managemerit]-for.€xample, by
developing technologiesthat produce less pollution and
waste and that preclude ecosystem degradation. When
the source of an environméntal problem is understood
and international’agreement can be reached, human
activities canbe reguiated to mitigate-global impacts
(e.g., acid rainnand the_ozone hole Over Artarctica).
(HS-ESS3-f)
ESS3.D: Global Climate Change
= Global climate models“are often used to understand
the-process of climate change because these changes
are complex and can occur slowly over Earth’s history.
(HS<ESS3-g)
=\ 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.\(HS-ESS3-g),(HS-ESS3-h).
= Through computef simulations and other studies,
important discaveries-are still being made about how
the ocean, the atmosphere, and the biosphere interact
and are rnodified in response to human activities, as
well as changes\in human activities. (HS-ESS3-i)
= Thus science and\engineering will be essential both to
understanding the ‘possible impacts of global climate
change and to'inforrming decisions about how to slow
its rate and-conseqdences—for humanity as well as for
the rest of the ptanet. (HS-ESS3-g),(HS-ESS3-h)
ETS1.A: Deifiiting and Delimiting an Engineering
Problem
= Criteria and constraints alse include satisfying any
requirements set by society, such as taking issues of
risk mitigation into account, and they should be
guantified to the extent possible and stated in such a
way that one can tell if a given design meets them.
(HS-ESS3-f), (HS-ESS3-h)
= Humanity faces major global challenges today, such as
the need for supplies of clean water and food or for
energy sources that minimize pollution, which can be
addressed through engineering. These global
challenges may also have manifestations in local
communities. But, whatever the scale, the first things
that engineers do is define the problem and specify the
criteria and constraints for potential solutions. (HS-
ESS3-b),(HS-ESS3-h),(HS-ESS3-i)
ETS1.B: Developing Possible Solutions
= To design something complicated one may need to
break the problem into parts and attend to each part
separately but must then bring the parts together to
test the overall plan. (HS-ESS3-h)
= 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. (HS-ESS3-b),(HS-
ESS3-f), (HS-ESS3-h)
= Testing should lead to improvements in the design
through an iterative procedure. (HS-ESS3-f)
ETS1.C: Optimizing the Design Solution
= The aim of engineering design is not simply to find a
solution to a problem but to design the best solution
under the given constraints and criteria. (HS-ESS3-
b),(HS-ESS3-f)
= When evaluating solutions, it is important to take into
account a range of constraints, including cost, safety,

stabilize or destabilize a system. (HS-
ESS3-f)

Connections to Engineering, Technology,
and Applications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World
= Modern civilization depends on major
technological systems, such as
agriculture, health, water, energy,
transportation, manufacturing,
construction, and communications. (HS-
ESS3-a),(HS-ESS3-e)
= Engineers continuously modify these
systems to increase benefits while
decreasing costs and risks. (HS-ESS3-
k),(HS-ESS3-f)
= New technologies can have deep impacts
on soeiety and the environment, including
same that were not anticipated. (HS-
ESS3-d);(HS-ESS3-h)
= Analysis of costs and benefits is a critical
aspect of decisions about technology.
(HS-ESS3-h)

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. (HS-
ESS3-b)

= 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. (HS-ESS3-b)

= Many decisions are not made using
science alone, but rely on social and
cultural contexts to resolve issues. [HS-
ESS3-b]

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS-ESS3 Earth and Human Activity

reliability, and aesthetics, and to consider social,
cultural, and environmental impacts. (HS-ESS3-e),(HS-
ESS3-f)

Connections to other DCIs in this grade-level: will be added in future version.

Articulation to DCIs across grade-levels: will be added in future version.

Common Core State Standards Connections: [Note: these connections will be made available soon.]

ELA/Literacy —
Mathematics —

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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HS.ETS1 Engineering, Technology, and Applications of Science

HS.ETS1 Engineering, Technology, and Applications of Science

[Note: All of these performance expectations can also be found in other standards.]

Students who demonstrate understanding can:

HS-PS2-c.

HS-PS3-b.

HS-PS4-c.

HS-PS4-d.

HS-PS4-f.

HS-LS1-f.

HS-ESS1-f.

HS-ESS3-f.

HS-ESS3-h.

HS-PS3-f.

HS-ESS3-b.

HS-ESS3-i.

HS-LS2-j.

HS-ESS2-b.

DeS|gn, evaluate, and refme a deVIce that mlnlmlzes the forceona macrosco ic obJect durlng a colllswn.

