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A Comprehensive Science Program for California Middle
Schools

The Smithsonian’s STC Middle School (STCMS) offers everything teachers
and students need to be successful in one program.

The four components of STCMS modules provide the instructional materials necessary
for phenomena-based, active learning:

B Teacher Edition (print and digital) : :

B Student Edition (print and digital)

B Digital resources and videos from the Smithsonian
and Carolina Science Online

B Durable lab equipment that is always included

Everything You Need to Teach a Module. One Price.

Put phenomena
directly into

students’ hands

carolina.com/cascience 3
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Investigation 1.2: Constructing Your Pond

Procedure

‘s
5 g

@ “NOTE

Provide a pair of
disposable gloves for
each student for this
investigation and suggest
that students wear

them while constructing

the model pond. Model
safety yourself by
wearing gloves as well.
All students should wash
their hands thoroughly
before leaving class

at the end of the
investigation.

1. Explain that in this investigation,
students will work with a group
to set up a model pond that they
will observe over time. You may
wish to have students create a
T-chart in their science notebooks
to compare the model ponds to
their real ponds. If you choose to
do this, be sure to show students

light from entering the sides of

the pond.

5-7. Explain that the gravel will
form the bottom portion of

the students’ pond ecosystem.
Describe how to spread wheat
seeds, timothy hay, and soil evenly
over the gravel in the aquarium.
Emphasize that the materials

JSUSLETITSFEI

should be spread evenly over the
bottom and should extend from
edge to edge of the aquarium.
8-9. Describe how to place half

of a Petri dish in the bottom of an
aquarium and direct the stream of
water to land on the dish as students
fill the aquarium just below the top
of the aluminum foil with spring

Instructional Resources Designed to
Support Teachers

B Easy-to-follow lesson planning guide,
setup, and investigation procedures

B Lesson-by-lesson correlations to the
standards reassure teachers that they are
teaching three-dimensional lessons

Constructing Your Pond

Material
For you
Science notebook
Pair of disposable gloves
For your group
2 Containers of aquarium gravel
1Bag of soil
18ag of timothy hay
1 Graduated cylinder, 50 mL
1 Metic uler, 30 cm
1 Permanent marker
1 Petr dish half
1 Plastic aquarium
Meastring spoon, 1 tsp
scissors

For your class
Access to water
Alga-Gro® Freshwater Medium Concentrate
Auminu foil
Light bank
Paper towels
Soap
Spring water
Tape:

Procedure

1. 1n this investigation, you willset up a model of a
pond that you will abserve and collct data from
thioughout the unit. Consider the materials that

Alignment to Next Generation
Science Standards

e MS-LS4-4. Construct an explanation based on
evidence that describes how genetic variations of

you will use to create your pond. Exarmine the

= Wheat seeds image of the pond in Figure 1.3. In your science

how to utilize a T-chart. A sample i q q o AR 5
" i traits in a population increase some individuals

T-chart for this i notebook, record what parts of a real pond each
shown in Fig probability of surviving and reproducing in a specific
SZ;;??N? environment.

f::m;'; e MS-LS4-6. Use mathematical representations to

2-4. Review 1 support explanations of how natural selection may

assembling th
shade that w
entering the ¢
Demonstrate
construction .
the shade. Tk
these steps is
the measurer

lead to increases and decreases of specific traits in
populations over time.

Lesson 8 aligns to NGSS performance expectations MS-
LS4-4 and MS-LS4-6. Investigation 8.1 partially addresses
MS-LS4-4 as students observe variation of traits in real
populations. During Investigation 8.2, students model how
feeding strategies and food available in an environment

INVESTIGATION 8.
GETTING INVESTIGATION 8. Natural Selecti
STARTED Variation Feeding Strategies

o Students * Students closely  Students create a
discuss the term observe groups of model to simulate
“variation” and organisms to find feeding strategies in
its significance in similarities and birds based on beak
the living world differences between design and food type.

o Students discuss the individuals.

