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ABSTRACT

The Next Generation Science Standards (NGSS) are triggering an
unprecedented change in U.S. science education, with the
defining NGSS characteristic being is its 3-dimensional
interweaving of science content with both science & engineering
practices and a set of crosscutting concepts. The addition of the
science and engineering practices (SEPs) and crosscutting
concepts (CCCs) into the science standards of more than % of
U.S. schools will revolutionize how K-12 (and beyond) geoscience
education is taught. The inclusion of the SEPs and CCCs into the
standards of at least 41 states stands to significantly improve
student understanding of all areas of science. Current educational
research shows that allowing students to study a smaller volume
of scientific content through deeper, active, practice-centered,
problem-based, and phenomenon-based learning methods not
only allows students to appreciate and enjoy science more, but
also to retain and recall more scientific information than traditional
memorization-centered methods. However, the benefits for
geoscience education are enhanced both because of the
opportunities provided by the SEPs and CCCs and because of the
liabilities of previous standards. The SEPs have a strong emphasis
on obtaining, analyzing, and interpreting data, and this benefits
geoscience because of its strong data-driven observational nature.
The SEPs and CCCs also include connections to STEM concepts
relating to engineering, technology, and computation, and this
favors geoscience because of its strong NGSS emphasis on
human sustainability, reducing the risks from natural hazards,
minimizing human impacts while obtaining natural resources, and
reigning in global warming. The NGSS identifies certain
performance expectations as having strong STEM connections,
are there are more of these call-outs for high school geoscience
than for life and physical science combined. The CCCs also have
a strong emphasis on system processes, and this will help move
geoscience education away from a dull set of classifications to a
vibrant transdisciplinary interconnection of Earth Science Systems.
Significant challenges lay ahead, such as developing assessments
that can adequately monitor the impacts of the SEPs and CCCs,
but geoscience education stands to greatly improve through their
inclusion.

Crosscutting Concepts:
Patterns

The NGSS Practices of Science
and Engineering (SEPSs)

1. Asking questions (for science) and defining
problems (for engineering)

2. Developing and using models

3. Planning and carrying out investigations

4. Analyzing and interpreting data
3)
6

. Using mathematics and computational thinking

. Constructing explanations (for science) and
designing solutions (for engineering)
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communicating
information

The NGSS Crosscutting Concepts

1. Patterns

2. Cause and effect

3. Scale, proportion, and quantity
Systems and system models
Energy and matter
Structure and function
Stability and change

NRC Framework: Three Dimensions of

(1) Disciplinary Core Ideas (DCls)

(2) Science & Engineering Practices (SEPSs)
(3) Crosscutting Concepts (CCCs)

A) DClIs = Encyclopedia
B) DCIs + CCCs = Textbook
C) SEPs = Random activities

D) SEPs + DCIs = Random science
activities

E) SEPs + DClIs + CCCs = Coherent
curriculum of science and
engineering practices, connected
to disciplinary core ideas,
organized around storylines of
understanding that build and apply
ideas across time

MS-LS4 Biological Evolution: Unity and Diversity

Crosscutting Concepts:
Scale, Proportion, and Quantity

| MS-LS4 Biological Evolution: Unity and Diversity

MS-LS4-1.

Students who demonstrate understanding cap:
Analyze and interpret da i e fossil record that document the
existence, diversity, extin 2nd-=c

L -
life on Earth under the assumption that natural laws operate today as in the past.
[Clarification Statement: Emphasis is on finding patterns of changes in the level of complexity of anatomical structures
in organisms and the chronological order of fossil appearance in the rock layers.] [Assessment Boundary: Assessment
does not include the names of individual species or geological eras in the fossil record.]

ge of life forms throughout the history of

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

Education:

Disciplinary Core

Analyzing and Interpreting Data Ideas
Analyzing data in 68 builds on K-5 experiences LS4.A: Evidence of
and progresses to extending quantitative analysis Common Ancestry and
to investigations, distinguishing between
correlation and causation, and basic statistical

