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MS.LS-SFIP Structure, Function, and Information Processmg_

| MS.LS-SFIP  Structure, Function, and Information Processing

dents who demonstrate understanding can:

Construct models and representations of body systems to demonstrate hbw multip_le interacting subsystems and

i h.> fdeus i

Investigate and present evidence that the structure of cells in both unicellular and multicellular organisms is related to
Investigate and generate evidence that unicellular and multicellular orgamsms survive by obtammg food and water,

Construct an explanation for the function of specific parts of cells :ncluclmg hucleus, chloreplasts, and mitochondria

5 on the interactibo of sibsystems within the

Provide explanations of how sense receptors respond to stimuli bv sendmg messages to the brain to be processed for

~in

how cells function. [Assessment Boundary: Students conduct, not design, investigations.]
b.

disposing of waste, and having an environment in which to live.
ch

and the structure of the cell membrane and cell wall for maintaining a'stabie internal environment.
d.

structures work together to accomplish specific functions, [Ciarific:

and focus on the following systems: excretory, digestive, respirafory, and nervous systs

system, not the mechanism of each body system itself.]
e,

immediate behavior or stored as information.
f.

function of millions of interconnected nerve cells in the bram.

Communicate an explanation for how the storage of long=term memories reqtures changes in the structure and

The performance expectations above werg develg

ed using the followin

erm: rrs From. the NRC dm.ument A rramewcwk for K-12 Scierice Education.

Science and Engineering Practices

Developing and Using Models

Modeling in 6-8 builds on K-5 and progresses to developing,
using and revising models to explain, explore, and predict more
abstract phenomena and design systems.

» Use and/or construct models to predict, explain, and,’or
collect data to test ideas about phenomena in natural or.
designed systems, including those representing mnuts a-,d
outputs. (d)

Planning and Carrying Out Investigations

Planning and carrying out investigations to answer questlons or
test solutions to problems in 6-8 builds on.*
and progresses to include investigations *
variables and provide evidence to S
design solutions.

» Collect data and generat
questions or test design
zonditions. (a),(b)

wunstructing Explanations an¢ Dss: gmng Solutions
Constructing explanations and design
on K-5 experiences and progresses to i
explanations and designing solutions suppe:
sources of evidence consistent with scientific t
principles, and theories.

= Apply scientific reasoning to show why the data #:¢
adequate for the explanation or conclusion. (c),(e,

= Construct explanations from madels or representatio.s. (c)

Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 6-8
builds on 3-5 and progresses to evaluating the merit and
validity of ideas and methods;

s Gather, read, and explain information from appropriate
sources and evaluate the credibility of the publication,
authurs, possible biag of the soufce, and methiods used, (1)

:nce to answer scientific
, under a range of

s multiple
:;—gqe’

L51.A: Structure a?ui Function
= Al lwing things are rnado up nf»teits whrdm the smaﬂest
uniEthat can be said to bealive. A;mrgamsm Ty firsist
—.of one single cell (unicetiular) o many different numbers
aind typed of calls (multizatiulr). (a)
= Unicellutar organisms (miz roorganisms), like muiticellular
organisms, need food, watar, a way to dispose of waste,
and an anvironment in which they can live. (b)
-special structures are tesponsible for
wiar funetions, and thec2ilshembrane forms the
“poundary thak canirols what sxitars and leaves the cell. (c)
\ulticellular arganisms; !r{e hody is a system of multiple
ting subsystems. These subsystems are groups of
+ work together to form tissues and organs that
«elized for particular bady functions. (d)
LSI D: In‘formctlon Pracessing
* Each senzs rzceptor responds to different inputs
-(electromagnetlc mechanical, chemical), transmitting them
as signals that travel along nerve cells to the brain. (e)
- The signals are then processed in the brain, resufting in
immediate behaviors or memories. Changes in the
/ structure and functioning of many millions of
interconnected nerve cells allow combined inputs to be
stored as memories for long periads of time. (f)

:

Systems and System Models

Systems may interact with other systems;
they may have sub-systems and be a part of
larger complex systems. Models can be used
to represent systems and their interactions—
such as inputs, processes and outputs—and
energy, matter, and information flows within
systems. Models are limited in that they only
represent certain aspects of the system under
study. (b),(d).(e)

Structure and Function

Complex and microscopic structures and
systems can be visualized, modeled, and
used to describe how their function depends
on the shapes, composition, and relationships
among its parts, therefore complex natural
and designed structures/systems can be
analyzed to determine how they function.
Structures can be designed to serve particular
functions by taking into account properties of
different materials, and how materials can be
shaped and used. (a),(¢),(

Connections to other topics in this grade fevel; MS.PS-CR

Articulation across grade-levels: 3.5FS, HS.LS-SFIP

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

ELA—

RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks

RI.6.7
RI.6.8
RI.7.8
claims,
RI.8.8
irrelevant evidence is introduced.
Mathematics —
MP.2 Reason abstractly and quantitatively.
MP.6 Attend to precision.

7.5P.1,2 Use random sampling to draw inferences about a papulation.

Integrate information presented in different media or formats (e.g., visually, quantitatively) as well as in words to develop a coherent understanding of a topic or issue.
Trace and evaluate the argument and specific claims in a text, distinguishing claims that are supported by reasons and evidence from claims that are not.
Trace and evaluate the argument and specific claims in a text, assessing whether the reasoning is sound and the evidence is relevant and sufficient to support the

Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is sound and the evidence is relevant and sufficient; recognize when
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MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

' MS.LS-MEOE

Matter and Eneray in Organisms and Ecosystems

Jtudents who demonstrate understanding can:

b.

C.

d.
e.

f.

a. Develop an explanation for the role of photosynthesis in the cycling of matter and flow of energy on Earth. [Assessment Boundary:
Limited to the explanation related to water, carbon dioxide, and light energy being used to produce sugars and release oxygen NOT the chemical equation for photosynthesis.]

Investigate the cycling of matter among living and nonliving parts of ecosystems to explain the flow of energy and
conservation of matter. [Clarification Statement: Investigations are qualitative abservations of the cycling of water, _c,ar'bon, and oxygen in the environment. ]

Use models to explain the transfer of energy into, out of, and within ecosystems. [Assessient Boundary: Only light, chemical, and thermal
eriergy nesd to be addressed with an emphasis that the mtal amaunt of energy does not change. |

Construct and communicate models of food webs that demonstrate the transfer of mati;er and energy among organisms
within an ecosystem. [Carification Statement: Models of food webs should Include producers, const ‘me_x and decampnsas.]

Use evidence to support an explanation that matter is conserved when molecules from food react, with oxygen in the
environment and cycle repeatedly between living and non-living components of ecosystem.

Use evidence to support arguments that changing any physical or biological com ponent of an eco;.ysl.em may result in
shifts in the populations of species in the ecosystem.

ik for K-12 Sn&chfdnw{fm

Science and Engineering Practices

Developing and Using Models

Modeling in 68 builds on K-5 and progresses to developing,

using and revising models to explain, explore, and predict

more abstract phenomena and design systems.

= Use andfor construct models to predict, explain, and/or

collect data to test ideas about phenomena in natural or
designed systems, including those representing inputs
and outputs. (c),(d)

Planning and Carrying Out Investigations

or test solutions to problems in 6—8 builds on K-5 p
experiences and progresses to include investigations thatise
multiple variables and provide evidence fto support 3
explanations or design solutions.

questions under a range of conditions. (b)
Constructing Explanations and Designing Solutions
Constructing explanations and designing salitiens in A—8

uilds on K=~5 experiences and progressés 'nf'ud=- T
_onstructing explanations and desmum
by muitipie sources of evidenc
knowledge, pnncnples, and the

natural laws operate toda,
will continue to do so in the i,
s Construct explanations from mi

(e)
Engaging in Argument from Evndence
Engaging in argument from evidence in 6~6 >
experiences and progresses to constructing a ¢
argument that supports or refutes claims for eithey :
axplanations or solutions about the natural and desigr=i
world, /
= Use oral and written arguments supported by empmul
evidence and reasoning to support or refute an argument
for a phenomenon or a solution to a problem. (f)

Planning and carrying out investigations to answer questions

« Collect data and generate evidence to answer scientific

The perfarmance expectations above were develpped using the following elements, frum the MRC dncument »}*Fra

Ls1.C: Organlzatlon for Matter and Enngy quw in
Organisms

Plants, algaei (uncludlng phvtoplankton), and r'lany -
mlcroorgamsm§ use the energy from light to méke sugars (food)
from carbon dioxide from the atmoéshere and water throtgh the
pracess of phototynthess, which. also rekases oxygen, These
sugars can be used im: ediately or' :rfored for growth or !ater
use. (a) )

—Mma!s vbtain food fro'n ﬁatmg ulants Jr earnq omer ammals

(d)

--Within mdtvldual organls'ns food rfoves through a series of

cherical reactions in which it is broken down and rearranged to
form nea malecules, to supaoit arowth or to release energy. (e)
In most arsmals and plants, axygen reacts with carbon-
molecules (sugars) tc srovide energy and produce
2naerobic bacteriz 3<hieve their energy needs in
srocesses Far doyrot need oxygen. (c)

w152, 8: Cysle of Matter and Eneﬂg-y Transfer in Ecosystems

IO webs are madels that demonstrate how matter and energy
red between producers (generally plants and other
hat engage in photosynthesis), consumers, and

as the three groups interact—primarily for food—
em. Transfers of matter into and out of the
ahys:cal e ment occur at every level—for example, when
molecules from food react with oxygen captured from the
‘:;wironment, the carbon dioxide and water thus produced are
ransferred back to the environment, and ultimately so are waste
groducts, such as fecal matertal. Decomposers recycle nutrients
irom dead plant or animal matter back to the soil in terrestrial
environments or to the water in aguatic environments. The
atoms that make up the organisms in an ecosystem are cycled
repeatedly between the living and nonliving parts of the
ecosystem. (b),(<),(d)

LS2.C: Ecosystem Dynamics, Functioning, and Resilience

Ecosysterns are dynamic in nature; their characteristics can vary
over time, Disruptions to any physical or biological component of
an scosystam can lead to shifts in ail its populations. ()

Crosscutting Concep

Systems and System Models-

Systems may interact with other systems; they
may have sub-systems and be a part of larger
complex systems, Models can be used to
represent systems and their interactions—such
as inputs, processes and outputs—and energy,
matter, and information flows within systems,
Models are limited in that they only represent
certain aspects of the system under study. (c)

Energy and Matter

Matter is conserved because atoms are
conserved in physical and chemical processes.
Within a natural or designed system, the
transfer of energy drives the motion and/or
cycling of matter. (a),(b),(e)

Energy may take different forms (e.g. energy
in fields, thermal energy, energy of motion).
The transfer of energy can be tracked as
energy flows through a designed or natural
system, (d)

Stability and Change

Explanations of stability and change in natural
or designed systems can be constructed by
examining the changes over time and forces at
different scales, including the atomic scale.
Small changes in one part of a system might
cause large changes in another part. Stability
might be disturbed either by sudden events or
gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due
to a balance of feedback mechanisms. (F}

Connections to other topics in this grade-level: MS.ESS-HE, MS,.ESS-ESP, MS.PS-SPM, MS.PS-ECT, M5.PS-CR

Articuation across grade-fevels: 3.SFS, 5.MEE, HS.LS-MEQE, HS.LS-IRE

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

FLA-

SL.5.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 5 topics and texts, building on others’
ideas and expressing their own clearly.

SL.6.1  Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on
athers’ ideas and expressing their own clearly.

W.6.8 Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while
avoiding plagiarism and providing basic bibliographic information for sources.

W.7.8 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

Mathematics —

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

MP.4 Model with mathematics.

5.0A Analyze patterns and relationships.

6.SP Summarize and describe distributions.
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MS.LS-IRE Interdependent Relationships in Ecosystems

[ ™S.LS-IRE

Interdependent Relationships in Ecosystems

dents who demonstrate understanding can:

ecosystem.

ecosystems.

recycling.]

advantages.

Construct explanations to describe competitive, predatory, and mutua

c. Ask researchable questions about the ways organisms
[Assessment Boundary: Biochemical details of photosynthesis and cellular respiration are not to be treated in terms of mechanigm.]

Use models to explain the role of biodiversity in ecosystems.
Use evidence to construct arguments for how biodiversity can influence humans’ résources as well as ecosystem services
that humans rely on. {Clarification Statement: Examples of humans’ resources include food, enerdys frerigifies. Ecosysteq) services ¢

/

a. Use a model to demonstrate the effect of resource availability on organisms and populations of organisms inan
lly beneficial interactions as patterns across various

obtain matter and energy across multiple and varied ecosystems.

an Inglude water purification and

f. Pose questions about patterns in social interactions and grouping behaviors of animals that ¢contribute to survival

Science and Engineering Practices

Asking Questions and Defining Problems

Asking questions and defining problems in grades 6-8

builds from grades K—5 experiences and progresses to

formulating and refining empirically testable questions.
= Ask questions that arise from phenomena, models,

or unexpected results, (c),(f)

Developing and Using Models

Modeling in 6-8 builds on K~5 and progresses to

developing, using and revising models to explain,

explore, and predict more abstract phenomena and

design systems.

s Use and/or construct models to predict, explain,
and/or collect data to test ideas about phenomena
in natural or designed systems, including those
representing inputs and outputs. (d)

» Modify models — based on their limitations - to
increase detail or clarity, or to explore what will
happen if a component is changed. {(a)
structing Explanations and Designing

.iutions -

Constructing explanations and desigrir:
6—8 builds on K=5 experiences ang
include constructing exptanatior:
solutions supported by multicte s<5ces of evidence
consistent with scientific knowseage, orinciples, and
theories, .

= Apply scientific reasoning to stiz

adequate for the explanation or ¢¢
Engaging in Argument from Evidenc:
Engaging in argument from evidence in 6—
from K5 experiences and progresses to const
a convincing argument that supports or refutes ¢ & =
for either explanations or solutions about the natu '
and designed world.