2:
INVESTIGATION 8.3:
Natural Selection: Coloration

* Students model natural
selection using coloration
in a prey population

 Students further explore
the phenomenon of
natural selection as

6 STCMS™

OVerview i\ ideas about = Students continue they read Building Your influence trait variation and foraging success, partially
the phrase to explore variation Knowledge: Natural 8 ] 3
“autvival of the i populations n o addressing MS-LS4-4. In Investigation 8.3, students
fikcsenclicol IRUEcza o Bnldnd simulate and mathematically model how coloration
it relates to living ~ Your Knowledge: : . . ; .
things. Variation. impacts the predator—prey relationship, partially addressing
* Recognize that * Observe variation * Use physical models * Use physical models of both MS_LS4_4 and MS_LS4_6 In |nVeStigatiOn 8 4
individuals in a between individuals of feeding strategies prey coloration to explore ° o
population differ in two different types  to explore the process  the process of natural students use a computer simulation to model how traits
Objecti from each other of organisms. of natural selection. selection ) . . . . . )
jectives iy various ways. influence population size in different environments with
different selection pressures, meeting both MS-LS4-4
and MS-LS4-6. Finally, during Investigation 8.5, students
o Trait variation « Recognize that trait e Different organisms ~ * Mutation is a way new . o .
contributes variation requites are adapted o wats are introduced in observe their model ponds to determine if natural selection
to the chance careful observation meet their needs for a population
of survival and that not all different resources. * Variations of traits in a has occurred. Throughout the lesson, students apply
for different variations can be seen e Differences in traits population increase some i ili i
Contants individuals in with the naked eye. allow for variable individuals’ probability of SUerVal prObablllty to the Concept Of naturé_‘l SeIeCtlon'
P a population survival of organisms ~ surviving and reproducing This lesson thoroughly addresses the science
in a population in in a specific environment. n a A g
different ecosystems. » Natural selection may lead and engineering practices of using mathematics and
toil d d . . . . .
et ‘qfreases computational thinking and constructing explanations.
Eopuatonoe g Students track the success of different traits over many
Assessment Pre-Assessment  Formative Formative Formative generations by calculating changes in population size
over time. Students construct explanations about why
VIR Mutation  Variation  "oPUlation Population certain traits are more or less prevalent in a population
[ — — — — and how thosg traits impact the probability of survival
- - and reproduction of organisms.
I to Next Science .
R e Barlam e @S Lesson 8 also addresses the crosscutting concepts
* Ms-Lsd-4 * Cause and effect of patterns and cause and effect. Throughout the lesson,
Standards ° MS-L54-6 * Patterns

students look for patterns in how traits move through
or decline in populations to understand how natural
selection works. They address cause and effect as
they see that variable survival based on traits leads to
changes in populations.

Science and Engineering Practices

* Using mathematics and computational thinking
« Constructing explanations and designing solutions

Disciplinary Core Ideas
 LS4.B: Natural selection
* LS4.C: Adaptation
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Lesson Overview

“This lesson focuses on energy flow through an ecosystem using food chains and food webs. Students become
farmilia with the patterns among feeding relationships and begin to develop an understanding of energy flow
in an ecosystem. Students also observe patterns in energy transfer between trophic levels in an ecosystem.

To begin the lesson, students examine images of living things and predict how they get energy. Then,
students explore feeding relationships i the African savanna. After analyzing and interpreting this information,
they create a food web to display the energy flow for that ecosystem. Students then model the transfer of
energy between trophic levels and observe patterns between the different levels. Finally, students monitor
changes in their pond ecosystems and consider how energy i transferred among the different organisms

that live in it

Common Misconceptions

If a population in a food web is disturbed, there
will be litle o no effect on populations below it
or those not within the linear sequence in the food
web. (A disturbance to any part of the food web
affects all populations connected by that food web.)
Varying the size of a population of organisms will
affect only those populations of organisms that are
ditectly connected 1o it n a feeding relationship,
not organisms that are one or more steps
removed/away from it. (A change in size to any
population in a food web affects all populations
connected by that food web.)

Organisms higher in a food web eat everything
thatis lower i the food web. (Organisms eat only
those organisms that are linked directly below
them in a food web; secondary consurmers do not
necessarily eat al primary consumers)

If the size of one population in a food web is
altered, all other populations in the web will be
altered i the same way. (Any change in size of one
population can cause certain other populations to
increase and certain other populations to decrease
or stay the same)

A change i the size of a prey population has no
effect on its predator population. (1 prey become
abundant, predator populations willincrease,
atleast in the short term. If prey become rare,
predator populations will decrease.)

« The top predator in a food web will never be
significantly affected by changes in the populations
of organisms below it in the food web. (Predator
populations depend on one or more of the
populations below them for food, so other
changes in the food web affect top predators.)

Background

Learning about energy transfer can be challenging
for students because the concept of energy itself is.
not always easily understood. Consider explaining

that energy can be stored or used to light, heat, or
move something.

Once the concept of energy is no longer a
stumbling block, students will easily understand and
interpret the food chains and food webs described in
the lesson. Encourage students to research food chains.
‘made up of living things that interest them on their
own time and to share what they find with the class.

