Chariho Regional School District - Science Curriculum
September, 2016

BIOLOGY CURRICULUM

Unit 1: Biochemistry

OVERVIEW

Summary

Students will be introduced to the characteristics of all living things. They will review levels of organization,
from atom to molecule to cell. They will identify characteristics of the four major macromolecules- lipids,
carbohydrates, proteins, and nucleic acids. They will look at how certain elements are recycled between
macromolecules, while reviewing the concept of conservation of matter.

Content to Be Learned
e Characteristics of living things.
Introduction to structure of macromolecules (carbohydrates, lipids, amino acids, nucleic acids).

°
o Flow of elements from one macromolecule to another.
e Conservation of matter in biological systems.

Practices
e Constructing and revise an explanation based on valid and reliable evidence.

Crosscutting Concepts

e Energy and matter flow into, out of, and within a system.

Essential Questions
e How is the food you eat chemically recombined to create the molecules needed to sustain life?




Next Generation Science Standards

HS-LS1-6 From Molecules to Organisms: Structures and Processes

HS-LS1-6.

Students who demonstrate understanding can:

Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar molecules
may combine with other elements to form amino acids andlor other large carbon-based molecules. [Clarification
Statement: Emphasis is on using evidence from models and simulations to support explanations.| [Assessment Boundary:
Assessment does not includs the details of the specific chemical reactions or idenltification of macromolecules. )

The performance expectation above was developed using the following efements frem the NRC documeant A Framework for K-12 Sciance Education:

Science and Engineering Practices

Constructing Explanations and Designing
Solutions

Consiructing explanations and designing solutions in
8-12 builds on K-8 experiences and progresses to
explanations and designs that are supported by
multiple and Independent student-generated sources
of evidence consistent with scientific ideas, principles,
and theores.

» Consiruct and revise an explanation based on
valid and refiable evidence obtained from a
variety of sources (inciuding students” cwn
investigations, models, theories, simulations,
peer naview) and the assumption that theories
and laws that describe the natural world operate
today as they did in the past and will continue to
do 5o in the future,

LS1.C: Organization for Matter and Energy Flow
in Organisms

« The sugar molecules thus formed contain carbon,
hydrogen, and oxygen: their hiydrocarbon
backbones are used to make amino acids and
other carbon-based molecules that can be
assembled inic larger molecules {such as
proteins or DA}, used for example to form new
cells.

« As matter and energy flow through different
organizational levels of living systems, chemical
elements are recombined in different ways 10
form different products.

Energy and Matier
» Changes of energy and matter in a sysiem can
be described in terms of energy and matter flows
into, out of, and within that system.

Conneclions to other DCis in this grade-band.:
HS.PS1.B

Articulation of DCls across grage-bands:

MS.PS1.A , MS.PS1.B , M5.PS3.D , MS.L51.C ; MS.ESS2.E

Comman Core Sfate Standards Connections:
ELA/M iteracy -
RST.11-

12.1
WHST.9-
12.2
WHST.9-
12.5
WHST.O-
12.9

Cite specific textual eviderce to suppori analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or
inconsistencies in the account. (HS-LS1-8)
Write informative/explanatory texts, including the marration of historical events, scientific procedures/ experiments, or technical processes. (HS-LS1-6)

Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant
for a specific purpese and audience. (HS-L51-8)
Ciraw evidence from informational texts to support analysis, reflection, and research. (HS-L51-5)

Unit 2: Physiology

OVERVIEW

Summary

Students will extend the levels of organization learned in the previous unit to include up to the organism
level. They will review the functions of all physiological systems. They will use the frog dissection to
illustrate that systems are made up of numerous parts. Students will demonstrate that systems work together
to perform a function, for example, they may use the EKG sensors to demonstrate the connection between
the circulatory and nervous systems. They will show that the processes that occur during digestion allow
molecules to be broken down and recombined to create essential molecules. Students will understand how
the functioning of the systems help the body to maintain homeostasis.

Content to Be Learned

e Introduce levels of organization (organelles, cells, tissues, organs, systems).

e Systems are made up of numerous parts.




Systems work together with other systems to perform a function.

Carbon, hydrogen and oxygen from sugar molecules combine with other elements to form amino acids

and other carbon-based molecules.
e [n systems, molecules are either broken down into their atomic components or rebuilt into new
molecules.

Practices
e Develop and use models.
e Constructing explanations and designing solutions.

Crosscutting Concepts

e System and system models.
e Energy and matter flow.

Essential Questions

e Using specific examples, how do the systems of the body work together to perform specific functions?

How do the systems of the body help to maintain homeostasis?

e What factors cause a body to leave homeostasis and how does the body return itself back to
homeostasis?

e How do specific systems of the body break down, transport and rebuild essential molecules?

Next Generation Science Standards

HS-LS51-2 From Molecules to Organisms: Structures and Processes

Students who demonstrate understanding can:

HS-LS1-2. Develop and use a model to illustrate the hierarchical organization of interacting systems that provide specific
functions within multicellular organisms. [Clarification Statement: Emphasis is on functions at the organism system level
such as nutrient uptake, water delivery, and organism movement in response to neural stimuli. An example of an interacting
system could be an artery depending on the proper function of elastic tissue and smooth muscle to regulate and deliver the
proper amount of blood within the circulatory system.] [Assessment Boundary: Assessment does not include interactions and
functions at the molecular or chemical reaction level.]

The performance expectation above was developed using the following elements from the NRC document A Framawerk for K-12 Sciance Education:

Crosscutting Concepts

Developing and Using Models Systems and System Models

LS1.A: Structure and Function

Modealing in 5-12 builds on K-8 experiences and
progresses fo using, synthesizing. and developing
models to predict and show relationships among
" variables betwean systems and their components in
the natural and designed worlds.
» Develop and use a model based on evidence to
illustrate the relatonships between systems or
between components of a system.

= Multicellular organisms have a hierarchical
structural organization, in which any one system
is made up of numerous parts and is itselfa
component of the next level.

+ Models {e.q., physical, mathematical, computer
models) can be used to simulate systems and
interactions—including enengy, matier, and
information flows—within and between systems
at different scales.

Connections to other DCls in this grade-band: N/A

Articudation of DCIs across grade-bands:
M5.LS1.A

Common Core Siate Standards Connections:
EL A/ iteracy -

S5L.11- Make strategic use of digital media {e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings,
12.5 reasoning. and evidence and to add interest, {H5-L51-2)

* The performance expectations marked with an astansk integrate traditional science content with enginesering through a Practice-or Disciplinary Core ldes:

The saction entitled "Disciplinary Core ldeas” i reproduced werbatim from A Framework for K-12 Bclonce Educalion: Practioes, Cross-Cutting Concepis, and Core fdses. Integrated and
reprinted with permission from the Mational Acadamy of Sciences.



HS-LS1-6 From Molecules to Organisms: Structures and Processes

HS-LS1-6.

Students who demonstrate understanding can:

Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar molecules
may combine with other elements to form amino acids and/or other large carbon-based molecules. [Clarification
Statement: Emphasis is on using evidence from medels and simulations to support explanations.] [Assessment Boundary.
Assessment does not include the details of the specific chemical reactions or identification of macromolecules.)

The performance expectation above was developed using the following elements from the NRC document A Framawork for K12 Scionco Education:

Sclence and Engineering Practices

Constructing Explanations and Designing

Solutions

Consfructing explanations and designing solutions in

9-12 builds on K-B experiences and progresses to

explanations and designs that are supported by

multiple and independent student-generated sources

of evidence consistent with scientific ideas, principles,

and theories.

= Consfruct and revise an explanation based on

valid and refiable evidence obtained from a
variaty of sources (including students’ own
investigations, models, theories, simulations,
peer review) and the assumplion that theories
and laws that describe the natural world operata
today as they did in the past and will continue to
do 5o in the future,

LS1.C: Organization for Matter and Energy Flow
in Organisms

+ The sugar molecules thus formed contain carbon,
hydrogen, and oxygen: their hydrocarbon
backbones are used to make amino acids and
other carbon-pased molecules that can be
assembled into larger molecules {such as
proteins or DNA), used for example to form new
calls,

« MAs matter and energy flow through different
organizational levels of living systems, chemical
elements are recombined in different ways 1o
form different products.

| Crosscutting Concepts |

Energy and Matter
=« Changes of energy and matter in a system can
be described in terms of energy and matter flows
into, out of, and within that system.

Connections to other DCIs in this grade-band:
HS.PS1.B

Articulation of DCis across grade-bands:

M5.P51.A  MS.P51.B ; M5.P53.D ;, M5.L51.C ; MS.ESSZ.E

Common Core State Standards Connections:
ELA/A fteracy -
RET.11-

WHET.8-
12.2
WHST.9-
12.5
WHST.8-
12.9

Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or
121 inconsistencies in the account. (HS-L51-5)
Write informative/explanatory texts, including the narration of historical events, scientific procedures! experiments, or technical processes. (HS-L51-6}

Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new appreach, focusing on addressing what is most significant
for a specific purpese and audience. (HS-LS1-6)
Draw evidence from informational texis to support analysis, reflection, and research. (HS-L51-8)

Unit 3: Cell Structures

OVERVIEW

Summary

Students will learn that multicellular organisms consist of systems of specialized cells with specific
functions. They will identify and compare cellular structures in a prokaryote and a eukaryote. They will

diagram and describe the structure of a cell membrane and explain how it creates limits to cell size, due to

constraints related to the process of diffusion. At the subcellular level, students will focus on the structure

and function of ribosomes, chloroplasts and mitochondria and the role that each plays in the functioning of
the overall cell. Finally students will used models to illustrate the processes of photosynthesis and cellular
respiration, including both the inputs and outputs of each.

Content to Be Learned
e The structure of DNA determines structures of proteins which carry out essential functions.

e Systems of specialized cells help perform essential functions of life.
e Prokaryote and eukaryote comparison and analysis.



Structure of cell membrane.

Cell size limits and diffusion.

Ribosomes are the site of protein synthesis.

Photosynthesis transforms light energy into stored chemical energy.
The role of chloroplast in making sugars.

The chemical equation of photosynthesis including inputs and outputs.
The relationship between light, sugar, and ATP.

Relationship between chloroplasts and mitochondria.

Cellular respiration is a process in which bonds of food molecules and oxygen molecules are broken
and reformed into new compounds, resulting in a transfer of energy.

Role of mitochondria in making ATP.

Chemical equation of cellular respiration including inputs and outputs.

Practices
e Develop and use models to show the hierarchical organization of interacting systems.
e Construct an explanation based on evidence for how the structure of DNA creates the structure of
proteins.
e Use a model to illustrate photosynthesis and cellular respiration.

Crosscutting Concepts

e Structure and function.
e Systems and system models.
e Energy and matter flow.

Essential Questions
e How does the structure of the cell membrane, and the need for cells to use diffusion to move molecules
in and out of the cell, create constraints on the size of a cell?
e How is energy transferred from light to sugar to ATP, using chloroplasts and mitochondria?




Next Generation Science Standards

HS-LS1-1 From Molecules to Organisms: Structures and Processes

HS-LS1-1.

Students who demonstrate understanding can:

Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins which
carry out the essential functions of life through systems of specialized cells. [Assessment Boundary: Assessment does
not include identification of specific cell or tissue types, whole body systems, specific protein structures and functions, or the

biochemistry of protein synthesis.]

