NEXT GENERATION

CIENCE

STANDARDS

A FF{P&MEC} 'C}
K-12 SCIENCE

EDUCATION

Pracrices, Crosscumting Conceprs, and Core ldeas

Students and Tomorrow’ s Workforce
Presented by:

Phil Lafontaine, Director

Professional Learning Support Division Dean Gilbert, Science Coordinator
California Department of Education Orange County Department of Education



Why Are There Natural
Occurrences Happening?



ACTIVITY: Season Simulation
Why do seasons occur on Earth?

Each group will receive a Earth globe, a lamp, a
thermometer and masking tape. With these
materials, move forward with your
exploration.

O




Let’s Get Started %ﬁ

Tape your group’s thermometer on one
of the four locations indicated in the
diagram (A-B-C-D).

Place the lamp about 2 feet away from

the globe. Aim the lamp’s energy flow at
what would be the equator of the globe.

Given the situation of the lamp and the
thermometer, which thermometer will
gain the most energy! Why do you
think this will happen?






Next Steps

Your team will be monitoring the temperature
of your location every 30 seconds.

|. Construct a data table to record the
possible changes in the temperature.

a. To begin, record in your data table what the
starting temperature is of your thermometer.

b. Turn the lamp on and monitor the
temperature. Take reading every 30 seconds
and record the temperature in your data

table.




Analysis of Data %

At the end of |0 minutes, construct a line
graph of your data.

What patterns do you notice! Why do you
think this pattern in the data occurred!?

Collaborate with the other groups to compare
your data with theirs. What are the differences
and similarities? Again, why do you think this
pattern occurred? Be sure to utilize the
data to construct your argument.



ACTIVITY: Season Simulation
Further Investigation



Questions to Ponder %ﬁ

* What new information has your group
gained from watching this video!

* What season do you think this model
represents!?

* What data provides you with the
evidence to develop and support your
argument?

e Construct a model that supports your
explanation of what season this simulation
represents.



NGSS Correlation to MS-ESS|-b

This activity supports the NGSS Earth’s Place in the
Universe Performance Expectation MS-ESS|-b:

“Use models of the Earth-Sun system to
support the explanation that the seasons are
a result of the Earth’s tilt and are caused by
the differential intensity and duration of
sunlight on different regions of the Earth over
the year.”



The Three Dimensions

Constructing Explanations and Designing Snlntji\ons
Constructing explanations and designing solutions in 6~ 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. (MS-ESS1-g)
= Apply scientific knowledge and evidence to explain real-
world phenomena, examples, or events. (MS-ESS1-d)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 6—8
builds on K=5 and progresses to evaluating the merit and
validity of ideas and methods.
= Communicate scientific information and/or technical
information (e.g. about a proposed object, tool, process,
system) in different formats (e.g., verbally, graphically,
textually, and mathematically). (MS-ESS1-e)

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories Explain
Natural Phenomena

ESS1.B: Earth and the Solar System

= The solar system consists of the sun and a collection of
objects, including planets, their moons, and asteroids that
are held in orbit around the sun by its gravitational pull on
them. (MS-ESS1-c),(MS-ESS1-d)

= This model of the solar system can explain tides, eclipses of
the sun and the moon, and the motion of the planets in the
sky relative to the stars. (MS-ESS1-a),(MS-ESS1-c)

= FEarth’s spin axis is fixed in direction over the short-term but
tilted relative to its orbit around the sun. The seasons are a
result of that tilt and are caused by the differential intensity
of sunlight on different areas of Earth across the year. (MS-
ESS1-b)

ESS1.C: The History of Planet Earth

» The geologic time scale interpreted from rock strata provides

a way to organize Earth’s history. Major historical events
include the formation of mountain chains and ocean basins,
evolution and extinction of particular living organisms,
volcanic eruptions, periods of massive glaciation, and the

development of watersheds and rivers through glaciation and

water erosion. (MS-ESS1-f),(secondary to MS-ESS2-0)

= Analyses of rock strata and the fossil record provide only
relative dates, not an absolute scale. (MS-ESS1-
g),(secondary to MS-ESS52-0)

systems and System Models
= Models (e.g., physical, mathematical,
computer models) can be used to
simulate systems and interactions—
including energy, matter, and information
flows—within and between systems at
different scales. (MS-ESS1-b)

Connections to Engineering, Technology,
and Applications of Science

Interdependence of Science,
Engineering, and Technology
= Engineering advances have led to

important discoveries in virtually every
field of science and scientific discoveries
have led to the development of entire
industries and engineered systems.
Science and technology drive each other
forward. (MS-ESS1-d),(MS-ESS1-e)

Connections to Nature of Science

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice, Disciplinary Core Idea, or Crosscutting Concept.
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A Framework for Science Education
Practices, Crosscutting Concepts, and Core Ideas

Vision

- Science for ALL Students
e Coherent Learning

A FRAMEWORK FOR

. . K-12 SCIENCE
Realizing the Vision EDUCATION

* Integrating the Three Dimensions L
e Implementation

e Equity and Diversity

 Guidance for Standards Development

» Looking Toward the Future: Research to Inform
K-12 Science

Education Standards
Three Dimensions
» Scientific and Engineering Practices
* Crosscutting Concepts
* Core Ideas
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Focus of the Framework