Think about discussing with students how food
webs can effectvly lustrate the interconnectedness
found within ecosystems. This can help when
considering how one change might impact other
parts of the ecosystem. Conservation scientists are
often called upon to do just that as they examine
how a threat to one part of a food web might impact
other parts. It is often difficult to predict all of the
relevant links.

STCMS Assessment

Powerful tools allow you to assess your students every
step of the way and use the results to adjust instruction
to help prepare them for the 8th Grade CAST

and informs your instruction

CARQLINA

www.carolina.com

Common misconceptions are addressed at
the beginning of each lesson to help

teachers guide their students through
conceptual change.
Background information in each lesson
provides support for the content so teachers
can feel comfortable teaching any topic

B Pre-assessment reveals student misconceptions

Formative assessment, including Exit Slips and

Reflecting on What You've Done, gauge student
understanding through writing, technical drawing,
and claims and evidence

Summative assessments include performance and
written components that assess three-dimensional

learning

Appandii U2 Baszaainy Hirgg-Ul \‘ any

—_—
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Lesson

Assessment: Ecosystems
11| and Their Interactions

FOCUS QUESTION

Introduction

In this unit,you learned about how
ecosystems are organized, how
matter and energy flow through an
ecosystem, how organisms interact
with both the biotic and abiotic
components of an ecosystem, how
natural selection occurs, and how
humans have impacted and continue
to impact ecosystems.

During the first part of the
assessment, you will esearch a specific
ecosystem service and local threats
1o that senice. You willalso research
possible solutions to the problem.
Together with your group, you will
synthesize the information from
muftiple sources to evaluate those
solutions. Next, you will design a
solution that you think will best solve
or lessen the threat to your assigned
ecosystem senvice while meeting
the needs of different stakeholders
Then, you will communicate what
you learned about the ecosystem
service, its threats, and your solution
10 your dlassmates in a presentation
In the second part of the assessment,
you will answer written questions,
about resources, matter and energy
flow, organism interactions, natural
selection, and human impacts to
further demonstrate what you have
learned throughout this unit

What have you learned about ecosystems and

their interactions?

Figure 11.1
The Delmarva Peninsula fox squin
the first species listed as endange.
Endangered Species Protection AC
Endangered Species Act in 1973.T
lsted because timber harvesting a
habitat.Following an increase in p
plan, these squirels were removed fi

STCMS™ / Ecosystems and Their Interactions
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EXIT SLIP

Explain why you WOU!d not use the .

same sampling technique to.measuOu
the population size of dolph\ng as ylZe
would to measure the population si

of mushrooms.

Science and Engineering Practices Science and Engineering Practices confinucd Crosscutting Concepts.
Giarons 1 | T peginos e 1 segiieg S R s S STt
o ewra il ST o
e, [EETET s el e v el o e e
e B = e s o o
£ =
Rt B
STl SEaTE
oo e e :
Queatlone e (e o
robloms | Student camnot ererate student can partally ge gathering, how measurements | do he gathering, ho D in data patterns n data in data
" S e o
e o o e
principles. principles. Planning and support a claim. 0 support a claim. A e -and- e
ey Fe— . 1 = = b=
e | o it 22 Simmeci hila bl e [
solutions. jata to serve as the basis for | produce data to serve as ek numerical numerical
Student cannot develop a Student can partially de natural systems. information about natural information about natural
model o predict phenomena. | model to predict pheno. goas of the investgation. ‘an meet the goalsof the V iy e
Student cannot develop a Student can partially de al Student rarely dassifies Student occasionally classifies | Student frequently classifies
e TR T e wer sy cses| e ol
FEind e e tes | e e relatonships o causal or relatonshipsas causal or relatonshipsas causl or
to answer scientific questions | evidence to answer scientific corelational comelational corelational
devtopingand [ ssmmcamotsoniy st om prioy ) e
e s, | i e
phenomena. phenomena, of condiions. imply causation. necessarily imply causation. necessarily imply causation.
e
ST ST el T s us
S T T e SadiEETE phenomena in natural or to predict phenomena in. predict phenomena in natural
Analyzing and 3
b |l |l ubrics he ou evaluate
Data of data to identiy i a f data to dentiy i o phenomena may have more understands that phenomena | that phenomena may have.
L i than one cause. ‘may have more than one cause. | more than one cause.
e forprenonen.__| s o ghencmes T ey [ e student pronciencyina Il three
using. Student does not use Student occasionaly uses e, e =0 el
et Proportion, and | o too Sral HEEE HEEE ’ Q Q
= el T Hopr dimensions of the CA NGSS
ko) design solutions. design solutions. 2 phenomena that can be ‘that a phenomena that can be | that a phenomena that can be.
= = =
contiund
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Instructional Resources that Meet the Needs of ALL Students

Differentiation strategies and integrated literacy selections support ELD standards, motivate
under-performing students, and provide enrichment for students that are ready for a challenge.