The parformanice expectation abova was developed using the following sléments from the NRC documeant A Framewerk for K-12 Science Education:

Sclience and Engineering Practices

Constructing Explanations and Designing
Solutions

Constructing explanations and designing solutions in
8-12 builds on K-8 experiences and progresses to
exptanations and designs that are supported by
multiple and independent student-generated sources
of evidence consistant with scientific ideas, principles,
and theories. e '

« Construct an explanation based on valid and
rellable evidence obtaimed from a variety of
sources (including students’ own investigations,
models. thearies, simulations, peer review) and
the assumption that theories and laws that
describe the natural world cperate today as they
did in the past and will continue to do soin the
future, :

Disclplinary Core Ideas

LS1.A: Structure and Function

« Systems of specialized cells within crganisms
help them perform the essential functions of life.

« All cells contain genetic information in the form of
DNA molecules. Genes are regions in the DNA
that contain the instructions that code for the
formation of proteins, which carry out most of the
work of cells. (Note: This Disciplinany Core ldea
is also addressed by H5-L53-1.)

Crosscutting Concepts

Structure and Function
« |Investigating or designing new systems or
structures requires a detaled examination of the
properties of different materials, the structures of
different components, and connections of
components to reveal its function andfor solve a
problem.

Connections to othar DCIs in this grade-band:
HS.L53.A

Artfculation of DCls across grade-bands:
MS5.LS1.A ; M5.LS3.A ; M5.LS3.B

Commaon Core State Standards Connections:
ELA/Literacy -
RST.11-

WHST.9-
12.2
WHST.5-
12.9

Draw evidence from informational texis to support analysis, refiection, and research. (HS-L51-1)

Cite specific textual evidence to support analysis of science and technical texts, atiending to imporiant distinctions the author makes and to any gaps or
124 inconsistencies in the account. (HS-LS1-1}
Write informative/explanatory texts, including the narration of historical events, scientific procedures! experiments, or technical processes. (HS-LS1-1)

* The performance expectations marked with an asterisk integrate traditional sclence content with engineering through 8 Practice or Disciplinary Core Idea.

The saction antitied *Disciplinary Core |deas” is reproduced warbation from A Framewark for K-12 Sclencs Educalion: Pracfices, Cross-Cutting Concepls; and Cors ldeas. Intagrated and

reprintad with permission from the Mational Academy of Sclences.




H3-L51-5 From Molecules to Organisms: Structures and Processes

Students who demonsirate understanding can:

HS-L51-5. Use a model ta |llustrate how photosynthesis transforms Hght energy Into stored chemlcal energy. [Clanfication
Siatement: Emphasis is on illugtrabing inputs and outowis of matter and the ransfer and ransformaton of energy in
enolosynthesis by plants and othar photesynihesizing organisms. Examples of modeis could include diagramz, chamical
eguations, and conceplual modsls ] |Aasessment Boundary: Assessment doas pot include specific bicchemics! 2laps.)

The performance expectalion sbove was developed using tne fofiowing slements from the MRC document A Framewaonk for K-12 Scfance
Educsilom

Sclence lnd Enﬁnnlrinu Practicas Discipll nary Car
Dewea LS1.C: Grganization for Matter and Energy E
ﬂal’lng 9-—12 W Fh‘rhh ﬂrg.lrlu;fqn ﬁsﬁas nfanag;}' and msllﬂrtarn a ay'sn?n
oot tnesis comverts i tenms of energy a
n'll:rdﬂlum;rﬂdmtandm [ @:W 4 mlasana ray by matier flows imto; out of, and within that
among vanables betwesan conwerding o -llrtlun dicxide’ pkm'nrﬂl:ar intd system.
w_ d %M in the natural sugars plis releassd oxygen.
& Us=e & modal hased on evidenca in
m or petween components of 2

Conmeciions io other DCls in this greds-hend:
HS.P51.8; HS.PS3.B

Arficiletion of DCis across grade-bands:
M5 P5S1.8; M5.PS3.D  M5.LS1.C; MS LE2B

Commarn Cnfa Shais Sr_a.r:da.rda Gﬂnna:::h:rns_

ELAR e
SL.11- mﬁakﬁ sirategic use of digilal media {e.q., texiual, graphicat, audss, visual, and interactive slemants) in preseniations io enhance
125 understanding of findings. reasoning, and evidence and bo add mnferest. (HS-LS1-5)

* The performance expeciabons marked with an asterisk integrate radiionsal scence content with engineering through & Practice or Disciplinary
Core Idea.

Thi saction entitted "Discipinary Core Ideas” is raprodubed verbatim from A Framework for K-12 Sclence Education: Practives, Cross-Culting
Concapls, and Core Idess. ntegrated and reprirdied with permissson from the Natonal Academy of Scences,



HS-LS1-7 From Molecules to Organisms: Structures and Processes

Students who demonstrate understanding can:
Use a model to illustrate that cellular respiration is a chemical process whereby the bonds of food molecules and

HS-LS1-7.

oxygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy.
[Clarification Statement: Emphasis is on the conceptual understanding of the inputs and outputs of the process of cellular
respiration.] [Assessment Boundary: Assessment shouwld not include identification of the steps or specific processes involved in

cellular respiration.]

The performance expeciation above was developed using the foliowing elements from the NRC document A Framework for K-12 Seiance Education:

Sclence and Engineering Practices

Developing and Using Models
Modeling in 8-12 builds on K-8 experiences and
progresses to using, synthesizing, and developing
madels to predict and show relationships among
variables between systems and thefr components in
the natural and designed worlds.

» Use a model based on evidence to Hlustrate the

mnelationships between systems or betwesn

LS1.C: Organization for Matter and Energy Flow
In Organisms
« As matter and energy flow through different
organizational levels of living systems, chemical
elements are recombined in diferent ways o
form different products.
# As a result of these chemical reactions; energy is
transferred from one system of interacting

Energy and Matter
= Energy cannot be created or destroyed—it only
moves betwaen cne place and anoiher place,
between objects andfor figlds, or between
sysiems.

components of a system, molecules to another. Cellular respiration is a
chemical process in which the bonds of food
molecules and oxygen molecules are broken and
new compounds are formed that can transport
energy to muscles. Cellular respiration also
releases the energy nesded to maintain body
temperature despite ongoing energy transfer to
the surrounding envirorment.

Connections fo other DCIs in this grade-band:

HS.P51.B | H5.PS52.B ; HS.PS1.B

Articulation of DCls across grade-bands:

MS5.PS1.B ; M5.P53.D ; M5.L51.C . M5.L52.B

Common Core State Standards Connections:

ELA/Literacy =

SL.11- Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interaciive elements) in presentations io enhance undersianding of findings,
12.5 reasoning, and evidence and to add interest. (HS-LS{-7)

* The performance expectations marked with an astersk integrate traditional sciance content with enginearing through a Practice or Disciplinary Core ldea.

The section entitled "Disciplinary Cora Ideas” is reproduced werbatim from A Fremework for K-12 Scisncs Education: Pracfices, Cross-Culting Concepts, and Core ideas. Integrated and
reprinted with permission from the Mabonal Academy of Sciences.

Unit 4: Cell Processes

OVERVIEW

Summary

Students will learn about the molecule Adenosine Triphosphate and its role in providing cellular energy for
all processes, focusing on specific examples in the human body. They will also learn about the structure of
DNA and how that structure allows the molecule to be self-replicating. They will compare the structures of
DNA with RNA and create models of the process of protein synthesis. They will then explore the various
uses of proteins in a cell and the body, and create an investigation to identify factors that influence protein
function. Students will outline the processes of mitosis, meiosis and fertilization. They will explain the role
of cell differentiation in creating various cell types. Finally, they will compare the different sources of
genetic changes that lead to variation among individuals of a species.



Content to Be Learned

Cellular respiration is a process in which bonds of food molecules and oxygen molecules are broken
and reformed into new compounds, resulting in a transfer of energy.

Reinforce concept of ATP in cellular processes.

Use of ATP in muscle contraction.

Use of ATP in regulating body temperature.

Proteins carry out essential functions, including membrane proteins, enzymes, antibodies, muscle
fibers, hemoglobin, etc.

Proteins carry out most of the work of cells.

[lustrate the role of cell division and differentiation in producing organisms.

Process of mitosis.

Process of meiosis.

Process of fertilization.

Differentiation of cells.

Inheritable genetic variations may result from recombination during meiosis (crossing over), viable
errors during replications, or mutations caused by environmental factors.

Practices

Use a model to illustrate the role of cellular division and differentiation in producing and
maintaining complex organisms.

Use a model to illustrate cellular respiration.

Construct an explanation for how proteins carry out essential functions.

Crosscutting Concepts

Structure and function.
Systems and system models.
Energy and matter flow.
Cause and effect.

Essential Questions

Using specific examples, how is ATP is used to help maintain homeostasis in living systems?

How do various environmental factors influence the effectiveness of protein function?

Why are both mitosis and meiosis necessary in creating and sustaining a complex organism? What is
the role of differentiation in creating a complex organism?



Next Generation Science Standards

HS-LS1-1 From Molecules to Organisms: Structures and Processes

Students who demonstrate understanding can:

HS-LS1-1. Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins which
carry out the essential functions of life through systems of specialized cells. [Assessment Boundary: Assessment does
not include identification of specific cell or tissue types, whole body systems, specific protein structures and functions, or the
biochemistry of protein synthesis.]

The performance expectation above was developed using the following elements from the NRG document A Framewerk for K-12 Science Education:

Disciplinary Core Ideas Crosscutting Concepts

Constructing Explanations and Designing LS1.A: Structure and Function Structure and Function
Solutions

Constructi

explanations and designs that are supported by

multiple and iIndependent student-generated sources

1 cting explanations and designing solutions in
8-12 builds on K-8 experiences and progresses to

« Systems of specialized cells within ocrganisms
help them perform the essential functions of lifie.

« All cells contain genetic information in the form of

DNA molecules. Genes are regions in the DNA
that contain the instructicns that code for the
formation of proteins, which carry out most of the

« Investigating or designing new systems or
structures requires a detafled examination of the
properiies of different materials, the structures of
different components, and connections of
compenents to reveal its function andfor solve a
problem.

of evidence consistent with scientific ideas, principles,
and theories. B '

« Construct an explanation based on valid and
refiable evidence obtained from a variety of
sources (including students' own | jations,

. theories, simulations, peer review) and
the assumption that theories and laws that
describe the natural world operate today as they
did in the past and will continue to do so'in the
future,

work of cells. (Note: This Discipliinary Core dea
is also addressed by H5-L53-1.)

Cannections to other DCls in this grade-band:
HE.L53.A

Articulation of DCls across grade-bands:
MS.LS1.A ; ME.LS3.A  ME.LS3.B

Common Core State Standards Connections:

ELA/itaracy -

RST.11- Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or
121 inconsistencies in the account. (HS-L51-1}

WHST.9- Write informative/explanatory texts, including the narration of historical events, scientific procedures! experiments, or technical processes. (HS-LS1-1)
12.2

WHST.8- Draw evidence from informaticnal texts to support analysis, refieclion, and research. (HS-LS1-1}

12.9

* The parformance expectafions marked with an asterisk integrate traditional sclence content with enginearing through a Practice or Disciplinary Core Idea.

The séction entitied "Disciplinary Core |deas” is reproduced warbation from A Framewaork for #-12 Sclancs Educafion: Praclices, Crosz-Cutting Concepls; and Cors ldeas. Integrated and
regrintad with permission from the Mational Acsdemy of Sclances.



HS5-LS1-4 From Molecules to Organisms: Structures and Processes

Students who demonstrate understanding can:

HS-L51-4. Use a model to illustrate the role of cellular division {mitosis) and differentiation in producing and maintaining complex
organisms. [Assessment Boundary: Assessment does not include specific gene control mechanisms or rote memonzation of
the steps of mifosis.)