Three Dimensions

eScientific and Engineering Practices
*Crosscutting Concepts
eDisciplinary Core Ideas
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Science and Engineering Practices

These statements were derived from the
Framework to further explain the science
and engineering practices important to
emphasize in each grade band. The
practices are grouped by the eight
categories detailed in the Framework.
Most standards emphasize only a few of
the practice categories. However, all

practices are emphasized within a grade
band.
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Disciplinary Core Ideas

These statements are taken verbatim from the
Framework, and detail the sub-ideas
necessary for student mastery of the core
idea.
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Crosscutting Concept Statements

These statements were derived from the
Framework to further explain the
crosscutting concepts important to
emphasize in each grade band. The
crosscutting concepts are grouped by the
seven categories detailed in the Framework.
Most standards emphasize only a few of the
crosscutting concept categories. However,
all crosscutting concepts are emphasized
within a grade band.
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Dimension |

Scientific and Engineering Practices

Inquiry = Practices

1. Asking questions (science) 5. Using mathematics and

and defining problems computational thinking
(engineering) 6. Constructing explanations

2. Developing and using (science) and designing
models solutions (engineering)

3. Planning and carrying out /. Engaging in argument from
Investigations evidence

4. Analyzing and interpreting 8. Obtaining, evaluating, and
data communicating information

For each, the Framework includes a description of the practice, the culminating
12t grade learning goals, and what we know about progression over time. 15



Dimension 2
Crosscutting Concepts

Crosscutting Concepts = Disciplinary Connective Tissue

1. Patterns

Cause and effect

Scale, proportion, and guantity
Systems and system models
Energy and matter

Structure and function

~N o o B~ N

Stability and change

n. NEXT GENERATION
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Dimension 3- Disciplinary Core Ideasii

Disciplinary Core Ideas = Defines Content Knowledge

» Disciplinary Significance

> Has broad importance across multiple science or engineering
disciplines, a key organizing concept of a single discipline

e Explanatory Power
> Can be used to explain a host of phenomena
e Generative

> Provides a key tool for understanding or investigating more
complex ideas and solving problems

o Relevant to Peoples ’ Lives

o Relates to the interests and life experiences of students,
connected to societal or personal concerns

o Usable fromKto 12

o |s teachable and |learnable over multiple grades at increasing
levels of depth and sophistication

19



‘*——__;_1. SB 300, chaptered in October 2011, required

- the Superintendent of Public Instruction, Tom
Torlakson, to submit a set of revised standards
to the State Board of Education by March
2013.

'« The revised standards must be based upon
- NGSS

e The SBE must take action on the revised
standards by July 2013.



Legislative Update

» SB 1200 chaptered in October 2012, modifies
the timeline that the Superintendent of Public
Instruction (SSPI), Tom Torlakson, is required to
submit revised California Standards in Science

* The revised standards must be still based upon
NGSS

* The SSPI must submit revised standards to the
SBE by July 2013, after which Board action
must be taken by November 2013.
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______ Vision for Science Education

“ Sk» '

BENCHMARKS

FOR SCIENCE LITERACY

AMELICAN ASSOCIATION POIL THE ANYANCEMENT OF SCLEHCE
PROJECT 2061

~-;Bui|ds on Existing National Science Education Efforts

24



NGSS Lead States

Californiais actively participating in NGSS
development.



California Internal Review Team

K-12 Teachers

County Offices of Education

College and University Faculty

Practicing Scientists

_eaders in Business and Industry

~ormal and Informal Science programs
California Science Teachers Association
California Mathematics and Science Projects
California Department of Education

26
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http://www.nextgenscience.org/

Organized Around Core Ideas

» Fewer, clearer, higher

o

“Many existing national, state, and local
standards and assessments, as well as the
typical curricula in use in the US, contain too
many disconnected topics given equal priority.
(NRC, 2009)

Standards and curriculum materials should be
focused on a limited number of core ideas.

Allows learners to develop understanding that
can be used to solve problems and explain
phenomena.

7
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| The Partnership for 215 Century Skills

Core Subjects and
: 21st Century Themes Information,
Life and Media, and

Career Skills Technology

Skills

Ctandards and
Assessments

! \ Curriculum and Instruction /
\ PIJT‘E‘SS[LP;’I D EVE|OE:II“EHI /

Learning Environments
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Physical Sciences

o Matter and Its Interactions
 Motion and Stability \
* Energy

e Waves and Their
Applications

30



 From Molecules to
Organisms: Structures
and Processes

« Ecosystems: Interactions,
Energy, and Dynamics

 Heredity: Inheritance and
Variation of Traits

* Biological Evolution:
Unity and Diversity

31



Earth and Space Sciences

o Earth’ s Place in the
Universe

o Earth Systems

o Earth and Human
Activity
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Engineering, Technology and

Applications of Sciences

white peg aimed
upward supports

 Engineering Design

» Links Among Engineering, e (B
Technology, Science and i el
Society

33



Next Generation Science Standards

Architecture

Crosscutting
Concepts

Integration of 3 DImensions:  practices

Core
Ideas

34



Alignment to Common Core

» Each science standard is correlated to the
cognitive demands of both English
Language Arts standards and mathematics
standards.

» Specific correlation of the Common Core
standards are noted in the architecture of
each individual science standard.

