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HS.LS-SFIP Structure, Function, and Information Processing

.S-SFIP

Structure, Function, and Information Processing

teke place between different types of molecules such

b]

[Assessment Boun

organisms. | [Assessment Boundary:

reglon. [Clarification Statement: Congcep
{e.q., vis ual pere eption, auditory parc2ptiol
inputs). |

1, INErprate

brains of complex organisms. |

g.

swudents who demonstrate understanding can:
a. Obtain and communicate information explaining how the structure and function of systems of specialized cells within
organisms help them perform the essential functions of life. [Assess

as water, carbohydrates, lipids, and nuglelc ackds. ]

2, |

i@l understanding that the brain Is divided into sevéral it i reglians afh

wemgrt, dej

stion of perceptual information, guidance of fnpfor

{ ation shiould Inc IudL’ r
VElE't ol Girg ganization.]

nent Boundary: Limitad to concaptiia) ufiderstanding of chemical reactions that

Communicate information about how DNA sequences determine the structure and function of proteins.
vy Limited to conceptual understanding of how the sequence of nitrogen bases in DNA determing the amiri gflﬂ secuence arid the structure and fynction of
thi proteln [t codes for, not the actual protelr structure

Develop and use models to explain the hierarchical organization of mteractmg systems workmg together to provide

specific functions within multicellular organisms. [Canfication Statefent: L
The focus Is o the hasic orgamization of systems across seva

Use modeling to explain the function of positive and negative feedback mechanisms in mamtasnmg homeostasis that is
essential for organisms. [Assessiment Bouridary: The focus is on conceptual models expidining sxamples of both types of feedback systens,]
Use evidence to support explanations for the relationship between a regnon of the brain and the primary function of that

and

fissues, argans, Systems,

ts, sach of which primarity £8rves dedicated functions
1 miaking about actions to take in the evenl of certain

Gather and communicate information to explain the intearated functioning of all parts of the brain for successful
interpretation of inputs and generation of behaviors, [4ssessrizar Boundary: Conceptyual understanding (s limited 1o he 5

ucture and furction of the

Analyze and interpret data to identify patterns of behawor that motwate organisms to seek rewards, avoid punishments,
develop fears, or form attachments to members of their own species and, in some cases, to individuals of other species.

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to .
using, synthesizing, and constructing models to “th
predict and explain refationships between systems 'y M
and their components in the natural and designed
warld. .
= Use multiple types of models to represent and
axplain phenomena and move flexibly
etween model types based on merits and
iimitations. (c),(d) e .
= Construct, revise, and use macdis to siedict
and explain relationships be!
and their components. (¢}
Analyzing and Interpreting Dato
Analyzing data in 9-12 builds on i~ =
progresses to introducing more deta
statistical analysis, the comparison of Ga = ==
for consistency, and the use of models to
generate and analyze data.

= Consider limitations (e.g., measurement
error, sample selection) when analyzing and |
interpreting data. (g)

= Fvaluate the impact of new data on a working
explanation of a phenomenon or design
solution. (q) fu

Obtaining, Evaluating, and Communicating
Information m
Obtaining, evaluating, and communicating
information 1n 9-12 builds on 6-8 and progresses
to evaluating the validity and reliability of the th
claims, methods, and designs.

» Critically read scientific literature adapted for
classroom use to identify key ideas and major
points and to evaluate the validity and
reliability of the claims, methads, and
designs. (a),(b).(e),(F)

» Generate, synthesize, communicate, and
critique claims, methods, and designs that
appear in scientific and technical texts or
media reports. (a),(b),(e}.(H

£

m

fo

LS1.A: Structure and Function
Systems.uf specia lizet &

} 2lls within orgarsms nelp them perform
2 egsential functicns afllife, which invakve chemical reactions

;. lake place betweer: '-_ifferent types of mo(ecules, such as
. protems, carbetsy

of cells. (b)
ms have a hierarchical structural
any one system is made up of numeraus
ianent of the next level. (c)
ain a living system’s intermal
5 and mediate behaviors, allowing
donal even as external conditions
some range. Qutside that range (e.g. at too high
:mal temperature, with too little food or water
organism <annot survive. Feedback mechanisms
2 (through positive feedback) or discourage
odback) what is going on inside the living system.

1.Db; I-7ormation Processing

,mplex animals, the brain is divided into several distinct
< ~Jions and circuits, each of which primarily serves dedicated
nctions, such as visual perception, auditory perception,

interpretation of perceptual information, guidance of motor

ovement, and decision making about actions to take in the

event of certatn mputs. (e)
« [n addition, some drcuits give rise to emations and memories

at motivate organisms to seek rewards, avoid punishmerts,

develop fears, or form attachments to members of their own
species and, in some cases, to individuals of other species {e.g.,

ixed herds of mammats, mixed flocks of birds). (g)

= The mntegrated functioning of all parts of the brain is important

r successful interpretatton of nputs and generation of

benhaviors in respanse to them, ()

The performance expectations above were developed using the falrowtna eleﬂnen'rs fram ti‘e NRC dmument A Framework for K-12 Science Education.

I 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. Classifications or
explanations used at one scale may fail or need revision
when information from smaller or larger scales is
introduced; thus requiring improved investigations and
experiments. Patterns of performance of designed systems
can be analyzed and interpreted to reengineer and
improve the system. Mathematical representations are
needed to identity some patterns. (g)

Cause and Effect

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects. 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. Systems can
be designed to cause a desired effect. Changes in systems
may have various causes that may not have equal effects.
f

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. (c)

Structure and Function

Investigating or designing new systems or structures
requires a detailed examination of the properties of
different materals, the structures of different components,
and connections of components to reveal its function
and/or solve a problem. 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. (a),{b),(e)

Stability and Change

Much of science deals with constructing explanations of
how things change and how they remain stable. Change
and rates of change can be quantified and modeled over
very short or very long periods of time. Some system
changes are irreversible. Feedback (negative or positive)
can stabilize or destabilize a system. Systems can be
designed for greater or lesser stability. (d)
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HS.LS-SFIP Structure, Function, and Information Processung

"S.LS-SFIP _ Structure, Function, and Information Processing P
mections to other topics in this grade-fevel: HS.ESS-CC, HS.PS-CR, HS.PS-E, HS.ETS-ETSS 4

Artictdation across grade-iovels: MS.LS-SFIP .-/

Common Core State Standards Connections: [Note; these connections will be made more explicit and complete in fiiture draft mfemses T

ELA—-

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats {e.g., visually, quanbtatlveiy urallv} EValudflng the credibility and accuracy of each

source.
RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their own expfr}rﬂenl.h}, nothlng when the ﬁgdlngs support or contradict
previous explanations or accounts,
SL.11-12.2 [ntegrate multiple sources of information presented in diverse formats and media (e.g., visually, qudﬁﬂtdi,lvew, orally) in order to makP |r|furmed decisions
and solve problems, evaluabing the credibility and accuracy of each source and noting any dlscn:pancm among the data.
RST.11-12.9 Synthesize information from a range of sources (e.q., texts, experiments, simulations) into a cr_:hemrn‘. undersiandlng of a process, phenamenun, or concept resolving
conflicting information when possible. /

¢

Mathematics — -\\ ,,f‘ o, g
S.ID Summarize, represent, and interpret data on two categorical and quantitative variables . " i "
S.IC Make inferences and justify conclusions fram sample surveys, experiments, and absarvational 5tudle5 N rd o
\ . §
\ s -
— 4 g
) /s \
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HS.LS-MEOE Matter and Energy in Organisms and Ecosystems

3

LS-MEOE

Matter and Energy in Organisms and Ecosystems

widents who demonstrate understanding can:

a. Construct a model to support explanations of the process of photosynthesis by which light energy is converted to stored

chemical energy. [Ciafication Statement: Models may include disgrams and chemical
Limitad to the inputs and outputs of photosyntiesi -
Construct an explanation of how sugar molecules that contain carbon, hydrogen, aind oxygen are com bined with other
elements to form amino acids and other large carbon-based molecules. [Ciarification Statziments Explanations should inclutle descriptions of how
aments provide evidence of matter consarvation. | [Assessment Boundary: FOCUSAS 0N G0N cepfual urfters ‘llﬂ'}"'I" of the cycling of mattar and the basic
wganlc compounds, not the actual process. ]

Use a model to explain cellular respiration as a chemical process whereby the bonds of foad molecules and oxygen

[Assessment Boundary:

&

Ihe eycling af thes
building blocks of ¢

C.

jations. The focus should be

and chemosyr

ey

M the [F‘\\M
ot the specific biocl iernigdl stepsinvolved.)

of matter and energy through plants. |

molecules are broken and bonds in new compounds are formed that result ir'a net transfer of energy. (Assessment Boundary:
Limited to the conceptual understanding of the inputs and outputs of metahalism, not the spec ifiv. steps.] ,

d

Lirnited to & comparison of ATP Input and output.]

hic javal to another,]

Evaluate data to compare the energy efficiency of aerobic and anaefobic resplratlon within orga'usrns. [i\wmsl nant Boundary:

Use data to develop mathematical models to describe the flow of ma&er and energy between orgamsms and the
ecosystem. [Assessment Boundary: Use data on energy stored n biomass thal is transferred fromiane ted

f. Communicate descriptions of the roles of photosynthesis and cellular respiratlan in the carbon cycle specific to the carbon
exchanges among the biosphere, atmosphere, oceans. and geosphere through chemical, physical, geological, and

biological processes.
g .

Clavification Statament: Elemer

Provide evidence to support explanations of how elements and enargy are conserved as they cycle through ecosystems

and how orgamsms compete for matter and energy. | 5 ihclded caivntlude carbon, axygen, hydrogen, and nifrogen 1

The performance expectations above were develo

ed using the fol!ow-ng aiﬂments from tI"e NRC dor:umen{ A errewori for K-12 Science Education:

Science and Engineering Practices ;

Developing and Using Models
Madeling in 9-12 builds on K-8 and progresses to using,
synthesizing, and constructing models to predict and exptain
relationships between systems and their components irt the
natural and designed world.
= Use multiple types of models to represent and explaii
phenomena and move flexibly between model types baszd R
merits and limitations. (a),(c).{e)
Construct, revise, and use madels to pred
relationships between systems and i
= Use models (including mathem
generate data to explain and p
systems, and solve probl i
» Examine merits and i
select or revise a model th
design criteria. (a),(c)
Analyzing and Interpreting Date
Analyzing data 1n 9-12 builds on K-8 &= 1oaresses to
introducing more detailed statistical analy::= :/\= comparison of
data sets for consistency, and the use of mo. 7 qenerate an:
analyze data.
= Use tools, technologies, and/or models (e.g., <&
mathematical) to generate and analyze data in or
valid and reliable scientific claims or determine an c;
design solution. (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.
s Make quantitative claims regarding the relationship between
dependent and independent variables. (g)
= Apply scientific reasoning, theory, and models to fink evidence
to claims and show why the data are adequate for the
explanation or conclusion. (g)
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.qg., scientific
principles, models, theories) and peer review. (b),(g)
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 ctaims, methods, and designs.
= Critically read scientific literature adapted for classroom use to
identify key ideas and major points and to evaluate the
validity and reliability of the clams, methods, and designs. (f)
Generate, synthesize, communicate, and critique claims,
methods, and designs that appear in sctentific and technical
texts or media reports. ()

af various models in order &
: fits the evidence or the

LSI.C Organization for Haﬂam"and Energy Flow in Organisms

The process of photgsynthess mmerts light anergy to storad
themical energy by com-errmg carbon dioxdde plus water into
sugars d}us released oxyasn. The sugar molecules thus formed
conain earbon, hydrogen, andloxygen: their bydrocarbon
backbages are usad o make mhina acids and other carbon-based
mbleculEs that can e assembiad fnto larger molecules (such as
protains or DNAj, usedd for maminple o form new c2lis, (3),(b),(a)
As Matter and-energy. fow throlgh differant organizational levels
of living systems, chemical elements dre recombined in differant
wAts to form different products. (b),{c)

zasult of these chemical reactions, energy is transferred from
m of interacting molecules to another. Far example,

the presence of oxygen) cellular respiration is 3
giocess whereby the bonds of food molecutes and
oxygen molecules are broken and new compounds are formed
that can transport energy to muscles. (c),(d)

Anaerobic {without oxygen) cellular respiration follows a different
and less efficient chemical pathway to provide energy in celis. {d)
Cellular respiration also releases the energy needed to maintain
bady temperature despite ongoing energy loss to the surrounding
environment, (c)

Matter and energy are conserved in each change. This s true of
all biological systems, from individual cells to ecosystems. (g)

LS2.B: Cycles of Matter and Energy Transfer in Ecosystems

Photosynthesis and cellular respiration (including anaerobic
processes) provide most of the energy for life processes. (c),(e)
Plants or algae form the lowest level of the food web. At 2ach link
upward in a food web, only a small fraction of the matter
consumed at the lower level is transferred upward, to produce
growth and release energy in cellular respiration at the higher
level. Given this inefficiency, there are generally fewer arganisms
at higher levels of a food web, and there is a limit to the number
of organisms that an ecosystem can sustain. ()

The chemical elements that make up the molecules of organisms
pass through food webs and into and out of the atmosphere and
soil, and they are combined and recombined in different ways. At
each link in an ecosystem, matter and energy are conserved; (g)
Some matter reacts to release energy for life functions, some
matter is stored in newly made structures, and much is discarded.,
(b)(e)

Competition among species is ultimately competition for the
matter and energy needed for life. (g)

Photosynthesis and cellular respiration are important components
of the carbon cycle, in which carbon is exchanged between the
biosphere, atmosphere, oceans, and geosphere through chemical,
physical, geological, and biological processes. (f}

Crosscutting Concepts

Systems and System Models
Madels (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. (F),(g)
Energy and Matter

The total amount of energy and matter
in closed systems is conserved. Chang¢
of energy and matter in a system can L
described in terms of energy and matter
flows into, out of, and within that
system. Energy cannot be created or
destroyed—it only moves between one
place and another place, between
objects and/or fields, or between
systems. Energy drives the cycling of
matter within and between systems. In
nuclear processes, atoms are not
conserved, but the total number of
protons plus neutrons is conserved.

(3)(b),(c),(d).(e)
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HS.LS-MEOE Matter and Energy in Organisms and Ecosystems

'S.LS-MEOE _ Matter and Energy in Organisms and Ecosystems (continued) |
Jntections to otfher topics in this grave-level; HS.ESS-HS, HS.PS-CR, HS.PS-E, HS.PS-SPM
Articulation across grade-levels: MS.LS-MEQE, MS.LS-IRE
Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]
ELA-
RI.9-10.1 Cite strong and thorough textual evidence to suppart analysis of what the text says explicitly as well as inferences drawri frofm the text.
RI.9-10-8 Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is valid and the eyldencd is relevant and sufficient identify false
statements and fallacious reasoning. ™
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chmr) ang lrarmla*e\mformakmn expressed visually or
mathematically (e.g., In an equation) into words.
RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.q., uuantwdhve data, wdeo. rnulhr‘nedla} in order to address a
question or solve a problem.
RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the ciatd uhen possible and corrohﬂratmr_[ Qr challenging conclusions

with other sources of information. ya
WHST.9 Draw evidence from informational texts to support analysis, reflection, and research. p e
Mathematics — / i
MP.2 Reason abstractly and quantitatively. Vé J N
MP.4 Model with Mathematics. : AN VA v
MP.S Use appropriate toals strategically. . s
S.ID Summarize, represent, and interpret data on a single count or measurement variable. » R 4
F.BF Build a function that models a relationship between two quantities. "\ P4
N-Q Reason guantitatively and use units to solve problems. S N

% ; p ]
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HS.LS-IRE Interdependent Relationships in Ecosystems

LS-IRE

Interdependent Relationships in Ecosystems

 .dents who demonstrate understanding can:
a.

Evaluate data to explain resource availability and other environmental factors that affect catrying capacity of ecosystems.

[Clarification Statement: The explanation could be based on computational or mathematical models. Environmental factors shoef Irich i availability of living and nonliving
resources and from challenges (e.g., predation, competition, disease).]

b.
C.

Design solutions for creating or maintaining the sustainability of local ecosystems.
Construct and use a model to communicate how complex sets of interactions in ecosystems maintain relatively consistent

numbers and types of organisms for long periods of time when conditions are stable, \

Construct arguments from evidence about the effects of natural biological or physical dlsturbances in terms of the time

needed to reestablish a stable ecosystem and how the new system dlffers from the orlgmal syStem. [Clarification Statement:

d.
Computational models could be used to support collect evidence to support the argument.]
e.
ways to sustain biodiversity and maintain the planet’s natural capitai. [C
. anthropogenic changes (e.g., habitat destruction, pollution, introduction of invasive species, oveséxplaiiafion, climate chafige). 1
. for individuals and their genetic relatives.
g.

to a forest, small pond near a clty to a wetland estuary).]

pmipare, mathematic c*llv

b

Use evidence to construct explanations and design solutions for the |mpact of human activities on the environment and
ication Statement: Explanations 4||=| solutjons should include

Argue from evidence obtained from scientific literature the role group behawor has ln increasing the chances of survival

Plan and carry out investigations to make mathematical comparisons of the poleatlons and biodiversities of two similar

ecosystems at different scales. [Clarification Statement: Students t.p hic u,!m rsity of a small ecosystem to a large ecosystem (e g., woodlot

The performance expectations above were developed

Science and Engineering Practices

Developing and Using Models
Madeling in 9-12 builds on K-8 and progresses to using, synthesizing,

and constructing models to predict and explain relationships between |

systems and their components in the natural and designed world, -
= Construct, revise, and use models to predict and explain
relationships between systems and their components. (&)
= Use models (including mathematical and computationat) to
generate data to explain and predict phenomena, snalvze
systems, and solve problems. (c)
Planning and Carrying Out Investigations "
Planning and carrying out investigations to answer questions gs test
s~litions to problems in 912 builds on K-8 experiences and
esses to include investigations that bl test, and rayise
.aptual, mathematical, physical, and empiical modelts.
= Plan and carry out (fvestigations ol ,;uall',f arid cofizburatively
and test designs as part of building.and revising models;.
explaining phenomena, ar Wy solutions to problems. Cls
possible confounding varic’ +effects and ensure the
investigation’s design has coptialled for them. (g)
Constructing Explanations and Gesighing Solutions
Constructing explanations and designiig solutipns in 9-12 builds on ¥
8 experiences and prograsses to explanais 1 designs that are.
supported by multiple and independent stuic: nerated sources of
evidence consistent with scientific knowladge, es, and theones
= Make quantitative claims regarding the relati !
dependent and independent variables. (b),(e)
= Apply scientific reasoning, theory, and models to lii:
claims and show why the data are adequate for the &
conclusion. (e}
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (e)
= Apply scientific knowledge to solve design problems by taking into
account possible unanticipated effects. (b),(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.
= Fvaluate the claims, evidence, and reasoning of currently
accepted explanations or solutions as a basis for the merits of
arguments. (d),(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
identify key ideas and major points and to evaluate the validity
and reliability of the claims, methods, and designs. (a)
“enerate, synthesize, communicate, and critigue claims, methods,
nd designs that appear in scientific and technical texts or media
reparts. (3)

nation or

LS2.A: Interdependent Reiahonshlpi in Ecos\‘itans

» Ecosystems hava'carrying capacities, which are lifits to the
numbers of organisms and: Qﬂpuld[mﬂs they cansupport.