The parformance expectation above was developed using the following elements from the NRC document A Framawork for K-12 Sciance Education:

Sclence and Engineering Practices Crosscutting Concepts

Dﬂnloping and Using Models LS1.B: Growth and Development of Organisms Systems and System Models

Medeling in 5-12 builds on K-8 experiences and = |n multicellular organisms individual cells grow = Models (e.g., physical, mathematical, computer
progresses to using, synthesizing, and developing and then divide via a process called mitosis, models) can be used to simulate systams and
models to predict and show relationships among tharety allowing the organism to grow. The interactions—including energy, matter, and
variables between systems and their companents in organism begins as a single cell (fertiiized egg) information flows—within and between systems
the natural and designed worlds. : that divides successively to produce many cells, at different scales.
= Use a model based on evidence to lllustrate the with each parent cell passing identical genetic
relationships between systems of betweaen material (two variants of each chromosome pair)
comgponents of a sysiem. to both daughter cells, Celiular division and

differentiation produce and maintain a complex
organism, composad of systems of tizsues and
organs that work together to mest the needs of
the whole organism.

Connections to other DCIs in this grade-band: N/A

Artieulation of DCIs across grade-bands:
MS.L51.A  MS.L51.B ; M5.L53.A

Cammon Core State Standards Connections:

ELALiteracy -

SL.11- Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings,
12.5 reasoning, and evidence and to add interest. (HS-L51-4)

Mathemalics -

MP4 Model with mathematics. (HS-L51-4) _

HSF- Graph functions expressed symbolically and show key features of tha graph, by hand in simpie cases and using technology for more complicated cases. (HS-
IF.C.7T LS571-4)

HSF- Write a function that describes a relationship between two quantities. (HS-LS7-4)

BF.A.1

* The performance expectations marked with an estenisk integrate traditional science content with enginesring through a Practice or Disciplinary Core ldea.

The saction entitled *Disciplinary Core ldeas” is reproduced verbatim from A Framework for #-12 Sciancs Education: Prachces, Crozs-Culting Concepts, ang Core /dese. Integrated and
reprinted with permission from the Mational Academy of Sciences.
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HS-LS3-2 Heredity: Inheritance and Variation of Traits

HS-LS3-2.

the process. |

Students who demonstrate understanding can:

Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic
combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by
environmental factors. [Clarification Statement: Emphasis is on using data to support arguments for the way variation occurs.]
[Assessment Boundary: Assessment does not include the phases of meiosis or the biochemical mechanism of specific steps in

The performance expectation above was developed using the following elfements from the NRC document A Framewcrk for K-12 Science Educalion:

Sclence and Engineering Practices

Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds
on K-B experiences and progresses to using
appropriata 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 spisodes in science.

+ Make and defend a claim based on evidence

about the natural world that reflects sclentific

LS3.B: Variation of Traits
= |n sexual reproduction, chromosomes can

sometimes swap sections during the process of
meiosis (cell division), thereby creating new
genetic combinations and thus more genetic
variation. Although DNA replication is tighthy
regulated and remarkably accurate, errors do
occur and result in mutations, which are also a
source of genetic variation. Environmental faciors
can also cause mutations in genes, and viable

Crosscutting Concepts

Cause and Effect
« Empirical evidence is required to diferentiate
between cause and corelation and make claims
about specific causes and effects.

mutations are inherited,

= Ervironmental factors also affect expression of
traits, and hence affect the probability of
occurrences of traits in a population. Thus the
variation and distribution of iraits observed
depends on both genetic and environmental
factors.

knowledge, and student-generated evidence.

Connections to other DCls in this grade-band: N/A

Anticufalion of DCls across grade-bands:
MS5.L53.A ; MS.L53.B

Common Core State Standards Connections:

ELA/Ljteracy =

RST.11- Cite specific textual evidence to support analysis of science and technical texts, attending o important distinctions the author makes and 1o any gaps or
121 inconsisiencies in the account. (HS-L53-2)

WHST.9- Write arguments focused on discipline-specific cantent. (HS3-LS3-2)

121

Mathematics -

MP.2 Reason abstractly and quantitatively. (HS-L53-2)

* The performance expectations marked with an asterisk integrate traditional science content with engineering through & Practice or Discipiinary Core |dea.

The section entitled "Disciplinary Core |dess” is reproduced verbatim from A Frameweork for H-12 Sclence Education: Praciices, Cross-Cuifing Conceplz, and Core idess. Integrated and
reprintad with permission from the Natona! Academy of Sciences.

Unit 5: Genetics

OVERVIEW

Summary

Students will learn about the processes of DNA replication and protein synthesis and will understand that the

instructions for making a protein are found in segments of DNA called genes.

They will use specific

examples to show differential gene expression is an important feature of a multicellular complex organism.
They will look at examples of genes that code for non-protein characteristics. Finally, the students will
identify sources of genetic variation, including events of meiosis, errors during replication and mutations

caused by environmental factors, and they will be able to explain how each contributes to an organism’

unique variation of traits.

S
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Content to Be Learned

Structure of DNA determines structures of proteins (DNA -> RNA -> Protein).

DNA is chunked into segments called genes, which carries instructions for formation of proteins.
DNA replication.

Protein synthesis; transcription and translation.

DNA and chromosomes code for the instructions for characteristic traits passed from parents to
offspring.

Each chromosome consists of a single DNA molecule, genes are on particular segments of that DNA.

All cells have the same DNA but different cells express different genes.

Not all DNA codes for proteins.

Some segments of DNA are involved in regulatory or structural functions.

Inheritable genetic variations may result from recombination during meiosis (review crossing over),
viable errors during replications, or mutations caused by environmental factors.

Practices

Ask questions to clarify relationships about the role of DNA and chromosomes in coding the
instructions for traits inherited from parent to offspring.

Construct an explanation based on evidence for how the structure of DNA determines the structure
of proteins.

Make and defend a claim based on evidence that inheritable genetic variations may result from 1)
sexual recombination, 2) errors during replication, or 3) mutations from environmental factors.

Crosscutting Concepts

Cause and effect.
Structure and function.

Essential Questions

How does the structure of DNA determine the structure of proteins?

How does the structural organization of the chromosome allow for the expression of traits in an
organism?

How do each of the three methods in which genetic variation is created contribute to the variety of
characteristics that exist in each species?

14



Next Generation Science Standards

HS-LS1-1 From Molecules to Organisms: Structures and Processes

Students who demonstrate understanding can:

HS-LS1-1. Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins which
carry out the essential functions of life through systems of specialized cells. [Assessment Boundary: Assessment does
not include identification of specific cell or tissue types, whole body systems, specific protein structures and functions, or the
biochemistry of protein synthesis.]

The performance expectation above was developed using the following eféments from the NRG document A Framewerk for K-12 Science Education:

Disclplinary Core Ideas Crosscutting Concepts

Constructing Explanations and Designing LS1.A: Structure and Function Structure and Function

Solutions.
Constructing

8-12 builds on K-8 experiences and progresses to
expianations and designs that are supported by

explanations and designing solutions in

« Systems of specialized cells within organisms
help them perform the essential functions of lifie.

# All cells contain genetic information in the form of

DA molecules. Genes are regions in the DMA
that contain the instructicns that code for the

« Investigating or designing new systems or
siructures requires a detailed examination of the
properties of different materials, the structures of
different components, and connactions of
compenents to reveal its function andfor solve a

multiple and independant student-genarated sources
of evidence consistent with scientific ideas, principles,
and theories. B :

« Construct an explanation based on valid and
reliable evidence obtained from a variety of
sources (including students' own jations,
models, theories, simulations, peer review) and
the assumption that theories and laws that
describe the natural world operate today as they
did in the past and will continue to do soin the
future, '

formation of proteins, which carry out most of the
wiork of cells. (Note: This Discipiinary Core idea
is also addressed by H5-L53-1.)

problem.

Connections to other DCIs in this grade-band:
HS.L53.A

Articulation of DCls across grade-bands:
MS.LS1.A ; M5.L53.A ; M5.LS3.B

Common Core State Standards Connections:

ELAAitaracy -

RST.11- Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or
121 inconsistencies in the account. (H5-L51-1)

WHST.O- Write informative/explanatory texts, including the narration of historical events, scientific procedures! experiments, or technical processes. (H5-L51-1)
12.2

WHST.9- Draw evidence from informaticnal texis to support analysis, refiection, and research. (H5-L51-1)

12.9

* The parformance expectafions marked with an asterisk integrate traditional sclence content with engineering through a Practice or Disciplinary Core Idea.

The section entitied "Disciplinary Core |deas” is reproducad warbation from A Frameswaork for #-12 Sclancs Educafion: Praclices, Crosz-Cutting Concepts; and Cors ldeas. Integrated and
reprintad with permission from the Mational Academy of Sclenhces.



HS-LS3-1 Heredity: Inheritance and Variation of Traits

Students who demonstrate understanding can:

HS-LS3-1. Ask questions to clarify relationships about the role of DNA and chromosomes in coding the instructions for
characteristic traits passed from parents to offspring. [Assessment Boundary: Assessment does not include the phases of
meigsis or the biochemical mechanism of specific steps in the process.)

The performance expectation above was developed using the followirg elements from the NRC documeant A Framowerk for K-12 Science Education:

[~ Science and Enginsering Practicss Discipinary Cors ideas Crosscutting Conoepts

Asking Questions and Defining Problems L51.A: Structure and Function Cause and Effect
Asking questions and defining pm}h&eﬂis in 8-12 = All cells contain genetic infermation in the form of + Empirical evidence is required to differentiate
builde on K-8 experiences and progresses o DNA molecules. Genes are regions in the DMA between cause and comelation and make claims
formulating, refining, and evaluating empirically that contain the instructions that code for the about specific causes and effects.
testable questions and design problams using models formation of proteins. {secondary) (Note: This
and simulations. ' Disciplinary Corg ldea is alse addressed by HS-

= Ask guestions that arise from examining models LE7-1.)

or a theory to clarify relationships. ' LS3.A: Inheritance of Traits

= Each chromosome consists of a single very long
DMA molecule, and each gene on the
chromosome is a panicular segment of that DNA.
The instructions for forming species’
characteristics are carried in DNA. All cells in an
organism hawve the same genetic content, but the
genes used (expressed) by the cell may be
regulated in different ways. Not all DNA codes for
a protein; some segments of DNA are involved in
requlatory or structural funcions, and some have
no as-yet known function.

Conneclions ta ofher DCIs in this grade-band: N/A

Articuiafion of DCls across grade-bands:
MS.L53.A ; M5.LS3.B

Common Core Slate Sfandards Connections:

ELA/Literacy - . .

RST.11- Cite specific textual evidence to support analysis of science and technical texts, attending 1o important distinctions the author makes and o any gaps or
121 inconsistencies in the account. (HS-L53-1)

RST.11- Synthesize information from a range of sources (e.0., texts, expariments, simulations) into & coherent understanding of a process, phencmenon, or concept,
12.9 resolving conflicting information when possible, (HS-L53-1)

* The perflormance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Discipfinary Core |dea.

The saction entitled "Dizciplinary Core |dess” is reproduced varbatim from & Framework for H-12 Scishce Educalion: Fraclices, Crogs-Cutting Concepts, and Core Ideaz. Integrated and
regrinted with permission from the National Academy of Sciences.
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HS-LS3-2 Heredity: Inheritance and Variation of Traits

HS-LS3-2.

the process. |

Students who demonstrate understanding can:

Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic
combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by
environmental factors. [Clarification Statement: Emphasis is on using data to support arguments for the way variation occurs.]
[Assessment Boundary: Assessment does not include the phases of meiosis or the biochemical mechanism of specific steps in

The performance expectation above was developed using the following elfements from the NRC document A Framewcrk for K-12 Science Educalion:

Sclence and Engineering Practices

Engaging in Argument from Evidence
Engaging in argument from evidence in 9-12 builds
on K-B experiences and progresses to using
appropriata 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 spisodes in science.