35



Habits of Mind

; SCIENCE
| Science and
Engineering
Practices
ELA MATH
College and Career Standards for
Readiness Anchor Mathematical
Standards Practice

36



Science

M4 . Model with mathematic? Slaskiquestions:&ocfne

M1. Make sense of problems problems
& persevere in solving them . 53. Plan & carry out
M2. Reason abstractly & S5, Use mathematics & investigations

quantitatively

M6. Attend to precision

M7. Look for & make use of
structure

MB. Look for & express
regularity in repeated
reasoning

computational thinking

S4. Analyze & interpret data
""" o 56. Construct explanations &
e design solutions

evidencel . S58. Dbtalin. evaluate &
communicate
information
E3. Obtain, synthesize,
and repart findings
clearly and effectively
in response to task
and purpose

ES. Use technology &
digital media
strateqically & capably
M5. Use appropriate
tools strategically

, Nl

Cheuk, T. (2012). Relationships and Convergences Found in the Common Core State Standards in Mathematics (practices), Common Core State Standards in
ELA/Literacy*(capacities), and A Framework for K-12 Science Education (science & engineering practices).



- Shayna had a small bottle of Bromine gas. The bottle was closed with a cork. She
4 t‘ie‘dé string to the cork, and then placed the bottle inside a larger bottle. She

~ sealed the large bottle shut (Figure 1). Next, Shayna opened the small bottle by
~ pulling the string connected to the cork. Figure 2 shows what happened after the
- cork éyf the small bottle was opened.

1. Draw a model that
- shows what s

:

~happening in this

~ experiment.

2. Explain in writing
~ what s happening in
~ your model,

Figure1= Figure 2

P A | 38



\ Organize around limited number of core ideas.
- Favor depth and coherence over breadth of
coverage.

e Core ideas need to be revisited in increasing
- depth, and sophistication across years. Focus
needs to be on connections:
o Careful construction of a storyline — helping learners build

sophisticated ideas from simpler explanations, using
evidence.

> Connections between scientific disciplines, using powerful
ideas (nature of matter, energy) across life, physical, and
environmental sciences.



* Performance expectations should bring
together scientific ideas (core ideas, cross
cutting ideas) with scientific and
engineering practices.

|
b |
—
i

o Curriculum materials need to do more than
present and assess content.

o Curriculum materials need to involve learners
in practices that develop, use, and refine the
scientific ideas.



Product Not The Process

Performance expectations represent “the
product” which defines what each student
should know and be able to do.

It does NOT define “the process”
Curriculum/instructional strategies that the
teacher utilizes to achieve
the outcome.

NEXT GENERATION

SEENCE

41



NGSS Development Timeline

Next Generation Science Standards Development Process

State Re
Team of Science
Experts

Released by
National

ry

Sec
Public
Draft of
NGSS
Released

* pending SBE action

California Department of Education evised December 201f 2



Lots of work completed,
underway, and left to do

A FRAMEWORK FOR

K-12 SCIENCE
EDUCATION

Proowaoit, Craswoumng Convepas. b Core bl

California’s Next Steps

SBE Adoption of
NGSS

NEXT GENERATION

CIENGE

STANDARDS

State Framework
’ Development

Instruction and
Assessment

\ Professional
Development
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How to Read the
Standards Map



Cod

e for the

standard name

> |

1/

MS.LS-MEOE Matter and Energ',r in Organisms and Ecosystems

- mdersmadmgnﬂmworgmwmobﬁinand u'.rsfer'li're matter and energy needad by:

fing an explanation for the role of photosynthesis in the cycling of matterangd flow of energy on Earth, [Assessment
and-nr Limited 1o the exglanason relsed to water, carbon diosde, and bght erengy being unn-dmprndl.lmn.dm':-ud relsase conygen NOT the mmthhr
phritoRynchess]
Developing and using models of the cycling of matter among living and np 'J:__l'l-ﬂ parts of ecosystems
Using modeds to explore the transfer of eneray into, out of, and within the ecotystems
[Asmeesmment Boundsry: Omby Bght, chemical, and thermal snergy need to be addressed with an empiiss thathe tobsl amourt of energy dees not change]

Constructing and communicating models of food webs that dem ||-(¢|" alerthe transfer of matter and energy among
arganisms ( producers, consumers, and decomposers) within .111(E'fn‘wﬂl=ﬂ

Using evidence to explain that matter is conserved as atoms Iy d¢'are rearranged.as ey pass throuwgh different
Ay BTN {1 in a food web .-"

Usmu ewdenc\e from credible sources to support aruumenti tI]at chanum;l a componentgf ah.gcosystem affects the
species in the ecosystem.

.

Systems and System Models

* Models can be used to represent systems and
their i & inputs, processes and
outputs—and energy, mether, snd infarmation
Flowes within syssems. (bl {c){d)

= Madels are lenited in thet they only represem
ceitain sspects of the system under study.