« Use oral and written arguments stuipported by
empirical evidence and reasoning to support or
refute an argument for a phenomenon or a
gplution to a problam. (e)

data are
5an, (b}

The performance expectations above were developed using the following élemenl‘s.?ﬁﬁm the NRC document A Aramel

LS2.A: Interdependent Relationships in Ecosystams
= Organisms; and populations of onganisis, ard-dependenton thelr
anvironmantal interactisns-both with ather fiving*things 00 With
rionliving factors. Grawth of argagisms and population mncreases are
limited By atcess to resources. In any ecosystam, argenisms and
populations with similar redyirements for food, water, axygen, o7,
other resources may- colvipeta with sach otherfor limited résourmes,
accass to which conssquently consirains thelr grovithiand :
reproduction, (2).(6) \ 7 S <
Similarly, predatary interactions My reduts the fumbsr of argariisms
ar-eBninate whole popufations of daadems, Mutually Lensficdl
Interaitions; in eantrast, may becorme s ferdependent that each
orgafism reguires the offer for Suvival Athough the species involved
il these competites, pradatary, and mitually beneficial intaractions
¢ vary:across eccsystams, te pattems of mtaractions of arganisms with
“sheir enviranmests, both living 3nd fgnliving, are shared, (b)
LS2.C: Ecosystem Dynamics, Functioning, and Resilience
«. Biodiversity describes e varety ok sneges found in Earth's temrestrial
and nodanic ecosysisis. The combpletisidss or integrity of an
| sodsystam's Lodiversity IS OftiT usedas a measure of it health. (d)
£S2.D: Social interactions and Group Behavior
= Broups May form bacause of genetic refatedness, physical proximity,
or Lther re€agaiton mechanisms {which may be specles-spedfic).
[They angage 1n a varaty of sigraling bahaviors to maintain. the
droup s integrty & & wern of threats. Grolps often dissolve if they no
yction to meet individuals” needs, if domitiant mambers losz
e, or if other key members are removed from the group
death, predation, or exclusion by other members. (N
LS4.D: Biadiversity and Humans
« Bicdissity is the wide range of existing life forms that have adapted
&, v variety of conditions on Earth from terrestrial to marine
</stems. Biadiversity includes genetic variation within a species, in
sudition to species variation in different habitats and ecosystem types
(e.4,, forests, grasstands, wetlands), (d}
+ Changes In biodiversity can influence fiumans' resoustes, such as food,
energy, and madicines, as well as acosystem services that humans
rely or—for sxample, water purficattan and recycling. (e)

W

vork for K-12 R{exé‘ﬁa’waﬂﬂm

Patterns

Macroscopic patterns are refated to the nature
of microscopic and atomic-level structure.
Patterns in rates of change and other
numerical relationships can provide information
about natural and human designed systems.
Patterns can be used to identify cause and
effect relationships. Graphs and charts can be
used to identify patterns in data. (b),(f)
Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not
necessarily imply causation. Cause and effect
relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause,
and some cause and effect relationships in
systems can only be described using
probability. (a).(e)

Systems and System Models

Systems may interact with other systems; they
may have sub-systems and be a part of larger
complex systems. Models can be used to
represent systems and their interactions—such
as inputs, processes and outputs—and energy,
matter, and information flows within systems.
Models are limited in that they only represent
certain aspects of the system under study. (d)
Energy and Matter

Matter 1s conserved because atoms are
conserved in physical and chemical processes.
within a natural or designed system, the
transfer of energy drives the motion and/or
cycling of matter. Energy may take different
forms (e.g. energy in fields, thermal energy,
energy of motion). The transfer of energy can
be tracked as energy flows through a designed
or natural system. (¢}

Connections o other topics in this grade-level: MS,ESS-HE, MS.ESS-HI, MS.ETS-ETSS

Articufation across grade-levels; 3.E10, 5.MEE, HS.LS-IRE, HS.LS-MEOE

ELA-
SL.6.3
SL.7.3

Delineate a speaker’s argument and specific claims,
WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on s
that allow for multiple avenues of exploration.

Mathematics —

MP.3 Construct viable arguments and critique the reasoning of others.
5.0A Analyze patterns and relationships.

7.5P.3  Draw informal comparative inferences about two populations,

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

Delineate a speaker’s argument and specific claims, distinguishing claims that are supported by reasons and evidence from claims that are not.
evaluating the soundness of the reasoning and the relevance and sufficiency of the evidence.
everal saurces and generating additional related, focused guestions
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MS.LS-NSA Natural Selection and Adaptations

" MS.LS-NSA  Natural Selection and Adaptations

tudents who demonstrate understanding can:

a. Analyze and interpret patterns of change in fossils to provide evidence of the history of life.on Earth.
b. Construct explanations for the anatomical similarities and differences between fossils of once-living organisms and
organisms Iiving today. [Clarification Statement: Students should use the record of evolutionary descent between ancient-and modern-day organisms.]

C

Develop explanations for why most individual organisms, as well as some entire spzcies of organisms, that lived in the

past were never fossilized. {Assessment Boundary: The process of fossilizatian is not treated in any datailwithin the: life sciences but addressed in the Earth sciences.]

=

Recognize and compare patterns in the embryological development across different species to identify relationships not

evident in the fully formed anatomy. [Assessment Boundary: Limited to general characleristicg of -'ll’ll‘il,'r\ll,;h dhdeveldpment amang spedies. |

e. Communicate explanations for how genetic variations of traits in a populatioh increase some individual’s probability of
surviving and reproducing in a specific environment which tends to incréase these traits in the population.

f. Use mathematical models to explain how natural selection over many genérations results in changes within species in
response to environmental conditions that increase or decrease certain-traits in a population. [Chication Statenent: Population data

for organisms over time showing trends in numbers of individuals with specific traits.] [Assessfient |1.uus|fhn\,r Data h)m ild b provided Lo stude

5]

g. Obtain and evaluate information about how two populations of the same specles in different environments have evolved

to become separate species.

The performance expectations above were developed using the following elements from e NRC’liecumEnt A Framework for K-12 Science Educatior,

Science and Engineering _Practices

Analyzing and Interpreting Data
Analyzing data in 6-8 builds on K—5 and progresses to
extending quantitative analysis to investigations, distinguishing
between correlation and causation, and basic statistical
techniques of data and error analysis.
= Distinguish between causal and correlational relationships.
(a)
» Use graphical displays to analyze data in order to |dent|f\,
linear and nonlinear relationships. (d)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 6-8 lavel
builds on K=5 and progresses to identifying patterns in iarge
data sets and using mathematical concepts to support
explanations and arguments.
= Use mathematical concepts sich as ratigs. averages, basic *
probability, and simple functions, mJumng linzar
relationships to analyze data. (F‘
Constructing Explanations ans’ Destgmng Solutlors
Constructing explanations and «12sigiyag solutions in 6-8 buiks
on K-5 experiences and prog z5to include constructing
explanations and designing s 5 supported by muitiple
sources of evidence consistent wizi sceatific knowledge,
principles, and theories.
= Base explanations on evidence and :
natural laws operate today as they
continue to do so in the future. (b) 1
= Apply scientific reasoning to show why the = zre
adequate for the explanation or conclusion. {+}
Obtaining, Evaluating, and Communicating In7ora:
Obtaining, evaluating, and communicating informatior i1 7
buitds on 3-5 and progresses to evaluating the merit and
validity of ideas and methods.
* Generate and communicate ideas using scientific language
and reasoning. (e)
» Gather, read, and explain information from appropriate
sources and evaluate the credibility of the publication,
authars, possible bias of the source, and methads used; (g)

£54.B: Natirsl Se

LS4.A; mmnmormmmestry and Diyersity.
= Fossils are mineral mﬂlraments, preserved remzins, ortraces of
organisms that' lived'in the past. Tholsands of fayers of sadientary

rock not only provide slidence of the Histdty.of thie Exsth it=aif but
alsn of changes n orgaﬂisms whz;se ruag.il rernambave Betn found in

..those fayers. (a)

= The myllaction of fossits d tieir pjauemenl i tmluglta} order
(e.9., Usonigh the Incation of the-sadimentary layers in which they aré
fatmd or through radinative dating) Is known as the fossll record. It
doculments the existance, dvarsity, extinction, and change of many
life forms throughout: the historysof life an Earth, Because of the
conditibns hecessary for thelr preservation) notall types of organisms
thiat Sastethin tie past have left fossils that can be retrieved. (c)

" Anslormical simelartios Anek Gﬁﬁwﬁc&s Between varits organisins

“Wlireg o0y oral hetwiess Ilwrpfand organisms in e fossil record,
evable the racopstructin uf-svalltionary histary and the inferance of
¥nes oi evolitionary descent. (b)

s [gmparson of the embryological development of different specles also

revesss sislilarities that show relationships nat evident in the fully-
formec. z

= 'Genetic variations among individuals in a population give some
individuals an advantage in surviving and repraducing in their
anvironment. This is known as natural selection. 1t leads to the
predominance of certain traits in a population, and the suppression of
others. (e),(f)

L54.C: Adaptation

= Adaptation by natural selection acting over generations is one
important process by which species change over time in response to
changes in environmental conditions. (g)

= Traits that support successful survival and reproduction in the new
environment become more common; those that do not become less
common. Thus, the distribution of traits in a population changes. (f)

= In separated populations with different conditions, the changes can be
large enough that the populations, provided they remain separated (a
process called reproductive isolation), evolve to be separate species
(9)

Patterns

Macroscopic patterns are related to
the nature of microscopic and atomic-
fevel structure. Patterns in rates of
change and other numerical
relationships can provide information
about natural and human designed
systems. Patterns can be used to
identify cause and effect relationships.
Graphs and charts can be used to
identify patterns in data. (a),(b),(d)
Cause and Effect

Relationships can be classified as
causal or correlational, and correlation
does not necessarily imply causation.
Cause and effect relationships may be
used to predict phenomena in natural
or designed systems. Phenomena may
have more than one cause, and some
cause and effect relationships in
systems can only be described using
probability. (c),(e),(F)

Stability and Change

Explanations of stability and change in
natural or designed systems can be
constructed by examining the changes
over time and forces at different
scales, including the atomic scale.
Small changes in one part of a system
might cause large changes in another
part. Stability might be disturbed
either by sudden events or gradual
changes that accumulate over time.
Systems in dynamic equilibrium are
stable due to a balance of feedback
mechanisms. (g)

Connections to other topics in this grade-levet MS.ESS-HE

Articuiation across grade-fevels, 3.E10, 3.5FS, 4.PSE, 4.LCT, HS.LS-NSE, HS.LS-IRE, HS.PS-NP

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

ElLA-
SL.6.4
adequate volume, and clear pronunciation,
SL.7.4
adequate volume, and clear pronunciation.
Mathematics —

MP.2  Reason abstractly and quantitatively.

MP.6  Attend to precision.

MP.4  Model with mathematics.

5.0A Analyze patterns and relationships.

6.EE Apply and extend previous understandings of arithmetic to algebraic expressions.
Reason about and solve one-variable equations and inequalities.

7.EE

Solve real-life and mathematical problems using numerical and algebraic expressions and ecuations.

Present claims and findings, sequencing ideas logically and using pertinent descriptions, facts, and details to accentuate main ideas or themes; use appropriate eye contact,

Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye contact,
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MS.LS-GDRO Growth, Development, and Reproduction of Organisms

| MG 1 S-GDRO  Growth, Development, and Reproduction of Organisms

dents who demonstrate understanding can:

4. Use evidence to support an explanation of how environmental and genetic factors affect the growth of organisms.

[Cla
offspring of large b

ication Staterant: The emphasis Is on the impact of factors in terms of cause and effect, not the mechanism (e.q., aburiclant food leads to more significant growth,
soads of dogs dre larger than the offspring of small dogs). | d

Investigate and present evidence that plants continue to grow throughout their life through the production of new plant

matter via pthDS\fﬂthESiS. [Assessment Boundary: Reprodiiction is riot treated inany datall here, for marg specifics, of grade level see DCT LS3A.]

[

Use models to construct an explanation of how the genetic contribution from ea
results in variation in offspring and how asexual reproduction results in offsging-wu

ssessiient Boundary: The emphiasis 1s o the irmpact of gene transmission in reprogducnon, not the mechan

ch parent through sexual reproduction
th identical genetic information.

1.0f the gane interactions:]

d. Plan and conduct investigations to gather evidence for the relationship amorng specialized plant structures, specific
animal behaviors, and the successful reproduction of the plant. [Clarificakion :-r;e{érnfenr' Examples of .:vk:ré'hc;g.—' of Successful reproduction of plants
coulel include placement of stamen and bees gathering nectar, hard shells on plne nuts and squirrgls hun;usij nuts.]

e. Use empirical evidence to support an argument for how characteristic animal behaviors affect the probability of
successful reproduction. [Clarification Statzment: Examples of animal behaviors could inr ;.'“_r,, birds bulldig rn-:_n_ié to protect young, brisn Lgﬁhl spawning in late fall
wher predators ara less active, ] ; / A

f. Provide explanations of how changes (mutations) to genes, which are located on chromosomes, affect specific inherited
traits resulting in harmful, beneficial, or neutral effects. : )

g. Provide an explanation for the relationship among changes (mutations) to genes, changes to the formation of proteins,
and the effect on the structure and function of the organism and thereby traits. "

h. Communicate explanations of ways technologies enable humans to influence the inheritance of certain traits in plants

and animals. [Clarification Statement: Examples of human influgnce could he breéeds of tatile for Varipus pumosss, disaase resistant ctops, genetically miodified organisms. |

The performarnce expectations above ware developed using the following eléments fron the NRC Hacument A f:afﬁewvrk for K-12 Science Education,

Science and Engineering Practices

Developing and Using Models

Madeling in 6-8 builds on K-5 and progresses to
developing, using and revising models to explain,
explore, and predict more abstract phenomena and |
design systems.

= Modify models—based on their limitations—to
increase detail or clarity, or to explore what will
happen if a component is changed. (c)

Blanning and Carrying Out Investigations
ning and carrying out investigatios
stions or test solutions to problem

on K-5 experiences and progres:
investigations that use multints
evidence to support explanat
= Plan and carry out investig
collaboratively, identifying inae
dependent variables and controls. |

= Collect data and generate evidence 1
scientific questions or test design sot
a range of conditions. (b)

Constructing Explanations and Designing

Solutions

Constructing explanations and designing solutions in

6-8 builds on K-5 experiences and pragresses to

include constructing explanations and designing
solutions supported by multiple sources of evidence
consistent with scientific knowledge, principles, and
theories,

= Apply scientific reasoning to show why the data
are adequate for the explanation or conclusion.
(a).(d),(F).(g)

Engaging in Argument from Evidence

Engaging in argument from evidence in 68 builds

from K=5 experiences and progresses to constructing

a convincing argument that supports or refutes

claims for either explanations or solutions about the
natural and designed world.

« Use oral and written arguments supported by
empirical evidence and reasoning to support or
refute an argument for a phenomenon or a
solution to a problem. (e)

Obtaining, Evaluating, and Communicating

Information

Obtaining, evaluating, and communicating

information in 6-8 builds on 3=5 and progresses to
evaluating the merit and validity of ideas and
methods.
Read critically using scientific knowledge and
reasoning to evaluate data, hypotheses,
conclusions, and competing information. (h)

May 7, 2012

LSL.8: Growtha ~
" Oryanisis regrodute, either sexusily or asexually, and transfer

LS3.A: Irnhzritance of T.

fid Develapmerit of Grganisms

thair genetic irformation to their offsprisg. (c)

/Animals engage in characteristic behaytorsithat increase the odds of

raproduction. (e). Y

arimanbehavior and specid
cllprad fawers) for.raproducti
Plant. grow ]
producton of
Sanetic faghor

slant matter in photosyhthesns. (b)
well as local conditions affect the size of the
ath of an animal is controlled by genetic

its
‘located in the chromosomes of cells, with each

ne pair containing two variants of each of many distinct
5(F)

nct: gene chiefly cantrols the production of specific

5, which in turn affects the traits of the individual (e.g.,
skin color results from the actions of proteins that control
7 production of the pigment melanin). (¢)

hanges (mutations) to genes can result in changes to proteins,

“which can affect the structures and functions of the organism and

thereby change traits. (f),(3)

Sexual reproduction provides for transmission of genetic
information to offspring through egg and sperm cells. These cells,
which contain onfy ane chromosome of each parent’s chromosome
pair, unite to form a new individual (offspring), Thus offspring
possess one instance of each parent’s chromosome pair (forming a
new chromosome pair). Variations of inherited traits between
parent and offspring arise from genetic differences that resuilt from
the subset of chromosomes (and therefore genes) inherited or
(more rarely) from mutations. (c)

LS3.B: Variation of Traits
= In sexually reproducing organisms, each parent contributes half of

the genes acquired (at random) by the offspring. Individuals have
two of each chramosame and hence two alleles of each gene, one
acquired from each parent. These versions may be identical or may
differ from each ather. (c)

In addition to varations that arise from sexual reproduction,
genetic information can be altered because of mutations. Though
rare, mutations may result in changes to the structure and function
of proteins, Some changes are beneficial, others harmful, and some
neutral to the organism. (f)

LS4.B: Natural Selection

In artificial selection, humans have the capacity to influence certain
characteristics of arganisms by selective breeding. One can choose
desired parental traits determined by genes, which are then passed
on to offspring. (h)