+ Make and defend a claim based on evidence

about the natural world that reflects sclentific

LS3.B: Variation of Traits

= |n sexual reproduction, chromosomes can
sometimes swap sections during the process of
meiosis (cell division), thereby creating new
genetic combinations and thus more genetic
variation. Although DNA replication is tighthy
regulated and remarkably accurate, errors do
occur and result in mutations, which are also a
source of genetic variation. Environmental faciors
can also cause mutations in genes, and viable

Crosscutting Concepts

Cause and Effect
« Empirical evidence is required to diferentiate
between cause and corelation and make claims
about specific causes and effects.

mutations are inherited,

= Ervironmental factors also affect expression of
traits, and hence affect the probability of
occurrences of traits in a population. Thus the
variation and distribution of iraits observed
depends on both genetic and environmental
factors.

knowledge, and student-generated evidence.

Connections to other DCls in this grade-band: N/A

Anticufalion of DCls across grade-bands:
MS5.L53.A ; MS.L53.B

Common Core State Standards Connections:

ELA/Ljteracy =

RST.11- Cite specific textual evidence to support analysis of science and technical texts, attending o important distinctions the author makes and 1o any gaps or
121 inconsisiencies in the account. (HS-L53-2)

WHST.9- Write arguments focused on discipline-specific cantent. (HS3-LS3-2)

121

Mathematics -

MP.2 Reason abstractly and quantitatively. (HS-L53-2)

* The performance expectations marked with an asterisk integrate traditional science content with engineering through & Practice or Discipiinary Core |dea.

The section entitled "Disciplinary Core |dess” is reproduced verbatim from A Frameweork for H-12 Sclence Education: Praciices, Cross-Cuifing Conceplz, and Core idess. Integrated and
reprintad with permission from the Natona! Academy of Sciences.

Unit 6: Evolution

OVERVIEW

Summary

Students will apply their knowledge of the sources of genetic variation to distribution of traits in a
population. They will be able to explain the role of genetic variation in the process of natural selection, and
how the gene frequency of an advantageous variation of a trait will increase over time in a population. They
will explore the process of natural selection and will construct explanations based on evidence for how
natural selection leads to adaptations in populations. They will review evidence from multiple scientific
disciplines to then explain the process of evolution. Finally, they will look at reasons why some populations

are more successful at survival and why some species have gone extinct.
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Content to Be Learned

Variation of expressed traits in a population.

Distribution of expressed traits in a population.

Environmental factors affect the expression of traits and probability of occurrence of those traits.
Common ancestry and biological evolution are supported by empirical evidence.

Genetic information, like the fossil record provides evidence for evolution.

DNA sequences vary among species but there are many overlaps that show lines of descent.
Information is derived from similarities and differences in amino acid sequences, anatomical and
embryological evidence.

The process of evolution which results from natural selection.

Natural selection occurs only if there is both variation in genetic information between organisms, and
that variation leads to differences in performance.

Evolution is the consequence of the interaction of 4 factors: potential for a species to increase in
number, the genetic variation of individuals (due to mutation and sexual reproduction), competition for
limited resources, and those organisms which are better fit for survival create more offspring.
Organisms with an advantageous trait increase in a population compared to organisms that lack that
trait.

The traits that positively affect survival are more likely to be reproduced and are more common in a
population.

Natural selection leads to adaptation.

Adaptations also means that the distribution of traits in a population can change when conditions
change.

Specific biotic and abiotic differences in ecosystems contribute to a change in gene frequency over
time (eg- ranges of seasonal temperature, long term climate change, acidity, light, geographic barriers,
or evolution of other organisms.

Changes in environmental conditions (human or natural) may result in increases in the number of
individuals of some species, the emergence of new species over time, and the extinction of other
species.

Species become extinct because they can no longer survive and reproduce in their new environment.

Practices

Communicate scientific information that common ancestry and biological evolution are supported
by multiple types of empirical evidence.

Construct and explanation based on evidence that the process of evolution results from four main
factors.

Evaluate the evidence supporting claims that changes in environmental conditions may result in
increases in some species, development of new species, or reduction or possible extinction of
species.

Apply concepts of statistics and probability to explain the variation and distribution of expressed
traits in a population.

Construct an explanation based on evidence for how natural selection leads to adaptation of
populations.

Apply concepts of statistics and probability to support explanations that organisms with an
advantageous heritable trait tend to increase in proportion to organisms lacking this trait.
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Crosscutting Concepts

e Patterns.
e Cause and effect.

e Scale, proportion, and quantity.

Essential Questions

e How is the process of evolution responsible for life’s unity and diversity?

e Using specific examples, how does the environment (both biotic and abiotic) influence the gene
frequencies of a trait over time?

e Why do some species go extinct while others survive?

e How does evidence from various disciplines support the scientific theory of evolution?

Next Generation Science Standards

HS-LS3-3

HS-L53-3.

Sldents who damonstrate understanding can:

Apply concepls of skatistics and probability to explain the variation and distribution of
expressed traits in a population. [Clarfication Slaiement: Emphasis is on the use of
mathwematics to describe the probability of traits as it relates o genetic ard envircnmenial
fzoiors in the expression of traits.] [Assessment Boundany: Aszessment does nol (ncluds
Hargdy-Weainberg calowialions.]

The pesformancs epecialion Sove was deveiopsd usitg - Bre iolising efsnants inom 4 Franssark for K-72 St Educaiian

Science and _~ g Precticans

Analyzing and Interpreting Data
‘Anaiyzire data in 9-12 bulds on K-8
mﬂmmwwiﬂ
mﬁmmmummm
analysis. the companson.of data sals
for consistancy, and the wse of medels
hmmanﬂﬂaum
*  Anpky concepts of statichcs and
probability (nciuding delermining
.Mﬂmﬂumnaammn
-and correlation coaffoment far linear
fils} 1o sciantific and snginaenng
guestions 3nd probienms, usng
digital toole whean feasible.

L0 = e | Al Lat kla
L53.8: Variation of Trails

*  Ervircnmantal taciors also
affect expresshnn of iraés,
ane hence affect the
probability of occurencas
of traits in & poputadon,
Thiis, Mea varation and
digtnbubcn of iraits
shsarved cepends on both
garetic and environmental
{achors.

Seale, Proportion, and Quantity
Alnebraic ihenking i used 10 examng
scianiific data‘and predict the effaci of &
change inone wergbie on another (ag.,
liness grown vs. expaneniial grow)

Conmections fo Nature of Sclance

Science @ 8 Hurman Endesvar

&  Technological advances have
Bflienced the progress of
sciance and sclence hag
rikahced advancas @
technology.

® Bciance and engineanteg ans
i irfluemoad by sclante gnd
engirearimng.
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HS-LS4-1

Students who demonstrate understanding can:

HS-LS4-1.

Communicate scientific information that common ancestry and bhiological

evolution are supported by multiple lines of empirical evidence. [Ciarification Statement:
Emphasis is on a8 conceptual understanding of the role each line of evidence has relating to
common ancestry and biological evolution. Examples of evidence could include similarities in
DMA sequences, anatomical structures, and order of appearance of structures in
embryological development.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education.

s and Enginearing

Obtaining, Evaluating, and
Communicating Information

Obtaining, evaiuating, and communicating
information in 8=12 builds on K-8
experiences and progresses to evaluating the
validity and reliability of the claims, methods,
and designs. _

» Communicate scientific information (e.g..
about phenomena and/or the process of
development and the design and
performance of & proposed process or
syatem ] in multiple formats {including
orally, graphically, textually, and
mathematically).

Connections to Nature of Science

Science Models, Laws, Mechanisms, and
Theories Explain Matural Phenomena
= A scientific theory is a substantiated

explanation of some aspect of the natural
world, based on a body of facts that have
been repeatedly confirmed through
obzervation and experment and the
science commumnity validates each theory
before it is accepted. If new evidence is
discovered that the theory does not
accommodate, the theory is generally
modified in light of this new evidence.

LS4.A: Evidence of Common

Ancestry and Diversity

s  (Genetic information, like the
fossil record, provides
evidence of evolution. DNA
Sequences vary among
species, but there are many
overlaps; in fact, the ongoing
branching that produces
mufttiple ines of descent can
be inferred by comparing the
DNA sequences of different
organisms. Such information is
&lso derivable from the
similanties and differences in
amino acid sequences and
from anatomical and
embryoiogical evidence.

Patterns

Different patterns may be
observed at each of the scales at
which a system is studied and
can provide evidence for
causality in explanations of
phenomena.

----------------------

Connections to Nature of
Science

Scientific Knowledge

Assumes an Order and

Consistency in Natural

Systems

=  Sgientific knowledge is
based on the assumption
that natural laws operate
today as they did in the past
and they will continue to do
50 in the future.
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HS-LS4-2 Biological Evolution: Unity and Diversity

Students who demonstrate understanding can:

HS-LS4-2. Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the
potential for a species to increase in number, (2) the heritable genetic variation of individuals in a species due to
mutation and sexual reproduction, (3} competition for limited resources, and (4) the proliferation of those organisms
that are better able to survive and reproduce in the environment. [Clarification Statement: Emphasis is on using evidence to
explain the influence each of the four factors has on number of organisms, behaviors, morphology, or physiology in terms of
ability to compete for limited resources and subsequent survival of individuals and adaptation of species. Examples of evidence
could include mathematical models such as simple distribution graphs and proportional reasoning.] [Assessment Boundary:
Assessment does not include other mechanisms of evolution, such as genetic dnft, gene flow through migration, and co-
evolution.)

The performance expeciation above was developed using the following efemenis frem the NRC document A Framawork for K-12 Science Education:

Sclence and Engineering Practices Disclplinary Core Ideas Crosscutting Concepts
Constructing Explanations and Designing L54.B: Natural Salection Cause and Effect
Solutions _ « NMatural selection occurs only if there is both {1} + Empirical evidence is required fo differentiate
Constructing explanations and designing solutions in variation in the genetic information betwean between cause and corelation and make claims
9-12 builds on K-8 experiences and progresses to organisms in @ population and (2) variation in the about specific causes and effects.
explanations and designs that are supported by expression of that genetic information—that is,
multiple and i'ndspandui-rt_ student-generated sources trait varation—that leads 1o differences in
of evidence consistent with scientific ideas, principles, performance among individuals.
and theories. ' LS4.C: Adaptation
» ‘Consiruct an explanation based on valid and = Evolution is a consequence of the interaction of
reliable evidence obtained from a variety of four factors: (1) the potential for a species to
sources (including students’ own investigations, increase in number, (2) the genetic varation of
models, theories, simulations, peer review) and individuals in a species due to mutation and
the assumption that theories and laws that sexual reproduction, (3) competition for an
describe the natural world operate today as they environment's limited supply of the rescurces that
did in the past and will continue to do soin the individuals need in order to survive and
future. ' reproduce, and (4) the ensuing proliferation of
those omganisms that are better able to survive
and reproduce in that environment.