B Active investigations provide
all students equal opportunities to
experience science phenomena
firsthand and begin building
explanations

= A
=l
a")')'
>

Investigation 2.1

What’s Your Hahitat?

Materials 5. Share your diagram with your class. Then,
For you answer the following questions in your science
Science notebook notebook: '
a. Are all the diagrams the same? How are they Q 2 . .
For you and your partner alike and how are they different? B Investigations provide multiple
Poster board b. Would you make any changes to your A H'™
<ot of markers diagran? modalities and opportunities
c. How might the habitat of a student living for StUdentS to develo the
Procedure in a city differ from the habitat of a student 3 K p
1. Read Building Your Knowledge: Habitats and living in the country? Sk|”5 and Conﬁdence N
then answer the following questions in your d. How do you think that the diagram created H p . .
science notebook: by a student living in a different country ||Sten|ng, Spea kl ng, read | ng,
; ; ; 4ot would differ from yours? cpe
a. What is the mgln funcyon of a h§b|tat, and writi ng to demonstrate
b. Why do you think habitats come in
different sizes? knowledge
2. Discuss with a partner what you think your basic EXIT SLIP
needs are. Record your ideas in your science habitat is.
notebook. Discuss your ideas with your class Explain what a ha

and revise your list as needed.

3. Discuss with your partner how you meet each
of these basic needs. Record your ideas in your
science notebook. Discuss your ideas with your
class and revise your list as needed.

4. Together with your partner, draw a diagram
of your habitat. Include labels to indicate which
of your needs are being met by each part of
your habitat.

m STCMS™ / Ecosystems and Their Interactions
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B Student procedures and student sheets in English
and Spanish support your EL students so they can
focus on investigations of phenomena.

Smithsonian STC

Science AND TECHNOLS

Science Education Center  EbucCAcION MEDIA

Los ecosistemas y sus interacciones

Nombre del alumno Fecha Clase

Hoja del alumno 3.2: ; Cuantos puede sustentar un ecosistema? (pagina 1 de 2)

Investiogacion 2.1

Ecosistema A

. Namero
éCual es tu hahitat? Poblacién | que NGmero de | Poblacién
- Generacion inicial sobrevivi6 | descendientes final
Materiales 5. Comparte tu diagrama con la clase. Luego, 1
Para t contesta las siguientes preguntas en tu cuaderno 5
de ciencias:
Cuaderno de ciencias 3
a. ¢Son iguales todos los diagramas? ;En qué
Para ti y tu compaiiero se parecen y en qué son diferentes? a
Cartulina b. ¢Harfas cambios a tu diagrama? S
Juego de marcadores ¢ (Cémo puede ser diferente el habitat de un
. alumno que vive en la ciudad del habitat de 6
Procedimiento un alumno que vive en el campo? 7
1. Lee Construyendo tus conocimientos: Habitats d. ¢Por qué crees que el diagrama creado por s
¥ luego, contesta las siguientes preguntas en tu un alumno que vive en n pais diferente seria
cuaderno de ciencias: diferente al tuyo? 9

a. ¢Cudl es la funcion principal de un habitat? 10

b. ¢Por qué crees que los habitats son de " _

diferentes tamarios?

N

Debate con un compariero lo que piensas que
son tus necesidades basicas. Anota tus ideas en
tu cuaderno de ciencias. Debate tus ideas con
la clase y corrige la lista segun sea necesario.

PASE DE SALIDA

Explica lo que es un habitat-

Ecosistema B

3. Debate con tu compariero cémo cumples cada
una de estas necesidades basicas. Anota tus .
ideas en tu cuaderno de ciencias. Debate tus Generacion
ideas con la clase y corrige a lista segun sea 1
necesario

Namero
Poblacién
inicial

Namero de | Poblacion

que
sobrevivié | descendientes final

4. Dibuja un diagrama de tu habitat junto con tu
companero. Incluye etiquetas para indicar cudles
de tus necesidades son cumplidas por cada parte
de tu habitat

© Smithsonian Institution

I [— — —

STCMS™  Los ecosistemas y sus interacciones

D s7cMs™/ Los ecosistemas y sus interacciones

Leccion 3 / Recursos

B Digital literacy tools and activities for
struggling readers and English learners
enrich, extend, and remediate the
hands-on investigations that students
have already experienced.

carolina.com/cascience
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Science AND TECHNOLOGY CONCEPTS™
MIDDLE SCHOOL

STCMS—Designed for the CA NGSS

STCMS puts real-world and experiential phenomena in
students’ hands—in every lesson.