- These limits reuit fr:;m /Such factors as tha avaiability of living
and nonliving resolrces and from such challefiges such as
pradation, competition, #id disease. Organisms would have the

“capiacity to produice papdlations of great size were it not for the
fact Biat environments anld, resources are finite. This
funddmental tension a"l’r-—ts thie abundance (number of
indhidyals) of species (i any given ecosystem. (a),(g)

LS2.C: Ecnsysfemovﬂamrcs, Functioning, and Resilience

» Acamplex set of nt eﬁcl)uns within an ecosystem can keep its
‘numbers and types-sf grganisms relatively constant over long

-perinds of time under stable conditions. (c)

= [Fa modest biological or physical disturbance to an ecosystem
ocolss, it may return to its more or less original status (i.e., the

f1 is resilient), as opposed to becoming a very

acosystem, (d)

wié fluctuations in conditions or the size of any population,
however, can challenge the functioning of ecosystems in terms
of resources and habitat availability. (3),{d)

» 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. (e)

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. (f)

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. (d),(e)

= Humans depend on the living world for the resources and other
benefits provided by biodiversity. But human activity is also
having adverse impacts on biodiversity through overpopulation,
overexploitation, habitat destruction, pollution, introduction of
invasive species, and climate change. These problems have the
potential to cause a major wave of biological extinctions—as
many species or populations of a given species, unable to
survive in changed environments, die out—and the effects may
be harmful to humans and other living things. Thus sustaining
biodiversity so that ecosystem functioning and productivity are
maintained is essential to supporting and enhancing life on
Earth. Sustaining biodiversity also aids humanity by preserving
landscapes of recreational or inspirational value. (b),(2)

Jsing the followin ng e!emenrs from the NRC dm:umer‘l A Framewark for K-12 Science Education:

Cause and Effect

Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. 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.
Systems can be designed to cause a
desired effect. Changes in systems may
have various causes that may not have
equal effects. (a),(f)

Scale, Proportion, and Quantity
The significance of a phenomenon is
dependent on the scale, proportion,
and quantity at which it occurs. Some
systems can only be studied indirectly
as they are too small, too large, too
fast, or too slow to observe directly.
Patterns observable at one scale may
not be observable or exist at other
scales. Using the concept of orders of
magnitude allows one to understand
how a model at one scale relates to a
model at another scale. (g)

Stability and Change

Much of science deals with constructing
explanations of how things change and
how they remain stable. Change and
rates of change can be quantified and
modeled over very short or very long
periods of time. Some system changes
are irreversible. Feedback (negative or
positive) can stabilize or destabilize a
system. Systems can be designed for
greater or lesser stability. (b),(c),(d).(e)
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HS.LS-IRE Interdependent Relationships in Ecosystems

3LS-IRE Interdependent Relationships in Ecosystems (continued)

Connections to other topics in this grade-leve): HS.ESS-HE, HS.ESS-ES, HS.ES5-HS o

Articulation acripss grade-favels: MS.LS-IRE, MS.L5-NSA, MS.LS-MEOE

Commen Core State Standards Connections; [Note: these connections will be made more explicit and complete in future draft refeases]

ELA-

RI.9-10.1 Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences drawn Frgm the fext.

RI.9-10-8 Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is valid and the evlderlre IS r.eh_vant and sufficient identify false
statements and fallacious reasoning.

W.9-10.1  Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant E;nd sufflgient evidence.

W.11-12,1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and uFﬁr‘rent evidence.

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, erally) wa‘»uaung the credibility and accuracy of each source.

SL.11-12.2 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 aiong tie data. \ A

RST.9-10.10 By the end of grade 10, read and comprehend science/technical texts in the grades 9-10 text comple}ﬂty b‘!;]d independently ahd proﬁmently

Mathematics — o
MP.1 Make sense of problems and persevere in solving them. ; 7 3 .
MP.3 Construct viable arguments and critique the reasoning of others. Va . N
N-Q Reason guantitatively and use units to solve problems. v, vl e Y]
;
N v
. A \\
7
,/ o
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HS.LS-NSE Natural Selection and Evolution

1.5-NSE Natural Selection and Evolution

| 5.udents who demonstrate understanding can:
a.

c

acidity, light.]

future generations.

-

extinction of other species.

arviranmental changes such as femperature, moisture, and acidity, ]

Analyze and interpret data to explain the process by which organisms with an
in numbers in future generations; but organisms that lack an advantzge

Obtain and communicate information describing how changes in‘envir
traits in a population and cause increases in the numbers of some species, thee

Use models to explain how the process of 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 limited resources, and (4) the selection of those organisms that are better able to survive and reproduce in
the environment. [Clarification Statement: Mathematical models may be used to communicate the explanation "'u.i'u gengtate evidence supporting the explanation.]

Use evidence to explain the process by which natural selection leads to adaptations thaf vesult in populations dominated by
organisms that are anatomically, behaviorally, and physiologically able to suryive and/or reproduce in a specific
environment. [Assessment Boundary: Evidence should center on suivival advantages of selected traits fgl:':dlffg;‘é'nt -u-n.--r-'n1|‘.-:.-_-"|h1i\'u"1|_énn;r.'-; such as temperature, climate

'advantageous h,grii.‘al;le trait tend to increase
ous heritable trait tend to decrease in numbers in

onmental conditions can affect thgi'?'distribution of
mei'gence of new species, and the

Use evidence obtained from new technologies to compare similarity in 'DNA sequences, anatomical structures, and
embryological appearance as evidence to support multiple lines of descent.in evolution.
f. Plan and carry out investigations to gather evidence of patterns in the relationship between natural selection and changes

in the environment. [Clarification Statement: A possible investigation could bl to Stedy fruit fiies and the nixgiber & 2ags, larvae, ard Mies that hatch in response o

The performance expectations abave were developed using the followirig elements from the NRC dusyment 4 fFratnework for K-12 Science Educalion

Science and Engineering Practices - :

Developing and Using Models 1
Modeling in 3—12 builds on K-8 and progresses to using, sytthesizing, and
constructing models to predict and explain relationships tietwesn systems and
their components in the natural and designed world. \

= Use muitiple types of models to represent and explait: phencmena and
move flexibly between model types based on merits ana lim:tations. (a)

Planning and Carrying OQut Investigations
Jing and carrying out investigations to ans:
ams in 9-12 builds on K-8 experierczs ar
inwvestigations that build, test, and reviss
and empirical models.

= Evaluate various methods ef
design, simulations) and =i
various aspects of the study
needed to produce reliable me=
precision of the data (e.g., numt=- -

Analyzing and Interpreting Data
Analyzing data in 9-12 builds on K-8 and ¢ 102
detalled statistical analysis, the comparison o:
use of models to generate and analyze data.

= Use tools, technologies, and/or models (e.g., v
to generate and analyze data in order to make ve
claims or determine an optimal design solution. (c)

= Consider limitations (e.g., measurement error, sample selection) when
analyzing and Interpreting data. (c)

= Compare and contrast various types of data sets (e.q., self-generated,
archival) to examine consistency of measurements and observations. (c)

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 and
show why the data are adequate for the explanation or conclusion. (b)

s Construct and revise explanations and arguments based on evidence
obtained from a variety of sources (e.g., scientific principles, models,
theories) and peer review. (b)

« Base casual 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. (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.

= Critically read scientific literature adapted for classroom use to identify key
'deas and major points and to evaluate the validity and reliability of the

1aims, methods, and designs. (d),(e)
Generate, synthesize, communicate, and critique claims, methods, and
destgns that appear in sclentific and technical texts or media reports, (d))(g)

:ting data (e.qg., field stesy =
omponents of the design '
types, how much, and ac
ent and consider any limiz:
“hals, cost, risk, time). (F,

sses to introducing 2
2 zats for consis' -+, and the

i athematical)
“uole scientific

Genetic information, like the fossil record, also provides
evidence af avslution. DNA sequences vary among Species,
but there ave magy overlaps; in fact, the ongoing
branching that prcduces multiple lines of descent can be
inferred by compariag the DNA seguences of different

Sus.nformation is also derivable from the
ang differences in amino acid sequences and
from anatomical and embryological evidence. (e)

LS4.B: Natural Selection

Natural selection accurs 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. (a),(c)
The traits that positively affect survival are more likely to
be reproduced, and thus are more common in the
population. (b},(c),(d),(F)

LS4.C: Adaptation

Natural selection is the result of four factors: (1) the
potential for 3 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 praliferation of those organisms that are better
able to survive and reproduce In that environment. (a)
Matural selection leads to adaptation, that 1s, to a
population dominated by organisms that are anatomically,
behaviorally, and pnysioiogically well suited to survive and
reproduce in a specific environment. That is, the
differential survival and reproduction of organisms in a
population that have an advantageous heritable tratt leads
to an increase in the proportion of mdividuals in future
generations that have the trait and to a decrease in the
proportion of individuals that do not. (b),(c),(f)

Adaptation alsa means that the distribution of traits in a
population can change when conditions change. (d)
Changes in the physical environment, whether naturally
accurring or human induced, have thus contributed to the
expansion of some species, the emergence of new distinct
spacies as populations diverge under different conditions,
and the decline—and sometimes the extinction—of some
species. (d)

Specles become extinct because they can no longer survive
and reproduce in their altered environment. If members
cannot adjust to change that is too fast or drastic, the
opportunity for the species’ evolution is lost. (d)

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.
Classifications or explanations used
at one scale may fail or need
revision when information from
smaller or larger scales is
introduced; thus requiring
improved investigations and
experiments. Patterns of
performance of designed systems
can be analyzed and interpreted to
reengineer and improve the
system. (c),(e),(0)

Cause and Effect

Empirical evidence 1s required to
differentiate between cause and
correlation and make claims about
specific causes and effects, 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.
Systems can be designed to cause
a desired effect. Changes in
systems may have various causes
that may not have equal effects,

(a)(b)(d)
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HS.LS-NSE Natural Selection and Evolution

iS.LS-NSE  Natural Selection and Evolution (continued)

Connections fo other togics in this grade-level: HS.ESS-HE, HS.ESS-CC

Articulation across grade-fevels: MS.LS-NSA, M5.LS-GDRO

Common Core State Standards Connections: [Note: these connections will be made more expiicit and complete in future draft releases/ Q

ELA~

RI.9-10.1 Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences drawn from’ rhe teped.

RI.9-10-8 Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is valid and the evideng is relévant and sufficient identify false
statements and fallacious reasoning.

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

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitatively,drally) in order to nnke Iinformed decisions
and solve problems, evaluating the credibility and accuracy of each source and noting any discrepancies amorg the data. . \

Mathematics — o
MP.3 Construct viable arguments and critique the reasoning of others. ; "

N-Q Reason quantitatively and use unlts to solve problems

S.ID Summarize, represent, and Interpret data on a single count or measurement variable

5.1C Malke Infererices and justify conclusions frum sample surveys, experiments, and observanana; :tudle= N
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HS.LS-IVT

Inheritance and Variation of Traits

[ S-IVT Inheritance and Variation of Traits

| Suudents who demonstrate understanding can:

a. Ask questions and obtain information about the role of patterns of gene sequences in DNA molecules and subsequent

inheritance of traits.
b.

Use a model to explain how mitotic cell division results in daughter cells with identical patterns of genetic materials

essential for growth and repair of multicellular organisms. [Assessment Boundary: The focus & on cghteptual understanding of the process; the detalls

of the individual steps are beyond the intent.]

Construct an explanation for how cell differentiation is the result of activation or |nactwatmn of specific genes as well as

small differences in the immediate environment of the cells. [Assessment Bounda v Lim 44 to the concapt Hiat a single cell develops into a variety of

differentiated cells and thus, a complex organism.]

Statement: The focus is on the conceptual understanding that a
material.] [Assessment Boundary: Limited to the concept that a

process of meiosis are beyond the intent.]

single cell can give rise to comples,
single cell develops into a vapéty of differantiated

Use a model to describe the role of cellular division and differentiation to prcduce and mamtdln complex organisms

composed of organ systems and tissue subsystems that work together to meet the needs of the entire organism. [Clarification

m|_ji|( “ellular arganisms consisting of muariy. differegt cells with identical genetic
7’ mrl thus, a complex mmmmﬂ e

Communicate information about the role of the structure of DNA and the mechanlsrrs in meiosis for & ansm|tt|ng genetic
information from parents to offspring. [Assessment Boundary: The focus is on ceihs

Communicate information that inheritable genetic variations may result froms_ (1) genetic combinations in haploid sex

cells, (2) errors occurring during replication, (3) crossover between homologous chromosomes during meiosis, and (4)

environmental factors. [Clarification Statement: Information on genitic virati

mutations.] [Assessment Boundary: The focus is on conceptual

caltulations are beyond the intent of this standartl. |

wld include evidence of i

understanding &f the\sotite=s of gefetic variation that are e, ]

fing the probability of variations and the rarity of

Use probability to explain the variation and distribution qf expreSSed traits.in a populatmn. [Assessment Boundary: Hardy-Weinberg

The performance expectations above were develnpec

Science and Engi

Asking Questions and Defining Problems
Asking questions and defining problems In grades 8-12 Dllds fram
arades K-8 expenences and progresses to formulating, refinihg, and
evaluating empircally testable questions and explanatory riodels and
simulations,
» Ask questions that ariss from phenamena, models, theorv, v}
jenpectad rasulls, (a)
k questions that challenge the pramiss of an argume
interpretation of a data set, or the suitabiling of & 6¢
Developing and Using Models
Modeling in 9-12 builds on K-8 gnt o
and constructing models to pre:
systems and their components jii ral and designed world.
= Use multiple types of models tii ¢ »nt and explain phenomena |
and move flexibly between model’ *ypes tased on merits and
limitations. (b)
Using Mathematics and Computatlona. Thm\k:(\g
Mathematical and computational thinking at tha 2- 17 level builds o
K-8 and progresses to using algebraic thinking ard analysls, a ratige
of linear and nonlinear functions including tngonometnc fi 'nct-"ns
expanentials and logarithins, and computational taals for statisticat
analysis to analyes, represent, and model data.  Simple C@mu)a/tlonal
simulations are created and used based on mathematical miadels of
basic assumptions.
= Use statistical and mathematical techniques and structure data
(e.qg. displays, tables, graphs) to find regularities, patterns (e.q.
fitting mathematical curves to data), and relationships in data. (g)
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 muitiple 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 and shaw why the data are adequate for the explanation or
conclusion. (c),(d)
= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources {e.qg., scientific
principles, models, and theories) and peer review. (c),(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
identify key ideas and major points and to evaluate the validity
~nd reliability of the claims, methods, and designs. (f)
:nerate, synthesize, communicate, and critique claims, methods,
and designs that appear in scientific and technical texts or media
reports. (e),(f)

ngresses to using, synthesizieg
=i} explain relationships bety=en

LS1,8: Growth and Dwdupment of Organisms

= [ multicellular arganisims Individual cells grow and then divide
vid a process called milgsis, lherehy allowing the organism to
grow. The organism begins =5 a single cell (fertilized egg) that
divides sutcassivaly to priducsmany cells, with each parent
cell passing idenhic A GeretieMmaterial (two variants of each
chrfomosoma.paick to Goth daughler cells. (a),(b)

« ¢As successive subdivisitns of an embryo’s cells occur,
trqgramimed genetic instructions and small differences in their
iim ediata environments activate or inactivate different genes,

3use the cells to develop differently—a process called
dira taon. Cellular division and differentiation produce and
maifitsin a complex organism, composed of systems of tissues
and orgars that work together to meet the needs of the whale
organism. (b),(c),(d)

= In sexual reproduction, a specialized type of cell division called
meiosis occurs that results in the production of sex cells, such
as gametes in animals (sperm and eggs), which contain only
one member from each chromosome pair in the parent cell. (e)

LS3.A: Inheritance of Traits

= In all organisms the genetic instructions for forming species’
characteristics are carried in the chromosomes, (f)

« Each chromosome consists of a single very long DNA molecule,
and each gene on the chromosome is a particutar segment of
that DNA. The instructions for forming species’ characteristics
are carried in DNA. (3)

= All cells in an organism have the same genetic content, but the
genes used (expressed) by the cell may be regulated in
different ways. Not all DNA codes for a protein; some
segments of DNA are involved in regulatory or structural
functions, and some have no as-yet known function. (c),(f.{9)

LS3.B: Variation of Traits

» The information passed from parents to offspring is coded in
the DNA molecules that form the chromosomes. (a)

= In sexual reproduction, chromosomes can sometimes swap
sactions during the process of meiosis (cell division), thereby
creating new genetic combinations and thus more genetic
variation. (f)

= Although DNA replication is tightly requlated and remarkably
accurate, errors do occur and result in mutations, which are also
a source of genetic variation, Environmental factors can also
cause mutations in genes, and viable mutations are inherited.

v

» Environmental factors also affect expression of traits, and hence
affect the probability of occurrences of traits in a poputation.
Thus the variation and distribution of traits observed depends
on both genetic and environmental factors. (g)

using the Fulln\mng ele'nmls froni the NAC d&umem e‘l Framework for K-12 Scierce Education.

! I-'"’_“ILJ."

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.
Classifications or explanations used at one
scale may fail or need revision when
information from smailer or larger scales
introduced; thus requiring improved
investigations and experiments, Patterns
of performance of designed systems can
be analyzed and interpreted to reengineer
and improve the system. Mathematical
representations are needed to identity
some patterns. (a),(b)

Cause and Effect

Empirical evidence is required to
differentiate between cause and
correlation and make claims about specific
causes and effects. 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. Systems can be
designed to cause a desired effect.
Changes in systems may have various
causes that may not have equal effects.
[GEGACH

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. (d)

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. 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 ot
its various materials. (e)
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HS.LS-IVT Inheritance and Variation of Traits

" "LS-IVT_  Inheritance and Variation of Traits (continued)
nections to other topics in this grade-level: HS.LS-NSE

Articulation across grade-favels: MS.LS-GDRO

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft refeases]

ELA -

SL.1 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,

w.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.

wW.9 Draw evidence from literary or informational texts to support analysis, reflection, and research.

RST.9-10.1 Cite specific textuat evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.

RST.9-10.7 Translate quantitative or technical Information expressed In words in a text into visual form (e.g., @ table or chart) and translate ipformation expressed visually or
mathematically (e.g., in an equation) into words. ’ \

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 stlentific or technical problem.