Embargoed until May 11, 2012, 12:00 p.m. EDT

Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships may
be used to predict phenomena in natural or
designed systems. Phenomena may have more
than one cause, and some cause and effect
relationships in systems can only be described
using probability. (a),(b},(c),(d).(e).(

Structure and Function

Complex and microscopic structures and systems
can be visualized, modeled, and used to describe
how their function depends on the shapes,
composition, and relationships among its parts,
therefore complex naturat and designed
structures/systems can be analyzed to determine
how they function. Structures can be designed to
serve particular functions by taking into account
properties of different materials, and how materials
can be shaped and used. (d),(g)

and Applications of Science

Influence of Engineering, Technology, and
Science on Society and the Natural World
All human activity draws on natural resources and
has both short and long-term consequences,
positive as well as negative, for the health of
people and the natural environment, The uses of
technologies are driven by people's needs, desires,
and values; by the findings of scientific research;
and by differences in such factors as climate,
natural resources, and economic conditions.
Technology use varies from region to region and
over time. (h)
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MS.LS-GDRO Growth, Development, and Reproduction of Organisms

AS.LS-GDRO _ Growth, Development, and Reproduction of Organisms (continued)
Connections to other topics in this grade-levet MS.PS-CR
Articulation across grade-levels; 4.LCT, HS.LS-IVT, HS.LS-NSE
Common Core State Standards Connections: [Nete: these connections will be made more explicit and complate in futur2 draft m’ease'- ] /
ELA-
w.6.1 Write arguments to support claims with clear reasons and relevant evidence. \
w.7.1 Wrlte arguments to support claims with clear reasons and relevant evidence.
RI1.6.7 Integrate information presented in different media or formats (e.g., visually, quantitatively) as well as in words, K5 devalbp a cthrenl understanding of a tapic or issue.
WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on se«rar-ﬂ SOUFRS and genesating “Jddnucnal related, focused questions

./ )

that allow for multiple avenues of exploration. y .
Mathematics — Yy
MP.2 Reason abstractly and quantitatively. ; yd
MP.3 Construct viable arguments and critique the reasoning of others. rd
5.0A Analyze patterns and relationships. i 7N
6.EE Represent and analyze quantitative relationships between dependent and independent vanab‘-\:ﬁ. 4 / . P
7.5P.1,2 Use random sampling fo draw inferences about a population NN / - v’
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MS.ESS-SS Space Systems

| MS.ESS-SS _ Space Systems

dents who demonstrate understanding can:
a. Construct explanations for the occurrences of day/night cycles, seasons, tides, ecllpses, and lunar phases based on
patterns of the observed motions of celestial bodies. [Assessment Boundary: Kepler's Lawsf arbitalmabon a'; not used as the basis for evidence at

this level.]
b.

scale.]

and gas drawn together by gravity.

|

Obtain, evaluate, and communicate information about the expansion and scale of the unwe:‘se fq support the Big Bang

theory. [Clarification Statement: Evidence should include qualitative discussions of the CoSMC background radlat|0n the motions of =|c-1nm=: away from each other, and the
resulting prevalence of hydrogen and helium in the universe. ]

c. Construct and use models to describe the location of Earth with respect to the size and structute of the solar system,
Milky Way Galaxy, and universe. [Assessment Boundary: Wathe ritalical madels are ot L’pL,CL{’rJ use AU fok Solar System soale; (e light years for universal

Use models to support explanations of the composl\tlon, strt:cture, and formatmn of the solar system fi;om a disk of dust

Science and Engineering Practices

Developing and Using Models \ ‘-\

Modeling in 6-8 builds on K=5 and progresses <0

developing, using and revising models to explalr \

explore, and predu more abstract phermmena an cl

design systeins, -

= Use andfor construct models to predld explam

and/or ccllect data to test ideas abour chenomer:a
in natural g d=signed systems, including rmse \
representin ts and outputs. (c),(d;

Constructing Exula‘mtlons and Des|gn|r.g \
Solutions \ |

Constructing explan
8 builds on K-5 expen
constructing explanatic
supported by multiple s¢;
with scientific knowledge,
= Base explanations o ;
that natural laws oper: Sl they did in the
past and will continue to\2v°so in the future. (a)
Obtaining, Evaluating, and Communicating
yrmation
aining, evaluating, and communicating information
in 6-8 builds on 3—5 and progresses to evaluate the
merit and validity of ideas and methods.
= Read critically using scientific knowledge and
reasoning to evaluate data, hypotheses,
conclusions, and competing nformatian. (b)

and designing solu;
=5 and progresses
vrd designing so!

Framewark for K-42 Sc.-erﬁ:e ﬁ:fucarfarr

The performance expectations abovi Lwire developed using the fci.!mwng e1ements from the NRC dccument A

__,“

ESSl.A The Universe and Its Stars 3 '\
= Paitems of the apparent rrotion of thesun, the moon and \

~The dniversa began

 Earth and its sglars
' which is one of mi

stars in the sky can b= obsprved, described,. predrsted and
explilged with models, (3)¢

& lperiad of extreme ar: d’fapld
?manﬂ'bnkmwn as l!'e 8ic sang. Nearly all observable

~ e n te utljverse sh-,-érogen or helium, which formed in

the first minutes 3

Big Bang. (b)
t2v are part of the Milky Way galaxy,
galaxies in the universe. (c)

ESSl B: Earth and the Solar System

"he solar system consists of the sun and a collection of

J]ecrs including planets, their moons, and asteroids that are
~ held in orbit around the sun by its gravitational pull on them.

This system appears to have formed from a disk of dust and
gas, drawn together by gravity. (d)

This madel of the solar system can explain tides, eclipses of
the sun and the moon, and the apparent motions of the
planets in the sky relative to the stars. (a)

Earth’s spin axis is fixed in direction (in the short-term) but
tilted relative to its orbit around the sun; the differential

intensity of sunlight on different areas of Earth over the year

is a result of that tilt, as are the seasons that result. (a)

PS2.C: Stability and Instability in Physical Systems
= A system can be changing but have a stable repeating cycle

of changes; such abserved regular patterns allow predictions

about the system’s future (2.q., Earth orbiting the sun), (a)

Patterns

Macroscopic patterns are related to the nature of
microscopic and atomic-level structure. Patterns in
rates of change and other numerical relationships can
provide information about natural and human
designed systems. Patterns can be used to identify
cause and effect relationships. Graphs and charts can
be used to identify patterns in data. (a),(d)

Scale, Proportion, and Quantity

Time, space, and energy phenomena can be observed
at various scales using models to study systems that
are too large or too small. The observed function of
natural and designed systems may change with scale.
(b)

Proportional relationships (e.g. speed as the ratio of
distance traveled to time taken) among different types
of quantities provide information about the magnitude
of properties and processes. Scientific relationships
can be represented through the use of algebraic
expressions and equations. (c)

Connections to other DCIs in this grade-fevel: MS.LS-GDRO, MS.PS-FM, MS.PS-IF, MS.PS-E

Artrcutation to DCIs across grade-levels: 1.PC, 5,555, HS.ESS-58

FLA -
W.6.1 Write arguments to support claims with clear reasons and relevant evidence.
W.6.4
w.7.1 Write arguments to support claims with clear reasons and relevant evidence.
w.7.4
SL.7.4

adequate volume, and clear pronunciation.
Ww.8.1 Write arguments to support claims with clear reasons and relevant evidence.
w.8.4
SL.8.4

appropriate eye contact, adequate volume, and clear pronunciation.
Mathematics —
MP.4 Model with mathematics
8.F Use functions to model relationships between guantities

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

Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.
Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

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

Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.
Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use
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MS.ESS-HE The History of Earth

" MS.ESS-HE _ The History of Earth

tudents who demonstrate understanding can:

Construct explanations for patterns in geologic evidence to determine the relative ages of a sequence of events that have
occurred in Earth’s past. [Carification Statement: Evidence can be field evidence or representations (e.g., model of geolagic cross-sections)- E\«eﬁ§s may include

emporal (e.g.,

scales of space and time. [Clanfication Statement:

stutlents, ]

Chemical erosion of a mounkain occurs at molecular
fEctonic processes; metaor Impacks are pearly instantdaneods, meurtain bullding can take many millions af \,ri_’ar e |

ientary layering, fossilization, folding, faulting, ignecus intrusion, and/or erosion. |

Use models of the geologic time scale in order to organize major events in Earth’s history. [Claificifion Statenient: Models miay be
clack) or spatial (e.qg., foottall feld).] [Assessment Boundary:

Construct explanations from evidence for how different geologic processes shape Earth's evolution over widely varying

s appropiiake

Memarization of specific periods or @pochs of the gegledgic

imescale 15 not intended. |

while mdtntain bullding, ¢ -an gecur through large-scale

to use regional gi‘ll,lllrdﬂhlf‘-]i fieaturas famillar Lo

Use empirical evidence from the rock and fossil records to investigate how past geolaglc events have caused major

extinctions of life forms on Earth and how these extinctions have subsequently allowed other life forms'to flourish.

ard distribution of water in the hydrosphere. ]

Use models of the geosphere and biosphere that highlight system interactions to, explain how the geosphere and
biosphere coevolve over geologic time: [Assessment Boundary: Use nx-Jrv'p'Il_s of weathering an erasion of land Surf

e, composition of soilsand atimosphere,

The performance expectations above were developed Using the fcllomng ekémerts from tne-NRC docurniint A Framemnrk for k=12 Science Educalion. B

Science and Engineering Pract[e.s

Developing and Using Models [l
Modeling in 68 builds on K-5 and progresses to developmg, using
and revising models to explain, explore and predtct more. abstract
phenomena and design systems. - -
= Use and/or construct models o pradict, explair., and/or collect
data to test ideas absut ofi arjomena in natrat or 'ieygne,d
systems, including those representlng inputs and onuts
(b),(e) )
Planning and Carrylng Out Investigations \ )
Planning and carrying out i
solutions to prablems in 6~
progresses to include investig
provide evidence to support exg
= Formulate a question that c
of the classroom, school labe:
resources and, when appropric:
possible explanation that predic
outcome) based on a model or tiz=c
Constructing Explanations and Des Fg Solutions
Constructing explanations and designing solutions in 68 builds on
K-5 experiences and progresses to include constructing
explanations and designing solutions supported by multiple sources
of evidence consistent with scientific knowledge, principles, and
theories.
= Apply scientific reasoning to show why the data are adequate
for the explanation or conclusion. (a)
s Base explanations on evidence and the assumption that natural
laws operate today 3s they did in the past and will continue to

-

do so in the future. (¢}

ES51.C: The History of Planet Earth T
nl‘ tarprted

T{'e geolpgit time seald il from mdcstrata* \
providas 3 way o

gwenty helude the imuaﬂmaf malintain ehains and

~Beean basins, evalution add extinction of pahxuia flving

organisms, volcanic e'upt'ons, periods of massive

L ql:r.atcﬂ and the develoument of watersheds and rivers

througn glaciation and watsr erosion. (b)
Analyses ) ata andithe fossil record provide only
relative dates solute scale. (a)

£552.A: Earth’s Materials and Systems
_Earth's systems interact over scales that range from

‘nicroscopic to global in size, and operate over fractions of
d second to billions of years. These interactions have
shaped Earth’s history and will determine its future. {c)

ESS2.E: Biogeology

The evolution of life is shaped by Earth’s varying geologic
conditions, Sudden changes in these conditions (e.g.,
meteor impacts or major volcanic eruptions) have caused
mass extinctions in Earth’s past. However, these changes,
as well as more gradual ones, have also allowed other
existing or new life forms to flourish. (d)

Organisms continually evolve to new and often more
complex forms as they adapt to new environments. (e)
The evolution and proliferation of living things over
geologic time have in turn changed the rates of
weathering and erosion of land surfaces, altered the
composition of Earth’s soils and atmosphere, and affected
the distribution of water in thee hydrosphere. (e)

uqmm;m nawhismnc& \

Crosscutting Concepts
Scale, Proportion, and Quantity
Time, space, and energy phenomena can be
observed at various scales using models to
study systems that are too large or too small.
The observed function of natural and
designed systems may change with scale. (a)

Proportional relationships (e.g. speed as the
ratio of distance traveled to time taken)
among different types of quantities provide
information about the magnitude of
properties and processes. Scientific
relationships can be represented through the
use of algebraic expressions and equations.

(b)

Stability and Change

Explanations of stability and change in
natural or designed systems can be
constructed by examining the changes over
time and forces at different scales, including
the atomic scale. Small changes in one part
of a system might cause large changes in
another part. Stability might be disturbed
either by sudden events or gradual changes
that accumulate over time. Systems in
dynamic equilibrium are stable due to a
balance of feedback mechanisms. (c),(d),(e)

Connections to olfier DCIs in this grade-level: MS.LS-NSA, MS.LS-I

RE

Articuation te DCIs acrass grade-levels: K.OTE, 2.10S, 2.ECS, 4.PSE, HS.ESS-HE

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

ELA -
WHST.7
questions that allow for multiple avenues of exploration.
W.6.1 Write arguments to support claims with clear reasons and relevant evidence.
W.6.4
SL.6.1
others’ ideas and expressing their own clearly.
SL.6.3
w.7.1 Write arguments to support claims with clear reasons and relevant evidence.
W.7.4
SL.7.3
SL.7.4
contact, adequate volume, and clear pronunciation.
w.8.1 Write arguments to support claims with clear reasons and relevant evidence.
W.8.4
SL.8.3
irrelevant evidence is introduced.
SL.8.4
appropriate eye contact, adequate volume, and clear pronunciation.
Mathematics —
MP.3 Reason abstractly and quantitatively
MP.4 Mode! with mathematics.
F Use functions to model relationships between quantities
SP Investigate patterns of association in biivariate data

Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused
Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on
Delineate a speaker’s argument and specific claims, distinguishing claims that are supported by reasons and evidence from claims that are not.

Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and the relevance and sufficiency of the evidence.
Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye

Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.
Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and relevance and sufficiency of the evidence and identifying when

Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chasen details; use
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MS.ESS-EIP Earth’s Interior Processes

| MS,ESS-EIP _ Earth’s Interior Processes

Jents who demonstrate understanding can:

and ocean trenches, |

Explanations should be lrased on fossil evidence

materials. (»
weathering, defor

sament Boundary: Stuter

4. Use models to explain how the flow of energy drives a cycling
[Assessment Boundary: The thermodynamic processes that drive convection are not require

b. Develop and use models of ancient land and ocean basin patterns to exp
aviderice fram rock formations, continent shapes, and seafloor structoyes, ]

should use varigus
ation, and sedimentation invalved. Inve
Construct explanations for how the uneven
often non-renewable, are a result of past and current geo .
f. Analyze and interpret data sets to describe the history of natural hazards in a region to identify the patterns of hazards

that allow for forecasts of the locations and likelihood of future events. [Assessent Boundary: Hazards are limitey] ta-those resulting from

Farth's Interlor processes (e.q., volcanoss, eadfiguakes, sunamis).] \

Use representations of current plate motions, based on data from modern techniques
locations. [Clarification Staterent: Representations may Include maps. ] '
Plan and carry out investigations that demonstrate the chemical arid

materials to repl

should focusap ¢

atior

of matter between Earth’s surface aind deep interior.
d, only a description of those motions, Explaiiations should include mid-ocean ridges

lain past plate motions, [Assessment Boundary:

like GPS, to, predict future continent

physical processes that foikm rocks and cycle Earth

.-'sl'-;l damaornistrate the proces
g, coielating, and ideitifyir parts of the rock'cycle)]

distribution of Earth’s mineral'and energy resources, which are limited and

logic processes, including plate motions.

sses of cryseallization, heating and cooling,

k- for K-12 Science Educaliom

Science and Engineering

Developing and Using Madeis i

Modeling in 6-8 builds on K=5 and progresses to dtzvelobjng,
using, and revising modsis (0 expfain, exploie, and predict.
more abstract phensmmiena and design systems: -~

s Use and/or construct models to predict, expmin, aid o
collect data'.*.o test ideas about phenomana v natural or
designed systams, including those repres=»iiny inputs
and outputs. (&).(5},(c) \ .