Lesson

'8 | Natural Selection

How does natural selection change a population
FOCUS QUESTION Jitdrine

Introduction .

Ecosystems are continuously
changing. Both the biotic and
abiotic factors in ecosystems.
change. How do populations
of organisms respond to the
changes? Because there is

Variaion among organisms in |
a population, some are better
able to survive changes in an
ecosystem. What causes variation
among organisms—even within
populations of the same species—
and how did that variation come
10 be? How does variation allow
some organisms in a population
1o survive better? In this lesson,
you will explore these questions
as you study the natural variation

Focus questions for every lesson question
phenomena like scientists do.

—(EXTENDING YOUR KNOWLEDGE READING SELECTION

Lesson introductions and literacy selections
present phenomena in real-world contexts and
connect those phenomena to students’ lives.

Figure
among organisms and how Them
populations change over time i ot
through natural selection. enoug

/ Dbjectives for This lesson

> Observe the variation among the indiv

» Model the process of natural selection
lodel the process of natural selectio When fish are caught, you usually get variation in

» Describe the patterns in natural select omething strange is happening in our the size. Often, only the largest fish are kept and the
oceans: ish are shrinking. You may recall small ones are retuned. What effect might that have
stories from your bout the

giant fish they would catch when they were
younger. Those stories might have seemed fishy,
but it turns out that your grandparents were
not exaggerating after all. Scientists learned
about this phenomenon in a variety of ways,
but one of the more interesting stories involves
a graduate student named Loren McClenachan.
McClenachan stumbled upon a stack of old
photos from a fishing tour company in Florida,
The collection of photos spanned many years,
from the late 19505 to present day, and what
McClenachan saw in them surprised her. Photos
from the late 19505 showed customers standing
proudly with their catches as the fish towered
over them! McClenachan determined that

the largest fish from the 19505 catches were

B stcMs™ / Ecosystems and Their In
over 1.8 meters (6 feet) long, while the largest
catches today are barely 0.3 meters (1 foot).
Not only that, but the weight of the fish caught
has decreased by 88 percent. These fish had all
been caught in the same part of the ocean using
the same fishing practices. So what changed?
Scientists have two different prevailing ideas
about what is happening to these fish.

Warming Waters

Canadian scientists started their research not

by observing this phenomenon of shrinking

fish over years but by asking a question: What

would happen to fsh i the water got warmer?
continued

Lesson 8 / Natural Selection

Invest sation 8.4

Natural Selection: Digital Simulation

Investication 8.5

Natural Selection in

Pond

@ Safety Warnings

Investigations
put phenomena
directly into
students’ hands

materials 3. Use the simulation to determine the selection Your « Never handle broken glass, f a slde breaks
d habitat in which it s most ¢ n glass. g
For you presstre an . notify your teacher immediately.
Science notebook advantageous to be a brown rabbit Materials « Wash your hands thoroughly with soap and 2 q
a. Describe the conditions you tested and For you water before leaving class. | g -q uall y
For you and your partner the outcome of the different conditions Science notebook

Device (computer or tablet) with Internet access
« PhET Simulation: “Natural Selection”

4

Describe the conditions that were most
advantageous to the brown rabbit
. Explain why these conditions were

Pai of disposable gloves

For your group

5. Use a pipet to take samples of your pond

at the locations that you decided on during
Investigation 2.4. Examine the contents of your

digital resources

Procedure 8 Coverslips
advantageous. 8 Microscope slides ‘Sliii,fff‘”“ any observations in your science exten d students,
1. Models are used for many reasons. Among 4. Use the simulation to determine the selection 8 Toothpicks
other reasons, they can be used to make pressure and habitat in which it is most 1 Pipet 6. Make a wet-mount slide using the water in your

predictions about how different factors

may impact a system, and they allow you to
investigate a phenomenon that might take
significant time to occur. In this investigation,
you will work with a partner and use a
computer simulation, a type of model, to
explore natural selection in a population of
rabbits. You will make observations about how
different mutations and different selection
pressures affect a population of rabbits. Follow
your teacher's instructions for accessing the

advantageous to be a white rabbit
a. Describe the conditions you tested and

the outcome of the different conditions.
b. Describe the conditions that were most
advantageous to the white rabbit.
Explain why these conditions were
advantageous.

v

Use the simulation to determine the selection
pressure and habitat in which it is most
advantageous to have long teeth.