Crneerttinn Cancepts

tterns
Graphs, charts, and images can be used to
identify patterns in data. (MS-LS4-1)

e.and Effect

Diversity n
= The collection of fossils = Phenomena may have more than one cause,
techniques of data and error analysis. and their placement in and some cause and effect relationships in
* Analyze and interpret data to determine chronological order (e.g., systems can only be described using
similarities and differences in findings. (MS- through the location of the probability. (MS-LS4-4),(MS-LS4-5),(MS-LS4-
sedimentary layers in 6)

which they are found or

Connections to Nature of Science through radioactive dating) Connections to Nature of Science

is known as the fossil
Scientific Knowledge is Based on Empirical record. It documents the Scientific Knowledge Assumes an Order and
existence, diversity, Consistency in Natural Systems
= Science knowledge is based upon logical and extinction, and change of = Science assumes that objects and events in
conceptual connections between evidence and many life forms natural systems occur in consistent patterns
explanations. (MS-LS4-1) throughout the history of that are understandable through
life on Earth. (MS-LS4-1) measurement and observation. (MS-LS4-1)
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MS-ESS1 Earth’s Place in the Universe

MS-ESS1 Earth’s Place in the Universe

Students who demonstrate understanding can:
MS-ESS1-4. Construct a-scientific-explanation based on evidence from rock strata for

history.

. Emphasis is on how analyses of rock formations and the fossils they

chains and ocean basins, the evolution or extinction of particular living organisms, or significant volcanic
eruptions.] [Assessment Boundary: Assessment does not include recalling the names of specific periods or
epochs and events within them.]

how the geologic time scale 5 used to organize Earth’s 4.6-billion-year-old

contain are used to establish relative ages of major events in Earth’s history. Examples of Earth’'s major events
could range from being very recent (such as the last Ice Age or the earliest fossils of homo sapiens) to very old
(such as the formation of Earth or the earliest evidence of life). Examples can include the formation of mountain

12 Science Education:

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

today as they did in the past and will continue to do so in (MS-ESS1-4) (MS-ESS1-4)
the future. (MS-ESS1-4)

Constructing Explanations and Designing Solutions Ideas :

Constructing explanations and designing solutions in 6-8 ESS1.C: The History of Scale, Proportion, ané

builds on K-5 experiences and progresses to include Planet Earth Quantity

constructing explanations and designing solutions supported = The geologic time scale = Time, space, and

by multiple sources of evidence consistent with scientific interpreted from rock stra energy phenomena

ideas, principles, and theories. provides a way to organize can be observed at

= Construct a scientific explanation based on valid and Earth’s history. Analyses o various scales using

reliable evidence obtained from sources (including the rock strata and the fossil models to study
students’ own experiments) and the assumption that record provide only relative systems that are too
theories and laws that describe the natural world operate dates, not an absolute scale. large or too small.
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Guiding Principles
of the Crosscutting

Concepts

1. The CCCs can help students

better understand the
Disciplinary Core Ideas (DCls)

An intuitive understanding
follows from seeing repetitions

of structures, patterns, and
processes, across different
scientific systems

2. The CCCs can help students
better understand the Science

and Engineering Practices
(SEPs)

For example, the CCC of
"Systems and System
Models” is clearly tied to
the practice of

"Developing and Using
Models”

3. Repetition in different
contexts is necessary to build
familiarity

Repetition was avoided in
the NGSS for PEs, SEPs,
etc., but NOT for CCCs

Crosscutting Concepts:
Structure and Function

HS-ESS2 Earth's Systems

Students who demonstrate understanding can:

of mechanical investigations include stream transportation and deposition using a stream table, erosion using
variations in soil moisture content, or frost wedging by the expansion of water as it freezes. Examples of
chemical investigations include chemical weathering and recrystallization (by testing the solubility of different
materials) or melt generation (by examining how water lowers the melting temperature of most solids).]

HS-ESS2-5. Plan and conduct an investigation of th€ properties of water dnd i
on Earth materials and surface processes. Hieod " Emphasis 5

mechanical and chemical investigations with water and a variety of solid materials to provide the evidence for
connections between the hydrologic cycle and system interactions commonly known as the rock cycle. Examples

The performance expectations above were developed using the following elements from the NRC documen k for K-12
Science Education: /-mm\
Science and Engineering Practices Disciplinary Core Ideas Crosscutting
Planning and Carrying Out Investigations ESS2.C: The Roles of Water in Concepts
Planning and carrying out investigations in 9-12 Earth’s Surface Processes Structure and Function
builds on K-8 experiences and progresses to = The abundance of liquid water on = The functions and
include investigations that provide evidence for Earth’s surface and its unique properties of natural and
and test conceptual, mathematical, physical, and combination of physical and chemicgl designed objects and
empirical models. properties are central to the planet” systems can be inferred
= Plan and conduct an investigation individually dynamics. These properties include from their overall
and collaboratively to produce data to serve as water’s exceptional capacity to structure, the way their
the basis for evidence, and in the design: absorb, store, and release large components are shaped
decide on types, how much, and accuracy of amounts of energy, transmit and used, and the

data needed to produce reliable measurements sunlight, expand upon freezing, molecular substructure
and consider limitations on the precision of the dissolve and transport materials, and of its various materiald
data (e.g., number of trials, cost, risk, time), lower the viscosities and melting Wz_s)

and refine the design accordingly. (HS-ESS2-5) points of rocks. (HS-ESS2-5)