Planning and Carrying Out Investigations i
Planning and carrying <t iavestigations to ansi¥er cuestions
or test solutions to pri
and progresses to includ
variables and provide ev
design solutions.

s Plan and carry out inves
collaboratively, identifying =
variables and controls. (d) -

~nalyzing and Interpreting Data

Analyzing data in 6—8 builds on K=5 and progresses o
extending quantitative analysis to investigations,
distinguishing between correlation and causation, and basic
statistical techniques of data and error analysis.

= {Jse graphical displays (e.g., maps) of large data sets to
identify temporal and spatial relationships

= Distinguish between causal and correlational
relationships. (f)

Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 68
builds on K=5 experiences and progresses to include
constructing explanations and designing solutions supported
by muttiple sources of evidence consistent with scientific
knowledge, principles, and theories.

= Base explanations on evidence and the assumption that
natural laws operate today as they did in the past and
will continue to do so in the future. (e)

Practices

4

:;u'allly and
3nt and dependent

The performance expectations above were develaped \ising the folloind elements o the NRC dbeumint A 7

M;J_EE%:_&‘M& eldeas .
ESS1.C: The History of Planet Earth R
¥ Tectonlc progesses contifually generata new Lisan <23 flaor
at ridges and destroy qld sea floar at trenches: (a)

E552.4: Earth Materials and Systams

- W Earth's internal pricesses are the resull of energy flowing
ang gisiter Syding within and among the planet’s systems,
This anissgy Is deovpd fom Earth's hot interior, The flow of
aniergy and tyclin of matter praduce chemical and physical
changes in Earth's int2rior materials 2nd living organisms;
(a)

_» Solid racks can be formed by the coofing of molten rock, the
accumutation and consolidation of sediments, or the
alteration of older rocks by heat, pressure, and fluids. (d}

ESS2.B: Plate Tectonics and Large-Scale System

Interactions

= The top part of the mantle, along with the crust, forms
structures known as tectonic plates. (b),(c)

= Maps of ancient land and water pattems, basad on
investigations of rocks and fossils, make dear how Earth's
plates have maved great distances, goflided, and spread
apart. (b)

ESS3.A: Natural Resources

» Humans depend on Earth’s interior for many different
resources, Mineral and energy resources are limited, and
many are not renewable or replaceable over human
lifetimes. These resources are distributed unevenly around
the planet as a result of past geologic processes, ()

ESS3.B: Natural Hazards

= Some natural hazards, such as volcanic eruptions, are
preceded by phenomena that allow for reliable predictions
Others, such as earthquakes, occur suddenly and with no
notice, and thus are not yet predictable, However, mapping
the history of natural hazards in a region and developing an
understanding of related geolagic forces can help forecast
the locations and likelihaods of future events, ()

Cause and Effect

Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships
may be used to predict phenomena in natural or
designed systems. Phenomena may have more
than one cause, and some cause and effect
relationships in systems can only be described
using probability. {b),(c),(d)

Energy and Matter

Matter is conserved because atoms are conserved
in physical and chemical processes, Within a
natural or designed system, the transfer of
energy drives the motion and/er cycling of
matter.

Energy may take different forms (e.g. energy in
fields, thermal energy, energy of motion). The
transfer of energy can be tracked as energy flows
through a designed or natural system. (a),(e)
Connections to Engineering, Technology,
and Applications of Science

Influence of Science, Engineering, and
Technology, on Society and the Natural World
All human actwity draws on natural resources and
has both short and long-term cansequences,
positive as well as negative, for the health of
people and the natural environment. The uses of
technologies are driven by people’s needs,
desires, and values; by the findings of scientific
research; and by differences in such factors as
climate, natural resources, and economic
conditions. Technology use varies over time and
from region to region. (f)

Connections to other DCIs in this grade-level: MS.ESS-ESP, MS.PS-IF, MS.PS-E, MS.PS-CR, MS.PS-SPM

Articulabion to DCIs across grade-levels: KWEA, 2.ECS, 3.WCI, 4.PSE, 5.EST, HS.ESS-ES, HS.ESS-HS

ElLA -
WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused
questions that allow for multiple avenues of exploration.
W.6.1 Write arguments to support claims with clear reasons and relevant evidence.
W.7.1 Write arguments to support claims with clear reasons and relevant evidence.
SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye
contact, adequate volume, and clear pronunciation.
w.8.1 Write arguments to support claims with clear reasons and relevant evidence.
SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunciation.
Mathematics
MP.3 Reason abstractly and quantitatively
MP.4 Model with mathematics.
a Use functions to model relationships between quantities
P Irivestigate patterns of association in bivariate data

Common Core State Standards Connections: [Nate: these connections will be made more explicit and complete in futiire draft refeases]
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MS.ESS-ESP Earth’s Surface Processes

" MS,ESS-ESP _ Earth’s Surface Processes

cudents who demonstrate understanding can:

a. Use models to explain how weathering, erosion, and deposition of Earth materials, by the movement of water, shape
landscapes and create underground formations. [Clarification Statement: Models may include maps. ]

Model multiple pathways for the cycling of water through the atmosphere, geosphere,’ and hydrosphere as it changes
phase and moves in response to energy from the sun and the force of gravity. [Asseﬁment, Boundary: Heat of vaporization and heat of

b

condensation are not to be addressed.]

c. Plan and conduct investigations to explain how temperature and salinity cause cha iges in density which affect the
separation and movement of water masses within the ocean. [Assessment Boundaly: Complexssystem interactions such as the Coriolis Effect are

nok reguirad. |

d. Plan and carry out investigations of the variables that affect how water causes the erosion, transportation, and
deposition of surface and subsurface materials as evidence of how matter cycles through Earth’s systems.

e. Apply scientific knowledge to design engineered solutions to natural hazards that result from surface geologic and
hydralogic processes. [Clarification Statement: Examples of natural hazards are fletdir u4 \:‘F!I""II'I'IP:;, and landslides. Diract: n'mrnl.'u'.ls >3ngm.s,>er-: wse to control

Aooding include bullding artificial leveies and dams. ]

f. Generate and revise causal explanations for how physical and chémical mteractmrls among rocks, sedlments, water, air,
and organisms contribute to the weathering and erosion of rocks and the formation of soil.

The performance expectations abave wera developed using the following elements f‘rqm the NHC dopdment A Framewsark for K-12 Scierice Education

Science and Engineering Practices

Developing and Using Models

Modeling in 6-8 builds on K=5 and progresses to developing,

using, and revising models to explain, explore, and predict more

abstract phenomena and design systems.

= Use and/or construct models to predict, explain, and/or

collect data to test ideas about phenomena in natural or
designed systems, including those representing inputs and
outputs. (a),(b)

Planning and Carrying Out Investigations

Planning and carrying out investigations to answer ql.estlons or

test solutions to problems in 6-8 builds on K=5 expériencss and
progresses to include investigations that use mulfip_le variables
and provide evidence to support explanations or design solttions.
= Plan and carry out investigations individually and
collaboratively, identifying |ndependent and dependel*r
variables, and controls. (c)
= Collect data and generate evid 2 ansear scientific
questions or test design soli:t under arange of
conditions. (d) i
Constructing Explanatuns and De5|gn|ng Solutmns
Constructing explanatioins aric designing solutions in 6=8 bites o
K=5 experiences and pro include constructing
explanations and designing s supported by multiple
sources of evidence consistent v ntific knowledge,
principles, and theories,
= Apply scientific reasoning to shovs v
for the explanation or conclusion. (f)
= Apply scientific knowledge to explain rga o
events and solve design problems. (e)

the data are adeq!:ziz |

id examp:

Disciplinary

ESS2.A7 Earth ivlatenals and sttems

= Earth’s suritice processas are the resultof ené‘gy

flowing'and matter cvcllng"mthln and amag the

planet’s srfate systelns, This shargy is derived

from alacfromatinetic radiaton from the sun. This

flow of enargy @d cycling. of Fratrar prodisee
chemical ang p*rvécal dengﬁm Eaith’s surface
\matefials and fving wiansEes. (b),(d)

= Baysical and chsmical Interctions among rocks,

sedtimetits, water)2#, aid plants and animals
"\ areduce soil. (f)
ESS2.€: The Roles of Water in Earth’s Surface
Proce;ses
Wate Mnua_liqrcles warn; tha land, ocean,
and atmsghere & ranggiration, avaporation,
/condansaton, grecipiztion; and the downhill
runoff on land. Global movements of water and
changes in its chemical phase are driven by
cnlight and gravity. (b)
2tions in density due to variations in
zrature and salinity drive a global pattern of
inter=tiinected ocean currents. (c)
= Water's movements both on the land and

underground cause weathering and erosion, which

change the land’s surface features and create
underground formations. (a)

ESS3.B: Natural Hazards

s Surface-related geologic processes create natural
resources needed by humans and cause natural
hazards that pose challenges to human society

(e.q., landslides, coastal erosion). (&)

Cause and Effect
Relationships can be classified as causal or
correlational, and correlation does not necessarily imply
causation. Cause and effect relationships may be used
to predict phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability. (c),(d),(f)
Systems and System Models
Systems may interact with other systems; they may
have sub-systems and be a part of larger complex
systems. Models can be used to represent systems and
their interactions—such as inputs, processes, and
outputs—and energy, matter, and information flows
within systems. Models are limited in that they only
represent certain aspects of the system under study.
(a),(b)

Connectlons to Engmeermg, Technology,

and Applications of Science

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

All human activity draws on natural resources and has
both short and long-term consequences, positive as
well as negative, for the health of people and the
natural environment, The uses of technologies are
driven by people’s needs, desires, and values; by the
findings of scientific research; and by differences in
such factors as climate, natural resources, and
economic conditions. Technology use varies over time
and from region to region, (2]

Connections to other DCIs in this grade-fevel: MS.ESS-EIP, MS.LS-MEOE MS.PS-IF, MS.PS-E, MS.PS-CR, MS.PS-WER, MS.PS-SPM

Articulation fo DCIs dcross grade-fevels: K.WEA, 3.WCI, 4.PSE, 5.ESI, HS.ESS-ES, HS.ESS-HS

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

ElA -

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused
questions that allow for multiple avenues of exploration.

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.

wW.7.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye
contact, adequate volume, and clear pronunciation.

W.8.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunciation.

Mathematics —

MP.3 Reason abstractly and quantitatively

MP.4 Maodel with mathematics.

7.RP Analyze proportional relationships and use them to solve real-world and mathematical problems

8.F Use functions to model relationships between quantities
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MS.ESS-WC Weather and Climate Systems

" MS,ESS-WC Weather and Climate Systems

.udents who demonstrate understanding can:
a. Generate and revise causal explanations given specific temperature and precipitation data sets at different geographic

locations to answer questions about interactions that influence weather. [Clarffication Statement: Factors that interact and influence
weather should include sunlight, ocean, atmosphere, ice, landforms and living things.] [Assessment Boundary: Students consider interactions between only two variables at a
time.]

Construct models to describe and explain how circulation in the atmosphere and ocean results from unequal heating of

Earth’s surface and is influenced by latitude, altitude, geography, and Earth’s rotation. [Clarification Statement: Atmospheric and
oceanic circulation may include Hadley cells, the GuIf Stream, and the prevailing westerlies and trade wipls, | [ASsessmerit Boundary: Students do not need to explain the
mechanism causing the Coriolis effect.] s !

Use mathematics to analyze weather data and forecasts to identify patteirns and variations that cause weather
forecasts to be issued in terms of probabilities. [Clrification Stalement; - Buerages and basic probability should be used to analyze weather data.]
Construct explanations, from models of oceanic and atmospheric circulation, Tor the development of local and regional
climates. [Assessment Boundary: Students should construct explanations for theig-Gwn hp{.‘él climate.] k

Use models of Earth’s atmosphere and surface to explain fow e¢nergy from the sun is ahsorbed and retained by various
greenhouse gases in Earth’s atmosphere, thereby regulating Earth’s average surface temperature and keeping Earth

g

is not assessed at this level.]

and products are not assessed at this level.]

habitable. [Assessment Boundary: Explanations should include an understanding thah ehergy cai
systems. Students do not have to explain the differing wavelengths of raifiation received artd

biosphere, hydrosphere, and atmosphere. [4ssessma

g. Use argumentation to evaluate the competing demanis
[Assessment Boundary: Arguments should take into acedurit the tmgven distribifionof the @siurces ad the'gatyral limits to their availability. ]

h. Use maps and other visualizations to anzlyze large data sets that iili]st;afe-th'e frequency, magnitude, and resulting
damage from severe weather evesits in order to assess the likelihood and severity of future events.

"~

f. Construct a model to track and explain the inputs, outputs, pathwagsf'alnd storage of carbon among the geosphere,

"'3’f¥'f£1t'-'fr':‘.l'i? forms and car be tracked as it moves through Earth’s
/,nﬁ'n Earth’s surface. Amount af energy absorbed by different reservoirs

dary: Datalls of blogeochiamical reactions involving carbon and actual amounts of reactants

for \iériouﬁ human uses of fresh water and biosphere resources.

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

Developing and Using Models
Modeling in 6~8 builds on K-5 and progressss i o
developing, using, and revising modess t axplain, explore,
and predict more abstract phanomers =t design systems.
= Use and/or construct models to presics. mxplain, and/or
collect data to test ideas about phengimesshin natural or
designed systems, including those represssiii) inputs
and outputs. (b),(e),() b ;
Analyzing and Interpreting Data
Analyzing data in 6-8 builds on K=5 and progresses t
extending quantitative analysis to investigation,
distinguishing between correfation and causation, and basic
statistical techniques of data and error analysis.
= Use graphical displays (e.g., maps) of [arge data sets to
identify temparat and spatial relationships. (h)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 6-8 level
builds on K=5 and progresses to identifying patterns in large
data sets and using mathematical concepts to support
explanations and arguments.
= Use mathematical concepts such as ratios, averages,
basic probability, and simple functions, including linear
relationships, to analyze data. (c)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6-8
builds on K-S experiences and progresses to include
constructing explanations and designing solutions supported
by multiple sources of evidence consistent with scientific
knowledge, principles, and theories.
= Apply scientific reasoning to show why the data are
adequate for the explanation or conclusion. (a)
s Construct explanations from models or representations.
(d)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-
5 experiences and progresses to constructing a convincing
argument that supports or refutes claims for either
explanations or solutions about the natural and designed
world.
s Use oral and written arguments supported by empirical
evidence and reasoning to support or refute an
argument for a phenomenon or a solution to a problem.