Group water quality test kit
Pond (shared)

For your dlass
16 Microscopes
8 Algae and Protists Mats
8 Macroorganisms Mats
4 Botles of Protoslo
Access to water
Paper towels

N

pipet. Record any observations in your science
notebook

Repeat Steps 5-6 for each sample that you take
of your pond

8. Fill the plastic cup with water from your pond.

You will use this water to perform the water
quality tests.

9. Follow the instructions on the provided cards to

conduct your water quality tests. Record your
results in the table in your science notebook.

computer simulation. a. Describe the conditions you tested and soap
2. With your partner, examine the different parts the outcome of the different conditions. Spring water 10. Ad: spring water o i l:e level Tf your‘psnd
of the simulation. Determine how to do the b. Describe the conditions that were most It should be slightly lower than the level of the

following things

advantageous to the long-toothed rabbit

Procedure

aluminum foil

a. Start the simulation. How can you tell that c. Explain why these conditions were 1. As before, you will need to make both 1. Follow your teacher's instructions to clean up
time is passing? How can you tell when the advantageous macroscopic and microscopic observations your lab area. Then, thoroughly wash your
next generation will start? 6. Use the simulation to determine whether itis of your groups pond hands with soap and water

b. Add a friend to your initial rabbit. What ever advantageous to have short teeth or a long 2. Carefully remove 2.k " o
happens when a friend is added? tail. Describe the conditions you tested and the torip it. Exa your pond, and record your ‘measurements of your pond, explain whether

. Add a mutation to your population. What. outcome of the different conditions. observatioff in your science notebook evolution and/or natural selection have
mutations can be added? 3. Replace trf§ aluminum foil and secure it occurred or are occurring in your pond. Use the

d. Add a selection parameter to your 4. Useyour 10 measure the information gathered in this unit as well as the
population. What selection parameters exist? temperatdfl of your pond. Take the evidence gained from your pond to explain

" your answer. Record your answer in your

e. Change the habitat for your population. temperat e both at the bottom of your

What habitats are available?

B scms™ / Ecosystems and Their Interactions

pond and|ft the surface of your pond
Record the temperatures in the table
in your scifhce notebook

science notebook. Then, discuss your answer
with your class

Lesson 8 / Natural Selection  (ETEN
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engagement with
phenomena
beyond the confines
of the classroom




Investigations integrate the three dimensions

of the CA NGSS

B DCls, SEPs, and CCCs are integrated into
investigations that ask students to investigate,
model, and explain science phenomena

CARQLINA

www.carolina.com

Alignment to Next Generation
Science Standards

e MS-LS4-4. Construct an explanation based on
evidence that describes how genetic variations of
traits in a population increase some individuals’
probability of surviving and reproducing in a specific

environment.

e MS-LS4-6. Use mathematical representations to
support explanations of how natural selection may
lead to increases and decreases of specific traits in

populations over time.

Lesson 8 aligns to NGSS performance expectations MS-
LS4-4 and MS-LS4-6. Investigation 8.1 partially addresses
MS-LS4-4 as students observe variation of traits in real
populations. During Investigation 8.2, students model how
feeding strategies and food available in an environment
influence trait variation and foraging success, partially
addressing MS-LS4-4. In Investigation 8.3, students
simulate and mathematically model how coloration
impacts the predator—prey relationship, partially addressing
both MS-LS4-4 and MS-LS4-6. In Investigation 8.4,
students use a computer simulation to model how traits
influence population size in different environments with
different selection pressures, meeting both MS-LS4-4
and MS-LS4-6. Finally, during Investigation 8.5, students
observe their model ponds to determine if natural selection
has occurred. Throughout the lesson, students apply
survival probability to the concept of natural selection.
This lesson thoroughly addresses the science
and engineering practices of using mathematics and
computational thinking and constructing explanations.
Students track the success of different traits over many
generations by calculating changes in population size
over time. Students construct explanations about why
certain traits are more or less prevalent in a population
and how those traits impact the probability of survival

and reproduction of organisms.

Lesson 8 also addresses the crosscutting concepts
of patterns and cause and effect. Throughout the lesson,
students look for patterns in how traits move through
or decline in populations to understand how natural
selection works. They address cause and effect as
they see that variable survival based on traits leads to

changes in populations.

/|
B Lessons follow a

tcosystems and Their Interactions

Concept Storyline

Unit Driving Question: How do organisms interact with one another and their

environments?

Lesson 1: Pre-Assessment: Ecosystems and Their
Interactions

Focus Question: What do you already know about
ecosystems and their interactions?