Practices I

ycling of matter in nasure. (bl(e)

» The mansfer of anergy can be tracked as energy
Eﬂm.mrmw‘

» Within a natural or designed system, the trarsfer
of enermy diives the motion andl'or cvcling of
matier, (2}

Stability and Chanoe

= Small changes in one part of & system might
cause laroe changes in another et [F)

Far example wien molecules from food rescr with
from the environment, the carbon dicuide and
are transfered back o the environment, and
wasie products, such as fecal manes. Decomposers
recyche rutients from dead plant or anvmial mames back 1o the soll in
PﬂlﬂﬂMunhWhMMh
atoms thatt make up e 0rgeniEmE in @ sosyEem ane cycled
mmnmwmpmimm
il
Ecosy Bynamics, Functioning. and Resilience
E are dynamic in their characteristics can vary over
mmmndnﬂwtuhimd‘m
can lead o shifts in ol its

Connections to other topics in ths grade-levis: MS.ESS-HE, MS.E55-ESP, MS.PS-5PM, MS.PS-ECT, M5.PS-CR

Artieuilabion screds grace-leveds; 3.5F5, 3.MEE, H5.L5-MEDE. H5.L5-TRE

Eﬁ:ﬂu‘rmmmw

W.68 H‘Mﬂiilﬁnﬁuﬂﬁmmuﬁhpﬂlrﬂ-ﬁ“mm mhnﬂﬁh}dlﬂm;ﬂmmmﬂrﬂﬂummmﬂmﬂ

avoiding plagiaism and providing besic bibliographic information for sounces,

W.7.8  Gather relevant information from muliple peint and digital sources, using search wims effectively: acsess the credibliity and accuracy of each source: and quote or paraphrase

the data and conchesons of pthers while swoiding plagiarism and following a standard format for citation.

WA  Gsther relevant informstion from multiple print and digital sources, using search terms effectively; sssess the credibility and sccuracy of each source; and quote or parapbrase

the data and conchusicns of others while sveiding plagiarism and following & standand Tormat for cltation.

Mathematics -

MP.3  Construct viable arguments and critigue the ressoning of others.

6.SP Summarize and describe daributions

B.F Use funcrions w model relaionships betwean quantities 45




Essential
Question

| Esseribial Syrestionr: Fow can engioy be frandarad?

a. Analyzing and interpreting data to explain
3, Eewebnping and usi) nodels e chiow
. Plarmming and carmging onk investigations Heat provide esidensoe

d. Constricting esplanations showing

| Scienoe and Engineering Practioes |
[Cmyond i i) i P P s Poail Definitions of Eie=ngy Paliems
= Liza medals b axplors relaborabipe babavsan arnbles, = Hohion srargy m propardy called krefic arargy; i = Putbarra can ba chssrad ard irveshoabed
acpartaly thoss mpreseanbing et and oatou, (bl proeeinnal b e rmans of the modng brsct and oo with b repesanizbion anad araksts e, ke
» |Es EFELE relresainiiong and middeis [indiding el cafuicra o iE ansedd. (3] mamilide, el [a)

The Essential Questions are designed to show an
aspect of the world that will be explained as a
student gains understanding of the disciplinary
core ideas as defined by the Framework. In most
cases, these questions were taken directly from
the NRC Framework.




MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

MS.LS-MEQOE  Matter and Energy in Organisms and Ecosystems

a. DP\IF|H|JII1I; a:lpxplarmhnn Lhe ; cling of matter ang

Py 'f-ﬂ-::

b. [}E\I’F|Duﬂ1|1 and using models of th cling of mat
Performance €. Using models t 0 exp |l.r 1I Lr nsfe :|-.-rn--

Expectations - i st

" Stan dard f. Using e'.'iclr:nce from credible sources to support argumends that changing a component

2. Usmg evidence to explain that matter is conserved

Students demonstrate understanding of how organisms abtam and transfer th-u marl:r.er and energy I'Ii:'l-."'.‘l'l:d by:
ow of energy
Boundary: Limiced alana ralated o water, Carbon dicoode '-:Ir:l'rtﬂa-n.:p*:'. jeed to produce Sudars a -Jnhu-' oanygen NOT the

J'.s_e zmert Boundsny |} b cal, & l!-n 'n..l ergy nesd to be sddressed with an empirisx tha®te tobtsl smourt of energy ot cha
d. Constructing a J nunicating models the transher of matter and energ

a)

b)

Science and Engineering Practices | Disciplinacy Core Ideas |

Stem: Each standard is written in the form of one

sentence, with a stem statement describing the overall
core idea that is important for student understanding of
science, followed by several performance expectations

that describe how students will demonstrate that

understanding.
Component statements/Student Performance

Expectations: Component statements are lettered with

lowercase letters, and each combines Practices,

Disciplinary Core Ideas, and Crosscutting Concepts into a

performance expectation.




Blue font designates
a science and
engineering practice
concept

MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

MS.LS-MEDE  Matter and in s and
Students demonstrate understanding of how orgmtﬂ'ns ub'l.‘.in and transfer the matter and energy needed by:

a. Developing an explanation for the role of photosynthesis in the cycling of matteramgd flow of energy on Earth. [Assessment
Boundary: Limited to the explanason relsted to water, r.-rbm dn:u:dn and light energy beng used o produce n.i'l’-r: -ud relsase conygen NOT the mmt}mmnhr
phritoRynchess]

. Developing and using models of the cycling of matter among living and :|)-!‘I..4:__|-'I-.‘. parts of ecosystems
L u;mu mnde{sm Exulnre the trans.Fer of enerqgy into, out of, and within e ecofystems
e e L B s R LT L =1 .-mtdmbeaddremdw&.-rﬂppﬁssd}!ﬂnh:mﬂmmufmmd-n-e:-ﬂntndr-g!
'ﬂnsth.‘lfﬂng 5ild'r_mnmumtaﬂng rne!'s- food wels that dem: -?“" iler'the transfer of matter and energy among
dia kel - mpose 1w1tl1u| an n‘w-s:tﬁnl.
5 I.Ismg evidence to explalnthal: matter is l.u]rwnred 15 atoms |u oo are rearranged.as they pass through differant
arganisms in a lood web
5 Usmu evidence from credible sources to support aruuments that rlnnmnp a componentgf ahgcosystem affects the

s les n the ac O5ystem.