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. / /

Mathematics —

MP.2 Reason abstractly and quantitatively. / 2

F.BF Build a function that models a relationship between two quantities. . AN

A.CED Create equations that describe numbers or relationships. A ;

S.MD lUse probability to evaluate outcomes of decisions -’ -
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HS.ESS-SS Space Systems

[ESS-85 Space Systems

tuclents who demonstrate understanding can:

a. Construct explanations from evidence about how the stability and structure of the sun chan'g,e over its lifetime at time

scales that are short (solar flares), medium (the hot spot cycle), and long (changes overt its 10-billion-year lifetime).
[Clarification Statement: Evidence for long-tarm changes Includes the Mertzsprung-Russell Diagram, | 4

Use mathematical, graphical, or computational models to represent the distribution and patterns of galaxies and galaxy

Construct explanations for how the Big Bang theory accounts for all observahie asti‘on'dmicél data including the red

shift of starlight from galaxies, cosmic microwave background, and composition of stars and nonstellar gases.

Obtain, evaluate, and communicate information about the process by which stars produce a'll-n\aiemgnts except those

elements formed during the Big Bang. [Clarification Statemenit: Nuclear fusion withih cartatn stars produce atamic nucleMighter-ghan and including iron;

predict their motions and

gravitational effects on each other. [Assessment Boundary: Mathematical repregentathans, which iriclude Kepler's Laws, should not deat with tare than 2

ci:‘tﬁe_ ifitensity and distribution of sunlight on

Earth’s surface, causing cyclical climate changes that include past Ice Ages, [Assessment Boundary: Orbital parameters are limited ko

-~

b.
clusters in the Universe to describe the Sun's place in space.
c.
d.
heavier elements are produced when certain massive stars achieve a supemova stage and explodey]
e. Use mathematical representations of the positions of objects in the Solar System to
bodies. |
f. Analyze evidence to show how changes in Earth’s orbital parameters affe
chande in orbital shape and orlentation of the planetary axis.]
g.

control the surface conditions of other planets and modr,ys within the salar system.

Construct explanations for how differences in orbital parameters; combined with the object’s size and composition,

The performance expectations above were developed using the following elements from the NRC decument A Fameiork for K-12 Science Edlucation.

Science and Engineering Practices

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, andfor models (e.g., computational,-.
mathematical) to generate and analyze data in order to make N

valid and reliable scientific claims or determine an optimal design

solution. (F)
. **sing Mathematical and Computational Thinkirg . _ S
Jematical and computational thinking at-the 5-12 leval gtdds on
s and progresses to using algebraic fhinking asid anatysis, & ange
of linear and nonlinear functions inclding trjonometric funceers,
exponentials and logarithms, and ¢ rdtional tools for statistica
analysis to analyze, represent, &iia o i
simulations are created and used @as=2¢ 4n mathematical models of
basic assumptions. / .
= Use statistical and mathematical tec:
(e.g., displays, tables, graphs) to find
fitting mathematical curves to data), ana ¢
= Use simple limit cases to test mathematical =
programs or algorithms, or simulations to see
sense” by comparing the outcomes with what is i
real world. (e) .
Constructing Explanations and Designing Solutions

=5 and structure data

Constructing explanations and designing solutions in 912 buds on K-

8 experiences and progresses to explanations and designs that are
supparted by multiple and independent student-generated sources of

evidence consistent with scientific knowledge, principles, and theories.

= Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (a),(c).(9)
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.
s Critically read scientific iterature adapted for classroom use to
identify key ideas and major points and to evaluate the validity
and reliability of the claims, methads, and destans, (d)

| data. Simple computaticna

" ESS1.A: The Universe aqﬁfts Stars

~gver alifespan of ap

=g Fdis

>

Sing and will burn out
ately 10 billion years. (2)
Tise sun is one of more 200 billian stars (n the
Mifky Way galaxy, and the Mitky Way is just ane of
hundrads of billions of galadesin the universe. (B)
Tha scacta gnd brightnigss of stars are used to
i peir compiesitingal slehents, movements,
2ibistanees from Tarh 29d t develop
explanations abolt theformation, age, and
Ssmposition of the universs. The Big Bang theory is
rted by the fact that it provides an explanation
¥ ations of distant galaxies receding from our
ows, < Lie measured composition of stars and
non: gases, and of the maps of spectra of the
primordial radiation (cosmic microwave background)
that still filis the universe. (c)

Other than the hydragen and helium formed at the
time of the Big Bang, nuclear fusion within stars
produces all atomic nuclei lighter than and including
iron, and the process releases electromagnetic
energy. Heavier elements are produced when certain
massive stars achieve a supernova stage and
explode. (c),(d)

Thestar called the sun ks

ESS1.B: Earth and the Solar System

Kepler's laws describe common features of the
motions of orbiting objects, including their elliptical
paths. Orbits may change due to the gravitational
effects from, or collisions with, other abjects in the
solar system. (e)

Cyclic changes in the shape of Earth’s orbit around
the sun, together with changes in the orientation of
the planet’s axis of rotation, have altered the
intensity and distribution of sunlight falling on Earth,
These changes, both occurring aver tens to
hundreds of thousands of years, cause cycles of ice
ages and other gradual climate changes. (f),(g)

{  Crosscutting Concepts |

Systems and System Models

Models (e.g., physical, mathematical, computer
models) can be used to simulate systems and
interactions—including energy, matter, and
information lows—within and between systems
at different scales. (b)

Models can be used to predict the behavior of a
system, but these predictions have limited

precision and reliability due to the assumptions
and approximations inherent in models. (e),(9)

Energy and Matter

The total amount of energy and matter in closed
systems is conserved. 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. Energy cannot be created or
destroyed—it only moves between one place
and another place, between objects and/or
fields, or between systems. Energy drives the
cycling of matter within and between systems.
In nuclear processes, atoms are not conserved,
but the total number of protons plus neutrons is
conserved. (a),(c),(d),()
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HS.ESS-SS Space Systems

HS.ESS-SS _ Space Systems

Canneclions fo other OCIs in this grade-leve): HS.PS-NP, HS.PS-ER, HS PS E HS P5- FM, HS.PS-FE, HS PS-IF

Articuiation to OCIs across grade-levels: 1.PC, 5.58S, MS.ESS-5S

Common Core State Stardards Connections. [Note; these connections will be made more explicit and cormplete in future draft releases]

ELA -
W.9-10.7

RI.9-10.1
W.9-10.9(b)

W.11-12.7

SL.11-12.2

W.11-12.9(b) Draw evidence from literary or informational texts to support analysis, reflection, and research. -. . .
RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into & cobrent underst-mdlng of a process, phenamgnarn, or concep, resolving

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

Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences drawiri rrc.m the text.

Draw evidence from literary or informational texts to support analysis, reflection, and research, .

Conduct short as well as more sustained research projects to answer a question (including a self-generated auestion; or sur\.re a proble-m narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under, mwshgatmn

Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitatively,” grally) in order to make mformed decisions and solve
problems, evaluating the credibility and accuracy of each source and noting any discrepancies amona. the rid*a \

conflicting information when possible, / 7
Mathematics — £ 1 Vi
MP.2 Reason abstractly and quantitatively 1 ,
MP.4 Model with mathematics /,-"
MP.5 Use appropriate tools strategically s
S.ID Summarize, represent, and interpret data on a single count or measurement varrab1e Summarize, represerit, a'1d interpret data on two categorical and guantitative
varlables
S.IC Make inferences and justify conclusions from sample surveys, experimerits; anLI ubseﬁ\'anona! studies
G.MG Apply geometric concepts in modeling situations \ .
F.IF Interpret functions that arise in applications in terms of the context
F.BF Build a function that models a relationship between two quantities
F.LE Construct and compare linear, quadratic, and exponential madels and solve prublenu.
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HS.ESS-HE History of Earth

.ESS-HE History of Earth

students who demonstrate understanding can: ,

a. Analyze determined or hypothetical isotope ratios within Earth materials to make valid and reliable scientific claims about

the planet’s age, the ages of Earth events and rocks, and the overall time scale of Earth’s history. [Assessment Boundary:

Radipmetric dating techniques using complex methods such as multiple isotope r@tios ara Not Inghuded, e

Construct an explanation, using plate tectonic theory, for the general trends of the ages of continental and oceanic crust

and the patterns of topographic features. [Claification Statement: Trands of crustal ages involve jHe yousmgest seafloor rocks located at mid-ocean ridges and

Ihe oldest acean rocks often Incated nean continerital botndaries, with age bands of rocks parallel across mid-oceanidaes.Maje rippographic features are ocean ridges,

renches, and hot spot islands. ] S

c. Construct explanations about changes that occurred to Earth during the Hadean Eon based on data from Earth materials,
planetary surfaces, and meteorites. [Clarfication Statement: yramic Earth processes have dastroyed most of Earth's varg gar Iy wgck record; however, [LUnar
ficks, asteroids, and meteotites have remalred relatively unchanged and provide evidence for conditions dutipg Earth's earliest time periods, ]~ A N

d. Construct scientific arguments to support the claim that dynamic causes, effects, and feedbacks among Earth’s systems

result in a continual coevolution of Earth and the life that exists on.it, [Agsessment Bowitiary: Students examine exduplesOf feedbacks between
Earth's different systems to understand how life has coevolved with Earth’s suiface (e.q., the atmosphere dad bissphefe aﬁ'}ec[ the conditions for life, whief in tum affects the
composition of the atmasphere. | ) ) :

T

b

The performance exgectations above were developed using the following elements from the NRC drac’:'ume:jt‘ A Framework for K-12 Science Education

Science and Engineering Practices Fohie : i Core Ideas
Analyzing and Interpreting Data ESS1.C: The HMQE Planet Earth N Scale, Proportion, and Quantity
Analyzing data in 9—12 builds on K-8 and progresses to = Radioactive-der Mmq and Eﬂiq&rts contant In rocks | Algebraic thinking is used to examine scientific
introducing more detailed statistical analysis, the comparison of provide a way of rock-formations and thereby | data and predict the effect of a change in one
data sets for consistency, and the use of models to generate and fixing the scala of ic time. {3) e S variable on another (e.g. linear growth vs.
analyze data. = Coritinental rocks, hichican beoigder than 4 billiea, -+ exponential growth). (a)
= Use tools, technologies, and/or models (e.g., computational, _years, are generally ‘ml.l‘fha]darlﬁ the roeks of the -, Stability and Change

mathematical) to generate and analyze data in order to make |~ poean fioor, which 'a'ré-less"@a\' 200 milllion VMCE] Much of science deals with constructing

valid and reliable scientific claims or determine an optimal .~ | = Altbaugh active geologle procasses;, stich as plate explanations of how things change and how

design solution. (a) i i téhq"*i a0l Srosio, have 'deg!'t'wed oF altered most of they remain stable. Change and rates of change
Constructing Explanations and Designing Solutions . /! the visy Sty rock rectrd on Earth, other objects in the can be quantified and modeled over very short
Constructing explanations and designing sofutions in 9-12 builds solar sir_ﬁaﬁ,such a5 lunar socks) asteraids, and or very long periods of time. Some system
on K-8 experiences and progresses to explanations and d%’.‘-sﬁgns meteorites, nave changed it avar billigns of years. changes are irreversible. Feedback (negative or
that are supported by multiple and independent student- % " Studyisg Hﬁﬁgg_bjeds can provide iaformation about positive) can stabilize or destabilize a system.
generated sources of evidence cansistent with scientific ™~ . Eartti's farmanon and Exhyhistcoy(c) Systems can be designed for greater or lesser
knowledge, principles, and theories. P “  ESSLB: Piats Tectonics and Large-Scale System stability. (b),(c),(d)

Construct and revise explanations and arg; baséd-an “Interactions TS s

evidence obtained from a variety of sourcs Clerte - . se sactonics is the unifying theory that explains the

principles, models, theories) and seer review. b)(c) a3 current movements of the rocks at Earth’s
Engaging in Argument from Evidence rovides a framework for understanding its

—12 builds from K-8 - :

priate and sufficient LR

X nd critique claims ! and ocean-fisor features and for the distribution of most

and explanations about natural and de . racks and minerals within Earth’s crust. (b)

may also come from current scientific or i ESSZ.E Biogeology

science. . « The many dynamic and deficate feedbacks among the

s Evaluate the claims, evidence, and reasont rrently ] oiosphere, geosphere, hydrosphere, and atmosphere

accepted explanations or solutions as a basis £ & S merits olfr-" cause a continual co-evolution of Earth’s surface and the
the arguments, (d} L T hife thatexists on it (d)

Engaging in argument from evid
experiences and progresses to u
evidence and scientific reasoning to

Connections to other DCls in this grade-level; HS.LS-iT, H5.05-NSE, HS.LS-MEOE, HS,LS-IRE, HS.PS-SPM, HS.PS-NP, HS.PS-CR, HS.PS-E

Articuiation to DCIs acrass grade-levels: K.OTE, 2108, 2.EC5, 4.PSE, M5.ESS-HE

Common Core State Standards Connections: [Note: these coiiections will be made more explicit and complete in future drait releases]

ELA ~

W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.

WHST.9-10.1 Write arguments focused on discipline-specific content.

W.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.

wW.11-12.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.

WHST.11-12.1 Write arguments focused on discipline-specific content.

wW.11-12.7 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; demanstrating understanding of the subject under investigation.

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.qg., 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.

Mathematics —

MP.2 Reason abstractly and quantitatively

MP.3 Construct viable arguments and critique the reasoning of others.

MP.5 Use appropriate tools strategically

S.ID Summarize, represent, and interpret data on a single count or measurement variable; Summarize, represent, and interpret data on two categorical and quantitative
variables

S.1C Make inferences and |ustify conclusions from sample Surveys, experiments, and observational studies
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HS.ESS-ES Earth’s Systems

HS.ESS-ES  Earth's Systems

Students who demonstrate understanding can:

a. Apply scientific reasoning to explain how geophysical, geochemlcal and geothermal e'(ndence was used to develop the
current model of Earth’s interior. [Clarification Statement: Evidence should include drill cores, gravity, se,t;mlc waves, and faboratory experiments on Earth

materials.]

Use a model of Earth’s interior and the mechanisms of thermal convection to explam t‘le cycling of matter and the impact

of plate tectonics on Earth's surface. [Assassment Boundary: Convection mechanisms should ficlude heat n'rnm radfioactive dacay and gravity acting an
matarials of different densities as the drivers of convettion and tectonic activity, |

Analyze the impact of water on the flow of energy and the cycling of mattet within and among Earth systems, [Assess

Boundary: Should explpre the unigue physical and chemical properties of water, such as the polar natdre of the molecule and watés’s ability to absprb/sture/release energy,

transmit sunlight, expand uporn Treezing, diss

olve and transport materials, and lower the viscosities dnd me divie points of rocks. ]

Use Earth system models to explain how Earth's internal and surface processes work together at d“fferent spatial and

temporal scales to form landscapes and sea floor features.

Construct an evidence-based claim about how a change to one part'of an Earth svstem creates feedbacks that causes

changes in other systems (e.g., coastal dynamics, watersheds and reservmrs, stfeam flow and erosion rates, changes in

ecosystems).

Use mathematical expressions of phenomena to simulate how temperature, relatlve humidity, air pressure, and the dew

point vary from the windward to the leeward side of a mountam range. [Carfic afjon Statement: The phenomena include latent heat, adiabatic

heating/cooling, absolute/relative humidity, and dew point. |

[Clariflcation Statement;

Unequal heating of the atmospheare results in Kigh and, o

courter-clockwise atmospheric circulations develop in response (o Earth's rotatior {tnu Coriolis Effect). [

Use models to analyze data to make claims about how energv from the sun is redlstrlbuted throughout the atmosphere.

'r!rﬂs;I e systeihs: air moves fidmm areng of high pressure to low pressure; clockwise and

The performance expectations above wera developed using the followlng. etemenfs from Lz NRC dncurnent A 'Erameworir

for K-1.2 Science Education:

Science and Engineering Practices

1

Developing and Using Models

Modeling in 9-12 builds on K-8 and progresses to usmg,
synthesizing, and constructing models to predict and explaiz
relationships between systems and their components m the
natural and designed world.

= Use models (including mathematical and computanonu') to
generate data to explain and predict phenomena, analyze
systems, and solve problems. (b).(d}vg} y b

Analyzing and Interpreting Data o
Analyzing data in 9~12 builds -8 2 T0yYresses i
introducing more detailed st '.|a|ySlS the compériscn of
data sets for consistency, = use of models to generate anc
analyze data. h,

= Use tools, technologles, y
mathematical) to generate o
valid and reliable scientific cla:
design solution. ()

Using Mathematics and Computatiozal Th
Mathematical and computational thinking ac =
on K-8 and progresses to using algebraic thin
range of linear and nonlinear functions including ¢
functions, exponentials and logarithms, and comp
for statistical analysis to analyze, represent, and mod
Simple computational simulations are created and used
mathematical models of basic assumptions.

= se mathematical expressions to represent phenomena o.
design solutions in order to solve algebraically for desired
quantities. (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, principtes, and theories.

s Construct and revise explanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, theories) and peer review. (e}

= Apply scientific reasoning, theory, and models to link evidence
to claims and show why the data are adequate for the
explanation or conclusian. (3)

models (e.g., computational, -
slvze data in order to make
Zatermine an optimal

mm

m |

-ESS?JL‘ Earth Materiak aﬁﬂw
« Eyidente from dril cores. gravity, séismic waves, At
fabneatory expenments &n Earth materials, remrm:umrs of
histarscal thanges in Earth's and its magnetic fiekd, and
an undesstanding of geophyscal 2nd geochemical processes
lead to & model of Earth with'a hebut solid innen core, & hgud

outsr core; and_g solid mantle and crust. (a)

s Motions of the wark 2ad its plaf_es occur primarily through
"Wl Cunvection, wiich it I cyding of matter due to

5= gutward flow of ermigy froim Bartih's interior and the

" -'r_md downward apavitational pull on depser mantle

systems mdy. stable, change slowly over long periods of

e, or changc abruptly. Changes in part of one system can

cause dynamic feedbacks that can increase or decrease the

a-ginal changes, further changing that system or other

stems in ways that are often surprising and complex. (d),(e)

= \ieather is driven by interactions of the geosphere,
fiydrosphere, and atmosphere. (f),(g)

| ES32.B: Plate Tectonics and Large-Scale System
.4nteractions

= 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
axpression of mantle convection. (b)

ESS2.C: The Roles of Water in Earth’s Surface Processes

» The abundance of liquid water on Earth’s surface and its
unique combination of physical and chemical properties are
central to the planet’s dynamics. These properties include
water’s exceptional capacity to absorb/store/release large
amounts of energy, transmit sunlight, expand upon freezing,
dissolve and transport materials, and lower the viscosities and
melting points of rocks. (c)

'

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. (a)

Models can be used to predict the
behavior of a system, but these
predictions have limited precision and
reliability due to the assumptions and
approximations inherent in models,

(d).(e)

Energy and Matter

The total amount of energy and matter in
closed systems is conserved. 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.
Energy cannot be created or destroyed—
it only moves between one place and
another place, between objects and/or
fields, or between systems. Energy drives
the cycling of matter within and between
systems, In nuclear processes, atoms are
not conserved, but the total number of
protons plus neutrons is conserved.