Students perform short, simple investigations that evaluate
their existing knowledge of one or more concepts relted
10 ecosystems and the interactions that occur within
them. Students engineer a model pond that they will use
thioughout the unit to investigate different aspects of
ecosystems. Students also create concept maps and KWL
charts to explore thei existing knowledge

Lesson 2: Ecosystem Organization
Focus Question: How are ecosystems organized?
Students investigate the organization of ecosystems and
begin laying the framework for futher studies o ecosystems.
They begin learning about engineering and it relationship
to ecology as they discuss the crieria and constraints that
would have to be met to create an artfical habitat for an
organism. Students conclude the lesson by applying their
understanding of ecosystem organization to their model
pond ecosystem.

Lesson 3: Resources
Focus Question: How does the availabilty of resources
affect a population of organisms?

Students design and carry out an investgation to determine
how the avalabilty of resources affects plant growth, and
they extrapolate that to the environment. Students also
analyze data based on a model of an ecosystem showing
canying capaiy.Inthe fina investigation of the lesson,
students consider the resources available n their pond.
Then, they apply their understanding of resources to their
model pond ecosystem

Lesson 4: Matter Cycles

Focus Question: How do organisms get matter to grow
and repair their bodies?

Ater reading about the movement of water n the ecosystem,
students design a model to show the movement of water

in an ecosystem. Then, they conduct an experiment using
algae and yeast and construct an explanation for the flow
of carbon in an ecosystem. Students aso take the role of a
nitrogen atom as they model the low o ntrogen through an
ecosystem. Based on the information gathered n this esson
and the data they have collected fiom their pond, students
explin how matter s flowing through their model pond.

Lesson 5: Energy Flow
Focus Question: How do organisms get energy to lve
and grow?

Students create a model to show the flow of energy through
an African savanna ecosystem, Students also explore the
phenomenon of more prey than predators,view a physical
demonstration of energy transfer, and model eneray transfer
across different trophic levels. Through these models, students
should develop an understanding of energy transfer, tophic
Teves, food chains,and food webs. The lesson condludes as
students use the data they have collected about their model
pond to construct food chains for the organisms n the pond.

Lesson 6: Organism Interactions
Focus Question: How do organisms interact ith one
another?

Students model predation through a simulation. Then,
students view videos showing diferent types of compefiton.
They create their own models of competiton based on their
experiences. They also analyze presented information about
organisms to determine patterns in the relationships that exist
between differen sets of organisms. Students begin o ask
questons that will e answered in a atr esson on natural
selection. Using their model pond, students cite evidence to
identify reltionships that exst between diferent organisms.
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Lesson 7: Population Changes

Focus Question: How do changes to the physical or
biological components of an ecosystem affect a population?
Students continue to explore how changes to an
ecosystem can affect the populations of organisms that
live within it Students plan and carry out an investigation
to determine how changing one aspect of their model
pond impacts the populations found there. They also
model the introduction of a nonnative species to an
ecosystem and explore the patterns of characteristics
common to invasive species. Students also examine the
diffeent types of succession that occur in an ecosystem
and consider the importance of natural disturbances.

Lesson 8: Natural Selection

Focus Question: How does natural selection change a
population over time?

Students construct explanations about the importance
of variation in a population after conducting several
investigations on natural selection. Students examine

of a species. They engage in argument from evidence as
i a hould

to.an area in which it no longer exists. Students use their
newly leamed techniques for measuring biodiversty to
communicate how they would measure the biodiversity
in their model pond.

Lesson 10: Human Impact

Focus Question: How can human impact on the
environment be monitored and minimized?

Students plan and cany out an investigation to determine
how human activites affect plant growth. Ty also
research the impact that a human actviy is having on the
ecosystem and create a plan to monitor that human impact.
Students also take a final look at their model pond and
predict what human actviies could impact a natural pond.

Lesson 11: Assessment: Ecosystems and Their
Interactions

Focus Question: What have you leamed about ecosystems
and their interactions?

ety
organisms tem. Next, they i This unit atwo-part assessment. The first
which they model beak and food types of various birds, and | | part s Performance Assessment, i which students apply
then would occur ifa change were to d skills they b the

happen in their ecosystem. Students also explore natural
selection in a population due to variable survival through
two different simulations, one physical and one digital.

unitto obtain, evaluate, and communicate information
about an ecosystem’s services. Students are presented
with an ecosystem service and must explore threats to the

They again evisit their pond changing
conditions can lead o selection within their model.

Lesson 9: Biodiversity

Focus Question: What is biodiversity and why is it
important?

Students model ways in which scientists measure
biodiversty and then use mathematics to approximate
the number of organisms in theirecosystem. Students
explore ecological engineering as they obtain, evaluate,
and communicate information about the reintroduction

Then, student des solution to
the problem. In the second part, students
Assessment that covers the performance expectations,
i crosscutting concepts,
engineering practices incorporated in this unit.