4. The CCCs can provide a
common vocabulary for

science and engineering

Can especially enhance

understanding and engagement for:

a) English language learners,

b) students with language
processing difficulties, and

c) students with limited literacy
development

5. The CCCs should not be
assesseed separately from
practices or core ideas

For example, you would never
have a lesson or module or

assessment just on
‘PATTERNS” or “SYSTEMS”

6. Students should address all

seven CCCs over each of the

K-5, 6-8, and 9-12 grade bands

Performance Expectations Coded to Crosscutting Concepts

Grades K-2 Grades 3-5 QGrades 6-8

Grades 9-12

Patterns

K-LSI-1, K-ESS2-1, 3-PS§2-2, 3-LSI-1, MS-PS1-2, MS-PS4-1, MS-
1-LS1-2, 1-L83-1, 3-L53-1, 3-ESS2-1, L82-2, MS-LS4-1, MS-LS4-2,
1-ESS1-1, 1-ESS1-2, 3-ES882-2, 4-PS4-1, MS-L§4-3, MS-ESS1-1, MS-
2-PSI-1, 2-ESS82-2, 4-PS§4-3, 4-ESS1-1, ESS2-3, MS-ESS3-2
2-ES82-3 4-ES8S82-2, 5-ESS1-2

fS-PSi-1, HS-PSI-2,

HS-PSi-3, HS-PS1-5, HS-

PS2-4, HS-LS4-1,
HS-LS§4-3, HS-ESS1-5

Cause and
Effect

K-PS§2-1, K-P§2-2, 3-PS§2-1, 3-P52-3, MS-PS1-4, MS-PS2-3, MS-
K-PS§3-1, K-P§3-2, 3-LS2-1, 3-L83-2, PS§2-5, MS-LS1-4, MS-LS1-5,
K-ESS3-2, K-ESS3-3, 3-L54-2, 3-L54-3, MS-L82-1, MS-L83-2, L§4-4,
1-PS4-1, 1-P54-2, 3-ES883-1, 4-PS4-2, MS-L§4-5, MS-LS4-6, MS-
1-PS§4-3, 2-PSI-1, 4-ES882-1, 4-ESS3-1, ESS2-5, MS-ESS3-1, MS-
2-L82-1 4-ESS83-2, 5-PS1-4, ESS3-3, MS-ESS3-4

5-P§2-1

HS-PS§2-4, HS-PS3-5,
fS-P§4-1, HS-PS4-4,
HS-PS§4-5, HS-L52-8,
HS-L§3-1, HS-LS83-2,
HS-L§4-2, HS-LS4-4,
HS-LS4-5, HS-LS4-6,
HS-ES82-4, HS-ESS3-1

Scale,
Proportion,

and Quantity

3-L84-1, 5-PSI1-1, 5-P§2-2, | MS-PSi-1, MS-PS§3-1, MS-
J-PS§1-3, 5-ESS1-1, 5- PS§3-4, MS-LS1-1, MS-ESS1-
ESS2-2 3, MS-ESS1-4, MS-ESS2-2

HS-LS2-1, HS-L82-2,

fS-LS3-3, HS-ESSi-1, HS-

ESSi1-4

Systems and
System Models

K-ESS§3-1, K-ESS82-2 3-L§4-4, 4-LS1-1, MS-PS2-1, MS-PS2-4, MS-
J-L82-1 5-ESS82-1, P§3-2, MS-LS1-3, MS-ESSI-
5-ES8S83-1 2, MS-ESS2-6

