Disciplinary Core Idea

HS.ETS1.A: Defining and Delimiting Engineering
Problems

Criteria and constraints also include satisfying any requirements set
by society, such as taking issues of risk mitigation into account, and
they should be quantified to the extent possible and stated in such a
way that one can tell if a given design meets them. (HS-ETS1-1)

Disciplinary Core Idea

HS.ETS1.A: Defining and Delimiting Engineering
Problems

Humanity faces major global challenges today, such as the need for
supplies of clean water and food or for energy sources that minimize
pollution, which can be addressed through engineering. These glob-
al challenges also may have manifestations in local communities.
(HS-ETS1-1)

Disciplinary Core Idea

HS.ETS1.B: Developing Possible Solutions

When evaluating solutions it is important to take into account a
range of constraints including cost, safety, reliability and aesthetics
and to consider social, cultural and environmental impacts. (HS-ETS1-

3)




Disciplinary Core Idea

HS.ETS1.B: Developing Possible Solutions

Both physical models and computers can be used in various ways to
aid in the engineering design process. Computers are useful for a
variety of purposes, such as running simulations to test different
ways of solving a problem or to see which one is most efficient or
economical; and in making a persuasive presentation to a client
about how a given design will meet his or her needs. (HS-ETS1-4)

Disciplinary Core Idea

HS.ETS1.C: Optimizing the Design Solution

Criteria may need to be broken down into simpler ones that can be
approached systematically, and decisions about the priority of cer-
tain criteria over others (trade-offs) may be needed. (HS-ETS1-2)

Disciplinary Core Idea

HS.PS1.B: Chemical Reactions

In many situations, a dynamic and condition-dependent balance be-
tween a reaction and the reverse reaction determines the numbers
of all types of molecules present. (Hs-PS1-6)
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Disciplinary Core Idea

HS.ESS3.A: Natural Resources

All forms of energy production and other resource extraction have

associated economic, social, environmental, and geopolitical costs
and risks as well as benefits. New technologies and social regula-

tions can change the balance of these factors. (Hs-ESS3-2)

Disciplinary Core Idea

HS.ETS1.B: Developing Possible Solutions

When evaluating solutions it is important to take into account a
range of constraints including cost, safety, reliability and aesthetics
and to consider social, cultural and environmental impacts. (HS-ESS3-

2)

Disciplinary Core Idea

HS.ESS3.C: Human Impacts on Earth Systems

Scientists and engineers can make major contributions by develop-
ing technologies that produce less pollution and waste and that pre-
clude ecosystem degradation. (HS-ESsS3-4)




HS.ETS1.B: Developing Possible Solutions

When evaluating solutions it is important to take into account a
range of constraints including cost, safety, reliability and aesthetics
and to consider social, cultural and environmental impacts. (HS-ESS3-
4)

Performance Expectation

HS-ETS1-1: Analyze a major global challenge to specify
qualitative and quantitative criteria and constraints for
solutions that account for societal needs and wants.*

Clarification Statement: none
Assessment Boundary: none

* This performance expectation integrates traditional science content with
engineering through a practice or disciplinary code idea.

Performance Expectation

HS-ETS1-2: Design a solution to a complex real-world
problem by breaking it down into smaller, more manageable
problems that can be solved through engineering. *

Clarification Statement: none
Assessment Boundary: none

* This performance expectation integrates traditional science content with
engineering through a practice or disciplinary code idea.




Performance Expectation

HS-ETS1-3: Evaluate a solution to a complex real-world
problem based on prioritized criteria and trade-offs that

account for a range of constraints, including cost, safety,
reliability, and aesthetics as well as possible social,
cultural, and environmental impacts.*

&ODULILFDWLRQQRWBIWHPHQW
$VVHVVPHQW % RMR@GID U\

7KLV SHUIRUPDQFH H[SHFWDWLRQ LQWHJUD V WUDGLWLRQDO
HQJLQHHULQJ WKURXJK D SUDFWLFH RU GLVF DLQDU\ FRGH LGH

Performance Expectation

HS-ETS1-4: Use a computer simulation to model the impact
of proposed solutions to a complex real-world problem with
numerous criteria and constraints on interactions within
and between systems relevant to the problem.”