Systems and System Models

* Models can be used to represent systems and
their i & inputs, processes and
outputs—and energy, mether, snd infarmation
Flowes within syssems. (bl {c){d)
= Madels are lenited in thet they only represem
ceitain sspects of the system under study.
Ibkfch

rycling of matter in nasure. [bl.(=)

= The wansfer of energy can be tracked a energy
flows through a designed o natwral system.
fel(dh

= Within a | ar 4 the i
ﬁmﬁmhm.ﬁwrﬂuu‘

MMM

= Small changes in one part of & system might
couse large changes in another per (F)

Fﬂumhubmm*mhﬁwnhdmuﬁ
from the environment, the carbon dicuide and
are transfered back o the environment, and
". wasie products, such as fecal manes. Decomposers
mﬂmﬁm““rmﬂ miatter back to the soil in
teresirial envirenments o 1o the weter N squatc envirenmants. The
mmm up the orgenlsms in an soomyEem ane Cycled
repaasedly batween the Iving and nonlving parts of the ecosysem.

."
(Bl dchid)

,f::u: ios, Fumndctis ’,..ndl.-sﬂhpu
manmﬂ"d.m Can vary over

Connections & other
Artieuilabion screds grace-leveds; 3.5F5, 3.MEE, H5.L5-MEDE. H5.L5-TRE
&h.;mm&nﬂam Srardands Commectenms:

ics in thie grade-teved MS.ESS-HE, M5.ESS-ESP, M5.PS-5FM, MS.PS-ECT, M5.PS-CR

W.68 Edwrdmtin‘mmdiunfmmutbhp:ﬂardd’gﬁ.lmm mhnﬂﬁhdlﬂm;lﬂmﬂmwﬂﬂrﬂhdﬁnﬂmﬂﬁuﬁﬂnﬂuﬂuhﬁ
avoiding plagiaism and providing besic bibliographic information for sounces,

W.78  Gather relevant information from mulkiple print and digital sources. usng search erms effectively: assess the credibliity and accuracy of each ssurce: and quote or paraphrase
the data and conchesons of pthers while swoiding plagiarism and following a standard format for citation.

WA  Gsther relevant informstion from multiple print and digital sources, using search terms effectively; sssess the credibility and sccuracy of each source; and quote or parapbrase
the data and conclusicons of others while aveiding plagiarism and following & stamdand format for citation.

Mathematics -

MP.3  Construct viable arguments and critigue the ressoning of others.

55 Summarize and describe daributions

B.F Use functions o model relaionships betwean quartities 48




[ldea

Orange font
de3|gnates a
disciplinary core

MS.LS-MEOE Matter and Energ\r in Organisms and Ecosystems

. Constructing and communicating mdelsy

. Using evidence to explaln that matter is Ld:mrred as atoms ,'»“

']

[

rrgy in Organisms and E

dﬂmmxewﬂemMﬁMWﬂgmhmsomﬁnammerme matter and energy needad by:

Baieloping an explanation for the role of photosynthesis in the cycling of matteramd flow of energy on Earth. [Assessment
E ted o the swplanason releed to water, carbon dicoode, and hight enengy beng used o produce anad releace covgen NOT the chemica eguation for
- .

y A
: Isofthe cycling of matter among living and nel .l,c_nﬁ parts of ecosystems.
Lily . energy into, out of, 1|L1 within the ecosystems

e totsl amourt of energy does not change]

‘ﬂi he transfier of matter and energy among
arganisms | producers, consumers, and de - r
-I:-.-;S-' are rearranged.as they pass through differant

organisms in a food web
. Using evidence from credible sources to support aruumept{tpat chanu) a component-gf ah.ecosystem affects the

species in the ecosystem.

| cipiinary Core deas [ Crosscutting Concepts |
L51.C: Structure and Function NS Systems and System Models

= Plants, sigse and mény microomganisma = Models can be used to represent systems and

use the o Mo their interactiors—such a2 inputs, protesses and

Mﬁ%-’m outpats—and energy, matter, snd information
photma Rt st siigars can be Pows within systems. (blcl{d)

[l le} {bLich

«cyeling of mattar in nature. (bl(=)

= The wansher of enengy can be tracked as energy
_

» Within a natural or designed system, the trarsfer
of enermy diives the motion andl'or cvcling of

1 matier, (2}
‘OuDs ke act—ovimarily, Stability and Change
rarisfers of matter into and out of the physicd environment otowr & |+ Small changes in one part of & system mighe
ey e mmmmnmm“nun cause laroe changes in another et [F)

- mumummu
d are ransfered back @ the environment, and
L m products, such as fecal mames.
mwmmm-mwuuhmh
teresirial envirenments o 1o the weter N squatc envirenmants. The
atoms thatt make up e 0rgeniEmE in @ sosyEem ane cycled
mmnmw nanlving parts of the ecosysoem.