(b)()(N.(9)
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__I:I_S.ESS-ES _E_ar_t_h’s Systems

_anections tolorher DCIs _in this grade-feval; HS.LS-I;IE-OE, HS.L-E‘;FIRE, HS.P-S-EPM, HS.PS

e =F L AR v T 7
N p "< 1h =) 7 i 2 "' WIT 1

) -
& S o, DGR e, AL

“CR, HS.PS-ER, HS.PS-E, HS.PS-FM, HS.PS-FE, HS.PS-IF

Articulation to DCIs across grate-fevels: K.OTE, K.WEA, 2.10S, 2.ECS, 3.WCI, 4.PSE, 5.ESI, MS.ESS-EIP, MS.ESS-ESP

Common Core State Standards Connections: [Note. these connections will be madg more explicit and complete in future draft refeases]

ELA -

RST.9-10.3

W.11-12.1
W.11-12.7

SL.11-12.2
RST.11-12.3
Mathematics —
MP.2

MP.4

MP.5

S.ID

S.IC

SN
Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevirt and.sufficient evidence.
Conduct short as well as more sustained research projects to answer a question (including a self-generated‘quastlun].d’r solve a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of thesubject dnder investigation,
Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or perfosming technical tasks, attending to special cases or
exceptions defined in the text. 1 S
Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning Efidj !emfa}rt\and sufficient evidence.
Conduct short as well as more sustained research projects to answer a guestion (including a sel-l'—generam:'ie\agestjom‘ or solve a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating undarstanding af the subjact uniter investigation, )
Integrate multiple sources of information presented in diverse formats and media (e.g., uisﬁﬁtrt;\m\guéntltativety, atally) in“arder to make informed decisions and solve
problems, evaluating the credibility and accuracy of each source and noting any discr gancies Among the data. \_\
Follow precisely a cornplex multistep procedure when carrying out experiments, talgm;i_;l rnea_s_ﬁ'r'ements, or performing technicaktasks; analyze the specific results based
on explanations in the text. 7 A ™~

Reason abstractly and quantitatively ' A Pt \ 3
Model with mathematics o A N ¢ N

Use appropriate tools strategically N \\_ pd S .
Summarize, represent, and interpret data on a single count or measurement variahle; SM{naﬂzg"mprﬁJ , and interpret data on twt. ._L_'ateg/c(icai and quantitative
variables N 4 2 \

\ L
Make inferences and justify conclusions from sample surveys, €xperiments, and observatioral smdies/
' "-‘\ 7
i . 4
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HS.ESS-CC Climate Change

HS.ESS-CC  Climate Change

Students who demonstrate understanding can:

o

a

o

Evaluate and communicate the climate changes that can occur when certain components of the climate system are

altered. [Clarification Statement: For example, evaluate variations in incoming solar radiation as well as its reflection,-absorption, storage, and redistribution among the
atmosphere, acean, and land systems. ]

Construct a scientific argument showing that changes to any one of many different Earth and Solar System processes can
affect global and regional climates. [Clarification Statement: Examples of these processes ii the-Sun's energy output, Earth's orbit and axis orientation,
tectonic events, ocean circulation, volcanic activity, glacial activity, the biosphere, and human activities.] [Asséssmerft Boundary: Use evidence from the geologic record only.]

Analyze geologic evidence that past climate changes have occurred over a wide range of time scales. [Clrification Statement:
Examples of evidence are ice core data, the fossil record, sea level fluctuations, glacial features.] ; e

Engage in critical reading of scientific literature about causes of cljmz'{tg ¢hange over 10s-100s of years, 10s-100s of
thousands of years, or 10s-100s of millions of years. [Carification Staimenti Examples of causes e changes in solar output, ocean circulation, volcanic
activity (10s-100s of years); changes to Earth’s orbit and the orientation of its axis (10s-1 I}j}s' of thetsands of years); or Iun|gi't<_1_-|u ciianges in atmospheric composition (10s-100s
of millions of years).] ’ g ;

Use global climate models in combination with other geolegic data to predict and explain how human activities and

natural phenomena affect climate, providing the scientific basis for planring for humanity’s 'fu_!:u;'.'e needs. [Clarification
Statement: For example, use global climate models together with topographic maps fix jnvestigate effeefs of sg3 level change or combine gidbal climate models with precipitation
maps to investigate locations where new water supplies will be needed. ] \ . '

Apply scientific knowledge to investigate how humans may predict and modify their impacts on future global climate
systems (e.g., investigating the feasibility of gedengineering design solutions to global temperature changes).

Use models of the flow of energy between the sun_‘an"d ‘Earth's atmd‘sphérq and surface to explain how different
wavelengths of energy are absorbed and retained by variots greenhotise gases in Earth’s atmosphere, thereby affecting
Earth’s radiative balance. [Clhiification Statement: Studants will work-with absaration spectrip! diffacent Earth materials. |

Science and Engineering Practices

Developing and Using Models
Maodeling in 9-12 builds on K-8 and prograsses to using. -

The performance expectations above were developed using tise following elerfients from the NRC dacuqza'ht A Framework for K-12 Science Education.

E£5S2.D: Weather and Climate Cause and Effect
= The foundation for Earth3 global climate systems is the Empirical evidence is required to

synthesizing, and constructing models to pradict and sxplain
relationships between systems and their companenis in the
natural and designed world.

s Use multiple types of models to represent and =xplain
phenomena, and move flexibly between model ypes
based on merits and limitations. (g)

= Use models (including niathem=ical St compltativnal)
to generate data to explii; and I
analyze systems, and sofve profile

Analyzing and Interpreting Data
Analyzing data in 9-12 1 lt)s on K-8 and progresses ©
introducing more gs! statistical analysis, the
comparison of data seis fur eonsistency, and the use of
models to generate and gnaiyza data.

» Use tools, technologies, and br models (e.g.,
computational, mathemai i generate and analy e
data in order to make valid and reiable scientific ol
or determine an optimal desigi soiutian. (c)

Constructing Explanations and Designing Solutions
Constructing explanations and designing solubions in 912
builds on K—8 experiences and prograsses L =«plar atigns
and designs that are supported by multiple arlc’ @ wependant
student-generated sources of evidence consistent with
seientific Krowledage, principles, and thearies,

« Apply scientific reasoning, theary, and models (o link
evidence to claims and show why the data are adequate
for the explanation or conclusion. (f)

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 of
currently accepted explanations or solutions as a basis
for the merits of the arguments. (b}

Obtaining, Evaluating, and Communicating
Information

Obtaining, evaluating, and communicating information in 9—
12 builds on 6~8 and progresses to evaluate the validity and
reliability of the claims, methods, and designs.

= (Critically read scientific literature adapted for classroom
use to identify key ideas and major points and to
evaluate the validity and reliability of the claims,
methods, and designs. {(a),(d)

slertromagnetic n‘eq}iatnép from the sun, as well as its reflection,

\absgrption, storage, Ia’nﬂ"_edislrihutmn among the atmosphere,

oc=an, and land systems, and this energy’s re-radiation into space.

“dlimate car be- saused by interactions among changes in the sun’s

energy output or Earth’s orbit, tectonic events, ocean circulation,
“woieanic activity, glaciers, vegetation, and human activities. These
¢fanges can occur on a variety of time scales from sudden (e.g.,
volcanlc ash clouds) to intermediate (ice ages) to very long-term
fectdniceycles. (b),(e),(d)

Gerloglie evidenca indicates that past climate changes were either
sudden changes caused by aiterations in the atmosphere; longer-
term changes (e.g., ice ages) due to variations in solar output,
Earth’s orbit, or the orientation of its axis; or even more graduate
atmospheric changes due to plants and other organisms that
captured carbon dioxide and released oxygen. The time scales of
these changes varied from a few to millions of years. Changes in
the atmosphere due to human activity have increased carbon
dioxide concentrations and thus affect climate (link to ESS3.D).
(b),(c),(d)

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. Global climate models incorporate
scientists’ best knowltedge of the physical and chemical processes
and of the interactions of relevant systems. They are tested by
their ability to fit past climate variations. (e)

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). (F)

ESS3.D: Global Climate Change
= Though the magnitudes of human impacts are greater than they

have ever been, so too are human abilities to model, predict, and
manage current and future impacts. {(g)

= Thus science and engineering will be essential both to

understanding the possible impacts of global climate change and to
informing decisions about how to slow its rate and consequences—
for humanity as well as for the rest of the planet. (g)

differentiate between cause and correlation
and make claims about specific causes and
effects. 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.
Systems can be designed to cause a desired
effect. Changes in systems may have
various causes that may not have equal
effects. (e).(9)

Stability and Change

Much of science deals with constructing
explanations of how things change and how
they remain stable. Change and rates of
change can be quantified and modeled over
very short or very long periods of time.
Some system changes are irreversible.
Feedback (negative or positive) can stabilize
or destabilize a system. Systems can be
designed for greater or lesser stability.

(a)(b)(c),(d)

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. Engineers continuously
modify these systems to increase benefits
while decreasing costs and risks. 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. (f)
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HS.ESS-CC Climate Change
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Connections to othier DCIs in this grade-ievel. HS. LS-MEDE, HS L5 IRE, HS PS ER, HS PS- W, HS.PS- E d

Articalation to DCIs across grada-fevels: K.WEA, K.OTE, 3.WCl, 5.ESI, MS.ESS-WC, MS.ESS-HI

Comimon Core State Standards Connections: [Note: these connections will be made more explicit and complete /n/ufme dra}‘? releases]
ELA - “\

W.9-10.9(b) Draw evidence from literary or informational texts to support analysis, reflection, and resea/ e b ™

W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using vahd rea_mnmg and I‘éhﬂvunl and sufficient evidence.

WHST.9-10.1  Write arguments focused on discipline-specific content. / %

SL.9-10.1.¢c Propel conversations by posing and responding to questions that relate the turram dmusdon to broader themes ar IEIrgLL' xdeas, actively incorporate others into the

discussion; and clarify, verify, or challenge ideas and conclusions.
W.11-12.9(b) Draw evidence from literary or informational texts to support analysis, reﬁectlon, and’ research
W.11-12.1 Write arguments to support claims in an analysis of substantive topics or ;e{ts, u:mg valid reasqnmg\and relevant and 5d?ﬁ:tpr1t R\tdence
WHST.11-12.1 Write arguments focused on discipline-specific content. p]
SL.11-12.1.c  Propel conversations by posing and responding to questions that probe maqanmg evrdence ensufe a hearing for a full ran‘ge ci(posmons on a topic or Issue;
clarify, verify, or challenge ideas and conclusions; and promote divergent arte. Lre 1@ pers‘pectiu

Mathematics —
MP.2 Reason abstractly and quantitatively ‘.\ /
MP.3 Construct viable arguments and critique the reasoning of otﬁers- SN
MP.4 Model with mathematics ¢ R : ™
S.ID Summarize, represent, and interpret data on a single cm}nt or Qmasurerrant varlable, Surnmanze represent, and interpret data on two categorical and quantitative
variables . .
F.LE Construct and compare linear, quadratic, and exponential mmpels nd st r an[ema ! N
S.1C Make Inferences and justify conclusions from sample surveys,’ EK'D erdments, and nbse.nfétmnal studias
\ Tt >
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HS.ESS-HS Human Sustainability

HS.ESS-HS Human Sustainability

Students who demonstrate understanding can:

Statement:

Famings- fhat re€ull from reduced global "’l’ﬂ[}l-‘R‘LLJI

a. Construct arguments for how the developments of human societies have been influenced by natural resource
availability including: locations of streams, deltas, and high concentrations of mlneralsyures, coal, and hydrocarbons.
b. Reflect on and revise design solutions for local resource development that would increase the ratio of benefits to costs

and risks to the community and its environment. [Clarification Statement: Examples of local resou(ce development include soil use for agriculture,
water use, mining for coal and minerals, pumping for oil and natural gas. ]

¢. Construct scientific claims for how increases in the value of water, mineraf, and foss:l fuel resources due to increases in
population and rates of consumption have sometimes led to the developmenc of new technologles to retrieve resources
previously thought to be economically or technologically unattainable, ‘_
d. Construct scientific arguments from evidence to support claims that natural hazards and other geologic events have

influenced the course of human history. [Clarification &
eruptions. Large earthquakes and tsunamis can destroy cities, and there Is a strong correlation betheen Historic climate changes and thie,pumber of wars.]

e. Construct scientific claims about the impacts of human activities on the frequency and intensity uf some natural
hazards. [Clarification Statement: Natural hazards to include floods, droughts, forest fires, Ia'ldshdes atc, )
f. Identify mathematical relationships using data on the rates of pr oduction and consumption of natural resources in

order to assess the global sustainability of human society. [Assessment Bounda: y Students conslruct equations for linear refationships, but not
expected to construct equations for non-linear relationships. |

g. Construct arguments about how engineering SO|UtIOl'lS have. been and could be designed and implemented to mitigate
local or global environmental |mpacts ‘Olarification ‘mrrm&rrr Enviro wifleRtal impacts tovinclude aCId rain, water pollution, the ozone hale, etc. |
h. Use results from computational General Circulation Models (GCMs) to mvestlgate how the hydrosphere, atmosphere,
geosphere, and biosphere are being modified in response to human activities.

s eqn follow large historic volcanic

The performance expectations above were developf-d using the following =

Izments ffom 'h!_NR" docunaant A Framework for K-12 Science Education.

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, technolagies, and/or models (e.q.,

data in order to make valid and ¢
or determine an optimal design salutiar
Using Mathematics and Coraputat |ona| Thmklm
Mathematicai and computa thinking at the 912 lev=l
huilds on K-8 and progre= using algebraic thinking
and analysis, a range of lir . nonlinear functions
including trigonometric funct onentials and
logarithms, and computational
analyze, represent, and model data:
create simple computational simulatio
mathematical models of basic assumpti
= Use mathematical expressions to repres
ar design solutions in order to solve alge
desired quantities. (f)
Constructing Explanations and Designing Soit:tiai:
Constructing explanations and designing solutions in & 12
builds on K-8 experiences and progresses to explanations

Lﬁnts also use and

student-generated sources of evidence cansistent with
scientific knowledge, principles, and theories,

s Construct and revise explanations and arguments based
on evidence obtained from a variety of sources (e.g.,
scientific principles, models, theories) and peer review.
(c),(d).(e).(9)

Engaging in Argument from Evidence

8 experiences and progresses ta 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.

» Evaluate the claims, evidence, and reasoning of

currently accepted explanations or solutions as a basis
for the merits of the arguments. (a)

light of new evidence, limitations (e.qg,, trade-offs),
constraings, and ethical issues. (B}

Science and Engineering Practlces ] T ‘"‘Qﬁt‘“*‘tﬁt

computational, mathematical) to generata and analyze o

statistical analysis to

and designs that are supported by multiple and independent

Engaging in argument from evidence in 9-12 builds from K-

* Criticize and evaluate arguments and design solutions in

ESS3.A: Natural Resources

= Resource availability has guﬂ'ed the development of
human zacicty. Resource avavlamrfty affects geopalitical
relationssips

and can limit de»eloar‘lent (a)
anargy productlon and }s‘her resource

5e.the balance of these factors. (b)
i:hal human population increases and people’s
better living conditions increase, resources
ily available in the past, such as land for
agriculture o1 dsnkable water, are becoming scarcer
znd more vaiued, (c)

53.B: Natural Hazards

»atural hazards and other geologic events have shaped

e course of human history by destroying buildings and

gities, eroding land, changing the courses of rivers, and

reducing the amount of arable fand. These events have
significantly altered the sizes of human populations and

have driven human migrations. (d)

« 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. (e)

ESS3.C: Human Impacts on Earth Systems

» The sustainability of human societies and the

biadiversity that supports them requires responsible

management of natural resources. (f)

Scientists and engineers can make major contributions—

for example, by developing technologies that produce

less pollution and waste and that preclude ecosystem
degradation. When the source of an environmental
prablem is understood and international agreement can
be reached, human activities can be regulated to
mitigate global impacts (e.g., acid rain and the ozone

hole over Antarctica). {g)

« Through computer simulations and other studies,
important discoveries are still being made about how
the acean, atmosphere, and biosphere interact and are
modified in response to human activities and changes in
human activities. (h)

¥

Cause and Effect
Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects. 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. Systems
can be designed to cause a desired effect. Changes in
systems may have various causes that may not have
equal effects. {d),(h)

Connections to Engineering, Technology,

and Applications of Science

Interdependence of Science, Engineering and
Technology

Science and engineering complement each other in the
cycle known as research and development (R&D). Many
R&D projects may involve scientists, engineers, and
others with wide ranges of expertise. (¢)

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. Engineers continuously modify these
systems to increase benefits while decreasing costs and
risks. 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. (a),(b).(e),(N,(g)
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HS.ESS-HS Human Sustainability

LESS-HS Human Sustainability
_annections to other DETs in this grade-fevel: HS.LS-IRE, HS.PS-CR, HS.PS-E, HS.ETS-ETSS A
Arictilation to DCIs across grade-levals: K.WEA, 3.WCL, 4.PSE, 4.E, MS.ESS-WC, MS.ESS-EIP, MS.ESS-ESP, MS.ESS-HI _~ —
Common Core State Standards Connections. [Note: these connections wiil be made more explicit and complete in future draft n;:jeé::es }

ELA - ;

W.9-10.7 Conduct short as well as more sustained research projects to answer a question (including a seif—generatgd“quesbo’n) or solve a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding ofpﬂt subject-Under investigation.

W.9-10.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid rea.sonlng,and |'§-!.ev_anl ahd sufficient evidence.

wW.9-10.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to sk, p‘ur‘pose} and audience.

WHST.9-10.1  Write arguments focused on discipline-specific content. Ny

W.11-12.7 Conduct short as well as more sustained research projects to answer a question (including a el gesierated questlar}-ar sube‘a problem; narrow or broaden the
inquiry when appropriate; synthesize multiple sources on the subject, demonstrating undgrs't_andnng of the subject unde}\.uwestlggtion. »

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.q., Visually, quantitatively, orally) in arder to'make informed decisions and solve

problems, evaluating the credibility and accuracy of each source and noting any disgrebangeé among the data . \,
W.11-12.1 Write arguments to support claims in an analysis of substantive topics or texts, u§}ng valid‘reasoning and relgvant and sufﬁment‘eﬁldem:?\..
W.11-12.4 Produce clear and coherent writing in which the development, organization, and'style are appropriate tor task,l_',purpuse, and audients, by

WHST.11-12.1 Write arguments focused on discipline-specific content. . y Ve NS
Mathematics ~ N i
MP.2 Reason abstractly and quantitatively e 4
MP.3 Construct viable arguments and critique the reasoning of others
MP.4 Model with mathematics Y e )
F.IF Interpret functions that arise in applications in terms of the mg'fext SN s e .
F.BF Build a function that models a relationship between two quantities . S ; M
F.LE Construct and compare linear, quadratic, and exponential mode!s\and\s\ahre.g_rchlerﬁs\ -
G.MG Apply geometric concepts in modeling situations \ S
A-CED.1 Create equations that describe numbers or relationships R TN N ( i . -
S.1ID Summarize, represent, and interpret data on a single count or measuhamehtl variable_',gumrp_arize. rep(gsenr,x.a dl interpret data on two categorical and quantitative
variables B NN v o
S.IC Make inferences and justify conclusions froprSample Strveys, experments, and aﬁser\;ational stuties .~
~ 3 =
"_f £ .' - 3 \‘
4 \" 1) \
b = .\.
\ -
= Y S —
e . 7 —_———
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HS.PS-SPM Structure and Properties of Matter

HS.PS-SPM _ Structure and Properties of Matter

Students who demonstrate understanding can:
a.