(g)

Science and Engineering Practices

ESS2.C: The Boles of Water i Earth’s Surface Processes

= complex patierns of the ciianges and the movement of
water Ii'the atmosphere, Betermiried by winds, landforms,
and oibesn =mperaturas and currents, are major
Etarmirants o local weather patterns. (a),(b),(d)

ESE2.9: Weather and Climate

= \Weather and Giorate are Influsnced by Interactions involving

syt the ocean, the atmosphere, Ice, landfarms, and
living things: These interactions vary with latitude, altitude,
anid focal and regional geography, all of which can affect
~»ic and atmospheric flow patterns. (a),(b)

Serause these pattems are so complex, weather can only be
gredictad probabilistically. (c),(e)

The ocean and land exert major influences on weather and
climate by absorbing energy from the sun, releasing it over
time, and globally redistributing it via oceanic and
atmospheric circulation. The pattems of differential heating,
together with Earth's rotation and the configuration of
continents and aceans, control the large-scale patterns of
oceanic and atmospheric circulation. (a),(b),(d)

Greenhouse gases in the atmosphere absorb and retain the
energy radiated from land and ocean surfaces, thereby
regulating Earth’s average surface temperature and keeping
Earth habitable. (e)

ESS2.E: Biogeology

= QOrganisms ranging from bacteria to human beings are a

major driver of the global carbon cycle, and they influence
global climate by madifying the chemical makeup of the
atmosphere. (e),(f)

ESS3.A: Natural Resources

« Humans depend on Earth’s ocean, atmosphere, and

biosphere for many different resources. Fresh water and

biosphere resources are limited, and many are not renewable

or replaceable over human lifetimes. These resources are
distributed unevenly around the planet as a result of
weather-and climate-related processes. (g)

ESS3.B: Natural Hazards

s Severe weather events (e.g., hurricanes, floods, forest fires)

are often preceded by observable phenomena that allow for
reliable predictions. Constant monitoring of weather hazards
in a region and the development of an understanding of
related geologic forces can help forecast the locations and
likelihoods of future events: (h)

Cause and Effect

Relationships can be classified as causal or

correlational, and correlation does not

necessarily imply causation. Cause and effect

relationships may be used to predict

phenomena in natural or designed systems.

Phenomena may have more than one cause,

and some cause and effect relationships in

systems can only be described using

probability. (a),(b),(c){d),(h)

Energy and Matter

Energy may take different forms (e.g. energy

in fields, thermal energy, energy of motion).

The transfer of energy can be tracked as

energy flows through a designed or natural

system. (e),(f)

Connections to Engineering, Technology,

and Applications of Science

Influence of Engineering, Technology, and
Science on Saciety and the Natural World
All human activity draws on natural resources
and has both short and long-term
consequences, positive as well as negative, for
the health of people and the natural
environment. The uses of technologies are
driven by people’s needs, desires, and values;
by the findings of scientific research; and by
differences in such factors as climate, natural
resources, and economic conditions.
Techrology use varies over time and from
region to region. (g)
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MS ESS WC Weather and Cllmate Systems
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Common Coie State Standards Connections: [Note: these connections will be made more explicit and comp/ete in fiture draft releases]
ELA ~-
WHST.7 Conduct short research projects to answer a question (including a self-generated guestion), ﬁ‘rawmg ort aeueral sources and generating additional related, focused
questions that allow for multiple avenues of exploration. -\\
w.6.1 Write arguments to support claims with clear reasons and relevant evidence. 4 >
w.7.1 Write arguments to support claims with clear reasons and relevant evidence.
SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent mﬁnner with pertinent descnptluns, f_ac& detzils and examples; use appropriate eye
contact, adequate volume, and clear pronunciation. / .
w.s.1 Write arguments to support claims with clear reasons and relevant evidence. b i
SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent marmer w{th reievaﬁt e\dﬁénce sound vahd'iedstmlng, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunuatlon ,/ i
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MS.ESS-HI Human Impacts

| *4S,ESS-HI Human Impacts
dents who demonstrate understanding can: _
a. Use system models and representations to explain how human activities significantly impact: (1) the geosphere, (2) the

hydrosphere, (3) the atmosphere, (4) the biosphere, and (5) global temperatures. [Clarifying Statement: System models and representations
include diagrams, charts, and maps. Examples of human impact are changes in land use and resource dev) arf (geosphere); water pollution and urbanization (hydrosphere),
air pollution in the form of gases, aerosols, and particulates (atmosphere); changes to natural @nvironmerts jere); release of greenhouse gases (global temperatures). ]

b. Generate and revise qualitative explanations from data for the lmpacts on Eélrtfl’s systems that result from increases in

human populatlon and rates of consumptlon. [Assessment Boundary: Hllnlmut shuuld be w r\lrl---‘- with modified regional databases on human populations
and rates of consumption. “Impacts” include changes to the appearance, composition, and steitture af Earth's 5 as well as the rates at which they change. |

c. Design engineering solutions for stabilizing changes to communities by: (1) usmg water efficiently, (2) minimizing human
impacts on environments and local landscapes by reducing pollution, and (3) reducing g the release of greenhouse gases.

d. Ask questions to refine and develop an explanation for the way technological monitoring of Earth s systems can provide
the means of informing the public of ways to modify human impacts on Earth's systems.

e. Use empirical evidence to evaluate technologies that utilize renewabie energy resources. [A
these technologies based on their cost, banefit, sustainability, and snviromiiental linpacts. ]

sment Boundary: Students will evaluate

The perfarmatice expectations above were developed Lising the' -fntlnwmg ekaments from the N?C document A Framework for K-12 Science Educalion.

Science and Engineering Practices

Asking Questions and Defining Problems ESS3.C: Human Impaﬁs on Ea?‘rﬂ'l Svshems N ) Systems and System Models

Asking questions and defining problems in grades 6-8 builds . Humans have becoine &g of thie m:_r;l scﬂ.lsl:ani‘.' | Systems may interact with other systems; they may have

from grades K-5 experiences and progresses to formulating -~ ~-agents of changa in the l‘lﬂar—surfaze Earth systam. ™ sub-systems and be part of larger complex systems,

and refining empirically testable questions and explanatory Humdin activities have Hgnrﬁca altered fie. .~ Madels can be used to represent systems and their

models. g biospherz, gaosphere, fwﬂrmp era, and atmosphere. interactions—such as inputs, processes and outputs—and
= Ask questions to refine a model, an explanation, or an . (a) energy, matter, and information flows within systems.

engineering problem. (d) « s humar uumﬁatluns and per-capita consumption of Models are limited in that they only represent certain
Developing and Using Models nafral resouries ncrase, so)do e impacts on aspects of the system under study. (a)
Modeling in 68 builds on K-5 and progresses ic f‘evelopmg, EartiYs systoens unfess e amgftres and technologies Stability and Change

using, and revising models to explain, explsre. arg predict - invalved dre enginderad ot wetwigh. (b), (c) Explanations of stability and change in natural or

more abstract phenomena and design s * “Contin un«f'nonltonng of the' thanges to Earth’s designed systems can be constructed by examining the
= Use and/or construct models to precict, =xplain, andfor Saface proviies o deepir understaniding of the way in | changes over time and forces at different scales,
collect data to test ideas about phenori in natural or winoh hunian activities are Impacting Earth's systems, including the atomic scale. Small changes in one part of
designed systems, including those repres ¢ inputs grouliing the tiss=for-social policies and regulstions a system might cause large changes in another part.

and outputs. (a) that «ap reduce Wiese impacts. (d) Stability might be disturbed either by sudden events or
Constructing Explanations and Designing Soittionhs ESS3.L: Global Climate Change gradual changes that accumulate over time. Systems in
Constructing explanations and designing solutions in t—8 activities, such as the release of greenhouse dynamic equilibrium are stable due to a balance of
#ds an K=5 experiences and progresses to include am burning fossil fuels, are major factors in feedback mechanisms. (c)
structing explanations and designing solutions supportec f ent rise in Earth’s mean surface temperature

., multiple sources of evidence consistent with scientific ol y 1bal warming”). (a) Connections to Engineering, Technology,
knowledge, principles, and theories. » %=ducing the amount of greenhouse gases released and Applications of Science
= Apply scientific reasoning to show why the data are _into the atmosphere can reduce the degree to which
adequate for the explanation or conclusion. (b) global temperatures will increase. (c) Interdependence of Science, Engineering, and
= Apply scientific knowledge to explain real-world examples = Renewable energy resources and the technologies to Technology
or events and solve design problems. (c) exploit them are being rapidly developed, (&) Engineering advances have led to important discoveries
Engaging in Argument from Evidence in virtually every field of science and scientific discoveries
Engaging in argument from evidence in 6-8 builds from K-S have led to the development of entire industries and
experiences and progresses to constructing a convincing engineered systems, Science and technology drive each
argument that supports or refutes claims for either other forward. (d)
explanations or solutions about the natural and designed Influence of Science, Engineering, and Technology
world. on Society and the Natural World
= Use oral and written arguments supported by empirical All human activity draws on natural resources and has
evidence and reasoning to support or refute an argument both short and long-term consequences, positive as well
for a phenomenon or a solution to a problem, (e) as negative, for the health of people and the natural

environment. The uses of technologies are driven by
people’s needs, desires, and values; by the findings of
scientific research; and by differences 1n such factors as
climate, natural resources, and economic conditions.
Technology use varies over time and from region to
ragian. (b),(e)

Connections to other BCIs in this grade-leval; MS.LS-MSA, MS.LS-IRE, MS.PS-E, M5.PS-WER, MS.PS-SPM

Articulation fo DCTs acruss grade-levels: IKG.OTE, 5.ES81, HS.ESS-CC, HS.ESS-HS

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

EFLA -

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused
questions that allow for multiple avenues of exploration.

W.6.1 Write arguments to support claims with clear reasons and relevant evidence,

w.7.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details and examples; use appropriate eye
contact, adequate volume, and clear pronunciation.

w.8.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details; use
appropriate eye contact, adequate volume, and clear pronunciation.

Mathematics —

MP.3 Reason abstractly and quantitatively

M4 Model with mathematics "

’ Use random sampling to draw inferences about a popllation; Draw informal comparative inferences about two populations

May 7, 2012 Embargoed until May 11, 2012, 12:00 p.m. EDT Page 1 of 1




MS.PS-SPM Structure and Properties of Matter
MS.PS-SPM  Structure and Properties of Matter

Students who demonstrate understanding can:
a. Construct and use models to explain that atoms combine to form new substances of varying c0mpIeX|ty in terms of the
number of atoms and repeating subunits. [Clarification Statement: Examples of atoms combining can include Hydrogsn (Hy) and Oxygen (Oz) combining to

form hydiogan peroxide (Ha0s) on water (H;0),] [Assassment Boundary: Valence electrons and bonding energy are not i.ufll1_r_'}5.‘-'-.'-.|-_].
b. Plan investigations to generate evidence supporting the claim that one pure substarnce can be distinguished from another
based on characteristic propertles. [Clarification Statament: Properties of substances can Include meltisg and |‘i|II|IFrLJ .,ulnl_ density, solubility, reachvity,

flammahiiity, and phase. |
€. Use a simulation or mechanical model to determine the effect on the temperature and motion of atoms and molecules of

different substances when thermal energy is added to or removed from th;a substance. [Assessment £ umrmy Quantification of the model
or uge of mathenatical faemulds dre fol intendad. ]

d. Construct an argument that explains the effect of adding or removing thermal energy to a pure substance in different
phases and during a phase change in terms of atomic and molecula; mot;on. [Assessmeni-Boundary: The use B maths matical formulas fs not

Intericled. |

Tha performante expectations above were developed using the fo!lcwmg elements from’ 'he NRC. documént .4 Framewk fior K-12 Soence Educmm

Science and Engineering Practices

Developing and Using Models PS!.A' Structure and Fro[nrﬁes of Matter I Patterns

Modeling in 6-8 builds on K-5 and progresses to All substanices are made frDtn‘Beme 100 dlffetenr tyoes o? Macroscopic patterns are related to the nature of
developing, using and revising models to explain, explore, atoms, which combitie with ond ah £ variols Wavs. | microscopic and atomic-level structure, Patterns in rates
and predict more abstract phenomena and design systems. Arams form molecules thalrath in size me fWoto | of change and other numerical relationships can provide
= Use and/or construct models to predict, explain, thousands of atoms, (8] ~ ~, information about natural and human designed
and/or coliect data to test ideas about phenomena in = Pure substances are marke frof a singletyps of alom or ‘systems. Patterns can be used to identify cause and
natural or designed systems, including those molecule; each pure substance has eharactaristic plysical | effect refationships. Graphs and charts can be used to
representing inputs and outputs. (a),(c) and. hemical properties (for any bulk glantity untes identify patterns in data. (a)
Planning and Carrying Out Investigations gfven condituns) that can he ussd e identify it. (b)) ' Cause and Effect
Planning and carrying _out investigation; to answer « Gases and liguids are made of moHuIS'nr inert atoms Relationships can be classified as causal o
questions or test sofutions to problems in 6-8 builds on zhat are mawtng about relative (o eacly ‘other, (d) correlational, and correlation does not necessarily imply
K=5 experiences and progresses to include investigations- » In a liquid, tire mclecules are corﬁtmb\r in contact with P~ Clause and effect relationships may be used
that use multiple variables and provide evidence to others; in a gas, they are widely spaced éxeapt when '

to predict phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability. (c),(d)

Structure and Function

Complex and microscopic structures and systems can
be visualized, modeled, and used to describe how their

support explanations or design solutions.
= Plan and carry out investigations individually and
collaboratively, identifying independent and dependent ©
variables, and controls. (b) .’
= Collect data and generate evidence to answer sc ‘entfr"-
questions or test design SO|U‘thl‘IS uider 2 range of
conditions. (b) . _ il
Engaging in Argument from Evu-jerre ssure can be described and predicted function depends on the shapes, composition, and
Engaging in argument from eu_j ~c= in 6-8 builds from 5 . matter. (c),(d) relatlons_hlps among its parts, therefore complex natural
K-5 experiences and progresse ructing a PS3.4: Uefinitions of Gnergy and designed structures/systems can be analyzed to
convincing argument that supports - tes claims for s Tk m “heat” as'Used in everyday language refers determine how they fu_nctnon, Structures can bg
either explanations or solutions about ir olthermal motion (the motion of atoms or designed to serve particular functions by taking into
desngned world. Les within a substance) and radiation (particularly account properties of different materials, and how
Use oral and written arguments supporuss 1 and light). (c),(d) materials can be shaped and used. (b)

rhey happen ts <oflide. In a sohd alnms are closely

r=raperature

evidence and reasoning to support or refui: =« * J=moerature 1S not a measure of energy; the relationship

explanation for a phenomenon or a solution L = ./ Betwaen the temperature and the total energy of a

problem. (d) ; sustem depends on the types, states, and amounts of
Jnatter presarit. (¢),(d) L

Connéctions to other DCIs in this grade-level: MS. ESS E5O, . M5,ES5-5S, MS.LS-MEOE

Arficulation of DCIs across grade-levels: 3.0F, 5.5PM, HS.P5.5PM, HS.PS-NP, HS.PS-E

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

ELA-

W.5.2 Write informative/explanatory texts to examine a topic and convey ideas and information clearly.

W.6.1 Write arguments to support claims with clear reasons and relevant evidence.

w.7.1 Write arguments to support claims with clear reasons and relevant evidence.

SL.5.4 Report on a topic or text or present an opinion, sequencing ideas logically and using appropriate facts and relevant, descriptive details to support main ideas or themes;
speak clearly at an understandable pace.

SL.6.4 Present claims and findings, sequencing ideas logically and using pertinent descriptions, facts, and details to accentuate main ideas or themes; use appropriate eye
contact, adequate volurme, and clear pronunciation.

SL.7.4 Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions, facts, details, and examples; use appropriate eye

contact, adequate volume, and clear pronunciation.
WHST.6-8.1 Write arguments focused on discipline-specific content.
RST.6-8.3  Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks,

Mathematics —

MP.4 Model with mathematics.

MP.8 Look for and express regularity in repeated reasoning.
6.S5P Develop understanding of statistical variability

Summarize and describe distributions
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MS.PS-CR Chemical Reactions

iS.PS-CR Chemical Reactions

{ents who demonstrate understanding can:

Develop representations showing how atoms regroup during chemical reactions £6 account for the conservation of mass.

[Assesement Bowidary: Representations should not involve bonding energy or valerce glectrons.  Balancing equatiphs aredlsa not employed here. ]

Generate and revise explanations from the comparison of the physical and clhemica'l‘ properties of reacting substances to

the properties of new substances produced through chemical reactions to show that new properties have emerged.