¥ Dymamics. Functioning. and Hosilience
E are dynamic in chararteristics Can vary ower
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MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

MS.LS-MEDE _ Matter and in s and
Students demonstrate understanding of how organisms obtain and ransfer the matter and energy needed by:
a. Developing an explanation for the role of photosynthesis in the cycling of matter'ang flow of enargy on Earth, [Assessment
Boundary: Limited to the sxplanason releed to water, carbon diconde, and light enengy besng used o produce -ud rebsase conygen NOT the chemical eguation for

phritoRynchess] Py
. Developing and using models of the cycling of matter among living and r.;-"l Jl__l'l-’1 parts of ecosystems

T mndﬂds to explore the transfer of energy into, out of, and within the ecobystems
3 gundaryz Only Eight, chemical, and thermal energy e iy by, e emphisis thatthe tobsl amourt of energy does not change]|
[l nmunic.atmg models of food webs that dem --|ll(‘|"r atgrthe transfer of matter and energy among
: (1 LT TR L P oy wathilmfuﬂi’tfm
e, I.Ising E‘H‘ldﬂnr.elﬂ explal' nai:i‘.-eﬂs conservedps atoms ipto -.-g.S- are rearranged.as thay pass through different
organisms in a food web
f. Using evidence from credible sources to support aruumenti tI],at chanmng a componentgf ah.ecosystem affects the
species in the ecosystem. Pl

Science and Engineering Practices I : s m
= N /,.-’

Systems and System Models

* Models can be used to represent systems and
their i & inputs, processes and
outputs—and energy, mether, snd infarmation
Flowes within syssems. (bl {c){d)

= Madels are lenited in thet they only represem
ceitain sspects of the system under study.

cycling of mattar in nature. (bl(=]

* The ransfer of energy can be tracked = enengy
Eﬂm-m-rmw.

» Within a natural or designed system, the trarsfer
of enermy diives the motion andl'or cvcling of

matier, (2}
‘OuDs ke act—ovimarily, Stability and Change
ers of matber into snd out of the physicd environment ocowr &t |+ Small changes in one part of a system might
=, For examolke when molecules from food resct with cause laroe changes in another et [F)

xd from the environment, the carbon dicuide and
d are ransfered back @ the environment, and
L mmghamm Decomposers
mmmmm-mmmuhﬂh
teresirial envirenments o 1o the weter N squatc envirenmants. The
atoms thatt make up e 0rgeniEmE in @ sosyEem ane cycled
:MerH ihumhhuﬂmmimm
il

¥ Dynamics, Functioning. and Resilience

. are dynamic in their characteristics can vary over
mmmnﬁﬂwwmdm

can lead o shifts in ol its
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MS.LS-MEOE Matter and Energy in Organisms and Ecosystems
MS.LS-MEOE _ Matter and Energy in Organisms and Ecosystems
Students den‘ms'aatu understanding of how orgemlsms nl:rta n and transfer the matter and ener ;nr needed I:u-.-

al’}elm pl tn | -.-'I|| H; yl flow of enargy

it [Bssassmant

Borindan '.'n'ﬁdro M I ralated o waber, carbon dicsade, and bight ernengy beeng used m produce & d vhace coygen NOT dpoiemgad eguation for

Py "hp-ss
Red font b. Developing and using models of the cycling of matter 1 liv o npfiliving parts of & tegts *
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MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

MS.LS-MEDE _ Matter and in s and

Students demonstrate understanding of how organisms obtain and ransfer the matter and energy needed by:
. Developing an explanation for the role of photosynthesis in the cycling of matterangd flow of energy on Earth. [Assessment
Boundary: Limited to the explansson relsed to water, carbon dicoode, and bght ersngy being unn-dmprndl.lmn.dm':-ud relsase conygen NOT the mmthhr
phritoRynchess]

b. Developing and using models of the cycling of matter amonn living and ngd 'J:__l'l-ﬂ parts of ecosystems

c. Using models to explore the transfer of energy into, out of, and within the ecobystems
[Asmeesmment Boundsry: Omby Bght, chemical, and thermal snergy need to be addressed with an empiiss thathe tobsl amourt of energy dees not change]

d. Constructing and communicating models of food webs that dem ||-(¢|" alerthe transfer of matter and energy among
arganisms ( producers, consumers, and decomposers) within .111(E'fn‘wﬂl=ﬂ

e, Using evidence to explain that matter is conserved as atoms Iy d¢'are rearranged.as ey pass throuwgh different
Ay BTN {1 in a food web .-"

f. Usmu ewdenc\e from credible sources to support aruumenti tI]at chanum;l a componentgf ah.gcosystem affects the
species in the ecosystem.

.

Foundation
Boxes

[~ Crosscutting Concepts |

Systems and System Models
* Models can be used to represent systems and
their i & inputs, processes and
outputs—and energy, mether, snd infarmation
Flowes within syssems. (bl {c){d)
= Madels are lenited in thet they only represem
ceitain sspects of the system under study.