&ODULILFDWLRQQ&®RWBWHPHQW
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Performance Expectation

HS-PS1-6: Refine the design of a chemical system by
specifying a change in conditions that would produce
increased amounts of products at equilibrium.*

&ODULILFDWLRQ BSWDVHFHYWQ WKH DSSOMFDWLRQ RI /H &KDWOL
BULQFLSOH DQG RQ UHILQLQJ GHVLJQV RI FK FDO UHDFWLRQ V
GHVFULSWLRQV Rl WKH FRQQHFWLRQ EHWZHH KDQJHV PDGH D\
OHYHO DQG ZKDW KDSSHQV DW WKH PROHFXO OHYHO ([DPSOH
LQFOXIGH QW ZD\V WR LQFUHDVH SURGXFW IRUPDWLRQ LQFOXGL
WDQWV RU UHPRYLQJ SURGXFWYV

$VVHVVPHQW % RBXYBDYUPHQW LV OLPLWHG WR HFLI\LQJ WKH FKI
RQO\ RQH YDULDEOH DW D WLPH $VVHVVPHQ RHV QRW LQFOX(
OLEULXP FRQVWDQWY DQG FRQFHQWUDWLRQ

7KLV SHUIRUPDQFH H[SHFWDWLRQ LQWHJUD V WUDGLWLRQDO
HQIJLQHHULQJ WKURXJK D SUDFWLFH RU GLVF OLQDU\ FRGH LGH
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Clarification Statement: Examples of evaluation and refinement could in-
clude determining the success of the device at protecting an object from
damage and modifying the design to improve it. Examples of a device
could include a football helmet or a parachute.

Assessment Boundary: Assessment is limited to qualitative evaluations
and/or algebraic manipulations.

* This performance expectation integrates traditional science content with
engineering through a practice or disciplinary code idea.
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Clarification Statement: Emphasis is on both qualitative and quantitative
evaluations of devices. Examples of devices could include Rube Goldberg
devices, wind turbines, solar cells, solar ovens, and generators. Examples
of constraints could include use of renewable energy forms and efficiency.
Assessment Boundary: Assessment for quantitative evaluations is limit-
ed to total output for a given input. Assessment is limited to devices con-
structed with materials provided to students.

* This performance expectation integrates traditional science content with
engineering through a practice or disciplinary code idea.
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Clarification Statement: Examples of human activities can include urban-
ization, building dams, and dissemination of invasive species.
Assessment Boundary: none

* This performance expectation integrates traditional science content with
engineering through a practice or disciplinary code idea.




Performance Expectation
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Clarification Statement: Emphasis is on designing solutions for a pro-
posed problem related to threatened or endangered species, or to genetic
variation of organisms for multiple species.

Assessment Boundary: none
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+6 (66 (YIIXIJMFRPSI—MSQJ GHVLI Q VROMRQV IRU
GHYH®RSLQI P DQDILQI DQG Xw LQJ HOHWU\ DQG P LOHDO
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Clarification Statement: Emphasis is on the conservation, recycling, and
reuse of resources (such as minerals and metals) where possible, and on
minimizing impacts where it is not. Examples include developing best prac-
tices for agricultural soil use, mining (for coal, tar sands, and oil shales),
and pumping (for petroleum and natural gas). Science knowledge indicates
what can happen in natural systems—not what should happen.
Assessment Boundary: none
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Clarification Statement: Examples of data on the impacts of human activ-
ities could include the quantities and types of pollutants released, changes
to biomass and species diversity, or areal changes in land surface use
(such as for urban development, agriculture and livestock, or surface min-
ing). Examples for limiting future impacts could range from local efforts
(such as reducing, reusing, and recycling resources) to large-scale geo-
engineering design solutions (such as altering global temperatures by
making large changes to the atmosphere or ocean).

Assessment Boundary: none
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Science and Engineering Practice

Constructing Explanations and Designing
Solutions

Constructing explanations and designing solutions in 9—12 builds on K-8 ex-
periences and progresses to explanations and designs that are supported
by multiple and independent student-generated sources of evidence consis-
tent with scientific ideas, principles, and theories.

Design, evaluate, and/or refine a solution to a complex real-world
problem, based on scientific knowledge, student-generated sources
of evidence, prioritized criteria, and tradeoff considerations. (Hs-PS3-3)

Science and Engineering Practice

Constructing Explanations and Designing
Solutions

Constructing explanations and designing solutions in 9—12 builds on K-8 ex-
periences and progresses to explanations and designs that are supported
by multiple and independent student-generated sources of evidence consis-
tent with scientific ideas, principles, and theories.

Design, evaluate, and refine a solution to a complex real-world prob-
lem, based on scientific knowledge, student-generated sources of
evidence, prioritized criteria, and tradeoff considerations. (Hs-LS2-7)

Science and Engineering Practice

Using Mathematics and Computational Thinking

Mathematical and computational thinking in 9—12 builds on K-8 experiences
and progresses to using algebraic thinking and analysis, a range of linear
and nonlinear functions including trigonometric functions, exponentials and
logarithms, and computational tools for statistical analysis to analyze, repre-
sent, and model data. Simple computational simulations are created and
used based on mathematical models of basic assumptions.