Conneclions to other DCIs in this grade-band:
HS.LS2.A ; H5.LS2.D ; HE.LS3.B ; H5.ESS2.E ; HS.ES53.A

Articulation of DCls across grade-bands:
MS.LS2.A ; LS3.B , MS.LS4.B ; M5.LS4.C

Common Gore Siate Standards Connections:

ELAA iteracy -
RST- Cite specific textual evidence to support analysis of science and technical texts, attending to impostant distinctions the author makes and to any gaps or
11121 inconsistencies in the account. (HS-L54-2)

WHST.9- ‘Wit informative/axplanatory tests, including the narration of historical events, scientific procedures! expariments, or technical processes. (H5-L54-2)
12.2
WHST.9- Draw evidence from informational texts to support analysis, reflection, and research. (HS-L54-2)

12.9

SL.11- Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen details;
12.4 use appropriate eyve contact, adequate volume, and clear pronunciation. (HS-L54-2)

Mathematics -

MP.2 Reason abstractly and quantitatively. (HS-L54-2)

MP.4 Model with mathematics. (H5-L54-2)




HS-LS4-3 Biological Evolution: Unity and Diversity

HS-LS4-3.

Students who demonstrate understanding can:

Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable
trait tend to increase in proportion to organisms lacking this trait. [Clarification Statement: Emphasis is on analyzing shifts
in numerical distribution of traits and using these shifts as evidence to support explanations.] [Assessment Boundary:
Assessment is imited fo basic statisfical and graphical analysis. Assessment does not include allele frequency calculations. ]

The performance expectation above was developed using the following elements from the NRC document A Framawork for K-12 Scionce Education:

Sclence and Englneering Practices

Analyzing and Interpreting Data

Analyzing data in 912 builds on K-8 experiences

and progresses to infroducing more detailed

statistical analysis, the compariscn of data sets for

congistency, and the use of models to generate and

analyze data. .

= Apply concepts of statistics and probability
{including determining function fits to data, slope,
intercept, and correlation coefficient for inear fits}
to scientific and engineering quastions and
problems, using digital tooks when feasible,

LS54.B: Natural Selection

« Natural selection occurs only if there is both (1)
variation in the genetic information betwaen
organisms in a population and (2) variation in the
expression of that genetic information—that is,
trait variation—that leads o differences in
performance among individuals.

=« The traits that positively affect survival are more
likely o be reproduced, and thus are more
commen in the population.

LS4.C: Adaptation

« Natural selection ieads to adaptation, that is, ioa
population deminated by organisms that are
anatomically, behaviorally, and physiologically
well suited to survive and reproduce in a specific
environment. That is, the differential survival and
reproduction of organisms in a population that
have an advantageous heritable trait leads to an
increase in the proportion of individuals in fulure
generations that hawe the trait and to a decrease
in the proportion of individuals that do not.

« Adapiation also means that the distribution of
traits in a population can change when conditions
change.

Patterns
« Different patterns may be observed at each of the
scales at which a system is studied and can
provide evidence for causality in explanations of
phenomena.

Connactions to other DCIs in this grade-band.!
HE.LS2.A ; H5.LS52.D ; HS.L53.B

Articulation of DGIs across grade-bands:
MS.LS2.A ;LS3.B ; ME.LS4.B ; MS.L54.C

Common Core State Sfandards Connections:
ELA/Literacy -
RST-

11424
WHST.9-

12.2
WHST.0-

12.9
Mathematics -
MP.2

Draw evidence from informational texts to support analysis, reflection, and research. (HS-L54-3)

Reason abstractly and quantitatively. (HS-L54-3)

Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and 1o any gaps or
inconsistencies in the account. {HS-L54-3)
Write informative/explanatory texts, including the narration of historical events, scientific procedures! experiments, or technical processes. (HS-L54-3)

* The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Cors ldea.
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HS-LS4-4 Biological Evolution: Unity and Diversity

Students who demonstrate understanding can:

HS-LS4-4. Construct an explanation based on evidence for how natural selection leads to adaptation of populations. [Clarification
Statement: Emphasis is on using data to provide evidence for how specific biotic and abictic differences in ecosystems (such as
ranges of seasonal temperature, long-term climate change, acidity, light, geographic barriers, or evolution of other organisms)
contribute to a change in gene frequency over time, leading to adaptation of populations.]

The performance expeciation above was developed using the following slements from the NRC document A Framework for K-12 Scignce Educalion:

Sclence and Engineering Practices Disciplinary Core ldeas Crosscutting Concepts
Constructing Explanations and Designing LS4.C: Adaptation Cause and Effect :
Solutions « Matural selection leads to adaptation, that is, ioa = Empirical evidence is required o diferentiate
'Gm:slruct]ng mcpiamﬂms and designing solutions in population dominated by organisms that arg between cause and comalation and make claims
9-12 builds on K-8 mm andw anatomically, behaviorally, and physiclogically about specific causes and effects.
explanations and designs that are supported by well suited to survive and reproduce in a specific
muliple and rndepandant student-generated sources environment. That s, the differential survival 8nd | oL i o e iimcmiceicciiceceaa
ohwldanoe consistent with | g.csgntmc ideas, principles, reproduction of organisms in a population that
and theories. i hawe an advantageous heritable trait leads to an ‘Connactions to Nature of Sclence
» Construct an anation based on va[:d and increase in the proportien of individuals in future
raliable mﬁde:c?abtﬁjnnd from a variety of generations that have the trait and to a decrease Sciontific Knowledge Assumaes an Order and
sources (including students’ own investigations, in the proportion of individuals that do not. Consistency in Natural Systems ;
models, thearies, simulations, peer review) and » Scientific knowledge is based on the assumption
the assumption that theories and laws that that natural laws operate wday as they did in the
describe the natural world upar&tabday as they past and they will continue to do 8o in the future.
did in the past and will continue 1o do se in the
- future.

Caonnections to other DCls in this grade-band.:
HE.L32.A  HE.LS2.D

Articwiation of DCls across grade-bands:
M5.L54.B ; M5.LS4.C

Common Core Siate Standards Connections:

ElAAjteracy -

RST- Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and 1o any gaps or
1121 inconsistencies in the account. (HS-L54-4)

WHST.9- Write informative/explanatory texts, including the narration of historical events, scienfific procedures’ experimenis, or technical processes. (H5-LS4-4)
12.2

WHST.9- Draw evidence from informational texis to support analysis, reflection, and research. (HS5-LS4-4)

12.9

Mathemalics -

MP.2 Reason abstractly and quantitatively. (HS-L54-4)

* Tha performance expectations marked with an asterisk integrate fraditional science content with enginearing through & Practice or Disgiplinary Core Idea.

The section entitled "Disciplinary Core Ideas™ ks reproduced verbatim from A Framework for K-12 Scisnce Educafion: Practices, Cmes-Culling Concepiz, and Core fdeas. Integrated and
raprinted with permission from the Matonal Academy of Bciances,

23



HS-LS4-  Evaluate the evidence supporting claims that changes in environmental conditions may result in: {1) increases in the

5. number of individuals of some species, (2) the emergence of new species aver time, and (3) the extinction of other
species. [Clarification Statement: Emphasis is on determining cause and effect relationships for how changes to the environment
such as deforestation, fishing, application of fertilizers, drought, flood, and the rate of change of the environment affect
distribution or disappearance of traits in species.]

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science Education:

Sclence and Engineering Practices CToss
Engaging in Argument from Evidence . LS4.C: Adaptation Cause and Effect
Engaging in argument from evidence in 8-12 builds = Changes in the physical envircnment. whether « Empirical evidence is required to differentiate
on K-8 experiences and progresses to using naturally occurring or human induced, have thus between cause and cormalation and make claims
appropriate and sufficient evidence and scientific contributed to the expansion of some species, about specific causes and effects.
‘reasoning to defend and critigue claims and the emergence of new distinct species as
explanations about the natural and designed populations diverge under different conditions,
worldis). Arguments may alsc come from current or and the decline-and sometimes the extinction-of
historical episcdes in science. SOMe species.
« Evaluate the evidence behind currently accepted « Species become extinct because they can no
explanations or solutions to detarmine the marits longer survive and reproduce in their altered
of arguments. emvironment. If members cannot adjust to
: change that is too fast or drastic, the cpportunity
for the species’ evolution is lost,

Connections to other DCIs in this grade-band!
HS.LS2.A | HE.LS2.D : HS.L53.B | HS.ESS2.E | HS.ES53.A

Articulation of DCls across grade-bands:!
MS.LS2.A  M5.LS2.C | M5.LS4.C ; HS.ESS3.C

Common Core State Standards Connections:

ELA/Literacy -

RAST-11.12.8  Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when poasible and correborating or challenging
conclusions with other sources of information. (HS-1L54-5)

WHST.S-129 Draw evidence from informational texts to support analysis, reflection, and research. (HS-L54-5)

Mathematics -

MP.2 Reascn abstractly and quantitatively. (HS-L54-5]

Unit 7: Ecology

OVERVIEW

Summary

Students will create models of the cycling of carbon in an ecosystem. They will review the two main
processes in this cycle, photosynthesis and cellular respiration, and how they contribute to the movement of
carbon between the abiotic and biotic components of the ecosystem. They will contrast the concept of matter
cycling in an ecosystem with the concept of energy flow and will use mathematical concepts to support each
concept. They will do this for both aerobic and anaerobic conditions. They will evaluate evidence that
complex interactions in ecosystems are capable of maintaining stable numbers and types of organisms, but
changing conditions may result in new ecosystems. They will use mathematical representations to explain
factors that influence carrying capacity and biodiversity at different scales. The students will create or revise
a test a solution to mitigate the adverse effects of human impact on the environment and biodiversity. Finally,
students will evaluate evidence for the role of group behavior on individual and species’ chances to survive
and reproduce.

Content to Be L.earned
e Photosynthesis transforms light energy into stored chemical energy.

e Cycling of matter from biotic to abiotic.
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Carbon cycle, including inputs and outputs.

Photosynthesis and cellular respiration are essential components of the carbon cycle.
Carbon cycle in aerobic and anaerobic conditions.

Ecosystems have carrying capacities.

Interdependent relationships in ecosystems.

Ecosystems have a dynamic equilibrium.

Matter cycles and energy flows in an ecosystem.

Flow of energy through a food web.

Interactions among organisms remain stable in stable conditions but change when new condition is
introduced.

Succession.

Effects of human impact on biodiversity.

Ecosystem dynamics, as impacted by human activity.

Biodiversity.

Group behaviors impact on individual and species chance of survival.

Practices

Developing and using models.

Use mathematics and computational thinking.
Engaging in argument from evidence.
Constructing explanations and designing solutions.

Crosscutting Concepts

Energy and matter.

System and system models.
Stability and change.

Cause and effect.

Scale, proportion, and quantity.

Essential Questions

Why is matter capable of being cycled in an ecosystem, while energy has a one-directional flow?

What roles do photosynthesis and cellular respiration play in the carbon cycle?

Using specific examples, how do organisms interact in the environment and how do they respond when
conditions change?

How do changes in the carrying capacity of one species impact other species in the ecosystem?

What are some of the impacts of human activity on the environment and what are possible solutions
that would lessen this impact?

How does group behavior of a population influence the survival rates of the individual and species?
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Next Generation Science Standards

HS-L51-5 From Molecules to Organisms: Structures and Processes

Students whio demonsirats understanding can:

HS-L51-5. Use a model ta |llustrate how photosynthesis transforms Hght energy Into stored chemlcal energy. [Clanfization
Siatement: Emphasis = o illugirating inputs and outpeis of matber and the fransfer and transformaton of energy in
gnod u5,-nlh—5|= by plants and obher photosynihesizing orgamsms. Examples of models could include diagrams, chamucal
eguations, and conceplual modsls ] |Aaseasment Boundary: Azseasment doas not includs specific bicchemics! sleos.)