Science and Engineering Practices I

ycling of matter in nasure. (bl(e)

» The mansfer of anergy can be tracked as energy
Eﬂm.mrmw‘

» Within a natural or designed system, the trarsfer
of enermy diives the motion andl'or cvcling of
matier, (2}

Stability and Chanoe

= Small changes in one part of & system might
cause laroe changes in another et [F)

Far example wien molecules from food rescr with
from the environment, the carbon dicuide and
are transfered back o the environment, and
wasie products, such as fecal manes. Decomposers
recyche rutients from dead plant or anvmial mames back 1o the soll in
PﬂlﬂﬂMunhWhMMh
atoms thatt make up e 0rgeniEmE in @ sosyEem ane cycled
mmnmwmpmimm
il
Ecosy Bynamics, Functioning. and Resilience
E are dynamic in their characteristics can vary over
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can lead o shifts in ol its
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Foundation boxes provide additional information
that expands and explains the standards
statements in relation to the three dimensions:

Foundation
Boxes

Science and Engineering Practices

Disciplinary Core Ideas
Crosscutting Concepts

i, W B0 Felases arygen. Tipsse Sigars can be Figwes within [BRicHE]

(inchading I )t eredict, used i :Mhm:rhwuq{a] = Madels are il in thet they only represen
explain, and phenamens e = Animals i mm.mmm ceitain sspects B the system under study.
Aatural or . [blde)ld} b - 3R]
mwmmwnﬂdw Elunrnl
Solutions - ich & b5 hipken down and réangnaed T form new DSCAUSE SDIME 478
v Genratn and revse Catsal saplanations £ suppar, growth o 1 rekake enengy. (2] mu phiysical and chemical provesses.
data (o0, obsarvations and sources of I mosst anamals and plants. et with carban-containing This conssnation of stoms helos sxpkin the
fcemation] and relate thess igris o | maleciies (sugers) to penvide enargy and produce wasm carbon- cycling of matter in nasure. (bl(=)
ourent knowledge. [a) 4 diouide; enasrchic bacteris schieve ther anargy needs in other = The wansfer of energy can be tracked a energy
* Buse sxplanations on evidence and , chemical processes: that do rot eed cxygen. (c) flows through a designed o natwral system.
that natural laws operate -\"\ mw&m-&mrm--m fclid)
they did in the past and will contirue . -ﬁh-ﬁﬂgﬁdw&hﬂrmmﬂmn Within & natural or ystmm, the
nl}-h-.flulll- h p{nﬁn‘dhﬂr—nwﬂdmmﬂmdm orQansms of enermy diives the motion andl'or cvcling of
“that efgage in mthesiz}, comsumers, and a2 the matier,
. thrise groups interact—ovimaniy, for food—within an ecosystem, (d) Stability and Change
& Toardfers of mater inta and out of the physicd enviconment ocowr ot |+ Small changes in one part of a system might
Every lével, For examole when molecules Frem food resct with cause laroe changes in another et [F)

| water Ts pnduced ane ransfered back 1 the environment, and

\ ultimately o are waste producs. such a5 fecal mansr, Decomposers
IIrin':hmrtl‘llwhiFln-l'lvdnaadnliﬂu-rifumlrwc-rhaclwH'l-umlln
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MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

MS5.LS-MEDE _ Matter and in s and

Students demonstrate understanding of how orgmtﬂ'ns ub'l.‘.in and transfer the matter and energy needed by:

Developing an explanation for the role of photosynthesis in the cycling of matter@ngl flow of energy on Earth. [Assessment
Boundary: Limited to the explanason relsted to water, r.-rbm dn:u:dn and light energy beng used o produce n.i'[-r: -ud relsase conygen NOT the rrwrmr.Jlmmnhr
prosynchess]

. Developing and using models of the cycling of matter among living and ..;!‘l..a:,.'lﬂ parts of ecosystems
. Using models to explore the transfer of energy into, out of, and within the ecofystems

[Aszessment Boundsryz Onby ght, chemical, and thermal energy need to be sddressed with an emphiss tha¥the totsl amourt of energy does not change]

d. Constructing and communicating models of food webs that demongfratgthe transfier of matter and energy among
arganisms | producers, consumers, and decomposers) w:tluu .111(ernw-§h=-n|.
e, Using evidence to explain that matter is conserved as atoms u uS- are rearranged.as thay pass through different

arganisms in a lood web

Usmu evidence f'ru-m credible sources to support aruumenti that rh mmnp a componentgf ah.ecosystem affects the
SECles n the e Cosystem. y

Lowercase letters
designate which
of the standard
statements uses
this practice,
disciplinary core
idea or
crosscutting
concepts

Systems and System Models

* Models can be used to represent systems and
their i & inputs, processes and

outputs—and energy, mether, snd infarmation

Flowes within syssems. (bl {c){d)

= Madels are lenited in thet they only represem

ceitain sspects of the system under study.

s act—avimaridy, for i
of matter into and out of the physicd environment ocowr ot
: Fﬂumhubmu*mhhmhdmnuﬁ
ter Uit D d are transfeoed

4 el Mater, Decompossrs
I ﬁadnhtrm;lmhdhhnlln
Imwuwhmhmmh
atoms thatt make up e 0rgeniEmE in @ sosyEem ane cycled
repeanedly batween the bwing and nonlving parts of the soosystem.