[Assessment Bowidary: Comparisalt and aralysis should not involve statistical techinic es, ]

Construct explanations of energy bei

molecules or complex molecules are broken down to simpler molecules. iC

ng released or absorbed when simp

ification Stabsmix

lermolecules are combined into complex

it Simple molecules can include H:0 and GOy, and

complex moleculas can include CaHyy0s in photosynthesis.] [Assessment Boyndary: Further detafls 1r__!h;: pholosynthesis process-are nokaddrassed. |
Develop models to represent the movement of matter and energy inthe cycling of carbon. [Clarifiaion Statement; Examples of the
mevertent of matter and energy could include the cycling from carbon In the atmosphergdo carld@n in living thing }c;;.]l_|'ﬂ.;t_:|z'_=:'.n:e|1t Bountiary: Further details of the photosynthass

protess are not addressed. | ( ¢ ’ h

The perfarmance expectations above wers _q_z_eve!o_ned using the Follomr_ig el

Science and Eninerin Practiu:s

Developing and Using Models

Modeling in 6-8 builds on K~5 and progresses to
developing, using, and revising models to explain,
explore, and predict more abstract phenomena and
design systems.

= Use and/or construct models to predict,
expfain, and/or collect data to test ideas about
phenomena in natural or designed systems,
including those representing inputs and
outputs. (d)
= Pose models to describe mechanisms at
unobservable scales. (a)
Constructing Explanations and Designing'
Solutions

¥

"

Disciplina

PS1.B: Chemical Reactions .
= Substances react ehemically i characteristic ways.
pracess, tha atoms that make op @ arginal :
into different malecules; wug thess new substances have different
properties from s of the reactants. (#),(b) WS
= The total fumber of each wpe of
does not change. (a),(5)
= Some chemical reactions; release energ

P53.5: Em"r“;g in Chemical Pre
=" The chemial reaction by wikch 3 amy;
{sugars) requires an eneray inma (1,2, from sunlight) to oceur. In this
" reaclion, dioxide and viter sombine o form carbon:based
organic mo'eculds and release vayger. {¢),(d)

“..» Bath the burning of fuel and cellislar digestion in plants and animals
. involve chaimicat reactions with oxygen ihat release stared energy. In

ifta chemigal

, others §toré etiergy. (C)

=5 Are regrouped

atam s corseryed, and thus t.‘h'abmass

- ;
proigﬁm mmp& 3 molecules

ments From the NEC docurfent A Framewerk for k-1 Soence Education.
/ Core Idew:! Crosscutting Concepts

Patterns

Macroscopic patterns are related to the nature of
microscopic and atomic-level structure. Patterns
in rates of change and other numerical
relationships can provide information about
natural and human designed systems. Patferns
can be used to identify cause and effect
relationships. Graphs and charts can be used to
identify patterns in data. (b)

« [Clarification Statement for b: Comparing
properties 15 a search for patterns; finding a
change in pattern indicates a new substance. ]

Energy and Matter
Matter is conserved because atoms are conserved
in physical and chemical processes. Within a

Constructing explanations and designing solutions
in 6-8 builds on K=5 experiences and progresses to
include constructing explanations and designing

natural or designed system, the transfer of
energy drives the motion and/or cycling of
matter. (a),(d)

these processes, 2% molecules containing carbon react with
Ixy3e6 15 orf arson dickide other materials. (d)

; —

solutions supportad by multiple seurces of andence ’ o
consistent with scientific knowiedge, prvciples, and d e N b ' Energy may take different forms (e.g. energy in
eSS Vi i ) fields, thermal energy, energy of motion). The
Zonstruct explanaticns for either qualitative or N transfer of energy can be tracked as energy flows
quantitative relatiensiizs between variables. N through a designed or natural system. (c)
(b) ' o
= Apply scientific reasofins 1 show why the data .4

are adequate for the exbir;_r»a-. un or conclusion.

(c)

Connections to ather DCIs in this gtz .i'w:‘: MS.]S-SFI_.':?. M5.L5-GDRO, MS.LS-MEQE, MS,ESS-WC, MS.ESS-ESP

Arficulation to DCls across grade-levéls 5.59M, HS.PS-LR, HS.PS-E, HS.LS-MEOE

Common Core Stale Standarts Connecticos. | Vate: thes= counections will be made more expiicit and complete in future drait releases]

ElA-

RI.6.7 Integrate information presented in G/t riedia or formats (e.g., visually, quantitatively) as well as in words to develop a coherent understanding of a topic or issue.

W.5.9 Draw evidence from literary or inform | texts to support analysis, reflection, and research.

W.6.8 Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while
avoiding plagiarism and providing basic bibliographic information for sources.

W.7.8 Gather relevant information from muitiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

Mathematics—

MP.2  Reason abstractly and quantitatively.

MP.4 Model with mathematics.

MP.7 Look for and make use of structure.

MP.8 Look for and express regularity in repeated reasoning.

6.SP Develop understanding of statistical variability.

6.EE Represent and analyze quantitative relationships between dependent and independent variables.

7.SP.3 Draw informal comparative Inferences about two populations.

Page 1 of 1
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MS.PS-E Energy

MS.PS-E___Energy

Students who demonstrate understanding can:

a.

b

C.

-

e

Construct an explanation of the proportional relationship pattern between the kinetic energy of an object and its mass
and Speed ssessment Boundary : Not intended to solely require use of KE=1/2mv *—the explanation requires a qualitdtiv e gefseription of the relationship and patterns. |
Use representations of potential energy to construct an explanation of how much energy an object has when it's in
different positions in an electrical, gravitational, and magnetic field. [Clarification Stgient: Exaqiples of objects in different field positions include

a roller coaster cart at varying positions on a hill, objects at v ary ing heights on shelves, an iron nail being mov ed et tars magnet and a baltoon with static electrical charge
being brought claser to a classmate’s hair.] [Assessment Boundary : Q ualitativ e, not guantitativ e. /

Plan and carry out investigations to show that in some chemical reactions etiergy is releaa.ed or ahsorbed [Clarification
Statement: Examples of chemical reactions can include baking soda reacting with vinegar, and calcium chitirile peacting with beking spda. | (4 ssessment Boundary . Q ualititive,
not guantitative.]

Use and/or construct models to communicate the means by which thermal energy is transferred durlng conduction,

convection, and radiation. [Clarification Statement: Examples of models can intude-a 1T|7|u‘1m depicting thermal energy transfer r‘(muun a mn to its handle o
warmer waterin a pan rising as cooler water sinks; and a model using a heat lamp for the suii and Jgtuhﬂ for the eafih,]

Collect data and generate evidence to examine the relationship betwéen the ehange in the temperature of a sample and

the nature of the matter, the size of the sample, and the environmeint. [Cryificition Sfatement: Examples of data collection could include
comparing final water temperatures after different masses of ice melted in the same v olume of water with the sipé initial tem perature. ]

Compare, evaluate, and design a device that maximizes or minimizes thermal energy transfer, and defend the selection of
materials chosen to construct the device. [Assessmentmu.d,u-.- ExXtides semiconductots, and heat sinks.]

Design and evaluate solutions that minimize and/or maximize fﬁd;lon and energy transfer in everyday machines. [Carification
Statement: Solutions can include use of oil as a lubricant on a skateboard, bicy Ge, or'in a Tawnmow anding, and vax on sk is. Energy transfer can include the transfer of energy

from motion to thermal eneigy due to friction. Everyday machines can include skatsbiards, bicy<les, lawnhmowers, sKig, atiel gy cars.]

The performance expedations abov e Were dev eloped using the follow irig 2lements from fhe !\IR{ lfnc-ument A Fﬁmewm Tor K-12 Science Edbcation.

Science and Engineering Practices

Developing and Using Models
Modeling in 6-8 builds on K-5 and progresses to
developing, using and revising models to expiain, explo‘e

and predict more abstract phenomena and design systems. ! {

= Useand/or construct models to predict, explain,
and/or collect data to test ideas about phenomena in'
natural or designed sy stems, including those
representing inputs and outputs. (d}
Planning and Carrying Out Investigziﬁms
Planning and carty ing out lnveﬁttggmrs W0 ANEwW O
questions or test solutions to prghbms Uy 5—8 builds ont ¥~
S5 experiences and progresses de inv estigations that
use multiple variables and v idence to support
explanations or design solu
= Planand carry out mvestlgg ividually and
collaboratively , identify ing ina Gent and
dependent variables and controls.
s Collectdata and generate evidence
scientific questions ar test design solui
range of conditions, (e)

Constructing Explanationsand Designing $aiutiuns |

Constructing explanations and designing solutions iri -+
builds on K-5 experiences and progresses to include
constructing explanations and designing solutions
supparted by multiple sources of ev idence consistent with
scientific know tedge, principles, and thearies
* Usequalitative and quantitativ e relationships
betw een v ariables to construct explanations for
phenomena. (@}
= (Construct explanations from models or
representations. (b)
= Undertake design projects, engaging in the design
cy cle, to construct and implement a solution that
meets specific design critena and constraints. (F,(g)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-
S experiences and progresses to constructing a conv incing
argument that supports or refutes claims for either
explanations or solutions about the natural and designed
world,
s« Useoral and written arguments supported by
empirical evidence and reasoning to support or refute
an argument for a phenomenon or a solution to a
problem, ()

e { (ot A

Psa.a l&eﬂﬂl\lms of Energy

Mation energy fs properly talied 'ltfneuc energy; It s proportional
ta the mas o the muvmgnbyxi and grow s W ith the squere of i
spead. @& |

A system of shigcts may atsomﬁar- smonel (patential) energy,
dependidg on-their relative pwmns Forsmmple, engry &
‘storedin grav itations! nteracties: :ntharth—w henan object is
rasi, snd-enargy. is rekeased w hén the olect falls or i lowered,
Evsagy's aldo stored In the alechic fields Between charged
p..m-rs:\ﬁnd the maghatic fielils betw 2en magriets, and it changes
wh“énclwg¢cbyeds are moved relative tn one another. (b)
Stared enemy is decreased |n sdme chemical reagtions and
increasedn athers, ()

Temperatura, is 3-measure of the average kinetic energy of
cz2rticles of matter. The relationship between the temperature and
total energy of a sy stem depends on the ty pes, states, and
unts of matter present. (d),(e)

3 3 Conservation of Energy and Energy Transfer

“when the motion energy of an cbject changes, there is inev itably
s0me other change in energy 3tthe same time. Forexample, the
friction that causes a mov ing object to stop also results i an
increase in the thermal energy in both surfaces; eventually heat
energy 1s transferred to the summounding environment as the
surfaces ccol. Similarly, to make an object start moving or to keep
it moving w hen friction forces transfer energy away from it,
energy must be provided from, say, chemical (e,g., burning fuel)
or electrical (e.g,, an electric motor and battery ) processes. (f),(g)
The amount of energy transfer needed to change the temperature
of 3 matter sample by a given amaunt depends on the nature of
the matter, the size of the sample, and the environment. (e)
Energy Is transferred out of hotter regions or objects and inta
colder ones oy the processes of conduction, convection, and
radiation. (d)

PS3.D: Energyin ChemicalProcesses and Everyday Life

Machines can be made more efficient, that is, require less fuel input
to perform a given task, by reducing friction betw een their moving
parts and through aerody namic design. Friction increases energy
transfer to the surrounding environment by heating the affected
materials. (f),(g)

Scale, Proportion,and Quantity
Proportional relationships (e.g. speed as the
ratio of distance traveled to time taken)
among different ty pes of quantities provide
information about the magnitude of
properties and processes. Scientific
relationships can be represented through the
use of algebraic expressions and equations.
(a).(b)

Energy and Matter

Matter is conserved because atoms are
conserved in phy sical and chemical
processes. Within a natural or designed

sy stem, the transfer of energy drives the
motion and/or cycling of matter, (c)

Energy may take different forms (e.g. energy
in fields, thermal energy, energy of motion).
The transfer of energy can be tracked as
energy flow s through a designed or natural
sy stem. (d),(e)
Connections to Engmeermg, Technology,
and A pplications of Science

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

All'human activity draw s on natural resources
and has both short and long-term
consequences, positive as wellas negative,
for the health of people and the natural
environment. The uses of technologies are
driven by people’s needs, desires, and v alues;
by the findings of scientific research; and by
differences in such factors as climate, natural
resources, and economic conditions.
Technology use varies overtime and from

region to region, (f),(g)
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MS.PS-E Energy

PS-E _Energy (continued)
. octions to other DC{s in this grade-ievel. MS.ES5-5S, MS.LS-MEOQE, MS.ETS-ED

A rhicuiation to DC s across grade-levels: 4.€, HS.PS-E, HS.PS-FE

Comman € are 5iate SEndands Connections: (Wote: these connections will be made more explicit and complele in future

ELA-

W.6.1  Write arguments to support claims with clear reasons and relevant evidence

W.7.1  Write arguments to support claims wth clear reasons and relevantev idence /S

W.8.1  Write arguments to support claims with clear reasons and relevant ev idence

WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several,
that allow for multiple avenues of exploration. &

draft releases]

5

4 Y
stihrce;;--dndgeneréﬂm additional related, focused questions

Mathematics — b
MP.2 Reason abstractly and quantitatively. /7
MP.4  Model with mathematics. /S
5.MD  Represent and interpret data. rd " "\
6.RP Understand ratio concepts and use ratio reasoning to solv e problems. // o Y
6.EE Apply and extend prev ious understandings of arithmetic to algebraic expresslons S Fd N 9 1
Represent and analy ze quantitative relationships between dependent and independent varialiles, . Ve \\‘ y
7.RP Analy ze proportional relationship and use them to solve real-world and mathematical problems:. : s }
7.EE Solv e real-ife and mathematical problems using numencal and algebraic expressions and equations. ,
- v ) /
4
. 1 Ii‘ F ‘
s . 3 5
y //’ \ ._"
) A \
b / YA
\_\ L____ - ___ ' ¢ . )
- - N Bl >
L ""“x\__ (r' ey
e _ ™ \
7 \
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MS.PS-FM Forces and Motion

MS.PS-FM  Forces and Motion '

Students who demonstrate understanding can: /

d.

ane dimensian, The use af vectors is not an expectation. ]
C.
exert equal and opposite forces on each other. (Clanficaton Statement: F
racig ane another with hands togather, then pushing off of ong anathar, ) [Assess "1-‘nLBrJL~f|-_1._.y
requiting trigonometry Is not an expectation. |
d.
formulas such as F=ma and w=mgcould be used quantitatively; the use of tligonometty s not-an Bypectaxn. ]
€.
s=d/t and F=ma can be ussd gquantitatively ||
f.

Formulate questions arising from investigating how an observer's frame of referem:e and the choice of units influence
how the motion and position of an object can be described and communicated to others, [Claification Saement: Bxamples of

differant reference frames or choites of units are: A o Ing obsary 2r varsus 3 stationary observern; absevars facing differ=hl directions; and cm for short distainges bt km for
long distances, | [Assessment Baundary © O bservations are made at the macosmpic scale anly. ]

Communicate observations and information graphically and mathematically to reprwent how an object’s relative
position, velocity, and direction of motion are affected by forces acting on tha object. th %Sesame'n* Boundary : Restricted to motion in

Collect data to generate evidence supporting Newton’s Third Law, wha:h states that when two objects interact they

KA of interacting objects can inglude 3 hook resting on a table; and skaters

Restrict to vertical or horizonial Itemcitns, interactions at angles

Use mathematical concepts and abservations to describe the préportional rélationship betweer thé"acceleration of an
object and the force applied upon the object, and the mverseiy proportional relationship of acceleration to its mass.