Ask questions that challenge the relative advantages of anal g 1 ion of information in order
to determine if the questions are testable and relevant.* [dlarificafi 3 ple Of different representations could
include digital radio signals vs. FM signals. Advantages could include that digital i j emory, but that analog can be

easier to understand.] [Assessment Boundary: Questions are provided to stud

resonant frequency to a given problem.]
Develop and defend a claim about the e
use in a certain application.* [Clarification S

specific genes and small differences in the ir

potential solutions in biomedical engineerin
single cell develops into a variety of differentiated

uman activities on natural systems to make valid scientific claims for
- and implemented to help limit environmental impacts.* [Clarification

conversion of energy from one form to another have affected human civilization, including the further
development of science and technology.*

Analyze and revise solutions for developing, managing, and utilizing resources that would increase economic,
social, environmental, and/or cost: benefit ratios.* [Clarification Statement: Examples include best practices for agricultural soil use,
retrieving water from aquifers or desalination, mining for coal and minerals, pumping for oil, hydro-fracturing to retrieve natural gas, recovering off-shore
methane gas hydrates, extracting petroleum from tar sands and oil shales, and the conservation, recycling, and reuse of resources. 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.]

Use models of Earth system interactions to support explanations of the relationships among the hydrosphere,
atmosphere, cryosphere, geosphere, and biosphere systems and how they are being modified in response to
human activities.* [Clarification Statement: Examples include: changes to groundwater levels and recharge rates; ocean acidity and coral health;
atmospheric composition and rain acidity and lake life health; deforestation and erosion rates and local biosphere health; agricultural fertilization; stream
composition and “dead” zones in offshore regions.] [Assessment Boundary: Students will not be required to model all the ways systems are being modified by
human activities, but need to demonstrate how systems can react in response to feedbacks from human activities.]

Design, evaluate, and refine a solution for reducing negative impact of human activities on the environment
and ways to sustain biodiversity and maintain the planet’s natural capital.* [Clarification Statement: Emphasis is on human
activities (e.g., pollution, climate change, making snow at ski areas, controlled burns, dams) that change the way ecosystems operate in terms of potential
impacts on biodiversity, as well as populations. The solutions should be based on scientific knowledge, student-generated sources of evidence, prioritized criteria,
and tradeoff considerations.] [Assessment Boundary: The assessment should provide evidence of students’ abilities to provide reasonable explanations of what
might happen as the basis for proposed engineering solutions. ]

Construct an evidence-based argument about how a natural or human-caused change to one part of an Earth
system can create feedback that causes changes in that system or other systems.* [Crification Statement: Modern

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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civilization depends on major technological systems and these are critical aspects of decisions about technology usage. Local real world examples could include
how removing ground vegetation causes an increase in water runoff and soil erosion; building reservoirs increases groundwater recharge; installing a coastal rock
jetty changes currents and resulting beach erosion patterns; removing wetlands causes a decrease in local humidity that further reduces the wetland extent;
diminishing glacial ice reduces the amount of sunlight reflected from Earth’s surface, which increases surface temperatures and further reduces the amount of
ice.]

HS-PS2-a. Analyze data to support the claim that Newton’s second law ¢

" motion describes the mathematical relationship

HS-ESS1-e. Use mathematical and computational representations ¢ and human-made solar system objects in

Newtonian gravitational laws governing orbital motions apply to human-mad i nets and moons.] [Assessment Boundary: Mathematical
representations for the gravitational attraction of bodies and Kepler’s grbi i deal with more than two bodies, nor involve calculus.]

HS-LS2-l. Design and conduct an investigation to test d

an ecosystem.* [Clarification Statement: Emphasis is onvdesigni i i . The investigation may be a simulation or a
performance task in the classroom.] [Assessment Boundary: i i ents’ abilities to consider environmental,

HS-ESS2-c. Apply scientific reasoning to show how empirica id from Earth observations and laboratory
experiments have been used to develop the vdel of Earth’s interior.* [Clarification Statement: Examples of

evidence may include results from drill cores iti i gravity (density with depth), Earth’s magnetic field, seismic waves (elastic properties
with depth), and laboratory experiments o Earth™m i \ ty, and elastic properties with pressure).]