[Clarification Statement: Ex
common substances- for example, water,

b.

= o stable forms of matter can Include noble gas

Construct models showing that stable forms of matter are those with minimum magnetic and electrical field energy.
f ; atoms, simple malecules, and simpla (ofile substz z.llx—n | [Assessment Boundary: Only for
carbon dioxiide, common hydrocarbons, sodinm chloride. |

Construct various types of models showing that energy is needed to take molecules apart and that energy is released

when the atoms come together to form new molecules. [Assessment Boundary; Only for comimon substances (e.g,, water, carbon dioxide, comman

hydracarbons, sodium chloride]

o

jperiadic table: T
elements (not rans

emerits all ha
1 metals or elements bayond the third row}. |

include reactivity, and polar vs, nor-polar, ] [Assessient Boundary: Not theoretical modsls]

o

pdactive metals, ] [Asse _ummr

Develop explanations about how the patterns of electrons in the outer level of atoms, as repréﬁented in the periodic table,
reflect and can predict properties of elements. (Clarifice

ation Statement: An example of a patiemn that predicts elegpent propert
@ one slectron in the outer most energy level and as such are d|| ity I

5 i5 the first column of the
oung ‘r,f- Only fur main group

Construct arguments for which type of atomic and molecular represenlation best explains a given propartv of matter,

[Clariflication Statement: Types of atormic and molecular representations can include computer-fased, dimulations, L:lrwsfurl ball and stick, and syrigolic.

Rroperties of malter c&an

Analyze and interpret data obtained from measuring the bulk propeities of vafious substances to explain the relative

strength of the interactions among particles in the substance. [Clarification Stateinent; #ulk properties of substances can include melting point and

boiling point.] [Assessment Boundary: Comparisons between anic and malecufar

s or network and frplec il _spedies are included, but these that require understanding of

different intermolecular forces are not included, Only the following bypes of parficles arsdncluded in date antexplanations: atoms, lons, and molecules., ]

The performance expectations above were developed using the foi'rowmgg:lemen‘t:.fmm the NRC dm_.lqmem A_ _Framewcrk for K-12 Science Edication.

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and progresses to using, synthesizing, and
constructing models to predict and explain relationships between systpms .
and their components in the natural and designed world.
= Use multiple types of models to represent and explain phénomena-and
move flexibly between madel types based on merits and limitations. (b)
» Construct, revise, and use models ta predict and explam rejationships
between systems and their components. (a)
Analyzing and Interpreting Data
Analyzing data in 9—12 builds on K-8 and progresses to mtrcﬂu ing more
detailed statistical analysis, the comparison of data sets for con~|ste.scy
and the use of models to generate and analyze gata.
= Use tools, technologies, and/or m_odek ¢

Constructing Explanations and Ddsigning Solutions
Constructing explanations and d=signing solutions in 9-12 builds or K-8
experiences and progresses to exgfaitstions and designs that are <o
by multiple and independent stude: ated sources of evidence
consistent with scientific knowledge, and theories.
= Construct and revise explanations ar: snents based on evi¢
obtained from a variety of sources (e.g “*ific principles, m:
theories) and peer review. (c)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builg: ©
and progresses to using appropriate and sufficient e :
reasoning to defend and critique claims and explanatiori= z5out the naturat
and designed world. Arguments may also come from current sctentific or
historical episodes in science.
» Evaluate the merits of competing arguments, design solutions and/or
models. (d)
s Evaluate the claims, evidence, and reasoning of currently accepted
explanations or solutions as a basis for the merits of the arguments. (d)

PS1.A: Structure and’ Ptopathqf
Matter
= Each atiym hasa charged subdmcu..re

conststing of & na!de:s,mll:h Is mate of
protans and neutrons, surrounded by
elecirons: (€3, ()

\ The periodic tabte arders elements
i horizontally by the number of protons in
! the atom’s nuclews an places those with

~similar chemical pregarties in columns.
The repeatiig atieens of this @ble

“relent p\atv"rb of suter electron states.

() b=
The structure and interactions of matter
at the bulk scale are determined by

“welectrical forces within and between

“

ztams. {e)

Stable forms of matter are those in which
the electric and magnetic field energy is
minimized. A stable molecule has less
energy, by an amount known as the
binding energy, than the same set of
atoms separated; one must provide at
least this energy in order to take the
molecule apart, (a),(b)

PS2.B: Types of Interactions

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 abjects. (d}),(e)

Crosscu
l;a:slse and Effect

g Concep!

“Empirical evidence is required to differentiate between

cause and correlation and make claims about specific
causes and effects. 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. Systems can be designed to cause a desired
effect. Changes in systems may have various causes
that may not have equal effects. (a),(b).(c),
[Clarification Statement for a: Stability is caused
by minimization of energy.]
= [Clarification Statement for c: The likelihood of
interactions between elements is caused by the
number of electrons in their valence shell, and
thus the arrangement of the periodic table.]
Systems and System Models
Models can be used to predict the behavior of a
system, but these predictions have limited precision
and reliability due to the assumptions and
approximations inherent in models. (d)
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. 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.
(e}
[Clarification Statement for e: The relative
strength of interactions among particles causes
different bulk properties. ]

Connections to other DCIS i this grade-level: HS.LS-MEQE, HS.ES5-55, HS.ESS-ES

Articulation to DCls across grade-levels: MS.PS-SPM

Comrmon Core State Standards Connections: [Note: these connections will be made more expiicit and complete in future draft releases]

ELA-

RST.8

SL.9-10.2
source,

Distinguish among facts, reasoned judgment based on research findings, and speculation in a text,
Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each

RST.9-10.9 Compare and contrast findings presented in a'text to those from ather sources (including their own experiments), nothing when the findings support or contradict

previous explanations or accounts.
SL.11-12.2

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 amang the data.
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.

Mathematics -

MpP.4 Model with mathematics.

8.F Use functions to model relationships between quantities

S.ID Summarize, represent, and interpret data on two categorical and quantitative variables
S.1C

Make inferences and justify conclusions from sample surveys, experiments, and observational studies
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HS.PS-CR Chemical Reactions

PS-CR  Chemical Reactions

_.udents who demonstrate understanding can:

a. Analyze and interpret data to support claims that energy of molecular collisions and the concentration of the reacting
particles affect the rate at which a reaction occurs. [ ssessment Boundary: Limited to simple (zero or first Oigler in each reactant) reactions. The exact

relationship betw een rate and temperature is not required. ]

Develop and use models to explain that atoms (and therefo
Statement: Models can include computer models, ball and stick models, and drawings.]

Analyze and interpret data to make claims that reaction conditions can be used tqnptird_ize the output of a chemical
Pprocess. [Assessment Boundary : Limited to simple reactions. Reaction conditions are limited to temperature, prgs
Construct mathematical models to explain how energy changes in chemical reaction
energy as the reactants form products and in which changes in the kinet '

o

2

8

’

re mass) are conserved during a c¢hemical reaction. [Clasification
[Assessment Boundary : S|eit:hr~:)mr_=:L.‘[-’ calgufations are not required.]

re, and u:n.u:ll:-al_ﬂ.rgiiur:s of all substances in the sy stem. ]
s are caused by changesin binding
ic eniergy of the systein can be detected as

change in temperature. [Assessment Boundary : Uimited to calculating the change in binding epRrgy y.n'?I resulting change iri'-tlu:urn.'ét_.;n;:ruv for simple chemical
reactions, (i.e., reactions of simple hy drocarbons with oxy gen).] v )

Construct and communicate explanations using the structure of atpms,ll:r"ends in the periodic taizle a\nc_l knowledge of the

patterns of chemical properties to predict the outcome of simple chemical reactio S (A ssessment Boundisy : Ority, those chemical reactions

readily predictable from the element's position on the periodic table and combustion reactions are intengel. |
f. Construct and communicate explanations that show how chemical processes,

biological and geophysical systems. [Carification Statement: Chemical processes car el
hy drocarbons. Properties of materials can include water expanding when
carbon compounds), or construction of carbon compounds (photosy nthesis);

!
Use system models (computer or drawings) to construct moletular-level explanations to predict the behavior of systems
where a dynamic and condition-dependent balance betweean a reaction an

#

3y

I'e

iezing, ] [A ssessment Boungk

#@nd/or properties of matérials are central to

de* ddatioh of hy drocarbons, and the reaction of COand H,0to give
aciricted to ov erall chemical processes (for example, oxidation of
5 afbiochemical pathwaig are i required (for example, Krebs Cycle).]

d the reverse reaction determines the numbers

of all types of molecules present. [4ssessmentBoundary : Limited t simple reattlans, cing or removiig one actant or product ata time.]

h.

Construct explanations using data from system models or: simu
molecules have predictable behavior, but that the behavior of in

The performance expectations above were dev eifped usingr the follow ing ele

lationsto support the claim that systems with many
dividualmelecules is unpredictable.

s fom lh! NRC |:l0c'u|3§ruf'}d Framework for K-12 Scienge Education.

Science and Engineering Practices

Developing and Using Models

Modeling in 8-12 bullds an K-8 and progresses: to using,

sy nthesltzing, and constructing models to predict and expisin
stiorstips betw een sy stems afid their componerits in the
Jral and designed world.

= sz multiple ty pes of models to mpresent &nd Sipisin
phienomena and mov e flexibly bebwEen madsl by s
based on merts and limi@tons. (&) .

« Constriet, reviss, and use modeds b predict and explaim
relationships bistw eah sy stesss 2iid thelr componants.
(8),(9) -

s Usanindals (including matheosteat and computational)
to generate data to explain anti peoas phenomerid,
analyze sy stems, and solve probiliee = ()

Analyzing and Interpreting Data :
Analy ang data in 9=12 bullds on K-8 and: progre=as to
introducing more detziled statistical analy sis, the
comparison of datd sets for consistency , and the (5= of
models to generate and analy ze data.

= Use tools, technologies, and/or models (e.q.,
computational, mathematical) [ genarate and analy xo
data in order to make v alid and mliable scientific claims
or determine an optimal design solution. (a),(c)

« Consider fimitations (e.g., measurement eror, sample
selection) when analyzing and interpreting data. (a),(c)

Constructing Explanationsand Designing Solutions
Constructing explanations and designing solutions in 9-12
builds on K-8 experiences and progresses fo explanations
and designs that are supported by multiple and independent
student-generated sources of evidence consistent with
scientific knowledge, principles, and theories.

s Make quantitativ e claims regarding the relationship
betw een dependent and independent variables. (h)

= Apply scientific reasaning, theory, and madels to link
evidence to claims and show why the data are adequate
for the explanation or conclusion. (h)

= Construct and revise explanations and arguments based
on evidence obtained from a variety of sources (e.g.,
scientific principles, models, theories) and peer review.

0

PS1.B: Chemical Reactions \

s Chemical focesses, their rtes, and 'y hither or not energy
is stored o rek2ased can be understood in terms of the
collisions’ of mikoles-aod the real@ngements of atoms
Inito new mpkscudes, with cnsediiit- changes in toal
birdfing ergrgy T, thesum of ai bond energies in the set
et :u::lzﬂ':,;lesj that are matched by changes in kinetic

C A(d)
duiations, a dy namic and condition-dependent
talarice Betw i a reaction and the rev erse reaction
Satermines the nUmbers of all ty pes of molecules present.

<)
« 1hvifact that atoms are conserv ed, together with know ledge
: of the chemical properties of the elements involv ed, can be
| used to descripe and pradict chemical madtions. (B),(€)
o ( hemical processes and properties. of matenals undertie
©many important bioleaical and geophy sical phenomena ®
PS2.C: Stability and Instability in Physical Systems
3 ‘Whein Sy steim has a great number of component pigces,
anie may rnot be able to predict much about IS precise
future, Forsiuch systems (e.g., with very many. colliding
molecules), one can often predict average but not detaited
proparties and behav lors (e.g., av erage temperature,
miation, and rates of chemical changs but not the
rajectories or other dhahiges of particular molecules). (h)
PS3.A: Definitions of Energy

s “Chemical energy " generally is used to mean the energy
that can be released or stored in chemical processes, and
“electrical energy " may mean energy stored in a battery or
energy transmitted by electric curents. Historically, different
units and names were used for the energy present in these
different phenomena, and it took some time before the
relationships betw een them were recognized. (d)

Patterns

Different patterns may be abserved at each of the
scales atw hich a sy stem is studied and can provide
evidence for causality in explanations of
phenomena. Classifications or explanations used at
one scale may fail or need revision when
information from smaller or larger scales is
introduced; thus requiring improv ed inv estigations
and experiments, Patterns of performance of
designed sy stems can be analy zed and interpreted
to reengineer and improv e the sy stem.
Mathematical representations are needed to
identify some pattems. (e),(f)

Cause and Effect

Empirical ev idence is required to differentiate
petween cause and correlation and make claims
ahout spediic muses and effacts. Cause and effect
relationships can be suggested and predicted for
complex natural and human designed sy stems by
axamining what is Known about smalier scale
mechanisms within the sy stem. Systems can be
designed to cause a desired effect. Changesin

sy stems may have various causes that may not
have equal effects. (a),(b),(c).(d),(h)

Energy and Matter

The total amount of energy and matter in closed
sy stems is conserved. Changes of energy and
matter in a sy stem can be described in terms of
energy and matter flows into, out of, and within
that sy stem. Energy cannot be created or
destroyed—it only moves hetween one place and
another place, between objects and/or fields, or
between sy stems:. Energy drives the oycling of
matter within and betw een sy stems. In nuclear
processes, atoms are not conserv ed, but the total
number of protons plus neutrons is conserved. (g)
« [Clarification Statement for g: Dy namic and
condition-dependent balances are dependent
on matter and energy flows.]
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HS.PS-CR Chemical Reactions

HS.PS-CR  Chemical Reactions (continued)

Connections to other DCIs in this grade-level: HS.ETS-ED, HS.LS-SFIP, HS.LS-MEOE, HS.ES5-ES

A rticulation to DCIs across grade-levels: MS.PS-CR

€ ommon (- ore State Standands Connections: [Vote. these connections will be made more expiicit and compiate in future: draft releases]

ELA - p

w.8.8 Gather relevant information from multiple print and digital sources, using search terms effectively ; assess the credibility a ngr sicr:_ui-r;cy of each source; and quote or
paraphrase the data and conclusions of others w hile av oiding plagiarism and following a standard format for citation. .~ A

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their ow n experiments), nouﬁq wheﬁ the findings support or contradict

previous explanations or accounts.
RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understar-_nﬂn 0 of a ih""JEESS, phenomenon, or concept, resolving

conflicting information w hen possible. / Vd
Mathematics - 4 .
MP.2 Reason abstractly and quantitatively. AN 3 5
MP.4 Model with Mathematics y 7 N
8.SP Investigate patterns of association in biivariate data. y. . /"
S.ID Summarize, represent, and interpret data on a single count or measurement v ariable / £ S ' \

A-CED.1 Creale equations that describe numbers or relationships

May 7, 2012 Embargoed until May 11, 2012, 12:00 p.m. EDT Page 2 of 2
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HS.PS-E Energy

PS-E  Energy

_.Jddents who demonstrate understanding can:

a. Construct and defend models and mathematical representations that show that over time the total energy within an
isolated system is constant, including the motion and interactions of matter and radiation within the system. [Assessment
Boundary: Computational accounting for energy in a sy stem limited to sy stems of two or three components. ]

thermal sy stems.]

o

Identify problems and suggest design solutions to optimize the energy transfer into a
Design solution examples can include insulation, microchip temperature control, cooking electronics, and roller coaster !mn]l

nd-out of a system. [Clarification Statement:
1/1 ,pa ment Boundary : Limited to mechanical and

Analyze data to support claims that closed systems move toward more uniform energv dlstrlbut|on.
Design a solution to minimize or slow a system'’s inclination to degrade to identrfy the effects on the flow of the energy in

the system. [Clarification Statement: Examples of sy stem degradation can include wearing dow ndue to friglol, Ipdreine itk glqcmur and radioactive decay.]

Boundary: Does not mean particular biological processes such as Krebs cycle.]

r||-_.=||.

f.
energy stored in fields. [Assessment Boundary: Models representing field energies neesf nt b mathenatical.]
g.
[C larification Statement: Forms of energy represented can include thermal, electromagrigtic,” it ,_nm(' ] Ass
quantitativ e representations are not required. ]
h.

o devices can include mller coasters, Rube Goldbarg dev kces, wind turhines, and geremtors. |

Construct models to show that energy is transformed and transferred wrthin and hetween living organisms. [Assessment

Construct models to represent and explain that ali forms of energy carn be viewed as either the movement of particles or

Construct representations that show that some forms of energy. ihay be best understood at tht. mulecular or atomic scale.
Biwndary: Limited to cae '_|I11"h1'l understanding;

Design, build, and evaluate devices that convert one form of energy mto another form of energy. [Clr|r|1|m!I on Statement: Examples

The perfformance expectations above were developed using the follow ing elements fmm lhe NRC dd’cument A Fi

ok for K-12 Sdence Education,

Science and Engineering Practices

A sking 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 evatuating empirically
testable questions and explanatory models and
simulations.
= Ask questions that challenge the premise of an
argument, the interpretation of a data set, or the
suitability of a design. (b)
Developing and Using Models
feling in 9-12 builds on K-8 and progresses to Tsing,
‘hesizing, and constructing models to predict and
explain relationships between sy stems and their
components in the natural and designed world.
= Use multiple ty pes of models to repres=nt and
explain phenomena and movefb— by between modial

explain relatxonshtps betw
components. (e),{g) g
Analyzing and Interpreting Data
Analyzing data in 9-12 builds G K-8 ‘and progresses to
introducing more detailed statistical arclysis, the
comparison of data sets for consistercy & ol the use of
madels to generate and analy ze data.