[ lanfiation Staement: Examples of these proportional and iny esaly prpoltional relarlunfhhh can fogde a, !I?lf(;t truck requiring maore force o slow downfrom agiven
spead toa stap than does a small tnuck and a ball pushed with a given force having a greater chapge In akion iF the force 15 greater. ] [Assassment Boundary : Simple

Plan and carry out investigations to identify theeffect forces have on an object’s shape and orientation. (Clrfication
Statament: Effects of forcas can mclede a small ball of mud er clay changing Shaps if foree s added, sucfi as pushing downon it or rolling it in your hands; and the orentation
of a pencll on-a desk changing iF & force 15 applied o] [Assessment m.rmda-v W?‘L\I’l dis LF:"-IlJI_'| an objed’s shaps, desciption 15 purely qualitative. Simple forpulas such. as

Analyze and interpret data to determine the cause and effect relatmnshlp hetween the motion of an object and the sum
of the forces acting upon it. [Ciarification Statement: A nexample of tha additiv& impactof forces Oin-the motion of an object could include 3 situation in w hich one
person may notbe able to push a heavy object, but seiferal péonle pushing and DU”IW’] in" the sdme directich_may mov e it. ] [A ssessment Boundary : Simple free-body diagrams
are accaptable. The use of tigonometry 1s not apExpedation. A stessments shoulf Inclide grldmris w ith both balanced and unbalanced forces. ]

The performance expectations abmrq were developed. us'rg\j.he follow ing e!em% from the NRC document 4 Framework for K-12 Science Education.

Science and Engineering Ptat.trces _

A sking Questions and Defining Problems
A sking questions and defining problems in grades 6-¢. huilds: from grades <—
5 experiences and progresses to formulating and refining. Gl'plrr,_ally_
testable questions and explanatory models ;
= Ask questions that arise from phenamana, madals, or unéxperted
results. (a) X - L .
Planning and Carrying Out lnve;tlgatlons
Planning and carrying out gations to answer questio
solutions to problems in' €8 =uilds on K-5 experences a:
include inv estigations thet us ultiple variables and prov
support explanations or desis ons. \
= Collectdata and generate to answ er scientific qi
design solutions under a rangs Janditions. (c).(e)
Analyzing and Interpreting Dai»
Analy zing data in 68 builds on K-5 avs
quantitativ e analy sis to inv estigations, o) srrelation
and causation, and basic statistical technique: or analy sis.
s Distinguish between causal and correlatior= s ®
Mathematical and Computtional Thinking
Mathematical and computational thinking at the 6-& i vel builds on K-5 and
progresses to identify ing patterns in large data sets and using mathematical
concepts to support explanations and arguments,
= Use mathematical concepts such as ratios, averages, basic probability,
and simple functions, including linear relationships, to analy ze data. (d)
Obtaining, Evaluating, and Communicating Information
O btaning, ev aluating, and communicating information in 3=5 builds on K—-2
and progresses to evaluate the merit and accuracy of ideas and methods
s Communicate understanding of scientific infarmation that 1s presented in
different formats (e.qg., verbally , graphically, textually , mathematically ).

()

ans ar test

msses to exterd)
shing betw

“-ghisgl s #5pal in strength to the force that

the sacord abject exerts on the first, but in
the opposite direction (Newton's third faw ).
(©

The mation of an object is determined by the
sum of the forces acting on it; if the total
force on the object is not zero, its mation will
change, (b),()

The greater the mass of the object, the
greater the force needed to achieve the same
change in motion. Forany g en object, a
larger force @uses a larger change in motion
(d)

Forces on an object can also change its shape
or orentation. (e)

All positions of objects and the directions of
forces and motions must be described in an
arbitrarily chosen reference frame and
arbitranly chosen units of size. Inorder to
share informatian with other people, these
choices must aiso be shared. (a)

Crosscutting Concepts

Scale, Proportion, and Quantity

Time, space, and energy phenomena can be
observed at v arious scales using models to study
sy stems that are too large or too small. The
observ ed function of natural and designed

sy stems may change with scale. (a)

Proportiona! relationships (e.g. speed as the
ratio of distance traveled to time taken) among
different ty pes of quantities provide information
about the magnitude of properties and
processes. Scientific relationships can be
represented through the use of algebraic
expressions and equations. (b),(d)

Stability and Change

Explanations of stability and change in natural or
designed sy stems can be constructed by
examining the changes overtime and forces at
different scales, including the atomic scale.
Small changes in one part of a sy stem might
cause large changes in another part. Stability
might be disturbed either by sudden events or
gradual changes that accumulate overtime.

Sy stems in dy namic equilibrium are stable due
to a balance of feedback mechanisms. (c),(e),(f)
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MS.PS-FM Forces and Motion

PS-FM Forces and Motion

w_ Jiections to other DCIs in this grade-ievel. MS, ES5- EIP, MS. ES5-55

Articiiation fo DL s across grage-levels: 3.F1, HS.PS-FM, HS.PS-IF

i

Common Core Siale Standards Connections, [Note: these connections will be made more exphicit and complete in firture draft refeafesj

ELA -

RST.3 Follow precisely a multistep procedure w hen carry ing out experiments, taking measurements, or performing technicat h's!\s

WHST.9 Draw evldence from informational texts to support analy sis reflection, and research.

Mathematics —
MP 1  Make sense of problems and persevere in solving them
MP.2 Reason abstractly and quantitatively.
MP 4  Model with mathematics
MP.6  Attendto precision.
5.0A  Analyze patterns and relationships.
6.RP Understand ratio concepts and use ratlo reasoning to solv e problems.
6.EE Apply and extend prev ious understandings of arithmetic to algebraic expressions.
Reason about and solve one-variable equations and inequalities.
Represent and analy ze quantitativ e relationships betw een dependent and independent vandbtes
7.RP  Analyze proportional relationships and use them to solv e real-world and mathematical probtarhs :
7.EE Solyv e real-ife and mathematical problems using numerical and algebraic expressions and equatlons. %

'y
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MS.PS-IF Interactions of Forces

MS

.PS-IF Interactions of Forces

Students who demonstrate understanding can:

a.

Plan and carry out investigations to illustrate the factors that affect the strength- of electric and magnetic forces. [Clrification

Statzmant; Trvestigatlons can [nclude obissving the electric force produced belween two charged objects at ‘Ilrfnrsﬂ distnces; and measuring the maanetic force produced by an

electromagnel with 3 varying number aof wire turis, number or size of dry cells, or size of iton core. | [Assessment Boupdary: Qualitative, not quantitative; no assessment of

Coulornb’s lavs. ] y

Use a model or various representations to descnbe the relationship among gravitational force, the mass of the interacting

objects, and the distance between them. [ oit Statement: Examples of mr_‘l-h:b ang-cepressntations can include labeled diagrams of the relationship
setween Earth and man-made satelites, the Intemational Space Station, and an aimlans taking off; 1 [Asse tmeht Bourdary: Qualitative, not quantitative. ]

Plan and carry out investigations to demonstrate that some forces act at a distance through fields, [Assessment Boundary: Falds

igludled are lirted to gravitational, eléctnic, and Inagretic, Determination of Malds as t|ua||h1 fwe 130t quantiative (e, forces batweern Two human-sc ale oijects are tog small tn

mieasure without serisitive nstrumeritation. )]
Develop a simple model using given data that represents the re!atlonshlp of grawtational interactions and the motion of

ob]ects in Space. [Carification Statement: Examples of simple models can ircluds, L*]drb E!i‘-l'ﬂdylﬂﬂ mass, distance from the 5 sun, nd arbital periods of objacts within the
solar system, | [Assessment Boundary: Use models to determing a relationship t,-:)n{_vghklly Cualitative, fiot qmnnhﬂue |

Develop or modify models to demonstrate that systems can withstar small changes, relymg on feedback mechanisms to
maintain stability, [Assessment Boundary: Use mndels to determinie a refatiarssliip cimgzpluallyy not quanttatively.]

The performarce expectations above were developed using the following alemants fram the NRC document A Frameweork for K-12 Scerice Education

Science and Engineering Practices f§ =

s Ml Crosscutting Concepts

Developing and Using Models PS2.B: Typesof Ir Cause and Effect
Maodeling in 68 builds on K-5 and progresses to ® Electric and magnatic (& [\Tecbnmagnetlc) forces can be at’ractlve or Relationships can be classified as causal or
developing, using and revising models to explain, repulsive, and thelr Sizes dEﬁE’ld on the magnitudes.of the'<harges, correlational, and correlation does not necessarily
explore, and predict more abstract phenomena and currents, or magnetic'strengths u,wolvpd and an the distesices imply causation. Cause and effect relationships may
design systems. between the interacting objects. (@) = R be used to predict phenomena in natural or designed
s Use and/or construct models to predict, | = “Gravitational forces are lews attractive. There is afgravntatlonal systems. Phenomena may have more than one
explain, and/or collect data to test ideas abeitt force hetween any two ma's,ses1 But it is very smatl except when one cause, and some cause and effect relationships in
phenomena in natural or designed systems, ; ar both'of the objects'have leige mass—e.g., Earth and the sun. (d) systems can only be described using probability.
including those representing inputs anc S = Loig-range gravitational intesactions govern the evolutloln and ] (@).(b),(e)
outputs. (b),(d) mairitenance of large-scale 9;stems in space, such as galaxies or the q :
= Pose models to describe mechanisms at solar sy r=m and determine thé patterns of motion within those gcdle; Praporkign, a0 ANty

unobservable scales. (b),(d)
= Modify models — based on their limitations *- &
increase detail or clarity, or. to explore what witl

Time, space, and energy phenomena can be observed
at various scales using models to study systems that
are too large or too small. The observed function of
natural and designed systems may change with sce'

T diskance ,l)g.rawtatuonal, electric, and magnetic)
y fi ﬁglg% that extend through space and can
5N a fest object (a ball, a charged object,

. (©),(d)
PSQ,C .S*Bbi“tv and Instability in Physical Systems Proportional relationships (e.g. speed as the ratio of
Planning and Caitying Out Investigations system is one in which any small change results in forces distance traveled to time taken) among different types

Planning and carsy!
questions or tes®

builds

include investigations
and provide evidence to
design solutions. out in an unstable state will continue to change until it reaches a
= Collect data and generate =t
scientific questions or test G
under @ range of canditions, (o)

ut investigations to answ=r
ans to problems in 6-8

the SYStem to its prior state (e.g., a weight hanging from | of quantities provide information about the magnitude
of properties and processes. Scientific relationships
nd progresses to 4 Many syst=ims, both natural and engineered, rely on feedback can be represented through the use of algebraic

Jze multiple variables | mechanisms to maintain stability, but they can function only within a expressions and equations. (d)

At explanations or ! limited range of conditions. With no energy inputs, a system starting

on K-5 expe

shre to answer /| stable configuration {2.g., sand tn an hourglass). (e)
lutions

Connections to other DCIs in this gra_a

#45,655-55, MS.ESS-EIP, MS.ESS-ESP, MS.ESS-WC

Artictiation to DCIs across grade-levels) 3 71, HS.PS-IF

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

ELA~-

RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks
WHST.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions

that allow for multiple avenues of exploration.

Mathematics —

MP 1

Make sense of problems and persevere in solving them.

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics. )
MP.6 Attend to precision.

5.0A Analyze patterns and relationships.

6.EE Represent and analyze quantitative relationships between dependent and independent variables.

7.RP Analyze proportional relationship and use them to solve real-world and mathematical problems,

7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and equations.
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MS.PS-WER Waves and Electromagnetic Radiation

"2, PS-WER  Waves and Electromagnetic Radiation

lents who demonstrate understanding can:

N

Use a drawing or physical representation of simple wave properties to explain brightness and-color. [Assessment Boundary:

ani:i lack of medium to determine

[Assessment Boundary: Quatitative-Application to flaht, sobigd, and seismic waves only ]

a.
Qualitative, not quantitative, Restricted to the following wave properties: frequency, wavelength, and amplitude. | v

b. Plan and carry out investigations of sound traveling through various types of mediutis
whether a medium is necessary for the transfer of sound waves. [Clrification Statament; Exampless{ investigations examining a lack of medium
coutd include using a vacuum bell jar.} P LN

c. Construct explanations of how waves are reflected, absorbed, or transmitted through an.object, considering the material
the object is made from and the frequency of the wave.

d. Use empirical evidence to support the claim that light travels in straight

Boundary: Only non-computational observations; alterations of the speed of waves is not assessed-(ntil hkﬂ- schoal.]

properties of light can include brightness, color, and the refracting of light in a prism.] o e v
ommon communication designs. [Claification Statemeant
;fsrfu-.'ni- Boundary: Applications limited to ability to transmit,

receive, and encode, |

Apply scientific knowledge to explain the application of waves in com
Examples of common communication designs can include cell phones, radios, remote controls, and [.ilu-a_r.r_mrl'i.-]_.{’i?'\:'.se

ry

lines éxcept at surfaces between different

transparent materials. [Clarification Statement: Examples of surfaces between transparent pfaterialé can include air and water, ang air 3mg glass.] [Assessment

Ask questions about certain properties of light that can be explaired by a wave model of light. (Clarifitation Statement: Examples of

The performance expectations above were developed using the followind elements from the NRE. douﬂe!'lt A Framework for K-

Science and Engineering Practices

Asking Questions and Defining Problems
Asking questions and defining problems in grades 6-8 builds from grades K=5
experiences and progresses to formulating and refining empirically testable
questions and explanatory models.
« Ask questions that arise from phenomena, models, or unexpected resuits,
(e) ™
Developing and Using Models ’ e T
Modeling in 6-8 builds on K=5 and progresses to developing, usj_ng' and revisirg
models to explain, explore, and predict more abstract phengmena and design |
systems. X, |
= Use and/or construct models to predict, explain, and/of"coﬂect"data to test’
ideas about phenomena in natural or designed systems, including those,
representing inputs and outputs. (a) ek o i
Planning and Carrying Out Investigations . * 1
aning and carrying out investigations’"t'o ansyier.qugstions Gr.test sofiticis @

erQ

explanations or design solutiog:
= Plan and carry out investigaiions irdividually and collaborative,
independent and dependent var:z

solutions supported by multiple sources of eve
knowledge, principles, and theories. .
= Use qualitative and quantitative relationships be
explanations for phenomena. (c)
s Apply scientific knowledge to explain real-world exan:g
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds from K-S experiences and
progresses to constructing a convincing argument that supports or refutes claims
for either explanations or solutions about the natural and designed world.
= Use oral and written arguments supported by empirical evidence and
reasuning to support or refute an argument for a phenomenon or a solution
to a problem. (d)

vafiar

=ar events. (F)

~___ Disciplinary Cure G
PS4.A: Wave P puebes

12 Spience Educalion.

[deas

» A simple wave bas a peating patterg with 3 specific

wavelength, frequéncy, and smplitude. {2) ~
A saqund'wave neefs 3 mpegiun thaugh which it 15
trantmitted. (b))

Geologists Lee seisniic waves and their reflection at
intarfaces betwiadn layers to probe structures deep in
the planet. (c)'

\PS4.B: Electromagnetic Radiation

£

When light shines.on an object, it is reflected,
absorbed, or Tansmitted through the object,
daganing on = plijact’s material and the frequency
(colot) of FRE T, (¢)

~The gtk that ight travels can be traced as straight

lines, ekcept 3l surfaces bietween different transparent
materials (e.g., ar and water, air and glass) where the
light path bends. Lenses and prisms are applications of
this effect. (d)

A wave model! of light is useful for explaining

“brightness, color, and the frequency-dependent
bending of light at a surface between media (prisms).
However, because light can travel through space, it
cannot be a matter wave, like sound or water waves

(a)(e)

PS4.C: Information Technologies and
Instrumentation

Appropriately designed technologies (e.g., radio,
television, cell phones, wired and wireless computer
networks) make it possible to detect and interpret
many types of signals that cannot be sensed directly
Designers of such devices must understand both the
signal and its interactions with matter. (f)

Many modern communication devices use digitized
signals (sent as wave pulses) as a more reliable way
to encode and transmit information. (f)

Systems and System Models
Systems may interact with other
systems; they may have sub-
systems and be a part of larger
complex systems. Models can be
used to represent systems and their
interactions—such as inputs,
processes and outputs—and energy,
matter, and information flows within
systems. Models are limited in that
they only represent certain aspects
of the system under study. (b),(e)
Structure and Function

Complex and microscopic structures
and systems can be visualized,
modeled, and used to describe how
their function depends on the
shapes, composition, and
relationships among its parts,
therefore complex natural and
designed structures/systems can be
analyzed to determine how they
function. Structures can be
designed to serve particular
functions by taking into account
properties of different materials, and
how materials can be shaped and
used. (a),(c),(d).(F)

Connections to other DCIs in this grade-level; MS.ESS-55, MS.ESS-ESP, MS.ESS-EIP

Articufation to DCIs across grade-levels: 3.5FS, 4.\WAV, 5.555, HS.PS-W, HS.PS-ER, HS.PS-FM

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

ELA-

SL.5.1 Engage effectively in a range of collaborative discussions (one-on-ane, in groups, and teacher-led) with diverse partners on grade 5 topics and texts, building on others’

ideas and expressing their own clearly.
SL.6.1
others’ ideas and expressing their own clearly.
SL.6.3
SL.7.3
SL.8.3
evidence is introduced.