HS-PS§2-2, HS-PS3-1,
FS-P§3-4, HS-PS54-3,
HS-LS1-2, HS-LS1-4,
HS-LS2-5, HS-ESS3-6

Energy and
Matter

4-PS§3-1, 4-P53-2, MS-PS1-5, MS-PS1-6, MS-
4-PS§3-3, 4-P§3-4, PS§3-3, MS-P§3-5, MS-LS1-6,
5-P83-1, 5-LS1-1 MS-LS1-k,

MS-L§1-7, MS-L§2-3, MS-
ESS2-4

fS-PSi-4, HS-PSI-7,
fS-PS1-8, HS-PS53-2,
HS-P§3-3, HS-LS1-5,
HS-LS1-6, HS-LS1-7,

HS-LS2-3, HS-ESS1-2, HS-

ESS1-3, HS-ESS2-3, HS-
ESS2-6

Structure and

Function

1-LS1-1, 2-L82-2, MS-PS1-5, MS-PS1-6, MS-
K-2-ETS1-2 PS4-a, MS-PS§4-2, MS-PS4-
3, MS-LS1-6, MS-LS1-7, MS-
L83-1

HS-PS§2-6, HS-LS1-1,
HS-ESS2-5

Stability and
Change

2-ESS1-1, 2-ESS2-1 MS-PS2-2, MS-LS2-4, MS-
LS82-5, MS-ESS2-1, MS-
ESS3-5

HS-PS1-6, HS-PS§4-2,
HS-LS1-3, HS-LS82-6,

HS-LS2-7, HS-ESS1-6, HS-

ESS2-1, HS-ESS2-2, HS-
ESS2-7, HS-ESS3-3, HS-
ESS3-4, HS-ESS3-5

Crosscutting Concepts:

Cause and Effect

MS-ESS2 Earth’s Systems

MS-ESS2 Earth’s Systems

Students who demonstrate understanding can:
MS-ESS2-5. Collect data to-provide evidence for how t

air masse @
how air masses floW=fre
humidity, precipitation, and wind) at a fixed location to change over time, and how sudden changes in weather can
result when different air masses collide. Emphasis is on how weather can be predicted within probabilistic ranges.
Examples of data can be provided to students (such as weather maps, diagrams, and visualizations) or obtained
through laboratory experiments (such as with condensation).] [Assessment Boundary: Assessment does not include
recalling the names of cloud types or weather symbols used on weather maps or the reported diagrams from weather

hanges in weather conditions.

stations.]

otions and complex interaction

arification Statement: Emphasis is on
Egions of high pressure to low pressure, causing weather (defined by temperature, pressure,

The performance expectations above were developed using the following elements from the NRC document A Fra

Education:.

mewoklar 12 Sence

Science and Engineering Practices

Planning and Carrying Out Investigations ESS2.C: The Roles of Water in Earth’s

Planning and carrying out investigations in 6-8 builds on | Surface Processes

K-5 experiences and progresses to include = The complex patterns of the changes and
investigations that use multiple variables and provide the movement of water in the atmosphere,
evidence to support explanations or solutions. determined by winds, landforms, and

= Collect data to produce data to serve as the basis ocean temperatures and currents, are
for evidence to answer scientific questions or test major determinants of local weather
design solutions under a range of conditions. (MS- patterns. (MS-ESS2-5)
ESS2-5)

se and Effi

Cau
= Cause and effect

used to predict

MS-ESS2-5)

relationships may be

phenomena in natural
or designed systems

Current Surface
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7. The CCCs grow in

complexity and sophistication
across the grades; curricular

materials should only

incorporate grade-appropriate

elements

Example: Scale, Proportion, and Quantity

Crosscutting | Crosscutting Statements
Statements Statements

3. Scale, Proportion, and Quantity — In considering phenomena, it is critical to recognize what is
relevant at different size, time, and energy scales, and to recognize proportional relationships

betweegifferent quantitie§s scales change. a a
K-2 3-5 6-8 Crosscutting 9-12 Crosscutting

Statements

= Relative = Natural objects = Time, space, and energy
scales allow and/or phenomena can be observed at
objects and observable various scales using models to
events to be phenomena study systems that are too large
compared exist from the or too small.
and very small to The observed function of natural
described the immensely and designed systems may
(e.g., bigger large or from change with scale.
and smaller; very short to = Proportional relationships (e.g.,
hotter and very long time speed as the ratio of distance
colder; faster periods. traveled to time taken) among
and slower). Standard units different types of quantities
Standard are used to provide information about the
units are measure and magnitude of properties and
used to describe processes.
measure physical Scientific relationships can be
length. quantities such represented through the use of
as weight, time, algebraic expressions and
temperature, equations.
and volume. Phenomena that can be
observed at one scale may not
be observable at another scale.

= The significance of a

phenomenon is dependent on the
scale, proportion, and quantity at
which it occurs.

Some systems can only be
studied indirectly as they are too
small, too large, too fast, or too
slow to observe directly.