HS-LS3-c. Evaluate the merits of comp ica he research, development, and growth of industries
based on the development of ha genetic make-up of an organism.* [Clarification Statement
Emphasis is on comparing competing argumenits ba iples.] [Assessment Boundary: The assessment should provide
evidence of students’ abilities to evaluate the g., cloning, gene therapy, genetic engineering, selective breeding) in

terms of scientific prlnaples as well as ethical cohsi i iglimplicatfens. The assessment should provide evidence of students’ abilities to evaluate the
merits of genetlc modlﬂc ion-te hnologles (e.g., i genetic engineering, selective breeding) in terms of scientific principles as well as cost,

HS-ESS2-i.

e cycling of matter within and among Earth systems.* [Clarification Statement: Claims about
of water in th ctlve transfer of energy through oceanic and atmospherlc circulation; the cycling of matter refers

HS-ESS3-e. Identify mathematica pe
S lobal sustainabi ans and the biodiversity that supports them.* [Carification Statement: Use
equations for linearrelationships. NAssessment Boundary The construction of equations is not expected for non-linear relationships, which can be studied
phically i

The performance expectations abovewere developed using the following elements from the NRC document A Framework for K-12 Science Education:.

Crosscutting Concepts
ETS1.A: Defining and Delimiting an Engineering Cause and Effect
Problem = Empirical evidence is required to
= Design criteria and constraints, which typically reflect the differentiate between cause and
needs of the end user of a technology or process, address correlation and make claims about
such things as the product’s or system'’s function (what job specific causes and effects. (HS-PS2-
a @ it will perform and how), its durability and limits on its size a),(HS-LS1-f),(HS-ESS2-h)
argument, the interpretation of a.data set, Or the suitability of a and cost. (HS-PS2-c),(HS-PS3-b),(HS-PS4-c),(HS-PS4- = Systems can be designed to cause a
design. (HS-PS4-c) d),(HS-PS4-f),(HS-LS1-f),(HS-ESS1-f) desired effect. (HS-PS2-c)
Developing and Using Models = Criteria and constraints include satisfying any = Changes in systems may have various
Modeling in 9-12 builds on K-8 and progresses to using, requirements set by society, such as taking issues of risk causes that may not have equal effects.
synthesizing, and developing models to predict and explain mitigation into account, and they should be quantified to (HS-PS2-a)
relationships between systems and their components in the natural the extent possible and stated in such a way that one can Systems and System Models
and designed world. tell if a given design meets them. (HS-PS2-c),(HS-PS3- = Models (e.g., physical, mathematical
= Develop, revise, and use models to predict and support b),(HS-PS4-c),(HS-PS4-d),(HS-PS4-f),(HS-ESS3-f), (HS- and computer models) can be used to
explanations of relationships between systems or between ESS3-h) simulate systems and interactions
components of a system. (HS-PS4-d),(HS-ESS3-i) = Humanity faces major global challenges today, such as the within and between systems at different
Planning and Carrying Out Investigations need for supplies of clean water and food or for energy scales. (HS-ESS1-e)
Planning and carrying out investigations to answer questions or test sources that minimize pollution, which can be addressed = When investigating or describing a
solutions to problems in 9-12 builds on K-8 experiences and through engineering. These global challenges may also system, the boundaries and initial
progresses to include investigations that build, test, and revise have manifestations in local communities. But, whatever conditions of the system need to be
conceptual, mathematical, physical, and empirical models. the scale, the first things that engineers do is define the defined and their inputs and outputs
= Design an investigation individually and collaboratively and test problem and specify the criteria and constraints for analyzed and described using models.
designs as part of building and revising models, supporting potential solutions. (HS-PS3-b),(HS-PS3-f),(HS-ESS3- (HS-ESS3-i)
explanations for phenomena, or testing solutions to problems. b),(HS-ESS3-h),(HS-ESS3-i) Energy and Matter
Consider possible confounding variables or effects and evaluate ETS1.B: Developing Possible Solutions = Energy drives the cycling of matter
the investigation’s design to ensure variables are controlled. (HS- = To design something complicated one may need to break within and between systems. (HS-ESS2-
LS2-1) the problem into parts and attend to each part separately i)
= Design and conduct an investigation individually and but must then bring the parts together to test the overall Structure and Function