RST.6-8 Distinguish amongq facts, reasoned judgment based on research findings, and speculation in a text.

Mathematics —
MP.2 Reason abstractly and quantitatively.
Mo 4 Model with mathematics.

6 Attend to precision.

-C

Rapresent and analyze quantitative relationships between dependent and independent variables.

Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on

Delineate a speaker’s argument and specific claims, distinguishing claims that are supported by reasons and evidence from claims that are not.
Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and the relevance and sufficiency of the evidence.
Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and relevance and sufficiency of the evidence and identifying when irrelevant
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MS-ETS-ED Engineering Design

'S-ETS-ED  Engineering Design

.udents who demonstrate understanding can:

C.

Evaluate ideas for solving an environmental problem to determine which designs best megt the criteria and constraints of
the problem and take into account scientific principles and short and long-term consequences. [Clarification Statement, Students
compare sand blasting, chemical solvent, and high heat for removing graffit; evaluate different plans for solving problerms ¢ I|~ Lo Invasive species.] [Assessment Boundary: A
numerical weighting system may be used to evaluale designs, but not an advanced mathemalical model. ]

Develop a better design by combining characteristics of different solutions to arrive at a design that takes into account
relevant scientific principles and better meets the needs of society. [Clarification Sratemeni: “Eor example, students develop a design for a highly
energy efficient automobile by combining ideas from different car ads.] [Assessment Boundary: Limit argumentc to qualitative character(shrs 1

Compare different designs by building physical models and running them through the same kinds of tests, while
systematically controlling variables and recording the results to determine which design performs best. [Clarification

Statement: For example, students test different designs for a bridge by building and testing a model o compdre different designs for a hyf‘lropoﬁw-" farm by building and testing
small scale models in the classroom. ]

Use a computer simulation to test the effectiveness of a design under dlfferent operating condltlons, oF test what would
happen if perameters of the model were changed, noting how the simulation may be iimited in accurate/l{ modeling the

real world. [Clarification Statement: Examples nclude simulating how a solar hot water system wouid‘fl_mcftién in different seasons or parts of the world and simulating the
effects of different preventive actions in slowing the spread of disease during an epidemic.] [Assessnienl Boundary: Students should be given simutation software to use and not

expected to create their own.]

e. Refine a design by conducting several rounds of tests,,mddifving the modal after each test, to create the best possible

design that meets the most important criteria. (Clarification Statemem For example, students refine the design of a model building to withstand an
aarthquake, strengthening failure points after each test, or refine the design of 5 walerfiltration system by adding-ohysical and chemical components and retesting after each

change.]

f. Communicate information about a proposed solution to a problem, including relevant scientific principles, how the design
was developed, how it meets the criteria and constraints ¢f the problem, and how it ieduces the potential for negative

consequences for society and the natural eivirenment. [Clarificatian Statement: Students devalop a poster, slide presentation, or oral design concept
presentation.] [Assessment Boundary: Arguments should be I|m|ted fo glilitative charach eristiés. ]

The performance expectations abmre uera developed USEQG 'he following elamenis fmm the NRC A Framework for K — 12 Science Education.

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer
~uestions or test solutions to problems in 6-8 huitds ot 2-
xperiences and progresses to include jr:
.untrol variables and provide evidence
explanations or design solutions.
= Plan and carry out investigatic
collaboratively, identifying iiz!
variables and contrals. (c)
= Collect data and generate evidenc= % 2aswer scientific
questions or test design solutions. (<
Using Mathematics and Computationaf 1+
Mathematical and computational thinking at G
builds on K=5 and progresses to identifying pat i
large data sets and using mathematical concepts o
support explanations and arguments.
= Use digital tools (e.g., computers) to analyze very
large data sets for patterns and trends. (d)
= Use mathematical arguments to justify scientific
conclusions and design solutions. (d)
Constructing Explanations and 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 evidence consistent with
scientific knowledge, principles, and theories.
= Undertake design projects, engaging in the design
cycle, to construct and implement a solution that
meets specific design criteria and constraints. (b).(e)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating information in
68 builds on K-5 and progresses to evaluate the merit
and validity of ideas and methods.
= Generate and communicate ideas and methods using
scientific language and reasoning. (a),(f)

vidually and
dent and dependent

- '] il .
- -

ET51.4: Defining and Uelimiting an Engineering Problem
s Tag n*are pwnsm I gesigil bEks :r-'-ﬂ')a and constraints can
be da. r2

.*ye more’likefy i et i1 dasigned solution will

€ constraints includes cansideration of scientific
ler relevant knowledge that is tikely to limit

1St resulrs, in order to improve it. (e)
‘e systematic processes for evaluating solutions with

i -0 how well they meet criteria and constraints of a

. ()

yportant to be able to communicate and explain solutions
 weners. (f)

“umetimes parts of different solutions can be combined to
create a solution that is better than any of its predecessors. (b)
Models of all kinds are important for testing solutions, and
computers are a valuable tool for simulating systems. (d)
Simulations are useful for predicting what would happen 1f
various parameters of the model were changed, as well as for
making improvements to the model based on peer and leader
(e.g., teacher) feedback. (d}

ETS1.C: Optimizing the Design Solution

= Comparing different designs could involve running them
through the same kinds of tests and systematically recording
the results to determine which design performs best. (c)

» Although one design may not perform the best across all tests,
identifying the characteristics of the design that performed the
best in each test can provide useful information for the
redesign process-that 1s, some of those characteristics may be
incorporated into the new design. (c)

s This iterative process of testing the most promising solutions
and modifying what is proposed on the basis of the test results
leads to greater refinement and ultimately to an optimal
solution. (e)

s Once a suitable solition is determined, it is important fo
describe that solubion, explain how it was developed, and
diseribe the features that make it sugcsssful. ()

DSSCULL PDLS

Cause and Effect
Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships may
be used to predict phenomena in natural or designed
systems, Phenomena may have more than one
cause, and some cause and effect relationships in
systems can only be described using probability.
(a).(e)
Systems and System Models
Systems may interact with other systems; they may
have sub-systems and be a part of larger complex
systems. Models can be used to represent systems
and therr interactions—such as inputs, processes and
outputs—and energy, matter, and information flows
within systems. Models are limited in that they only
represent certain aspects of the system under study.
(€).(d)

Connections to Engineering, Technology,

and Applications of Science

Influence of Engineering, Technology, and
Science on Society and the Natural World
All human activity draws on natural resources and
has both short and long-term consequences, positive
as well as negative, for the health of people and the
natural environment. The uses of technologies are
driven by people’s needs, desires, and values; by the
findings of scientific research; and by differences in
such factors as climate, natural resources, and
economic conditions, Technology use varies from
region to region and over time. (a),(b),(f)
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MS-ETS-ED Engineering Design

| »"=-ETS-ED _ Engineering Design (continued)
I chions to other DCIs in this grade-fevel. MS.ES-HI; MS.LS-GDRO; MS.PS-IF, MS.PS-E, MS.ETS-ETSS
auculation & DCIs across grade-levels: 1.SF, 2.ECS, 2.PP, 4.E, 4.PSE, 4.WAV, HS.ETS-ED

Cormmon Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft refeases]
ELA - ¥
RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks. .~ D
W.6.1  Write arguments to support claims with clear reasons and relevant evidence.

W.7.1  Write arguments to support claims with clear reasons and relevant evidence.

W.8.1  Write arguments to support claims with clear reasons and relevant evidence.

WHST.7 Conduct short research projects to answer a question (including a self-generated question),

drawing on several sour_tf,eé.and,.uenapaﬁng additional related, focused questions

that allow for multiple avenues of exploration. : \ "
Mathematics - 7 ‘
MP 1 Make sense of problems and persevere in solving them. :
MP.2 Reason abstractly and quantitatively. yd N '\.\
MP.4 Model with mathematics. P )
MP.6 Attend to precision. ’ . \ NG
6.EE Apply and extend previous understandings of arithmetic to algebraic expressions. 4 / N

Represent and analyze quantitative relationships between dependent and independent variables.- N P4 />

7.RP Analyze proportional relationship and use them to solve real-world and mathematical problems. . N / P
7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and equations. /-/
8.F Usg functions to model relationships between quantities. o fr
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MS-ETS-ETSS Links Among Engineering, Technology, Science, and Society

'S-ETS-ETSS  Links Among Engineering, Technology, Science, and Society

.udents who demonstrate understanding can:

a. Provide examples to explain how advances in engineering have resulted in new tools and instruments for measurement,
exploration, modeling, and computation that enable new scientific discoveries, which in tuin lead to the development of
entire industries and engineered systems. [Clarification Statement: Examples include: microscopes enahiéd rhegerm theory of disease, which led to the
development of antibiotics, stimulating growth of the pharmaceutical industry; discoveries in physics led to development of- the |ntdgrated circuit, and computers, leading to
many scientific breakthroughs, and spawning new industrias, §

b. Obtain, evaluate, and communicate information about a technology that draws on natural resources to improve health of
people and the natural environment, and was eventually found to have negative iym‘bacts’,"\ requiring regulations on its use

or new technologies to reduce its negative impacts. [Canfication Statement: Fxa
prore layar; the

were hass toxie, but were kater found o educe e o
were later found to change the atmosphere and climate. |

athoption of fossi fuels for 2nergy thal.<ii

H

mpkes inclde the introduction of new chemicals for refrigeration that
1 the

ad 1o ‘?_l_'l'llriﬂ.-‘-',‘ farests for heating and cooking, but

C. Construct an explanation for how a technological system has changed over time, based on ev.dence about how these
changes were driven by: (1) people’s changing needs, desires, and values, (2) the findings of scientific research, and (3)
factors such as climate, natural resources, and economic conditions. (Carification Staténiegt: Use diagrams, tmelines;.or other representations

3 shiow factors that have shaped a major techndlogical system over time (e.q., energy, transportation, manufactusig, foutl production and distributiond. ] [Ass

Bonndary Explanations do not need to include all possible factars or be quantllatlve 1
d. Construct arguments for and against the development of a new technology based on potential short and long term

impacts (positive and negative) on the health of people, and the natural environment. [Clarification Statement: Students should
consider the pros and cons of different new technologies such as maglev rail,-genetically englneered cropspwearahle computers, human space travel, and new energy systems

that exploit renewable resources. |

SErrenl

The performance expectations above were developed using the‘(allut-.rim_etemeﬁts fram the NRC A Framawork for K — 12 Soence Education:

Science and Engineering Practices

Constructing Explanations and 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 evidence consistent with scientific knowledge,
principles, and theories,
= Apply scientific reasoning to show why the data are
adequate for the explanation or conclusion. (a),(c)
« Apply scientific knowledge to explain real-world examples or
events and solve design problems. (a),(c) \
‘gaging in Argument from Evidence
.gaging in argument from evidence in 6
experiences and progresses to constr .
argument that supports or refutes
or solutions about the natural ar
= Use oral and written argus
evidence and reasoning to
for a phenomenon or a soluts
Obtaining, Evaluating, and Com:
Obtaining, evaluating, and communicati

“

5 supported by empirical
 or refute an argument
oblem. (d)

|ng Information
niurmation in 6-8

builds on K=5 and progresses to evaluatirig 1= rerit and
va[|d|ty of ideas and methaods.
Generate and communicate ideas using sclepsif

I i2nguage

and reasoning. (b) . .

= Gather, read, and explain information from apprognats
sources and evaluate the credibility of the publicatic
authors, possible bias of the source, and methods used. (b)

ETS2.A: Interdependence of Scner'ce, Engmeenng,

and Technology .

"= Endineering advances havz led to lmportant
discoverigs in virtually every fisld, of science, and

sciantific d

entire, industries and engin :

= Ingorde desngn belter tesnnglagies, new science
may ne=d t5 be explored. (a)

; s in turn extend the ’wasurement

£752.B: ‘Influence of Engr—r*:.rlng, Technology, and
sc'ance an society and the natural world
: [:0an activity draws on natural resources and has

term and long-term conseguences, positive
as weli =2 :ative for the health of both people and
the natursl ergironment. (b),(d)

= The uses of technology and any limitations on their
use are driven by individual or societal needs, desires,
ind values; by the findings of scientific research; and
oy differences in such factors as climate, natural
resources, and economic conditions. (c),(d)

* Thus technology use varies from region to region and
over time. {c)

= Technologies that are beneficial for a certain purpose
may later be seen to have impacts that were not
foreseen. In such cases, new regulations on use or
new technologies may be required. (b),(d)

_ceuse and Effect

Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation. Cause and effect relationships may
be used to predict phenomena in natural or designed
systems, Phenomenon may have more than one
cause, and some cause, and effect relationships in
systems can only be described using probability.
(@).(c).(d)

Stability and Change

Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale. Small changes in one part
of a system might cause large changes in another
part. Stability might be disturbed either by sudden
events or gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due to a
balance of feedback mechanisms. (b),(c),(d)

Connections to other DCIs_in this grade-level: MS.ESS-ESP, MS.ESS-WC, MS.ESS-HI, MS.LS-GDRO, MS.PS-WER, MS.ETS-ED

Articulation to DCIs across grade-fevels: 3.IF, 3.WCI, 4.LCT, 4.WAV, 5.ESI, 5.SSS, HS.ETS-ETSS

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

ELA -

RST.6.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks

W.6.1  Write arguments to support claims with clear reasons and relevant evidence
W.7.1  Write arguments to support claims with clear reasons and relevant evidence
W.8.1  Write arguments to support claims with clear reasons and relevant evidence

WHST.7 Conduct short research projects to answer a question {including a self-generated question), drawing on several sources and generating additional related, focused questions

that allow for multiple avenues of exploration.
Mathematics —

MP 1 Make sense of problems and persevere in solving them.

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

MP.6 Attend to precision.

6.EE Apply and extend previous understandings of arithmetic to algebraic expressions
Represent and analyze quantitative relationships between dependent and independent variables.

7.RP Analyze proportional relationship and use them to solve real-world and mathematical problems,
Solve real-life and mathematical problems using numerical and algebraic expressions and equations.

7.EE

Use functions to model relationships between quantities.
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