« Usetanls, @chnologies, andjor modeis (e
computational, mathematical) to generat i
analy ze data in order to make v alid and relia; &
scientific claims or determine an optimal desiyi
solution. (¢)

Using Mathematics and Computational T hinking
Mathematical and computational thinking at the 9-12
level builds on K-8 and progresses to using algebraic
thinking and analy sis, a range of linear and nonlinear
functions including trigonometric functions, exponentials
and logarithms, and computational tools for statistical
analy sis to analy ze, 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 create explanation,
computational models, or simulations. (a)

Constructing Explanationsand Designing
Solutions
Constructing explanations and designing solutions in 6-8
builds on K—5 experiences and progresses to include
constructing explanations and designing solutions
supported by multiple sources of ev idence consistent with
~ntific know ledge, principles, and theories.
Apply scientific know ledge to solve design problems
by taking into account possible unanticipated effects.
(0).(d),(h)

TR

.LEJ

PS3.A: Definitions of Ea:er;v

Energy is a quanitative pmpcrty of 3 S¢stem that de;-ends &1 the motion
and interactions af mattar and radiation within that sy stem. &)

That there is a single. quaniity called energy is die (o the fa:,t that a

sy stem’s total energy i conserv ed, eV en as;within mewstem energy s

—~ontinually transferred From brie shject 1O anathies ar-ﬁ betw een its

various pessible-forms, (2),(e){H)

~Atthe macmscopic scale, epemy pranifests itself in multnple ways, such

as in mqtien, saund, light, and thzrmal energy . *Mechanical energy
generally refars to some comBinatan of motion and stored energy in an
operating 'machine. (h)

These relationships are better unf':s'm'md at the microscopic scale, at
which afl of the differant ﬂianleht-!i-ﬂﬁs of energy can be modeled as
ether motians of parides or ene*;w stored in fields (w hich mediate
nafis betw Eenpdxt;aieg . This last concept includes radiation, a
oeh@non in which energy stored in fields moves across space. (f),(q)

PS3 B: Corizervation of Energy and Energy Transfer

-

&y stem 1€ 3l

Conserv atonal energy means that the total change of energy in any

{5 equal to the total energy transferred into or out of the

y

Sy stem. (&)
3 ‘Erg\r cannit b created or destroyed, but it can be transported from
i place to anather and ransferred Between sy stems. (b),(0),{2) (h)
1£h-_'rnancal expressions, which quantify how the storad ehergy in'a
sy stem depends on its canfiguration (e.g. refative positions of charged
narticles, compression of a spring) and how kinetic eneray depends on
mass and speed), allow the cancept of conserv ation of 2nergy o be used
to predict and describe sy stem behavior. (a),(c)
Thie availability of energy limits what can ogcur in any sy stem ()
Uncontrolled sy stems alw ay s ev olve tow ard more stable states—that is,
toward more uniform energy distibution (e.g., water flows dow nhill,
objects hotter than their surmounding env imnmant ¢ cool down). (c), (). (e)
Any objectar sy stem that can degrade with no added erergy is unstable,
Evantually itwilldo so, but IF the energy releases thioughout the
transition are small, the process duration can be very long (e.g.,
lived radioactiv e isctopes). (d)

Ve

PS3.D: Energy in Chemical Processes

The main way inw hich that solar energy is @ptured and stored on Earth
is through the complex chemical process knaw nas phatosy nthesis, (@)
Solar cells are human-made. devices that likew lse capture the sun's
energy and produce slectrical energy . (h)

A variety of multistage physical and chemical processes in living
oiganisms, particularly within their cells, account for the transport and
transfer (release or uptake) of enargy needed for life functions. (e)
Although energy cannot be destroyed, it can be converted to less useful
forms—for example, to thermal energy in the surounding environment.
Machines are judged as &fficient or inefficient based on the amount of
energy input needed to perform a particular useful task. Inefficient
machines are those that produce more waste heat while performing the
task and thus require more energy input. It is therefore important to
design for high efficiency so as to reduce costs, waste materials, and
many environmentalimpacts. (b),(h)

Crosscutting Concepts

Systems and System Models

Sy stems can be designed to do specific
tasks. When inv estigating or describing
a system, the boundaries and initial
conditions of the sy stem need to be
defined and their inputs and outputs
analy zed and described using models.

Models (e.g., physical, mathematical,
computer models) can be used to
simulate sy stemsand interactions—
including energy , matter, and
information flow s— within and between
sy stems at different scales.

Models can be used to predict the
behaviorof a sy stem, but these
predictions hav e limited precision and
reliability due to the assumptions and
approximations inherent in models.
(@),),(d){e) (), @) (h)

« [Clarification Statement for all PEs:
Energy transfer cannot be directly
studied- a model must be used. In
design for maximal or minimal
energy transfer, the boundaries of a
sy stem must be defined]
Cannectlons to Englneermg,

Technology, and Applications of
Science

Influence of Engineering,
Technology, and Science on Society
and the Natural World

Madern civ ilization depends on major
technological sy stems, such as
agriculture, health, water, energy ,
transportation, manufacturing,
construction, and communications.
Engineers continuously modify these

sy stems to increase benefits w hile
decreasing costs and risks. New
technologies can have deep impacts on
society and the environment, including
some that were not anticipated. A naly sis
of costs and benefits is a critical aspect
of decisions about technolagy . (b)
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HS.PS-E Energy

HS.PS-ECT _Energy (confinued)

Connections to other OCIs _inthis grade-evel. HS.LS-SFIP, HS.L5-MEOE, H5 ESS-CC,HS.ESS-HS, HS.ESS-ES, HS.ESS-SS, HS.ETS-ED, HS.ETS-ETSS

A tticination to BCIs across grade-ievels: MS,PS-E, M5.PS-CR

Common Core State Standards Connections. (Note: these connections will be made more explicit and complete in future draft releases]

ElA-

SL.1l.c Propel conv ersations by posing and responding to questions that probe reasoning and evidence; ensure a hearing for a full rcmge of positions on a topic or issue; clarify,
verify, or challenge ideas and conclusions; and promote divergentand creativ e perspectiv es.

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

RST.9-10.3 Follow precisely a complex multistep procedure w hen carrying out experiments, taking measurements, or perfumllpu tech U‘ll‘.‘r]l tasks, attending to special cases or
exceptions defined in the text.

SL.11-12.2 Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantltatwg}y orally) Inm’dr‘r to make informed decisions
and solv e problems, evaluating the credibility and accuracy of each source and noting any discrepancies agiong the data.

RST.11-12.3 Follow precisely a complex multistep procedure w hen carry ing out experiments, taking measurements, o lu_r‘crhung technical tasks; analy ze the specific results based
on explanations in the text. X .

Mathematics — G

MP.2 Reason abstractly and quantitatively . ’ f

MP.3 Construct viable arguments and critique the reasoning of others

MP.4 Madel w ith Mathematics

MP.6 Attend to precision r N

A-REI.10 Represent and solv e equations and inequalities graphically . _" ;

A SSE Interpret the structure of expressions.

ACED Creale equations that describe numbers or relationships. N
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HS.PS-FM Forces and Motion

L3

PS-FM  Forces and Motion

.dents who demonstrate understanding can:

a. Plan and carry out investigations to show that the algebraic formulation of Newton's second law of motion accurately
predicts the relationship between the net force on macroscopic objects, their mass, and dcceleration and the resulting

change in motion. [assessmant Boundary

subatomic scales or for speeds

momentum is the fiacts.]

before the interaction are known, [Assessment Boundary

Restricted o mat

Wic inERctions, |

Restricted @ macroscapic In 1,Hr Tl I.r—-,. and ahly rullutl,x'LL_, nteying in ore or bw.o dimenstons |

Restricted to one- and two-dimensional motion and daes not include rotational priation
Jose to the speed af light. Calcylations restricted o macroscopic objects mov ing at non-re ‘ermsurr speads. ]

Generate and analyze data to support the claim that the total momentum of a closed system of objects before an
interaction is the same as the total momentum of the system of objects after an mteraction. [C larification Statement: Conserv ation of

Use algebraic equations to predict the velocities of objects after an interaction when the masses and velocities of objects

Design and evaluate devices that minimize the force on a macroscopic objéct during a collision,
Construct a scientific argument supporting the claim that the predictability of changes within systems can be
understood by defining the forces and changes in momentum bath inside and outside the system. (1 ~.~aa~,mwuaumm.,

Communicate arguments to support claims that Newton’s laws of motion apply to macroscopic objecfs but not to objeds
at the subatomic scales or speeds close to the speed of light. [4ssesiment ibustiary Ao details of quantum physics ot relativity are included ]

Does not apply In the s of

The performance expectations above were dev eloped using the I’ol!uw mg elements from thie NRC dol:umml AF

ark for K-12 Soence Eduabon

Science and Engineering Practices

Planning and Carrying Out Investigations

Planning and carrying out investigations to answ erquestions or test

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

include inv estigations that build, test, and revise conceptua!, mathematical,

phy sical and empirical models

» Planand carry out investigations individually and collaborativ ely and test

designs as part of building and revising models, explaining phenomena,
or testing solutions to problems, Consider possible confourding v anables
or effects, and ensure that the inv estigation’s desmr has controlled ¥r
them. (a)

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 and progresses i introdycing more

detailed statistical analy sis, the comparison of data sets iar Lunastency, ard

+* ~ yse of models to generate and analy ze data
Jse tools, technologies, and/or models (2.4., computational,
mathematicl) to generate and araly ze data In ordar to make v 5iid 31 ad
reliable scientific claims. (b) :

Using Mathematics and Cornputational Thinking

Mathematical and computatic: h‘dking at the 9-12 levelhn

progresses to using algebia< king and analy sis, a range ¢f

nonlinear functions including: * metric functions, exponen

logarithms, and computationa +r statistical analysisto a

represent, and model data.  Simpi: cuiutational simutations ars o=

and used based on mathematical me: orbasic assumptions.

s Use mathematical expressions to re; phenomena or =<l

solutions in order to solv e algebraically sesired quantitiz=. ()

Constructing Explanationsand Designing Solitions

< on K-8 iz

-

Constructing explanations and designing solutior s «n <17 1ots an K-8
experiences and progresses to explanations and desan: T are supported
by multiple and independent student-generated source: i evidence

consistent with scientific know ledge, principles, and theuries
s Apply scientific know ledge to solve design problems by taking nto
account possible unanticipated effects. (d)
= Evaluate the claims, evidence, and reasoning of currently accepted
explanations or solutions as a basis for the merits of the arguments. (d)
Engaging in Argument from Evidence
Engaging in argument from evidencein 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. A rguments may also come from current scientific or
historical episodes in science.
= FEvaluate the claims, evidence, and reasoning of currently accepted
explanations or solutions as a basis for the merits of the arguments.
(&), (f)

PSZ .%:. Forces and Motion
«. Mewtor's second izw accurately predtcts
chariges in tia motion of macroscopic objedts,
Lut 1€ vequires rev .'qon for stibAatomic scales or

for speeds close to the speed of nght
(@)e).(fr ; ~

s Momentumis defised for a particelar frame of
refererca; it s the mass times the velocity of
the object. (&l

s [nany sy'stem total momentum Is always
conserved.' (b7}

= [fa system intesazts with objects outside itself,

i TaCh change is balanced by
525 i the' momentum of objects outside
the sy stem {0).(d),e
PS2.C: Stability and Instability in Physical
Systems
s Systemsoften change in predictable ways;
urderstanding the forces that drive the
transformations and ¢y cles within a sy stem, as
well as the forces imposed on the sy stem from
outside, helps predict its behav ior under a
varnety of conditions. (d),(e)

- the tolal MOMm27iiz of the system can change;

v

Cause and Effect

Empirical evidence is required to differentiate
between cause and comrelation and make
claims about specific causes and effects
Cause and effect relationships can be
suggested and predicted for complex natural
and human designed sy stems by examining
w hatis know n about smaller scale
mechanisms w ithin the system. Sy stemscan
be designed to cause a desired effect.
Changesin sy stems may have v arious causes
that may not hav e equal effects. (a),(c),(d)
Systems and System Models
When inv estigating or describing a sy stem,
the boundaries and initial conditions of the
sy stem need to be defined, (b),(e)
Connections to Engineering, Technology,
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Modern civilization depends on major
technological sy stems, such as agriculture,
health, water, energy , transportation,
manufacturing, construction, and
communications. Engineers continuously
modify these sy stems to increase benefits

w hile decreasing costs and risks. New
technologies can hav e deep Impacts on
saciety and the environment, including some
that were not anticipated. A naly sis of costs
and benefits is a critical aspect of decisions
about technology . (d)
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HS.PS-FM Forces and Motion

HS.PS-FM _ Forces and Motion (continued)

Conrigctions to other DCIsinthis grade-level: HS.ETS-ED, HS.E55-55, SS, HS. ESS ES

A rticuiation to PC1s across grade-evels: MS.PS-FM, MS.PS-WER

Common Core State Standads Connedtions. (Note. fhese connections will be made more expltit and complete in future draft releases]

EtA~

RST.6-8.3 Follow precisely a multistep procedure w hen carry ing out experiments, taking measurements, or performing technical taaks

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) ayd rrm:ldle information expressed visually or

mathematically (e.g., in an equation) into words.
RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quaﬂtitatwﬂ’rjam, v |de0 multimedia) in order to address a

question or solve a problem.
RST.11-12.8 Evaluate the hy potheses, data, analy sis, and conclusions in a science or technical text, verify ing the data wﬁ-_n puﬂhte antl. ccrruburatmq or challenging conclusions

with other sources of information.

A

WHST.9 Draw evidence from informational texts to support analy sis, reflection, and research. ~
Mathematics — SN
MP.2 Reason abstractly and quantitatively M
MP.4 Model with Mathematics / y o
MP.5 Use appropriate toals strategically Vi
8.F Define, ev aluate, and compare functions. A AN
S.ID Summarize, represent, and interpret data on a single count or measurement v atiabled ’_ '} >
F.BF Build a function that models a relationship betw een tw o quantities \ ; rd 4
N-Q Reason quantitativ ely and use units to solv e problems ™ 3 d -
., - 4
o
\.
e
\, o .,
— d ../
7 ' \
LY )
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HS.PS-FE Forces and Energy

PS-FE  Forces and Energy

JIdents who demonstrate understanding can:

. Plan and carry out investigations in which a force field is mapped to provide evidence that forces can transmit energy
across a distance. [Assassmait Boundary: Mapping limited L the direction of the force feld. ]

b. Develop arguments to support the claim that when objects interact at a distance, the energy stored in the field changes
as the objects change relative position. [Canfication Statement; An example of this phenomeion coulthinclude repelling magnets moving apart, reducing he
repalling farce and the strength of the feld between them, | [Assessment Boundary: Qualitative comparsons ¢ onty.y ?

c. Evaluate natural and designed systems where there is an exchange of energy ‘betiveen objects and fields and characterize

how the energy is exchanged. [Carification Statement: Examples of these systems ould Wfdyee miotors, genscators  6pe sakers, microphones, planets orbiting a
start. ] [Assessment Boundary: Characterizations limited to qualitative descriptor Bl

The perfurmance expectations above were developed using the following elements from tbe NRC doctiment 4 Framewm far!( 12 Scipnce Education.

Science and Engineering Practices S Disciphinadr e ﬁm FOSSC
Planning and Carrying Out Investigations PS3.C: Relatlon@hlp Between Energy and Patterns ] 3
Planning and carrying out investigations to answer questions or test | Forces J Different patterns may ‘be observed at each of the
solutions to problems in 9—12 builds on K-8 experiences and * Force fields (grawta‘wnal electriz, and & scales at which a system is studied and can provide
progresses to include investigations that build, test, and revise magnetic) contain energy and' ¢an transmlt evidence for causality in explanations of phenomena.
conceptual, mathematical, physical and empirical models. energy across space fromr one ob]ect to Classifications or explanations used at one scale may
= Plan and carry out investigations individually and collaboratively another, (a) fail or need revision when information from smatler or
and test designs as part of building and revising models, ={ When two chjects interacting t‘:rough a farce larger scales is introduced; thus requiring improved
explaining phenomena, or testing salutions to problems. field change relative position, the'anergy stored investigations and experiments. Patterns of
Consider possible confounding variables or effects, and ensure ir. the force field is changed (b),(c)" performance of designed systems can be analyzed and
that the investigation’s design has controlled for them. (a) = Each force betWeen the twe.interacting-objecte. | interpreted to reengineer and improve the system.
Engaging in Argument from Evidence acts'in the direction such that irotion in tihat | Mathematical representations are needed to identity
Engaging in argument from evidence in 9-12 builds from K-8 directior wauld reducé the energy i the forcé some patterns. (a),(b)
experiences and progresses to using appropriate and sufficient field between the sbjects/However, prior: = [Clarification Statement for a: Mapping force fields
evidence and scientific reasaning to defend and critique:dlaims and - motion and athef forces also affect the actual requires evidence of the pattern of the field lines]
explanations about the natural and designed world, Arguments may | direction cf motion. (C) s [Clarification Statement for b: Coulomb’s law:
also come from current scientific or historical episodes ir Science. ' Proportion is a pattern.]
= Evaluate the claims, evidence, and reasoning cf currently . = [Clarification Statement for c: A pattern of energy
accepted explanations or solutions as a basis for l_he merits of | transfer will be apparent.]
the arguments. (b) \ e N e Al e P AT
Obtaining, Evaluating, and Communicating In.nrmauon - Connections to Engineering, Technology, and
Obtaining, evaluating, and communicating informatios in d—az < g By o Applications of Science
builds on 6-8 and progresses to evaluste the. vahdlty and - eha‘*:h y ) —
*he claims, methods, and design< 3 Interdependence of Science, Engineering, and
Senerate, synthesize, g k Technology
methods, and designs ihat a: Science and engineering complement each other in the
or media reports. (r) f P \ cycle known as research and development (R&D). Many
, \ R&D projects may involive scientists, engineers, and
others with wide ranges of axpertise. (£)

s grade-fevel: HS.ESS-S-S. HS:ESS»ES, HS,ESS-CC, HS.ETS-ETSS

Connections to other DCIs .1 |

fs; MS.PS-E

Articutation to DCIs 3cross gi )
tionis: [Note: these ¢ w=ctions will e made more explicit and camplete in future draft releases]

Common (Core State Standards ¢

ElLA-

RST.9-10.3 Follow precisely a conii=« niltistep procs i when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or
exceptions defined in the szt

RST.9-10.7 Translate quantitative or teciu
mathematically (e.g., in an equaton] w0 words,

RST.11-12.3 Follow precisely a complex multistes» procedure when carrying out experiments, taking measurements, or performing technical tasks; analyze the specific results based
on explanations in the text.

~12tion expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.
Mathematics -

MP.2 Reason abstractly and quantitatively,

MP.4 Model with Mathematics.

F.BF Build a function that models a relationship between two quantities.