collaboratively, and in the design: decide on types, how much, plan. (HS-PS4-f),(HS-ESS3-h) = The functions and properties of natural
and accuracy of data needed to produce reliable measurements = When evaluating solutions, it is important to take into and designed objects and systems can
and consider limitations on the precision of the data (e.g., account a range of constraints, including cost, safety, be inferred from their overall structure,
number of trials, cost, risk, time), and refine the design reliability, and aesthetics, and to consider social, cultural, the way their components are shaped
accordingly. (HS-LS2-I) and environmental impacts. (HS-PS2-c),(HS-PS3-b),(HS- and used, and the molecular
= Design and conduct investigations and test design solutions in a LS2-j),(HS-ESS2-b),(HS-ESS3-f), (HS-ESS3-h) substructures of its various materials.
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safe and ethical manner including considerations of
environmental, social, and personal impacts. (HS-LS2-1)
Analyzing and Interpreting Data
Analyzing data in 9—12 builds on K-8 and progresses to introducing
more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data.
= Use tools, technologies, and/or models (e.g., computational,
mathematical) to generate and analyze data in order to make
valid and reliable scientific claims or determine an optimal design
solution. (HS-PS2-a),(HS-ESS2-i),(HS-ESS3-f)
= Evaluate the impact of new data on a working explanation of a
proposed process or system. (HS-ESS3-f)
Using Mathematical and Computational Thinking
Mathematical and computational thinking at the 9-12 level builds on
K-8 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 algorithmic representations of phenomena
or design solutions to describe and support claims and
explanations, and create computational models or simulations.
(HS-ESS1-e)
= Use simple limit cases to test mathematical expressions,
computer programs, algorithms, or simulations of a process or
system to see if a model “makes sense” by comparing the
outcomes with what is known about the real world. (HS-ESS1-e)
= Apply techniques of algebra and functions to represent and solve
scientific and engineering problems. (HS-ESS3-€)
= Create a simple computational model or simulation of a designed
device, process, or system. (HS-ESS3-e)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in-9=12 builds on
K-8 experiences and progresses to explanations ahd designs that.are
supported by multiple and independent student-generated sources ‘of
evidence consistent with scientific knowledgé, principles, and
theories.
= Make quantitative and qualitative claims regarding the
relationship between dependent and independent variables. (HS/
LS2-)
= Apply scientific reasoning, theory, and models.to link-eyidence-to
claims to assess the extentto whichthe reasoning and data
support the explanation or conclusion. (HS-PS3-b),(HS-LS1<
f),(HS-LS2-j),(HS-ESS2-c)
Construct and sevise explanations based-on evidence obtained
from a variety of sources (e.qg., scientific principles; models;
theories, simulations) and peer review. (HS-LS1-f),(HS-ESS1-
f),(HS-ESS2-b)
= Base causal expianations on valid and reliable empirical evidence
from multiple sources andthe assumption that natural laws
operate today as they\did in the past and will continue to do so
in the future. (HS-ESS1-f)
= Design, evaluate, and refine.a solution to a corhplex/real-world
problem, based on scientific knowledge, student-génerated
sources of evidence, prioritized criteria, arid tradeoff
considerations. (HS-PS2-c),(HS-LS1=f),(HS-LS2-j)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds from 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. Arguments may also
come from current scientific or historical episodes in science.
= (Critique and evaluate competing arguments, models, and/or
design solutions in light of new evidence, limitations (e.g., trade-
offs), constraints, and ethical issues. (HS-LS3-c),(HS-ESS3-b)
= Evaluate the claims, evidence, and reasoning behind currently
accepted explanations or solutions to determine the merits of
arguments. (HS-PS4-f)
= Make and defend a claim about the natural world or the
effectiveness of a design solution that reflects scientific
knowledge, and student-generated evidence. (HS-PS4-f)
= Evaluate a claim for a design solution to a real-world problem
based on scientific knowledge, empirical evidence, and logical
arguments regarding all relevant factors (e.g. economic, societal,
environmental, and ethical considerations). (HS-ESS3-b)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9-12 builds
on K-8 and progresses to evaluating the validity and reliability of the
claims, methods, and designs.