= Patterns observable at one scale

may not be observable or exist at
other scales.

Using the concept of orders of
magnitude allows one to
understand how a model at one
scale relates to a model at
another scale.

= Algebraic thinking is used to

examine scientific data and
predict the effect of a change in
one variable on another (e.g.,
linear growth vs. exponential
growth).

8. Performance expectations
focus on some but not ali
capabilities associated with a
CCC (i.e., students need only
focus on one element of a
CCC, not the full grade- or
grade-band description)

| Example: Scale, Proportion, and Quantity

between different quantities as scales change.

3. Scale, Proportion, and Quantity — In considering phenomena, it is critical to recognize what is
relevant at different size, time, and energy scales, and to recognize proportional relationships

K-2 3-5 6-8 Crosscutting
Crosscutting | Crosscutting Statements
Statements Statements

9-12 Crosscutting
Statements

= Relative = Natural objects = Time, space, and energy
scales allow and/or phenomena can be observed at
objects and W various scales using models to
events to be phenomena study systems that are too large
compared exist from the or too small,

and very small t » The observed function of natural
described and designed systems may
(e.g., bigger large or from i

and smaller; very short to = Proportional relationships (e.g.,
hotter and very long time speed as the ratio of distance
colder; faster eriods. traveled to time taken) among
and slower). w different types of quantities
Standard are used to provide information about the
units are measure and magnitude of properties and

used to describe
measure physical = Scientific relationships can be

length. —Wﬂﬂ‘lﬂ?ﬁ* represented through the use of
as weight, twfie, algebraic expressions and

temperature, |__eguations.

and volume = Phenomena that can be
é observed at one scale may not

be observable at another scale.

= The significance of a
phenomenon is dependent on the
scale, proportion, and quantity at

which it occurs.
Some systems can only be

studied indirectly as they are too

small, too large, too fast, or too
slow to observe directly.

= Patterns observable at one scale
may not be observable or exist at

other scales.

= Using the concept of orders of

magnitude allows one to

understand how a model at one

scale relates to a model at
another scale.

= Algebraic thinking is used to

examine scientific data and

predict the effect of a change in

one variable on another (e.g.,
linear growth vs. exponential
growth).

Crosscutting Concepts:
Systems and System Models

MS-ESS1 Earth’s Place in the Universe

Students who demonstrate understanding can:

within galaxies and the sola

planets as viewed from Earth.]

[Clarification Statement: Emphasis for the model
is on gravity as the force that holds togethe r system and Milky Way galaxy and controls orbital
motions within them. Examples of models can be physical (such as the analogy of distance along a
football field or computer visualizations of elliptical orbits) or conceptual (such as mathematical
proportions relative to the size of familiar objects such as their school or state).] [Assessment Boundary:
Assessment does not include Kepler’s Laws of orbital motion or the apparent retrograde motion of the

MS-ESS1-2. Develop and use 8{modelto deii'l e the role of gravity in the motions

for K-12 Science Education:

The performance expectations above were developed using the following elements from the NRC document A Framework
_ .

Crosscutting Conce

Science and Disciplinary Core Ideas :
S LLEE O RIS TN | ESS1.A: The Universe and Its ' Systems and System Models

Developing and Using Stars = Models can be used to represent systems
Models = Earth and its solar system are and their interactions. (MS-ESS1-2)
Modeling in 6-8 builds on K-5 part of the Milky Way galaxy,

ts

experiences and progresses to which is one of many galaxies ] - -

developing, using, and revising in the universe. (MS-ESS1-2) Connections to Nature of Science

models to describe, test, and ESS1.B: Earth and the Solar L

predict more abstract System Scientific Knowledge Assumes an Order

phenomena and design systems. = The solar system appears to and Consistency in Natural Systems

= Develop and use a model to have formed from a disk of = Science assumes that objects and events in

describe phenomena. (MS- dust and gas, drawn together natural systems occur in consistent patterns
ESS1-2) by gravity. (MS-ESS1-2) that are understandable through

measurement and observation. (MS-ESS1-2)

Orbital Plane

All planets in the solar
system.orbit.on the
same.orbital plane

,Jup.it(llr

* Many comets exist outside the orbital plane

Saturn

Ne pltu ne
Uranus

Promoting K-12 Geoscience Education Through an Emphasis on Geoscience Practices and Crosscutting Concepts
Paper No. T114 - 161

9. The CCCs are interconnected -- they work together

COMPONENT STRUCTURE: Together,

SYSTEM STRUCTURE: Both “Patterns” and “Scale, Proportion, and Quantity” are ways of observing,
categorizing, and classifying information, whether about physical objects or phenomena. Taken
together, they provide a powerful tool for building understanding across multiple science domains.