A.CED Create equations that describe numbers or relationships.
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HS.PS-IF Interactions of Forces

HS.PS-IF  Interactions of Forces

Students who demonstrate understanding can:

a. Use mathematical expressions to determine the relationship between the variables in Newton’s Law of Gravitation and
Coulomb’s Law, and use these to predict the electrostatic and gravitational forces betweén objects. [Assessment Boundary: Only

situations with two objects are predicted, ]

understanding is expected.]

ohservations only.}

a

expected. ]

Use models to demonstrate that electric forces at the atomic scale affect and détervnine the structure, properties

(including contact forces), and transformations of matter. Clarification statement; #lodels zan inctude graphical and computer models. Examples of
properties and transformations of matter can include intermolecular forces, chemical bornding, and enzyme: subsh ate !Ul‘F‘ud[HOn 1 [Assessment Boundary: Only a qualitative

Plan and carry out investigations to demonstrate the claim that magnets, electric currents, or changlng electric fields
cause magnetic fields and electric charges or changing magnetlc fields cause electric fields. (Assessment Boundary: Qualitative

Obtain, evaluate, and communicate information to show that strong and weak nuclear interactions inside atomic nuclei

determine which nuclear isotopes are stable, and that the pattern ¢f decay of an unstable nucleus can often be predicted.
[Clarification Statement: Types of decay in unstable nuclei can include alpha or beta radiation.? [ASSG.,%FFEHK Bandary Only a qualitative understanding of nuclear interactions is

Obtain, evaluate, and communicate information te show how scuentlsts and engineers take advantage of the effects of
electrical and magnetic forces in materials to design new devices and materials through a process of research and
development. [Clarification Statement: Designed devices can includé, magnetitstrips on eredit cards, |aser printers, and photo copiers.]

The performance expectations above were developed using the'

Science and E

Developing and Using Models
Modeling in 9—12 builds on K~8 and progresses to using, Synthecumg and
canstructing models to predict and explain relationships petween sysiams and
their components in the natural and designed worid.
= Construct, revise, and use models to predict ang explain I’elatIOHSth5
between systems and their components. (b)
Planning and Carrying Out Investigations
Planning and carrying out Investigations to answer questia'ﬁ o tast
to problems in 9-12 builds on K-8 exoeriwies 3r1d progres~~> te
investigations that build, test, and - 21 mathematica
and empirical models.
» Plan and carry out IﬂVP
designs as part of b
testing solutions tG

gineering Practic&s

salutions

and revising models, ex
s. Cansider possible conf
effects and ensure the v =:5gation’s design has contro:i=: ©
Using Mathematical and Csrcitational Thinking
Mathematical and computationa: <1 ag at the 9-12 fevel bt
progresses to using algebraic think' .. = 1! analysis, a range ¢/
nonlinear functions including trigonot; = unctions, expor=
logarithms, and computational tools for - =1 -1 3l analysis s
represent, and model data. Simple compuc-' @ =tsimit
used based on mathematical models of basic & =« i 5
= Use mathematical expressions to represent ¢ nizna or design sclutions
in order to solve algebraically for desired quanui :s. (a)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9—12 builds on 6-8
and progresses to evaluate the validity and reliability of the claims, methods,
and designs.
s Generate, synthesize, communicate, and critique claims, methods and
designs that appear in scientific and technical texts or media reports

(d),(e)

= are created and

_5

k for K-12 Science Educatior.

tullowiag elements from The NRC doctmient A Framewor,

~ . Disci
PS2.B: Typs of Interactions

» Newton's law of universal gravitation and
Couvlcmi's law provide the mathematical models
to descrine and predict the effects of
gravitational and electrostatic forces between
distant'chiects. (a)

= Forces at  dittance are explained by fields
p(—“ I an.,,apace that can transfer energy

. hrougi sace. Magnets or changing electric
fieidis cause magnetic fields; electric charges or
changing magnetic fields cause electric fields. (c)

= 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. (b),(e)

= The strong and weak nuclear interactions are
important inside atomic nuclei—for example,
they determine the patterns of which nuclear
isotopes are stable and what kind of decays
accur for unstable ones. (d)

Cause and Effect
Empirical evidence is required to
differentiate between cause and correlation
and make claims about specific causes and
effects. 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.
Systems can be designed to cause a desire
effect. Changes in systems may have
various causes that may not have equal
effects. (a),(b),(c).(d)
Connections to Engineering, Technology,
and Applications of Science
Interdependence of Science,
Engineering, and Technology
Science and engineering complement each
other 1n the cycle known as research and
development (R&D). Many R&D projects
may involve scientists, engineers, and
others with wide ranges of expertise. (e)

Connections to other DCIs in this grade-level: HS.ETS-ETSS, HS.ESS-SS, HS.ESS-ES

Artictitation to DCIs across grade-levels: MS.PS-IF, MS.PS-FM

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]

ELA-
RST.9-10.7

mathematically (e.g., in an equation) into words.

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a

question or solve a problem.

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.

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

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.
Mathematics —

MP.2 Reason abstractly and quantitatively

MP.4 Model with Mathematics

8.F Define, evaluate, and compare functions.

S.ID Summarize, represent, and interpret data on a single count or measurement variable
F.BF Build a function that models a relationship belween two quantities
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HS.PS-W Waves

PS-W Waves
adents who demonstrate understanding can: /i
a. Plan and carry out investigations to determine the mathematical relationships among wave 5peed frequency, and

wavelength and how they are affected by the medium through which the wave trave!s. Assessment Boundary: Algebraic. calculations
only.]

b. Carry out an investigation to describe a boundary between two media that affects the reflection, refraction, and

transmission of waves crossmg the boundary [Clarification Statement: Descriptions Should mclurJP mdﬁﬂermhbal relaLlonshlps | [Assessment Boundary:
Descriptions requiring trigonornetric functions are excluded. ]

c. Investigate the patterns created when waves of different frequencies comb.r.e and explam how these patterns are used
to encode and transmit information. [Assessment Boundary. Qualitative only.]
d. Use drawings, physical replicas, or computer simulation models to explain that resonance occiirs when waves add up in

phase in a structure, and that structures have a unique frequency at which resonance occurs. [Clatitication Statement: Constructive and
destructive interference of waves results in a standing wave pattern (resonance).] [Assessment Bougdary: Qualltative _"|I|1"t‘tll‘ll 5 anly.]

The performance expectations above were developed using the following elements from thq_NRC documient A rramework for K-12 Sciehce fdumfrorr

_____ Disciplinary Core Idezs _____ rosscutting

Developing and Using Models PS4.A: Wave Properties Patterns
Madeling in 9-12 builds on K-8 and progresses to using, = The wavelerigth and frequency of awave are Different patterns may be observed at each of the
synthesizing, and constructing models to predict and explain related to one ancther by the speed of travel of the | scales at which a system is studied and can provide
relationships between systems and their components in the natural wave, which.depends on the type of wave and the evidence for causality in explanations of
and designed world. medium throu,gh'whlch itis Dassing The reflection, | phenomena. Classifications or explanations used at
= Use models (including mathematical and computational} to refraction, and transmission of waves atan . one scale may fail or need revision when
generate data to explain and predict phenomena, analyze interface between two medla\mn be madeled on | information from smaller or larger scales is
systems, and solve problems. (d) the basis of these'properties. (a),(b) \ introduced; thus requiring improved investigations
Planning and Carrying Out Investigations = Combining waves of. different frequencias can make | and experiments. Patterns of performance of
Planning and carrying out investigations to answer questions ar test "3 wide variety of patterns and’thereby encodeand designed systems can be analyzed and interpreted
solutions to problems in 9—12 builds on K-8 experiences anrd ) 4 transmit information. (c) - to reengineer and improve the system.
progresses to include investigations that build, test, and revise = Resanance is a phenoménon in which waves add Mathematical representations are needed to
conceptual, mathematical, physical and empirical mogels. up iniphase in a structure, growing in amplitude identity some patterns. (a),(c),(d)
= Plan and carry out investigations individuaily and colfaboratively due D energy input riear the natural vibration = [Clarification Statement for d: Constructive and
and test designs as part of building and revising models, ! fray Jency. Structures have carticular frequencies at destructive interference of waves results in a
explaining phenomena, or testing solutions to problems. ; thany raqonate This ghenomenan (e.g., standing wave pattern, i.e. resonance.]
Consider possible confounding variables or effects, and ens:rs W ting; vibrating air in a pipe) Cause and Effect
that the investigation’s design has contrafiz* f5= them. (a),(b} ,,c) i S used ifspsect ang w-the design of all musical Empirical evidence is required to differentiate
* “ng Mathematics and Computational Thinking I ¢ instruments. (@)= SSe between cause and correlation and make claims
-hematical and computational thickirg zEtite 9=12 fevel feilds on- about specific causes and effects. 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. Systems can be
designed to cause a desired effect. Changes in
systems may have various causes that may not
have equal effects. (b)

statistical analysis to analyze, r=
computational simulations are Ci
mathematical models of basic assi
= Use mathematical expressions to
solutions in order to solve algebraic i
Constructing Explanations and Designing Soiutions
Constructing explanations and designing solué: 9-12
K-8 experiences and progresses to explanations -
are supported by multiple and independent studen
sources of evidence consistent with scientific knowledg
and theories.
s Construct and revise axplanations and arguments based on
evidence obtained from a variety of sources (e.g., scientific
principles, models, thearias) and pear review. ()

ant, and model data. Simple
and used based on

inciples,

Connections o ether DCTs in this grade-level: HS-ETS-ETSS, HS-ETS-ED, HS.ESS-ES

Articulation to DCIs across grade-levels: MS.PS-WER

Common Core State Standards Connections: [Note. these connections will be made more explicit-ard complete in future draft releases|

FlA—

W.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 inguiry
when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

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.

W.11-12.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated guestion) or solve a problem; narrow or broaden the inquiry
when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

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

Mathematics —

MP.2 Reason abstractly and quantitatively.

MP.4 Model with Mathematics.

F.LE Construct and compare linear, quadratic, and exponential models and solve problems.
A-REI.10  Represent and solve equations and inequalities graphically.

A.CED Create equations that describe numbers or relationships.
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HS.PS-ER Electromagnetic Radiation

HS.PS-ER  Electromagnetic Radiation

Students who demonstrate understanding can:

a. Use arguments to support the claim that electromagnetic radiation can be described using both a wave model and a
particle model, and determine which model provides a better explanation of ptienomena. (A ssessment Boundary : Limited to
understanding that the quantum theary relates the two models, but students do not need to know the specifics, of the quantum theory |

b. Obtain, evaluate, and communicate scientific literature to show that all electromaqnetlc radiation travels through a

vacuum at the same speed (called the speed of light). %

c. Obtain, evaluate, and communicate scientific literature about the eff'-cts mfferent wavelengths of electromagnetic
radiation have on matter when the matter absorbs it. [AssessmentBourdary Ofly IR, UV, and ghiina sagfiation are Intended; qualitative descriptions

only,]

only]

f. Obtain, evaluate, and communicate scientific literature about the dlfferénces and similarities between analog and digital
representations of information to describe the rélative advcmtages and disadvantages. [Assessment Boundary : Q ualitativ e expianations

anly.}

Analyze and interpret data of both atomic emission and absorptlon spectra of different samples to make claims about the
presence of certain elements in the sample. [Assessment Bountiany
Construct an explanation of how photovoltaic materials work using the particle model of light, and describe their

application in everyday devices. [( larification Statament: Every day dev kes ca nciude a‘ﬂm cells"and barcodes. | [A ssessmert Boundary : Q ualitativ e descriptors

Construct explanations for why the wavelength ofan. electromagnetic wave determines its use for certain applications.
(Clarification Statement: Examples of wav elength determining applicatiens cep Inghisdg v lsi it =il t nat beifi used o oliserve atoms, and x-ray s being used for bone imaging.]

[A ssessment Baundary : Only qualitativ e descriptors in the explanation are intepded, |

laentfication of elements o be based on chmparisan of spectral lines.

The performance expectations_above were dev eloped using the follaw ng e]emé,.\ts rrcm the ‘B RC docu—ient A Framewoi

rk for K-12 Sgence Education.

Science and Engineering Practices —

Analyzing and Interpreting Data
Analyzingdata in 9-12 builds on K-8 and progresses
intraducing more detailed statistical analy sis; the
comparison of data sets for consistency, arid the tse of
models to generate and analy ze data.
= Use toals, technologies, and madels {e.g

computational and mathematical) to plan, gathér. and .
analy ze data to make valid and relizbla sqentlfc claims
or justify an optimal solutic?>. (dY

Constructing Explanatisnsand Besigning So[uuons
Constructing explanaticrs an< designing solutions in 3-12
builds on K-8 expe s and progresses to
explanations and i that are supported by muiipke
and independent st G2nerated sources of evidence
consistent with scientiic <ca¥ledge, principles, and
theories.
= Construct and revise expiar=nos

based on evidence obtaine
(e.g., scientific principles, m
review . (e),(@)

Engaging in Argument from Evidenis=
Engaging in argument from evidence in §-
K-8 experiences and progresses to using apg:-irate and
sufficient evidence and scientific reasoning to uzfend and
critique claims and explanations about natural and
designed world. Arguments may also come from current
scientific or historical episodes in science.
= Construct a counter-argument that 1s based in data

and evidence that challenges another proposed
argument. (a)

Obtaining, Evaluating, and Communicating

Information
O btaining, ev aluating, and communicating information in
9-12 builds on 6—8 and progresses to ev aluate the
v alidity and reliability of the claims, methods, and
designs
s Critically read scientific literature adapted for

classtoom use to identify key ideas and major points
and to evaluate the validity and reliability of the
claims, methods, and designs. (b),(c),(F)

and arguments
_variety of sources
w20ries) and pez-

m disciphi
-J‘--.u e

PS4.A: Wave Proparties

= Information can be digrti:__éd (e.g., a picture stored as the values of
an awray of pixels); i this form, it can be stored reliably in computer
wemndry and sent oves long.distances as a series of wav e pulses. (f)

PS4 .8: ElectromagneticRadiation

« Flectramaagnetic radiation {£.04 radio, microwaves, light) can be

* modeales as 3 a:av:-(?r_!'z'@,mg electric and magretic fields or as
cartides cobied proters, The wave modelis useful for explaining
‘many features of elecﬁomagnenc radiation, and the particle madel
axplains other features. Q uantum theory relates the two models.

3zundary : Q uantum theory is not explained further at this grade

a)

<2'a way e is not much disturbed by objects that are smalt

sz with its wavelength, visible light cannot be used fo see

such objects as individual atoms, (g)

= Allelectromagnetic 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
(b),(9)

= When light or longer wav elength electromagnetic radiation is
absorbed in matter, it is generally converted into thermal energy
(heat}. (c),(9)

s Shorter wav elength electromagnetic radiation (ultrav olet, X-rays,
gamma ray s)Gan ionize atoms and cause damage to living cells.
©,(@

= Photav oltaic materials emit electrons w hen they absorb light of a
high-enough frequency ., (&)

= Atoms of each element emit and absorb characteristic frequencies of
ight, and nuclear transitions hav e distinctive gamma ray
wav elengths. These characteristics allow identification of the
presence of an element, even in microscopic quantities. (d)

PS4.C: Information Technologies and Instrumentation

= Muitiple technologies based on the understanding of waves and their
interactions w ith matter are part of every day experiencesin the
modern world (e.g., medicai imaging, communications, scanners)
and in scientific research. They are essential tools for producing,
transmitting, and captuning signals and for storing and interpreting
the information contained in them. (e),(f),(q)

= Know ledge of quantum phy sics enabled the dev elopment of
semicanductors, computer chips, and lasers, all of which are now
essential components of modern imaging, communication, and
information technologies. (Boundary : Details of quantum phy sics are
not formally taught at this grade level) (g)

Structure and Function

Investigating or designing new sy stems or
structures requires a detailed examination
of the properties of different materials, the
structures of different components, and
connections of components to rev eal its
function and/or solve a problem. The
functions and properties of natural and
designed objects and sy stemscan be
inferred from their ov erall structure, the
way their components are shaped and uset
and the molecular substructures of its
various materials. (a),(b),(d),(e)

» [Clarification Statement for a: The way
something functions, e.g. visible light,
can be best understood through a
particular representation of its
structure.]

[Clarification Statement for d: Rationale
is that from the spectra (the way they
function) the structure can be inferred. ]

Ci annectfons to Englneenng, TFechnology|
and A pplications of Science

Influence of Engineering, Technology,
and Science on Society and the Natural
World

Modern civilization depends on major
technological sy stems, such as agriculture,
health, water, energy, transportation,
manufacturing, construction, and
communications, Engineers continuously
modify these sy stems to increase benefits
while decreasing costs and risks. New
technologies can hav e deep impacts on
society and the environment, including
some that were not anticipated. A naly sis of
costs and benefits is a critical aspect of
decisions about technology . (¢),(f),(g)
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HS.PS-ER Electromagnetic Radiation

.PS-ER _ Electromagnetic Radiation (continued)
Conmections to other DCIs in this grade-evel. HS.ETS-ETSS, HS.ESS-55

Articulation to DCIs acioss grade-levels. MS.PS-WER ~ N
Common Core Siale Standands G onnections: [Note: Hhese confections willbe made maore explicit and compigle i future draft iekeases]

EIA-
RI.9-10.8 Delineate and evaluate the argument and specific claims in a text, assessing w hether the reasoning is valid.and tha‘ev idence is relevantand sufficient; identify false

statements and fallacious reasoning. ; \

§L.9-10.4 Present information, findings, and supporting ev idence clearly, concisely, and logically such that listenefs can follow the line of reasoning and the organization,
dev elopment, substance, and sty le are appropriate to purpose, audience, and task. i SN

? 5uct}ﬂ‘lat listenéss can follow the line of reasoning, altemative or

SL.11-12.4 Presentinformation, findings, and supporting ev Idence, conveyinga clear and distinct perspectiv e, !
opposing perspectiv s are addressed, and the organization, development, substance, and sty le ér-appropriate to purpose, audience, and a range of formal and informai tasks.
i , b

Mathematics — / X "
N-Q Reason quantitatively and use units to solve problems . % "\
s.ID Summarize, represent, and interpret data on asingle count or measurement v ariable b R
| studies .
P N D
yd

S.IC Make inferences and justify conclusions from sample surveys, experiments, and observ ati
F ( 7
N // y

o/
5
o

~ \
~_ N
'\-,“ \"‘* wi N
.-‘\. ,\\ > »\_“‘\-\\ "..._\‘.
\_\ > i T - I‘\_ /’I
\ ' .
e N/ ,/ b :3
", \L / o
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HS.PS-NP Nuclear Processes

HS.PS5-NP  Nuclear Processes

Students who demonstrate understanding can:

decays limited to alpha, beta, and gamma.]

b.

pl’Odl.lCtiOI'I. [Clarification Statement;
Studerts anly analyze data provided.

Merits only include ecoromic,

a. Construct models to explain changes in nuclear energies during the processes of fission, fusion, and radioactive decay
and the nuclear interactions that determine nuclear Stabllltv [Assessment Boundary: Madelsto Hx:f_‘.‘LIL‘II': mathernatival represantations. Radivactive

Analyze and interpret data sets to determine the age of samples (rocks, organic matenal) using the mathematical model
of radioactive decay. [Assessment Boundary: Mathemalical mode! limited to graphical representations ]
C. Ask questions and make claims about the relative merits of nuclear processes compared to ether types of energy

Students are aiven data about enefay ploduchan methods, sdch agburning coal versis'using Tclear reactors, | [Assessment Boundary
safely, and envirmonmental] /

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 explanatory models and simulations.