Create or revise a simulation of a phenomenon, designed device,
process, or system. (HS-LS4-6)




Science and Engineering Practice

Engaging in Argument from Evidence

Engaging in argument from evidence in 9—12 builds on K-8 experiences
and progresses to using appropriate and sufficient evidence and scientific
reasoning to defend and critique claims and explanations about the natural
and designed world(s). Arguments may also come from current scientific or
historical episodes in science.

(YDOXDWH FRPSHWLQJ GHVLJQ VROXWLRQV X D UHDO ZRUOG
RQ VFLHQWLILF LGHDVY DQG SULQFLSOHV HH ULFDO HYLGHQFE
JXPHQWY UHJDUGLQJ UHOHYDQW IDFWRUYV HFRQRPLF VRF
PHQWDO HWKLFDOHsRQMLGHUDWLRQV

Science and Engineering Practice

Constructing Explanations and Designing
Solutions

Constructing explanations and designing solutions in 9—12 builds on K-8 ex-
periences and progresses to explanations and designs that are supported
by multiple and independent student-generated sources of evidence consis-
tent with scientific ideas, principles, and theories.

'HVLJQ RU UHILQH D VROXWLRQ WR D FRPSO UHDO ZRUOG SUF
RQ VFLHQWLILF NQRZOHGJH VWXGHQW JHQ DWHG VRXUFHV R

RULWL]HG FULW H UALPDQ \DLGEGH MIENBIGRIRV

Crosscutting Concept

Systems and System Models

ORGHOV H J SK\VLFDO PDWKHPDWLFDO F XWHU PRGHOV |
WR VLPXODWH V\VWHPV DQG LQWHB D MWWLER®D QFOXGLQJ HQHU.
LQIRUPDWLRQ IORZV2ZLWKLQ DOQIG EHGNE H/HHD® WYWWHPV DW GLI
(HS-ETS1-4)




Crosscutting Concept
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Crosscutting Concept

( QHJ\ DQG 0 DM

&KDQJHV RI HQHUJ\ DQG PDWWHU LQ D V\V FDQ EH GHVFULE
WHUPV RI HQHUJ\ DQG PDWWHU IORZV LQWR XW RI DQG ZLWK
(HS-PS3-3)
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&RQOHAURQ R ( QILOHHUQ)  7THFKQR®RJ\  DQG $ SSCFDMRQV RI 6 FLHQFH

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

1HZ WHFKQRORJLHVY FDQ KDYH GHHS LPSDF RQ VRFLHW\ DQG
URQPHQW LQFOXGLQJ VRPH WKDW ZHUH QR DQWLFLSDWHG %
DQG EHQHILWY LV D FULWLFDO DVSHFW R LVLRQV DERXW W
(76 +6 (76

&RQOHFURQ R ( QIIOHHUQ)  7THFKQR®RJ\  DQG $ SSCFDMRQV RI 6 FLHQFH

Science Addresses Questions About the Natural
and Material World

6FLHQFH DQG WHFKQRORJ\ PD\ UDLVH HWKL O LVVXHV IRU ZKI
E\ LWVHOI GRHV QRW SURYLGHsD»®VZHUV D VROXWLRQV

&RQOHAURQ R ( QILOHHUQ)  7THFKQR®RJ\  DQG $ SSCFDMRQV RI 6 FLHQFH
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GLD LQ RUGHU WR DGGUHVV D TXHdVWLRQ R ROYH D SUREOHI
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567 ,QMJ LDARQRI . QRZ BIGIHDQG ,GHDV

(YDOXDWH WKH K\SRWKHVHVY GDWD DQDO\ DQG FRQFOXVLI
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567 ,QMJ LDARQRI . QRZ BIGIHDQG ,GHDV

6\QWKHVL]H LQIRUPDWLRQ IURP D UDQJH RI XUFHV H J WH[
PHQWY VLPXODWLRQV LQWR D FRKHUHQW HUVWDQGLQJ RI
QRPHQRQ RU FRQFHSW UHVROYLQJ FRQIOL LQJ LQIRUPDWLR
EOHs (76 +6 (76

&RP P RQ &RUH 6 \VEAM 6 \BQGDLGY |RUO DHP DAFV

0 DWHP DWFDOB LDRAEHY
03 5HDVRQDEVWDRWD DQG TXDQWAMYHD

5HDVRQ DEVWUDFWO\ DQGes T X BsQ W L W-R W& YHO\




&RP P RQ &RWH 6 Vi 6 \BQGDUGY IRUO DWHP DWFV
0 DWHP DWFDCB WDFWFHYV

03 0 RGHXZ IW P DWHP DWFV
ORGHO ZLWK PDWK#PDW L%V

+6 (76 +6 (76