Common Groupings Of the “Structure and Function” and “Cause and Effect”
Crosscutting Concepts can deconstruct a system down into its

1. System Structure:

components. Unfortunately, this often does not
allow students to see how the system operates
(i.e., with this clock radio, you won’t hear any

« “Patterns” music).

« “Scale, Proportion, and Quantity”

2. Component Structure:

e “Structure and Function”
e “Cause and Effect”

3. System Processes:

« “Systems and System Models”
* “Energy and Matter”
« “Stability and Change”

A holistic approach to science is exemplified by the crosscutting concepts of “Systems and System
Models,” “Energy and Matter,” and “Stability and Change.” These all deal with understanding different
aspects of nature by examining how components of a system function together. Taken together, they

can help students understand how systems operate.
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Crosscutting Concepts:
Energy and Matter

MS-ESS2 Earth's Systems

MS-ESS2 Earth's Systems
Students who demonstrate understanding can:

MS-ESS2-4. Develop am . ribe th€ cycling of water Xhrough Earth’s

driven by energy rom the € force of gravity.
[Clarification StaleTmermts PDITasis is on the ways water changes its state as it moves through the
multiple pathways of the hydrologic cycle. Examples of models can be conceptual or physical.]
[Assessment Boundary: A guantitative understanding of the latent heats of vaporization and fusion is
not assessed.]

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

Science and Engineering Discif Core Ideas
Practices ESS2.C: The Roles of Water in Earth's
Surface Processes
Developing and Using Models * Water continually cycles among land, E:' erwgizhiann: :;::::;r
M°de!'“9 in 6-8 builds on K-5 ocean, and atmosphere via transpiration, or designed
experiences and progresses to evaporation, condensation and system, the
developing, using, and revising models to crystallization, and precipitation, as well as transfer of energy
describe, test, and predict more abstract downhill flows on land. (MS-ESS2-4) drives the motion
phenomena and design systems. * Global movements of water and its and/or cycling of
= Develop a model to describe changes in form are propelled by sunlight matter. (MS-
:;(S:gi;vable mechanisms. (MS- and gravity. (MS-ES52-4) SS2- 4')

e Water Cycle .

/ szl g Condensation

Sublimation
I |

Desublimation Evapotranspiration -
Evaporation

Volcanic
steam

Ice and
snow

Crosscutting Concepts:
Stability and Change

HS-ESS3 Earth and Human Activity

Students who demonstrate understanding can:
HS-ESS3-5. Analyze geoscience data and the results from global climate models to make

ap _evidence-based forecast of the current rate of algbal or regional climate
Cchange 2nd associated future impacts to Eartlf systems,)Ciarification Statement:
ampres of evidence, for both data and climate model outputs, are fo ate changes (such as precipitation

and temperature) and their associated impacts (such as on sea level, glacial ice volumes, or atmosphere and
ocean composition).] [Assessment Boundary: Assessment is limited to one example of a climate change and its
associated impacts.] J—

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

Science and Engineering Practices Disciplinary Crosscutting
Analyzing and Interpreting Data Core Ideas Concepts
Analyzing data in 9-12 builds on K-8 experiences and progresses to introducing ESS3.D: Global Stability and
more detailed statistical analysis, the comparison of data sets for consistency, and | climate Change Change
the use of models to generate and analyze data. * Though the = Change and
= Analyze data using computational models in order to make valid and reliable magnitudes of rates of change
scientific claims. (HS-ESS3-5) human impacts can bg
B N are greater than quantified and
Connections to Nature of Science they have ever modeled over
L . ; been, so too are VEry short on
Scientific Investigations Use a Variety of Methods himaniabilities very long )
= Science investigations use diverse methods and do not always use the same to model, periods of time.
set of procedures to obtain data. (HS-ESS3-5) predict, and Some system
= New technologies advance scientific knowledge. (HS-ESS3-5) manag'e current changes are
Scientific Knowledge is Based on Empirical Evidence Ses irreversible. (H5-
= Science knowledge is based on empirical evidence. (HS-ESS3-5) impacts. (HS- ESS3-5)
= Science arguments are strengthened by multiple lines of evidence supporting ESS3-5)
a single explanation. (HS-ESS3-5)
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