= Ask questions that challenge the premise of an argument, the
interpretation of a data set, or the suitability of a design. (c)

Developing and Using Models

Modeling in 9-12 builds on K-8 and progresses to using, synthesizing, and

constructing models to predict and explain relationships between systems

and their components in the naturat and designed world.

= Construct, revise, and use models to predict and explain relationships
between systems and their components. (a)

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 and progresses to istroducing mere

detailed statistical analysis, the comparison of data sets for cansistency:. and

the use of models to generate and analyze data.

* Use tools, technologies, and models (e.g., computational, mathematicait
to generate and analyze data in order to make valid and reliable scientifi::
claims or determine an optimal design solution. (b),{~:

Using Mathematics and Computational Thinking

Mathematical and computational thinking atthe 9-12 level !

and progresses to using algebraic th:

and nonlinear functions includin
logarithms, and computation?!
represent, and model data

computational simulatior= o35

assumptions.

= Use statistical and mathei
displays, tables, and graphs)

| mathematical curves to data),

nts also use and crea
on mathematical models -

g *e_chniques and structure ¢=
‘regularities, patterns (e -
“ionships in data. (b)

Py
PS1.C: Nuclear Processes o y
= Nuclear pracesses, inciuding fuslon fission,
and radioactive desays of unstable nuclei,

involve changes in niclear binding energies.
(2) The total number of neutrons plus
protons does not change in any niclear
process. (d)

s Strong.and wedk nuclear interactions
detarmine miclear stability and processes:
(2)

= Spontzneous radidactive Aecava follow &
characteristic exporential decay law, -,
Nuciear lifetimas akow radiometric dating to
be used to de*e,rmlne the ages of rocks and
other matenais from the isotope ratios
present. ¢}

| PS3.D: Energy inChemical Processes and

Everyday Life
=_All forms of et

wity generation and

2ls have associated

ial, and environmental costs
and benerits, both short and long term. (c)

The performance expectations above were developed using the following elements from the NRC document A Framework farK 12 Brience Fducation;

Energy and Ma\!tgf

The total amount of energy and matter in closed
systems is conserved. 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. Energy cannot be created or
destroyed—only moves between one place and
another place, between objects and/or fields, or
between systems, Energy drives the cycling of
matter within and between systems, In nuclear
processes, atoms are not conserved, but the total
number of protons plus neutrons is conserved. (a)
Stability and Change

Much of science deals with constructing
explanations of how things change and how they
remain stable. Change and rates of change can
be quantified and modeled over very short or very
long periods of time. Some system changes are
irreversible. Feedback (negative or positive) can
stabilize or destabilize a system. Systems can be
designed for greater or lesser stability. (b)

Connections to Englneenng, Techno/ogy,
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. Engineers
continuously modify these systems to increase
benefits while decreasing costs and risks. Mew
technologies can have deep impacts on soclety
and the environment, including some that were
not anticipated. Analysis of costs and benefits is a
critical aspect of decisions about technology. (c)

Connections to other tapics in this grade-level; MS.ESS-§5, HS.ESS-HE, HS.ETS-ETSS

Articiiation across grade-fevels: MS.PS-SPM, MS.LS-NSA

Cormmon Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft refeases]

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

ELA-
SL.i.c
discussion; and clarify, verify, or challenge ideas and conclusions.
W.1 Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence,
w9 Draw evidence from literary or informational texts to support analysis, reflection, and research.
Mathematics —
MP.4 Madel with Mathematics
F.LE Construct and compare linear, quadratic, and exponential models and solve problems
A-CED.1 Create equations that describe numbers or relationships
N-Q Reason gquantitatively and use units to solve problems
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HS-ETS-ED Engineering Design

ETS-ED _ Engineering Design

| Swdents who demonstrate understanding can:

a. Ask questions and collect information to quantify the scope and impacts of a major giobal problem on local communities
and find evidence of possible causes by breaking the problem down into parts and investigating the mechanisms that may

contribute to each part. [Clarification Statement: For example, students ask questions to quantify the scg:r

and,impacts of acid rain in a local community by

investigating the mechanisms involved in stone monument erosion. ] [Assessment Boundary: Limit to asking mJu‘J’f 15 and gathermg information to better understand the problem

and possible causes; not finding solutions. ]

b. Analyze input and output data and functioning of a human-built system te def'ne opporl:umttes to improve the system’s
performance so it better meets the needs of end users while taking into’ account constraints (e.g., materials, costs,

scientific principles). [Clarification Statement: Analyze data and functioning of a hurmian- byt i 53

functioning of a city’s wastewater system.]

1 such as a schodks hee 1'10(] and cooling system; or throughput and

c. Evaluate different solutions to a problem by identifying criteria (e.g., cost, safety, rellablllw, aesthetlcs) and possible
impacts on society and the natural environment, and using a tn‘ade off matrlx or numerical watghtmg system to choose

the best solution. [Clarification Statement: Example problems for which numlplw :nlut |<| 5 can be nrc:ufm_ 4 apd evaluated include .1e|;-uq #parking lot, increasing yield of
a garden or farm, or mining a natural resource with minimal environmental damage. b /

Plan and carry out a quantitative investigation with physical mudels or prototypes to develop evidence on the

effectiveness of design solutions, leading to at least two rounds of l;esting and improvement. [Clrification Statement: For example,
physical models or prototypes to conduct a quantitative investigation to ge fmrtripe if an ultraviolet 1:.5hr earPRurify water equally well as a chlorine-based system.]

e. Use computational thinking to create, simulate, and compare different des:gn solutions, checking to be certain that the
simulation makes sense when compared with the real world. [Saification Statenert: TFgr example, students create a computer simulation of a model

building to see how different modifications could save energy and reduce GO, eRjissitits.] [Asse ssment Bouh []m,&’ Stilde

its use existing modeling software. ]

f. Refine a solution by prioritizing criteria and taking into account-the Ilfe cycle of a given product or technological system

and factors such as safety, reliability, and aesthetics to achieve an gptlmat sojution. [Clarification Statement: For example, choose the best
possible heat pump technology for a ampus Lmllrhn(_;, determine Lhe optimum rmethiy] foraxtrackig ol el naty 1Al gas; or best method for treating soil prior to planting crops. |

The parformance expectations above were 'bugi‘_fgnd using the foliowing elemefﬂs from the NRC A Framework for K — 12 Science Education.

Science and Engineering Pracbcns

Asking Questions and Defining Problems :
Asking questions and defining problems in grades 9-12 buiibels
from grades K-8 experiences and progresses to formufat tmg,
refining, and evaluating empirically testable questions and
evnlanatory models-and simulations.
sk questions that arise from pfuf-nar-,ar
Jr Unexpected results, (a) 1
= Ask questions to detarmine quantidtive relatruns-rn‘p:
Bebween Independeant ant! degeident variables, (a)
Planning and Carrying Out Investigations
Planning and carmying out e tf,atn:ns o answer questions o
test solutions to problems i < -
and progresses to include ifvesii
revise conceptual, mathematical,
models.
= Plan and carry out investigations coilaberatively and test -
designs as part of building and revising megels, explaining
phenomena, or testing solutions to problefr\s Cuﬂsndﬁ'
possible confounding variables or effects, ard ensufe thiat
the investigation’s design has controlled for therr:
= Select appropriate tools to collect, record, analyze, and
evaluate data. (d)
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 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. (b)
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 simple limit cases to test mathematical expressions,
computer programs or algorithms, or simulations to see if
a model makes sense by comparing the outcomes with
vhat is known about the real world. (e)
structing Explanations and Designing Solutions
wunstructing explanations and designing solutions in S—12
builds on K-8 experiences and progresses to explanations and
designs that are supported by mulfiple and independent

rr'tmt"}s tlworv,

5 that build, test, and
J1=21; and empirical

12 4uilds on k — 8 experiences |

ETS1.A: Defining and Deiimlﬁng an Engineering Problem
= Deslgn griteria and constraints) which typically reflect the needs of
the end-user of a tachnolody or process, address such things as the
orodit’s or system's fwrtwsfwahat job it will perform and how), its
* duratifity,-and limits on its 3#&-and cost. (b)
« Cnteria and constrainis-also include satisfying any requirements set
bisuciety; such as taking issues of risk mitigation into account, and
they should be quantified to the extent possible and stated in such a
Wy thit ahe can tell if a given design meets them. (b)
= Huimaity Scas major alobal challenges today, such as the need for
i supplies of giean water and food or for enerdgy 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 patential
solutions. (a)

. 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. (a)

= 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. (c)

= Testing should lead to impravements in the design through an
iterative procedure. 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. (d)

= 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 and 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. (e)

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. Optimization can be complex for a design problem with
numerous desired qualities ar outcomes. Criteria may need to be
broken down into simpler ones that can be approached
systematically, and decisions about the priority of certain criteria over
others (trade-offs) may be needed. (F)

« The comparison of multiple designs can be aided by a trade-off
matrix. Sometimes a numerical weighting system can help evaluate a
design against multiple criteria. When evaluating solutions, all
relevant considerations, including cost, safety, reliability, and
aesthetic, sodial, cultural, and envirenmenital impacts, should be

Cause and Effect
Empirical evidence is required to
differentiate between cause and
correlation and make claims about specific
causes and effects. Cause and effect
relationships can be suggested and
predicted for complex natural and huma
designed systems by examining what is
known about smaller scale mechanisms
within the system. Systems can be
designed to cause a desired effect.
Changes in systems may have various
causes that may not have equal effects.
@(e)
Systems and System Models
Systems can be designed to do specific
tasks. 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.
Models (e.g., physical, mathematical,
computer models) can be used to simulate
systems and interactions within and
between systems at different scales.
Models can be used to predict the
behavior of a system, but these
predictions have limited precision and
reliability due to the assumptions and
approximations inherent in models.
(b)(C),(d)

Connections to Engmeerlng,

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. Engineers continuously
modify these systems to increase benef
while decreasing costs and risks, New
technologies can have deep impacts on
society and the environment,
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HS-ETS-ED Engineering Design

)

'S-ETS-ED __ Engineering Design (continued)

dent-generated sources of evidence consistent with
sclentific knowledge, principles; and theones.
= Apply sclentific knowledge to solve design problams by
engaging (nallisteps of the design eycle, faking inta
account possitile urianticipated effeqts. (f)
Engaging In Argument from Ev e
i nt from! evidance

afiFiate and sufﬂcient
sbidenca and sdlentific reasoning t defand drid eritigue elaims
and explanations about the natural and desigrad world.
Arguments may also corme fram current sciantific or histarical
episudes in science.
Evaluate the merits of competing arguments, desian
solltions and/or models. (¢)

inclided. (c)

Testing should lead to design improvemerits throuah an iterative
process, and computer simulations are ong useful way of running
such tests. (d)

some that were not anticipated. Analysis
of costs and benefits (s a critical aspect of
decisions about technoloay, (c),(f)

Connections to other DCIs in this qrade- iemf HS.ESS- CC, HS.ESS-HS, HS.PS-E, HS.ETS-ETSS

Articulation to DCTs across grade-fevels: MS.ETS-ED

Common Core State Standards Conmections. [Note: these connections WI// be made more explicit and cempiete’in filure o‘rai? nsa.feases]

ELA-

RST.9-10.3 Follow precisely a complex multistep procedure when carrying out experiments, takma measurpmenua er r-erfurmm technical tasks, attefwling to special cases or

exceptions deflned in the text.

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual forim- (2.0, & Hble ar chart) and translate information expressed visually or

mathematically (e.g., in an equation) into words.

RST.11-12.3 Follow precisely a complex multistep procedure when carrying out exper |ment5, taking measurements, or nerformmg technical tasks; analyze the specific results based

on explanations in the text.

WHST.9 Draw evidence from informational texts to support analysis, reflectior;, andesearch,
Mathematics—

MP.2 Reason abstractly and quantitatively

MP.4 Model with Mathematics

MP.5 Use appropriate tools strategically

8.F Define, evaluate, and compare functions. —

S.ID Summarize, represent, and Interpret data on a singie cnur‘ ormeasurement varlanﬁt
S.IC Make inferences and justify canclusions fromsample-surveys, experiments, and observational studies
F.BF Build a function that models a relationship- Betwesn two qualditiss

F.LE Construct and compare linear, quadratiz, and £KDDHEI"ItIél| models ard solve problerss
N-Q Reason quantitatively and use units to salve prablems

A.CED Create equations that describe numbers or celatichships,
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HS-ETS-ETSS Links Among Engineering, Technology, Science, and Society

ETS-ETSS

Links Among Engineering, Technology, Science, and Society

- .Jents who demonstrate understanding can:

a.

Plan and carry out an investigation to improve a technology and suggest ideas for furtheirelated scientific study.
[Clarification Statement: For example, a group of students investigate the environmental conditions needed to maintain a heagit fy ageatic population, apply findings to
improving an aquarium, and recommend research that can be done with the improved technology to study aquatic ecosystfis
Gather evidence to evaluate different explanations for the widespread adoption of a medern technology, including the
role of societal demands, market forces, evaluations by scientists and engineers; and possible government regulation.

[Clarification Statement: For example, studerts evaluate explariations for the rapid spread of cell phones, LED lighting, pngenel trrall-,f engineered crops for farming.)
Analyze data to compare different technologies designed to accomplish the same funt't\on regarding their relative
environmental impacts, costs, risks, and benefits, and what may need to Bbe done to reduce unanticipated negative
effects. [Carfication Statement: Comparisons include paper v, slectronic books, nuclear vs. coal Flm 1 power plants.] [Assessmsnt Bolmary: Analysis limited to data

available online or provided lo students.]

arid benefits of different technological changes. ]

Construct or critique arguments based on evidence concerning the custs, risks, and benefits of changes in major
technological systems related to agriculture, health, water, energy, transportatla:ln, manufacturing, or construction,

needed to support a growing world population. [Ciarification Staterments For ekgmple
shifting from centralized to distributed energy generation systems or natural to genetically engifme

-rI "'(:D ] |;\

" :fl!l|{"'|f‘~ copstruct arguments concerhifo the costs and benefits of
__.=mr‘r|t Boundary: Lmitad to rafative comparison of costs

The performance expectations above were developed using the foiluwmg elements frum the NRC .4‘ Framework for K — 12 Scignce Education

Science and Engineering Practices

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.

= Plan and carry out investigations Individually and
collaboratively and test designs as part of building and
revising models, explaining phenomena, or testing
solutions to problems. Consider possible confounding
variables or effects, and ensure the investigation's
design has controlled for them. (a)

Analyzing and Interpreting Data
Analyzing data in 9—12 builds on K-8 and progresses to
Hucing more detailed statistical analysis. the =
arison of data sets for consistency, ard the wse of
h.wuels to generate and anafyze d

» Use tools, technologies, and/r 25is (e.qg.,
computational, mathematicadi; 1o generate and analyze
data in order to make vaiid and reliable scientific claims
or determine an optimal desige: saiation. (c)

Engaging in Argument from Evidence

Engaging in argument from evidence
8 experiences and pragresses to using a;
sufficient evidence and scientific reasoning
critique claims and explanations about the nac.
designed world. Arguments may also come from
scientific or historical episodes in science.

= Construct a counter-argument that is based in dav. 3
evidence that challenges another proposed argumer..
(d)

» Criticize and evaluate arguments and design solutions in
light of new evidence, limitations (e.g., trade-offs),
constraints, and ethical issues. (d)

Obtaining, Evaluating, and Communicating
Information

Obtaning, evaluating, and communicating information in 9—
12 builds on K-8 and progresses to evaluate the validity and
reliability of the claims, methods, and designs.

= Critically read scientific literature adapted for classroom
use to identify key ideas and major points and to
evaluate the validity and religbility of the claims,
methods, and designs. (b)

= Generate, synthesize, communicate, and critique claims,
methods, and designs that appear in scientific and
rachnical texts or media reports. (b)

12 bunds from K—

|
I

i -"_.‘Tﬁrg;,l’;.g deas
ETS2.A: Interdepeadm af Science, Englneerirlg. and
Technology
» Science and engineeqdng camplement each other in the
cycle known as research ard development £ R&D) {a)
= Maity RED projects may ivdlve scienkisis, ew:ineers, and
atherwith wide ranges of arperd-,;-e (a3).- .
£752.8: Inflence of Engineering, Technology, and
Sclence-on Soclety and the Natural World
4 Modem civiization depends ¢n maipr technological
systems, incling those related to egriculture, health,
water, energy. Tansportation, n‘anufécturing,
. constructicsy, and communications, (d)',
= Engineer= trilioshy. modify these taghnolegical systems
Dy apEhy nhic and anglr=sring knowledae and
. o Indresse benetits whiledetreasing costs and

A adoption of technological innovations often
rket forces or ather societal demands, but it
ect to evaluation by scientists and
“rentual government reguiation. (b)
< ¢an have deep impacts on society and
= anvironment, Including some that were not anticipated
at may build up over time to a leve! that requires
ation or mibgation. (c)
ysis of costs, environmental impacts, risks and
s=nefits, are critical aspects of decisions about technology
3e. (o)

“be suggested and predicted for complex natural and

Cause and Effect

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

human designed systems by examining what is known
about smaller scale mechanisms within the system.
Systems can be designed to cause a desired effect.
Changes in systems may have various causes that
may not have equal effects. (a),(b)

Stability and Change

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible. Feedback
(negative or positive) can stabilize or destabilize a
system. Systems can be designed for greater or lesser
stability. (b),(c),(d)
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HS-ETS-ETSS Links Among Engineering, Technology, Science, and Society

S-ETS-ETSS  Links Among Engineering, Technology, Science, and Society (continued)
wnections to other OCIs in this grade-ievel: HS.ESS-CC, HS.ESS-HS, HS.LS.IRE, HS.LS.NSE, HS.P5-ER, HS.PS-NP, HS.ETS-ED

Articulation to OCIs across grade-jevels: MS,ETS-ETSS

Common Core State Standards Connections: [Nate! thise connections will be made more explicit and complete in future drafl releases]

ELA-

w.8.8 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility ane accupacy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

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

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understﬁnd-ng of.2 prm.ﬂss phenomenon, or concept, resolving
conflicting information when possible. : .

WHST.9 Draw evidence from informational texts to support analysis, reflection, and research.
Mathematics —
MP.2 Reason abstractly and quantitatively
MP.4 Model with Mathematics ;
MP.5 Use appropriate tools strategically ) v 4
8.F Define, evaluate, and compare functions. J rd
S.ID Summarize, represent, and interpret data on a single count or measurement variable v 2 7
S.IC Make inferences and justify conclusions from sample surveys, experiments, and nbsemabor'.al sturhes P ' -
F.BF Build a function that models a refationship between two quantities \ SO ]
N-Q Reason quantitatively and use units to solve problems N
MP.4 Model with Mathematics. rd
A.CED Create equations that describe numbers or relationships. .
s
A
./ =
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