The performance expectalion above was developed using fne foliowing stemeants from the NRC document A Framewonk for B-12 Scfence
Educaiiom

Sclence and En;innlrinu Practicas m
sl

LS1.C: Crganization for Matter and Energy EHI!E y and Matter
|

Modaling i 9'-11’- w Flow in Organisms nges nfanag;y and matier i a system
and Th of phot ] mm can be described & terms of energy and
m%mmmamm [ ﬁm ' .nﬁmg by matter flows into; out of, and within that
among vanables ba canverting narhun dicwide’ pkmwal:a! i System.
w d H‘ﬂmmwm |I'l the natural sugars plus releassd oxygen.
# LUsg a model besed on evidence {o
strate the relation

Conmections io other DCls in this greds-bend:
H5.P51.8 ; HS.PS3.B

Arficuletion of DCiE across grade-bands:
MS5.P51.8 . M5.PS3.D  MS5.LS1.C; M5.L52B

Commman Corg Siate Standesds Connechions:

ELAL ite
SL.11- mﬁaka sirategic use of digital media Je.g., textual, graphicat, sudso, visual, and interactive slemants) in preseniations o enhance
1.5 understanding of findings, reasoning, snd evidence and bo add idarast. (HS-L 54-5)

:CThal;.l;Iverlnnnance expaciabons marked with an asterisk miegrate traditional scence content with engineering through & Fractice or Disciplinany
ore idea.

Thia- saction entiied "Céscipinary Cora ldeas” is reproduces verbatim from A Framewcrk for B-12 Sclance Sducation: Practives, Cross-Cutting
Concapls, and Core ldess: inilegrated and reprirded with parmission from the Natonal Academy of Scences,
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HS-LS2-1

Ecosystems: Interactions, Energy, and Dynamics

Students who demonstrate understanding can:
Use mathematical and/or computational representations to support explanations of factors that affect carrying capacity

HS-LS2-1.

of ecosystems at different scales. [Clarification Statement: Emphasis is on guantitative analysis and comparison of the
relationships among interdependent factors including boundaries, resources, climate, and competition. Examples of
mathematical comparisons could include graphs, charts, histograms, and population changes gathered from simulations or
historical data sets.] [Assessment Boundary: Assessment does not include deriving mathematical equations to make

comparisons.)

Tha performance expectation above was developed using the following afements from the NRC document A Framawark for K-12 Scionce Educalion:

Sclence and Engineering Practices

Using Mathematics and Computational Thinking
Mathematical and computational thinking in 8-12
builds on K-8 experiences and progresses to using
algebraic thinking and aralysis, a range of linear and
nenlinear functions including trigonometric functions,
aupummtlals and lngarithms, and computational tu:t{s
for statistical analysis to analyze, represent, and
model data; Simple computational simuiations are
created and used basad on mathematical models of:
assumptmns
« Use mathematical and/or comp&.ltnhona{
rapresentations ufgh&nurmna or design
soluﬂons to support explanations.

Disciplinary Core Ideas

LS2.A: Interdependent Relationships in
Ecosystems
e Ecosystems have camrying capacities, which are

limits to the numbers of organisms and
populations they can support. These limits result
from such factors as the availability of living and
nenliving rescurces and from such challenges
such as predation, competition, and disease.
Organisms would have the capacity to produce
populations of great size were it not for the fact
that environments and resources are finite, This
fundamental tension affects the abundance
[number of individuals) of species in any given
BCosystem.

Scale, Proportion, and Quantity
« The significance of a phenomenon is depandent
on the scale, proportion, and quantity at which it
OCCUrs.

Connections to other DCIs in this grade-band: N/A

Articuiation of DCls across grade-bands:
MS.L52.A ; M5.LS2.C; MS.ESS3.A | MS.ESS3.C

Common Core State Standards Connections:

ELAAteracy -

RST.11= Cite zpecific textual evidence to support analysis of science and technical texts, atiending to important distinctions the author makes and to any gaps or

1214 inconsistencies in the account. {HS-L52-1)

WHST.9- Write informative/explanatory texts, including the narration of historical events, scienfific procedures! experiments, or technical processes. (H3-L52-1)

12.2

Mathematics -

MP.2 Reason absiractly and quantitatively. (HS-LS52-1)

MP.4 Model with mathematics. (HS-L52-1)

HSM.Q.AA Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays. (HS-L52-1)

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (H5-L52-1)

HSMN.Q.A.2 Choose a level of accuracy appropriate 10 limitations on measurement when reporting guantities. (HS5-L52-1)

* The parformance expectations marked with an asterisk integrale traditional science content with engineering through a Practics or Discipfinary Core |dea.

The saction entitled "Disciplinary Cora ldeas” 8 reproduced varbatim from A Fremeward for K-12 Science Educalion: Practices, Crozs-Culting Concepis, and Core [deas. Integrated and
reorinted with oermission from the National Academv of Sciences.
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H5-LS2-2 Ecosystems: Interactions, Energy, and Dynamics

Students who demonstrate understanding can:

H5-L52-2. Use mathematical representations to support and revise explanations based on evidence about factors affecting
blodivarsity and populations in ecosystems of different scales. [Clanficaton Staterrant Examples of mrathernatical
representations indude finding the average, determining trands, and using graphical comparisons of multiple seis of dala. |
|Azsozsment Boundeny: .fs.asensnw.ﬂ' iz limited o nrovided dats |

The performance expacistion ebove was developed using the foliowing elemants from the MRS document A Framework for K-12 Soisnos
Educaticn:

Sclance and Englnesring Praclices

Using Mathematics and Computaticnal LSZ A interdependant Relatlonships In Scale, Proportion, and Quantlg
Thinking Ecosystems » LUsing the concapt of orders
Mamemarcal um'rpumnnnal thinking in 4-12 | » Ecosystams have camying canacites, magnitude allows one to undersland how
Wmm kﬂﬁ r‘H:| £588 b > mmarahmmaianmhggﬁluf ;ﬁwmﬂtncﬂ:mrﬂmtﬂﬁtﬂ&m
n in a ; B range ONganiams tions can ar 5
. uding suppoart. Thase ?ﬂrr'tis resudt from sweh
mununmnuﬁ.um miials and factors as the Ek‘ﬂﬁ?‘ of living and
hgalﬁtlrra and comodiatonal bools for statisfical moniying resnurces fircemt sLCH
u}% nl. and modet data. BhEI||EIr‘I 85 swch a5 predation,
Bumpl-amnm ara created and diseasa. Organisme
and usad b tal:ﬂl mudalﬁﬁfbam 'nrl:lu d have 1hE| capaciy o produce
aseumphons. oy ﬁ:ﬂ.m:ms of great sze were i1 not for
« Lzs mathemstica! ﬁpr&a.arﬂ.a‘hmnf L that enveronments and rasouncas
8 or design sciutions to support This fundamental tension
and rentse explana ! i H'Ha abundance (number of
R e e amhndualeﬁ of epecias inany gven
Connections to Nature of Sclence |83 0 gm,,,mm Byl

. Funictioni and Resiliance
Selentific Knowladge s Open to Revision in . Amnﬁngxaa of interacthons withén an

Ll of New Evidance ecosystern can keep its numbers and
ey Iﬁ- . Enowtedge is quits dt.!‘r:&blu but 15.-5:-eguf :!guru:grm rﬁum{y -giﬂiilll-lt
Fﬂﬂ Bmﬁ over kong periods of bma under 8
~mew evidence an mbrnmﬂm of it ar I roaelet biologicat or
exizting evidenca. ; | disturpance 1o 2n

OIS, |tmre1um1un5nmnrhna5

slatus e, the stem is
rasailan , 88 cép:aad ta be-grrmg |

wary difierent m. Extrems
fluciuatons mmna or tha size of
amy ﬁmﬂaﬂun however, can challenge
thé funclioning of ecnsystems in kerme of
resources 2nd habital svailability.

Cﬂnna-::h';:lns to cither DC!s in this o-biand:
HS5.ES52.E: HS.ES53.A ; HS ESS3.C  HS.ESS3.0

Arftculafion of DCis across grads-hands:
MS.LSZ2.A; MS.LS2.C ; MSES53.C

Common Cons Slate Stendands Connechions:

ELALiterzcy -
RST.11- Cite specific taxiual evidance to suooort analvers of science and technical texts, attending {0 important distinchons the author
12.1 makes and bo any gaps or inconsistencies in the account. (HE-L52-2)

WHST.3- Write informativelexplanstory texts, including the naration of historical events, sclentific procedures! experimants, or tachnical
122 procasses. (HS-L 522
Mathematice -
MP.2 Reason abstractly and guantitst] (HE5-L52-2)
¥ode! with mathematics. :'HB—LSE—Z,?

HEM.Q.A1  Lse units 25 & way 1o understand problems and to quide the solution of multi-step proolems; choose and intampret units consistantly
in formulas; choose and interpret tee scale and twe origin in graphs and daia fla:rs (HE-L52-2)

HEN.Q.AZ  Define appropriate quantities for the purposs of descriptve modeling. (HS-L52-

HSM.Q.A3  Choose a level of accuracy appropriate bo limdatons on measurerment when M ng guantites. (HE-1 523}

;Tha ,;-Er‘funnaﬂc,a expaciatbons marked with an asterisk integrate traditional scence content with engineenng through & Fractice or Disciplinary
Cors Idea.

Tha-saction entited *Disciplinery Cora ldeas” is raproduced vesbatim from A Framewark for K-12 Solence Educeicn: Practioes, Cross-Culting
Conoeplz. sred Core fdess. Integrated and reprinied with parméssion from tha Mabonsl Academy of Sn::en-:es



H&-L52-3 Ecosystems: Interactions, Energy, and Dynamics

Students who demonsirate understanding can:

HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in serchic and
anaeroblc conditlons. [Clarification Slatermsent Emphasis s on concspiual understanding of the role of sercbic and anaerabic
raspiration In different environments.] [Assessment Boundan: Asssessment does nol nclede the speallic chemical processes of
eithar scmdbis ar anagrobic respiaion. |

The performance expeciation above was developed using the following efemants from the MRC document A Framesonk for 8-12 Ecienos

Enucetion
Sclence and Enginearing Practices Ssciplinary Cone
l:nnm: Exglanations and Designin L52.B: Cycies of Matter and Energy Eﬂl and Matter
“ﬂi e m H Transfer in Ecosystems Etrqhgagy drives tne cyciing of matter within
Cnﬁﬂimntlnq m:gl dﬂw = Frolosynthesis and callular irakanm twean systems.
aﬂh.rtima n i:l_nicha an K-8 ceg and {including anzenchic processes ) provide
mﬂlhﬁtﬂglm muost of the enengy for Me processes.

- on
valid reliable mwdanwmuhw from:a
V&ri auumm!nnludh'lg studenis’ own
e tredmes, simulatons,

mnew} te assurmption that theones
amﬂawa that describe the matural world
dpumlainda uﬂm;a i ma'pmt and will

________.,.____,___________.,._____________

Connections fo Nature of Sclence

Scientific Knowladge iz Open to Revislon in
Ught-ul'ﬂwEqunm e i
adeiﬂﬁr. nmle@a uratie,
iﬂ-..lr‘l <5 I:m!ﬂ!_

Ij-EI‘I'I!:B an m rainterpratatoe of
musurrg a'illdarina. :

Caonnechions to other DCls in this greds-band:
H5.P51.8 H5.P53.B ; HS.P53.00 . HS.ES52.4

Arrﬁzl.'.lah‘un of ChCis across an'a-ba i o
MS.P51.8 ;M5 PS3.0 MSLS1.C MSLS2B

Comman Core State Stenderds Connachions:

ELAA feracy -
RST.11-  ~ Cite epecific texiual evidence to suppornt anaivess of science and technical téxts, atiending to important distinctions the author makes
121 and ko any gaps or mconsistencies in the acoount. (HS-LS2-3)

WHSTS- Developands an writng as needed by planning, revisng, edifing, rewsiting, or.inying a new apgroach, focusing on addressing
12.5 what i meost ﬁfﬂ.ﬂl for a specific purposa and audience I?S-LSE g'l

L‘Fheli:dea'f-:nmwam:a sxpaclabons marked with an astarsk integrate traditional science contend with engirieanng through & Practice or Disciplinary
Core ldea.