(Bl dchid)
Jh-t Functioning. and Resilisnce
mnMnmh:!-m Can vary over
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Connections to the
Nature of Science
can be highlighted
in either the
practices or
crosscutting
concepts
foundation box.

MS.LS-MEOE Matter and Energy in Organisms and Ecosystems

MS.LS-MEDE  Matter and in s and

Students demonstrate understanding of how orgmtﬂ'ns ub'l.‘.in and transfer the matter and energy needed by:

a. Developing an explanation for the role of photosynthesis in the cycling of matteramgd flow of energy on Earth. [Assessment
Boundary: Limited to the explanason relsted to water, r.-rbm dn:u:dn and light energy beng used o produce n.d.n': -ud relsase conygen NOT the mmtJmnhr
phritoRynchess] rd

b. Developing and using models of the cycling of matter among living and npdl U"’I parts of ecosystems

¢. Using models to explore the transfer of energy into, out of, and within phe ecofystems
[Aszessment Boundsryz Onby ght, chemical, and thermal energy need to be il it i empiass H}a“".‘!ﬁe total amourt of energy does not change]

d. Constructing and communicating models of food webs that demon -(/ alerthe transfer of matter and energy among
arganisms (producers, consumers, and decomposers) within -111(?¢0W'§t9ﬂ'

e, Using evidence to explain that matter is conserved as atoms Ipfood are rearranged.as they pass through different

I|| inisms in a lood web

gdible sources to support aruumenti tI]at rhanum;l a component-of ah coes | I . i
— iscipling ; ( Crosscutting Conceplts
Sy nd'Dgﬂ-: Hodels

L

theit mteractions—such a imputs, procssses snd
outputs—and enery, matter, snd infarmation
Flowes within syssems. (bl {c){d)

= Madels are lenited in thet they only represem
ceitain sspects of the system under study.
3R]

r of enermy diives the motion andl'or cvcling of
rénﬁ-‘zi matzer, (4}
'\_'. DU e Stability and Change
T mmduﬁﬁﬁnﬂmmu = Small changes in one part of & system might
Far example wien molecules from food rescr with cause laroe changes in another et [F)
from the environment, the carbon dicuide and
are transfered back o the environment, and
wasie products, such as fecal manes. Decomposers
mwmmm-mwmuhnﬂln
teresirial envirenments o 1o the weter N squatc envirenmants. The
mmmwhmnwmnw
repaasedly batween the Iving and nonlving parts of the ecosysem.

MJM“ I

qu_Tunthl'-:nmﬂIld-mnﬁzm“ymr
time, Disrugtions to any physical or bislogical component of an
can lead o shifts in ol its
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Connection Boxes provide:

)

b)

connections to other topics in a particular grade

level.

articulation across grade levels.

connections to Common Core State Standards.

umqr,-]-umul.-. I.::;;ml- m-?:-,.—.n = s
aszumptian that natural laws operate wday o= U‘n!.ll: Cycle of Matter and Eneray Transher in Ecosystems
they did in the past and will contiue to do s » Food wete e models that demanstrate how matter and enegy =

in the hstare, (sl fe) wﬁendhmnﬂuim*mddhﬂw Es
Engaging in Argument from Cvidence that shgage In photnzymthesa), comsumers, and decomposers as the
* Use arquments and soipicics] evidence & thirise groups imteract—avimanily, for food—within an econestem, (d)
t.md?:‘ & Trartdfers of mater inta snd out of the physicd enviconment ocowr ot

every ldvel, For examole when molecules from food resct with
oxygen cattured from the environment, the carbon diamide and
; ' water s o'nduced sre rensfered beck o the environment, and
' ultimately 3o are waste producs, such a5 fecal manes. Decomposers
| recwcle rurients from dead plant o animal mamer back 1o the soil in
1 teeresirial envirenments o 1o the weter N squatc envirenmants. The

e i e SR

#toms that make up e OrgeniEms in an scoryrem ane cycled
-,_\ f | repeatedly batween the lving and nonlving parts of the ecosysem.
[Bl{cid)
\'-. " .L'lll: Ecosystem Dynamics, Functioning. and Resilience
"'- = Ecosystems are dynamic in nature; their characte—ristes can vary over
time. Disruptions to any physical or biodogical component of an
can lead W shifts in ol i lstiness. (F)

- Eﬂ::.-m u;.-q-.--..n;.- u-n.-.-u-n-‘-q\l
fel(dh

» WWithin a natural or designed system, the transfer
of enermy diives the motion andl'or cvcling of
matier, (2}

Stability and Chanoe

= Small changes in one part of & system might
couse large changes in another per (F)

Connection
boxes

Connectinns & other nr!'han-.-d:-bvu-" M5.ES5-HE, M5.ES5-ESP, MS.PS-5PM, M5.PS-ECT, M5.PS-CR
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[talics indicates a potential connection, rather
than required prerequisite knowledge.
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wW.5.8 Gather relevant information from mukiple print and d sources assess the oredibility of esch source; and quote or paraphrase the dats and conclusons of others while

Connection
boxes

it for sourees.

e, wsing search s effectvelyy asess the crediblliny and soouracy of sasch sowrcey and quote or paraphrese
Follawing o standaerd format for citetion.
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Followeng a standsrd format for ctabon.
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