= Testing should lead to improvements in the design through
an iterative procedure. (HS-PS2-c),(HS-PS3-b),(HS-PS4-d)
(HS-ESS3-f)

= Both physical models and computer models can be used in
various ways to aid in the engineering design process.
Physical models or prototypes are helpful in testing
product ideas or the properties of different materials. (HS-
PS2-a),(HS-PS4-d),(HS-ESS1-e),(HS-ESS1-f)

= Computer models are useful for a variety of purposes,
such as in representing a design in 3-D through’ CAD
software; in troubleshooting to identify or deScribe a
design problem; in running simulations to test different
ways of solving a problem or to/6ee which one is most
efficient or economical; and il making a-persuasive
presentation to a client ahout how a given design will
meet his or her needs. (FH$*PS2-a),(HS-ESS1-e),(HS-ESS1-

ETSl C: Optimizing-the Design Solution
The aim of engirleering’design is not simply to find a
solution to aroblent but to design the best solution under
the given constraints and criteria. {HS*PS2-a),(HS-PS3-
b),(HS-LS2-1),(HS-ESS2-c),(HS-ESS3-b);(HS-ESS3-f)

= When evaluating solutions, ali relevant considerations,
including cost, ‘safety, xeliability, ahd aesthetics, and to
consider social, ctiltural, and erivironmental impacts,
should be included. (HS-LS34c),(HS-ESS2-b),(HS-ESS2-
i);(HS-ESS3-e),(HS-ESS3-f)

= _Testing-should lead to design improvements through an
iterative process, and computer simulations are one useful
way ofrunning stch tests. (HS=PS2-a);(HS-PS3-b)

n  Criteria may-need to be.broken down into.simpler ones
that\can be approached systematically, and decisions
about\the priotity of certain critéria over others (trade-offs)
may be needed. (HS-PS4-F)

= The comparisop’of multiple desighs can be aided by a
trade-off matfix. (HS-PS4-f)

(HS-PS4-d),(HS-PS4-f),(HS-ESS2-c)
Stability and Change

= Much of science deals with constructing
explanations of how things change and
how they remain stable. (HS-ESS2-
b),(HS-ESS3-f)

= Systems can be designed for greater or
lesser stability. (HS-LS2-1),(HS-LS2-j)

= Change and rates of change can be
quantified and modeled over very short
or very long periods of time. Some
system changes are irreversible. (HS-
ESS3-f)

= Feedback (negative or positive) can
stabilize or destabilize a system. (HS-
ESS3-f)

Connection 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. (HS-PS3-f),(HS-LS3-
c),(HS-ESS1-e),(HS-ESS1-f),(HS-ESS2-
c)
Influence of Engineering, Technology,
and Science on Society and the Natural
World
= Modern civilization depends on major
technological systems, such as
agriculture, health, water, energy,
transportation, manufacturing,
construction, and communications. (HS-
PS3-b),(HS-PS3-f),(HS-PS4-c),(HS-PS4-
d),(HS-PS4-f),(HS-ESS3-a),(HS-ESS3-€)
= Engineers continuously modify these
systems to increase benefits while
decreasing costs and risks. (HS-PS4-
d),(HS-ESS3-b),(HS-ESS3-f)
= Widespread adoption of technological
innovations often depends on market
forces or other societal demands, but it
may also be subject to evaluation by
scientists and engineers and to eventual
government regulation. (HS-PS3-b),(HS-
PS3-f)
= 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. (HS-PS3-b),(HS-PS3-
f),(HS-LS3-c),(HS-ESS2-b),(HS-ESS3-
h),(HS-ESS3-d)

Connection to Nature of Science

Science is a Human Endeavor
= Scientific knowledge is a result of
human endeavors, imagination, and
creativity. (HS-ESS1-f)
= Individuals and teams from many
nations and cultures have contributed
to science and engineering advances.
(HS-ESS1-f)
= Technological advances have influenced
the progress of science and science has
influenced advances in technology. (HS-
LS3-c),(HS-ESS1-f)
= Science and engineering are influenced
by society and society is influenced by
science and engineering. (HS-LS3-c)
Science Addresses Questions About
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= Produce scientific and/or technical writing and/or oral
presentations that communicate scientific ideas and/or the
process of development and the design and performance of a
proposed process or system. (HS-PS3-f)

Connections to Nature of Science

Scientific Knowledge is Based on Empirical Evidence
= Science knowledge is based on empirical evidence. (HS-ESS2-c)
= Science disciplines share common rules of evidence used to
evaluate explanations about natural systems. (HS-ESS2-c)
Science includes the process of coordinating patterns of evidence
with current theory. (HS-ESS2-c)
Science Models, Laws, Mechanisms, and Theories Explain
Natural Phenomena
= Theories and laws provide explanations in science, but theories
do not with time become laws or facts. (HS-PS2-a)
= Laws are statements or descriptions of the relationships among

observable phenomena. (HS-PS2-a) />

the Natural and Material World

= Science and technology may raise
ethical issues for which science, by
itself, does not provide answers and
solutions. (HS-ESS3-b)

= 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. (HS-PS3-
f),(HS-ESS3-b),(HS-ESS3-h)

= Many decisions are not made using
science alone, but rely on social and
cultural contexts to resolve issues. (HS-
PS3-f),(HS-ESS3-b)

Connections to other DCIs in this grade-level: will be added in future version.

Articulation to DCIs across grade-levels: will be added in future version.

Common Core State Standards Connections: [Note: these connections will be made available soon.]
ELA/Literacy — /K
Mathematics —
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