The section entitied “Ciscipinary Core |dess” |s reproduced verbatim from A Framework for K-12 Soience Educafion: Pracnioes, Cross-Culiing
Conceplz and Core Jdeas. Intagrated and repesntad with parméssion from the Mational Academy of Scencas,
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HS-L52-4

Ecosystems: Interactions, Energy, and Dynamics

HS-LS2-4.

Students who demanstrate understanding can:

Usa mathematical representations to suppoer claims for the cycling of mater and flow of energy among crganisms (n an
ecosyslam, [Clanficabon Staternsnt; Ermghasis is on uaing a mathematical modal of sfored enargy in biomass o describe the
trensfer of ensrgy from one rophic level to another and that matter and enangy are consensed as matker cycies and enargy fiows
through ecosystems. Emphasis is on atoms end moigcules such as carbon, orygen, hydrogen and nitrogen Being conserved-as
they maove ihrough an e-:c-a:.r:l:r"u ] ,.-!.ssaasmeu?r Bawndery: Azsessmeant is Wmited o progonionsl reazoning fo descnba the
cyoing of mattar end fow of enengy |

The performance expacietion above was developed using fhe following slemants from the BRC docurment A Framowork for K-12 Science

Edunation:

Sclence and Engineering Practicas

Mathematics and Cmmma!lmul L5Z.B: Cycles of Matter and Energy EEII and Matter
uﬁ 'I'mm.far 'f: E::mpm Elrgigrmrmnnut b created or destroyed—it
i.-'nt!mmﬁnal computational thinkingin & | = form the towest level of the mwmumb-amm ona and
Eﬁnldu 1'-:—3_ s and fuull::ll waF aach link up%ﬂ a food el ;th:biagil_ll'g;l_:ﬂ andior
nkemg and analyss, 8- web, only a mﬂ fracton rrather beme.
mngf Bar and nunlllumﬁmnﬂ mnmrd %ﬂ%ﬂ Lemar Ieva:dlrall'lﬁan'ad
ding 1 [ upwa uce growth relegse

EXpONET and ; on st the h:y'nr
: bioeal mﬁm BﬂﬂJﬁB o wm. theg ﬁﬁﬁﬁ
: represant, and modss data, pla fewer urgamm HE I'ughar bevials
; mma gemul ana created and ofa weh. Some matier reacts 1o
G o M cal modets of basic relgaae energy for Me functions, some
: ﬂ%mptinu matier &5 shored in newly made Blruciures,

= Uze mathematical representations of and miech is discanded, The charmecal

phencmena o design sciutions bo supeort elemants 1hEI rrake up the mobeculas of

ﬁ and uufmthe Hmmﬁ ﬁ

and are combined and recombined &
ﬁﬁemwm Atesch link inan

e-mayntﬂﬂré\ matlar and energy are

Conneciions o other D15 in this grede-band.
HE.P53.8 . H5.P53.0

Arficulzfion of DCiz acrss E-fands;
M5.PS53.D; MELS1.C M5.L52.8

Caommon Carna
Mathemaiics -
MP.2

MP.4
HEMN. QA1

HSMN.Q.AZ
HESMN.Q.A3

Siafe Standands Connechiona:

Reason abstraclly and quantitatively. (HS-L82-4)
Model with mathaematics. (HE-LE2-4)

Use units &3 5 way 1o understand pn:lhlerna and to guide the solubon of mulli-step protéems; choose and inlerpres units consistenty
in formulas; chooss and interpret e scale and the origin & graphs and data dfFEﬁ {HE-LS3-1}

Define appropriate quantities for the purposs of descriptive modaling. (H5-L

Chooss a level of accuracy appropriate bo limitatons on measurament when reporting guantibes. (HE-L52-4)

* The performance expeciationd marked with an aslerisk infagrate raddional sceenca contant with enginearing through & Fractice or Disciplinary

Core Idaa.

The saciion entitied "Ciscplinary Core Ideas” e reproduced verbatirn from A Fremework for K-12 Science Edueation: Practices, Cross-Culting
Concegre. and Cons idess. Infegrabed and reprinted with, parmeseson from the Nebonal Academy of Scencas.
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H3-L52-5 Ecosystems: Interactions, Energy, and Dynamics

Students who demonstrate understanding can:
HS5-L52-5.

and respinstion.]

Develop a model to illustrate the rels of photosynthesis and cellular respiration in the cycling of carban amondg the
blosphere, atmosphere, hydrosphera, and gecsphere. |Clarification Staterment: Examples of maosls could include simulations
and mathemalical modeia.] |Assezsment Boundeny: Azsassment does ot lnsiude the spacific chamice! sheps of phalospnthesis

Educafion:

The parformance expeciation above was developed using the foticwing elerents Trom the NRC documant A Framewonk for K-12 Boience

Sclence and Enginearing Practices

ang Modeals L52.8: of Matter and Energy

_;!-E&:Iaﬂng IEE—‘F bdlgm K-8 Bu:punq::iju Transfer In ﬂ:;:':nym i :

devaloping models tu'pmﬁl:':.l't;gﬂ b o 1s important m{rmﬁsmandm IE‘:E FEME%E';E!

varables batween in which carbon i3 exchangsed &

aystems and their components in the natural eosphera, & CCeans, an

-and geosphara through chermcal, physical,

" ﬂ_gmdﬂl basad on mﬁmﬁi‘m - I, ariu:l gabglmllp;nmaaaa
refafionships Detween : Enargy in Chemical Processes

qﬁﬁn&mmﬂam & The main W

trat mlarmﬂ%
caphered and stored on Earh s through
thi oo chamcal procass Known as
photosynthesis, [secondany

Systems and System Models
e Models {e.g. EI ical, matnematical,
COmptar jcan be used 1o simulate
syatems and eractions—ncluding
mgtter. and information flowe—
within and between syslams at diffarent

Commachions to gther DCs in this greda-band:
H5.P51.8 ; HS.ESS53.D

Arficulelion of (hCis acrss grade-hands:
M5.PS3.0; M5LS51.C; L5280 M5.ESS2.A

Common Core Slale Sisnderds Conmachions: N

* The performance expactabons marked with an asterisk inlegrate traditional scienca content with angingering through & Practice or Disciplinary

Cora ldaa.

The saclion entited "Descpénany Cora Idass” is raprduced werbatim from A Framewark for K-12 Sclence Edudation. Preclices, Cross-Culing
Concapts. and Core Mdeas. Integrated and repeintad with permmession from the National Academy of Scencas.
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o T TS L e A

HE-L52-6 Ecosystams: Interactions, Energy, and Dynamics

Students who demonsirate understanding can:

HS-LE52-E. Ewvaluate the claims, evidence, and reasoning that the comglex interactions in ecosystems maintain relatively consistent
numibers and types of organisms In stable conditiens, but changing conditions may result in a new ecosystam.
\Clarfication Statement: Examgies of changes in ecosystem oonditione could incuds modest biological or physical changas, such
a5 moderats hunbing or 2 s2asonal flood; and extreme changes, such as wolcanic erupbon or sea level nise.)

The parfomance expecietion above was deseloped using the following elemants fram the NRC docurnent A Framewors far #-12 Ssence
Edunation

r.-lunnll.ﬂ:l Enjrmnrlng Practicas

bng im Argumrni from Evidence L52.C: Ecosystam Dynamics, Milg and Change
n-argumant from avidence in 8-12 Functioning, .nd Resllience of eclence daalauﬂh constructin
H—qu:mﬂan.mu and E=8E I # Acompiex sat of inberactions withen an explanations of how thinge changa an
W miﬂnﬂ s&ﬂm e ﬁgm Yé}fﬂm o ‘éb:“whars E'Icsll-":lt i
: ! constan
- the-nmai and designed ﬁwwlﬂ time under stable
alea mﬁgﬁm mndllmltséﬂl'f a nm% biological E;m
mdﬂﬂ prvysical digturbance 10 an acos
. E'-!Ellu E\H nce ﬂ!ﬂrﬂﬂm mun\a.yrvBElUmmanaﬁErm
EHHEH’ states (e, the ecosystem is
ﬁuluhum ra-mlmnt a5 opoosed 1o becoming B
Eu'ant ecasystam. Extrema
.................................. ﬂag.la “ p ions urmgﬁatﬁauf
: A on, howsewver, can ange
Connections to Nature of Sclence ﬂ'IE iﬂnc.'unnrng of ecozyslems in ik

Sole ﬂf Eﬂ;.llﬂlilnpﬂ'lmmmﬁ'l of resources and habitat availability.
Light e
& Scianbfic argumeniation = a mode of

?@a’ I

i wsed o cl the strengih

mﬂ%&a m.f%aﬂﬂﬂﬂd Mdﬂnmﬂ‘m
Yy in renision of an axplanation

Commectiona to ather DCIs in this grede-band:

HS.ESS3.E

Arficilafion of i1z acrose grade-hands:

MS.LS2.A ; MS.LS2.C; M5.ESS2.E ; MS.ESS3.C
Common Core Sfate Standards Connechons:

rBCy

RSTS-  “Aszess tve exient to wiech the reasoning and evidence in a text support B author's claim or & recommendation for solving a scientific
10.8 o technical problem. [HS-LS2-6)

RSET1- Cite specific taxiual evidencs to suppont analysis of acience and technicad texts, attending 1o important distnctions the suthor makes
121 2nd to any gape or inconsistencies (n the sccount. (HS-LSI-8)

RST11-  Integrate and evaiuate multiple sourcas of information presented in diverse formate and media {e.g., guantitative dats, videa,

12.7 multmedia) in order 10 address a queston or solve a probiem. (H5-L52-8)

RSTA1-  Evaluate the hypotheses, data, anslysis, and conciusions in 2 sclence or lachnical fexd, verifying the data when possible and

128 commoborabeg or challenging conclusions with other sources of information, (HS-L52-8)

fdathemalics -

MP.2 Reason abstractly and guantitatively. {HS-LS2-6)

I‘I!)S.E_1 Represent data with plots on the real aumber ke, (HS-L52-5)

HS5- Understand statistics a5 a process for making inferences aboud pooulation parameters based on a random samghe from that
IC.A1 popatation. (HS-LS26)

I‘éﬁg-ﬁ Evaluats reports tased on data. {HS-L52-6)

::Thalgeﬁum'a"m expaciations marked with an asieriek inlagrate traditional sceence content with engineering through a Practice or Disciplinary
are ldaa.

Tha asction entited "Discipiinany Core Ideas” Is reproduced verbatim from A Framewark for K=12 Sclence Educaiion: Practices, Crozs-Culting
Coneepts: and Core degs. Infagrated and reprinted with panmigsson from the Mational Acsdemy of Scencas;
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HS-LS2-T Ecosystems: Interactions, Energy, and Dynamics

Sfudents who cemonstrate undersianding can:

HE-L52-7. Design, evaluate, and refine a solution for reducing the Impacts of human activities on the environment and
blodiversity.” [Clerification Slatement: Examples of human sctivities can include urbanization, building dams, and dissarmination
of invasve speces.|

The parformance expecigton ebove was developed using the folowing slements fram the MRC document A Framewomn for 8-12 Sslence
Eaurcation:

Sclence and Enginesring Practicas Hscipline . i GE raascutiing

Consfruc Explanaticns and Designin LS2.C: Ecosystem Dynamics, Functioning, 5ttk|l and Cha
Solutlo i ri . : g nfs::lam::enll;:lzsls with constructin

ng and Reslence
'Eunw:cﬂnq lanabons and desigrning » Moreower, antwopogenc changes explanatons of how things changs an
soluticess D=1 h.ﬂ:Es on K-8 m:parlﬂnm {induoed by numan a-c.tnllr_uil:lm now they remain stable.
and progresses H:qﬂnnhunu and designe environment—incheding ha
that are sup mﬂr miitiple and destnucton, pofution, introdwcton of
-generated sources of invasive speces, oversxploitation, and
mmrmleﬂnntum scendific ideas, clirmate change—can dignpt an
pmwplax and theones. ecosyslam and threaken e survival of
. evalugbe, and refine a solubon bo a: BOITES SpECiag.
! 'lgiﬂ'mﬁ pragiem, based on L54.D: amg&rmlty and Humans
owtedge, » Biodive iz increase formation
sources of evidance, prontl crteria, of mew species (spaciation} end decreased
and tradeof considerations. h;rﬂ-m e nfaqimas (a;]inmnn]
- um.a-u on the Bving world f|:|r1hE|

ragources and ofner banafils
hmamt:.' Biut hiuman mf,lns a15|:|-
aoverse impacts on biodiversity
1hr|:|ug warp ulakion, overs fom,
nabitat dastruction, poliuton, uction
of invagive manaa Elnl:l climate -:'.hanga

Thus sustaining bi '.'erﬁgyau that

m fumctioning and producty
m |z eesanbal ko ngrgmd
ife on Earth. Sus

hﬂ-ﬂi\la IElIE.I:via:n aids hlfzfmaut'_.' b :
presenang landecapes of ra onal o
:ﬁ?plrgtumavm I?’Emmryj [Note:

eddressed hy S-.I'_S-HB.

ETS1.B8: Devaloging Possible Snlutlnnu

» When evalu sofutions it Elrrmtant
o {ake inbo account & lﬂl‘% conshrainis
mcluding cost, safaty, reliability and
assthetics and bo consider socal, culbural
and anvironmental imoscts. {secondary)

Conmachions to othar DICIS in L'?.E%Mm.na
HS.ES52.0: H5. ESS2.E - HS.ESS1.A | HS.ESSAC

Arficulsfion of OCis across grads-bands:
M5.L52.C ; M5 ES53.C ; MS.ESS3.D

Common Core State Standerds Connechions:

RETE-10.8°  Asssss the awtent to which the FB-B.:EDI‘liI'IQ?&"!G evidenca in a 1@l support the authoe's claim or & recommendstion for salving a
scsentific or technical problem. (HS-L52-

RET.I1- integrate and evaluale multipis sources of information presented in diverse farmats and media {e.g., guantitative data, videa,

12.7 multmiedia) in order to address a question or solve & problem. (H5-L52-7)

RST.11- Evaluate the hypotheses, date, analveis, and conciisions in 2 science or technical lext. verifying the data when possible and

128 corroborating or challanging conciusions with ather sources of infarmation. (HE-LSE-7)

WHET.9- Conduct short ae weil ag move sustained research projects o answer a gueshon {induding a self-gpenerated quesbion) or solve a

LF protiem; narmow o troaden the inguiry wruen Eppmpnate aynihesize muitiple sources on the subject, demaonstrating uncerstanding
of tha subject under investgation. ?

Mathematice -

MP.2 Reason absiraclly and guantitativety. (HS-LS2-7)

HEMN. QA1 Use units a5 & way 10 understand problams and to guide the solution of multi-step probéiems; choose and interpret units consistenty
in formulag; choose and interpret the scale and the origin in graphs and data &sfla:r's {HS—LSE—.T",;-
HEN.Q.AZ  Dafine EII:I|:II'IJ-|:|I'IE|I:E quantities for the purpose of descriptve modeling. (HS-L52-

HEN.Q.AJ  Choose a level of accuracy appropriate bo limitabions on measuremsent when M 0 quandibes. (HS-L52-F}

;THEIW‘TWTEFGE expectabons marked with an astarsk miegrate traditional scence content with engineering through & Practice or Diacipiinary
Core Idea.

The saction entithed "Ceecipfinany Core Ideas” iz reproduced vernatim from A Framewenk for B-12 Scisnce Educarion: Praciices, Cross-Culfing
Conceprz. snd Core ldeas. Intagrated and repriniad with permissson froem the Mational Academy of Sceences.

33



HS-L52-8 Ecosystems: Interactions, Energy, and Dynamics

Students who demonsirate understanding can:

HS-L52-8.

Evaluate the evidence for the role of group behavicr on individual and species' chances to survive and reproduce.
|Cianfication Siatement: Emphasis i3 on: {1} distinguishing between group and individual cenavior, {2} idenlifying evidence
supportng the outcomes of group behavicr, and {3) developing logical and reasonable arguments basad on evidence. Examples
of group behaviors could include flocking, schooling, herding, and cooperative tehaviors such 25 hunling, migreting. and
Fwarming.]

The periormance expecialion above was developed using the folicwing elements fram e MRS docurment A Framewani for M- 12 Scence

Eduication:

Sclence and Enginesring Practicas Dimciplinary Cors Id

‘Enmg ini Evidence L52.D: Social Interactions and Grou Cause and Effect
in ;gnantfmmeﬂdﬂnm in 812 4

o Enh.wlnrh - - |:| = Empirical E?uduwa s mfnd
TEEEEs aVior wolved beca drffarentiale betwean
and Egdﬁmpmg'm and . Mm can Eifgamm dﬂﬁg comelabon and make claims about

rmunm i defand and cerlique claims of suraval for individuals and thair specfic cavses and

. w:}na#ﬁmﬁa :glmﬂ designad genetic relatves.
E in szience.

idence that -
il'rmmm:#ma ion.

Conmschions o other DCIs in this grede-band: KA
Articwletion of Lis acrose grade-bamds:

MS.L51.B

Common Core Sfate Sienderds Conmections:

ELAN feracy -

RST.S- Asssss the axient o which the reasoning and evidence in & text support the author's claim or B recommendstion for solving a scientific
0.8 or technica! problam. (HS-L52-8)

RSETA1-  Cite specific textual evidence to suppor! analysis of science and technical texts, attending 1o important distinctions the author makes
121 amd bo any gaps or inconsistencies in the account. (HE-LS2-8)

RSTA1- Integrate and evaluste multiple souncas of information presented in diverse formats and media {e.g.. quantitative data, videa,

12.7 multmedia) in order {0 sddress a question or solve a problem. (HS-L52-8)

ﬂlﬁa’.‘li- Evaluate the hypotheses, dats, analyeis, and conciusions |n & science or lechmical fext, vesifying the data when possible and

cofroboratng or challenging conciusions with other sources of information. (HS-1 52-8)

* Tha performance expecistons marked with an aslerisk iniegrate tradifional scence content with engineering ihrough & Practice or Disciplinary

Core Idaa.

The saction

Conceptz. and Core Mdegs. Integrated and reprinted with perméssion from the hational Academy of Sciences.

entitted "Descep@nary Core Ideas” ie reproduced verbatim from A Framewark for K-12 Sclence Edwceiicn: Prachoes, Cross-Culfimg
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H5154-6 Biological Evelution: Unity and Diversity

Students who demonstrate understanding can:

HS-LE4-6. Create or revise a simulation to test a selution to mitigate adverse impacts of human activity on blodiversity.”
|Clarification Staterment: Emphasis is on designing salutions for & proposed proolem related 1o threatensd or endangered specias,
or b genebc vanaban of organisme for multiple 5ue&=—a |

The performanca expatietion sbove was daveloped using the foliowing slemants from the NRC document A Framewors for K-12 Soence

Eouesnian:
Hdam::l and Enginesring Practices Dimeiplin
Ih'l:l'lnmﬂh:l and Computational L54.C: Adaptation Causa and Effect .
L Changﬂsﬁn the phwyeical environment, #» Empirical evidence = reguired o
"‘“‘E ﬂd nr.g| ﬂ'llnlﬁwg in & whethes na GCOWETG OF FREmEn differentiate betweean cause and
12 bullds on K-S & indiecad, hawe thes contrisutad 1o the cormalakion and make ciaims aboul specific
10 UEing Spenraic mm a expanson of Boma spaces, the causes and affecis.
uf‘hnaaram n Hnaar funmh;rm emargance of new distinct spaces as
qﬁ-:?alng EIEH'H:l one divergs under differant
5, an-& condibons, and the gecline—and
%mﬁ%mw%ﬂ analy: glm anmetimes the exfnchon—of soms
. repeesant, and rodel data. 8 SpacEs.
, simulatons are creslad and LS4.0: Biodiversity and Humans
used based on mathematical modeia of basic | « Humans an tha Fving world for the
T PERET ek resources and other benafis provided by
&« Create or revise 8 simuiation of a eodiversdy. But human activily i glso
phenomenon, designed devica, process, naving adverse impacts on biddiversiky
orEyEtanm. : through owve ulaton, overe teoim,
: nabitat destruction, pollition, uction

of mvasive speces, and dimate change.
Thus Eamt.ammg biodiversity so that

&C0 m funchoning an prmmbﬁnty ang
main iz ezsantal o nig 2nd
enhancing ife on Eartn. Sos

ieodive also aids humanity

ptanaarw:g landscapes l:rf mt:ex&unal or
inapiratonal value,

?ﬂm Idea is slsg b;,rH 52

E'I'E1J B: Developing Possible Sclutions

& ‘Whan evaluabng soiutions, i is important
10 take into account a r. of constrainis,
including cost, safety. reliability, and
aesthvetics, and to conssder Eﬂ-ﬁﬂl cuttural,
-smd anvirgnmeanta impacts. |

- | models and compders can

in \'Enuuaways o EIE!‘F meta
rumas m'npu rs
m Seful for = vares of prposes.
5 NEHNE) mulamm :Mfaram
ways of 2 a probéam of 1o ses wihech
one |s meost efficient or economical; and in
maleng a persuasve presentalion 1o a

client E|I:||:u.|t how a given design will meat
s or har nesds. {samnﬂ'ar}-,’g

Commachons to aiher DCIs in ihis g-band:

HS.ES52.0 : HS ESS2.E : H5.ES53.A ; HE.ES53.C ; HE.ES53.D
Arficwlation of DCiE across grade-bamds:

MS.L52.C ; HS.ESE3.C

Common Core Sfaie Stendards Commachions:

ELAL teracy -
WHST.S-  * Develop and 5Ea¥;1nan writing as needed oy ::iaﬂr'mg -rewsx:}g 1IHE rewriting, or inyng a new aporoach, focusing on addressing
1i5 what s most significant for 2 specific purpose and audience. [HA-LS4

WHSTS-  Conduct short as wel as mone sustained reseanch projects 10 answer a w&shm (incheding & self-generated guesbon) or solve 3
1Ly proibem; Narmew or oroaden e ingui mﬁ'?r appropriate; synthes:ze multipe sowrces on the subject, demcnstraling understanding of]

the subject wnder invesbgation. {H5-

* The performance expactations marked with an astarsk inlegrate traditional sckence content with engineering through & Fractice or Disciplinary
Core Idaa.

The section entited "[Escpinary Cora 1deas” is reproduced verbalin: from A Framework for K-12 Sclence Ecucation: Practices, Cross-Cutiing
Concepts, snd Core Mdezs. Inagrated and reprintad with perméssson from the Mabonal Academy of Sciencas.
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