More resources for teachers and students found at:
wwuw.carolinascienceonline.com
www.ssec.si.edu/STCMS

Tab 1/ Unit Overview and Lesson Planner 11
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Integration of ELA and Math
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(L) ST B Literacy integration develops student
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Hemte ok understa nd|ng by ma k|ng direct
ot e et it e . . .
e L connections between experiential
e phenOI nena and the real world

Y e e e e i imilar, but they are actually diferent pecie,
organisms belong to one species can be tricky!

Most scentists oughly define species 2 groups  OffSpring together. But since natural selection s
of individuals that can produce viable, fertle always occurring in populations, it is ot always,

obvious when two populations are becorming

different enough to be two separate species.
It rare for scientists to count lterally every

organismin an environment, Usualy, they use
a sampiing technique. In sampling, individuals
and species are counted in  few small areas that
represent a larger area. Sampling techniques
include the use of quadrats and ransects as well
as mark-and-recapture actties and removal
sampiing. To use quadrats, scentiss count al
the species and/or individuals in several small
frames To use transects, scentists count the
number of species andlor indiduals present at

Preseving biodiversity n a meacon helps support reqular intervals along a straight ine.

the polinator that help maintain ur food supply: To use mark and recapture, scientists capture.
a group of individuals, mark them, and release.
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Natural Selection: Coloration Measuring Biodiversity . .
materials Materals integration allows

For you 6. All hunters should close their eyes. The For you

Science notebook timekeeper should carefully pour the pompoms Science notebook

Student Sheet 8.3: Natual Slection: Coloration ey over th Natural Slecton Habiat Vi Student Sheet.1: Measuring Bodversiy stuaents to learn to
For your group 7. When the timekeeper says, "Start,” allthe Group Data

hunters should open their eyes, select one Student Sheet 9.1b: Measuring Biodiversity . . .
3 Plastic cups
e pompom, and place it in their cup. They should Class Data ua nt |t at ve escribe
{‘ «continue to put one pompom at a time into Student Sheet: Graph Paper
Container of blue pompoms their cup until the timekeeper calls, “Stop.”
For your class

Container of red pompoms The timekeeper should call for group members H
Contaner of white popors 10509 after 5 secons. 28 s cups and measure obj ects
Container of yellow pompoms 8. After stop is called, the hunters should combine 8 Blodiversity Mats b
Natural Selection Habitat Map their collected pompoms 4paiamoets
ontainers of red pompoms.
Stopwachor ter g derce . Couthow g of sch oo por events, and processes
; 4 Containers of white pompoms 7
Procedure were captured. Record this under “Number 4 Containers of yellow pompoms
Captured” in the table on your student sheet. o b yellow pomp
etric rulers
1. In this investigation, you will explore the survival 10. Subtract the number of each color captured

4 Plastc trays of water
4 Transparency quadrats

of different-colored individuals, pomporms, in

from the initial number of each color to
a particular ecosystem, the Natural Selection

determine how many pompoms of each

Habita Wap-Asyou conduc s ivestigaton, Color emain. Record this n the table under 4 Tansparent ruers
scuss with your group how the mode relate oo
anatural system. mier Remaining Procedure
11, Each pompom that remains wil produce 1. I thisinvestigaton, you will measure some
2. S&Z‘Eii o Tg}:\usu:r;?;mr:::n‘;;iv m*m ) another pomporn of the same color as an aspects of biodiversity in model populations,
e e e ot offspring for the next generation. Determine Consider the different ecosystems in the images
will collect pompoms. produced, Record this under with your group and record your answers in your

Offspring” in the table 7 science notebook:
3 [n:uve(h;}t:ath hunter has an empty cup Return any remainin: . Describe how could you tell which ecosystem
in front of them, Habitat Map fo yo. has greater biodiversit.

4. Place the Natural Selection Hebitat Map on Add pompoms . Explain how you could measure the biodiversty y
5. Place 25 blue pompoms and 25 yellow Mix the poml

. What problems exit with measuring the 1] u n' “u l- 1 ve I
pompoms into your group’s empty . - biodiversity of an ecosystem?
container and mix them together. Record these WI d. Describe how you could determine the number .
initial numbers in the table on Student Sheet of organisms in a population of a species of
53 Naturl Slcton: Cotrton ) odel wi
e. Explain whether you think all species can be Fgue 93
ED = o mathematics
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Correlation to California‘’s Environmental Principles and Concepts

STCMS provides opportunities throughout the program for students to engage naturally with the big
ideas of the Environmental Principles and Concepts.

Principle Principle Principle Principle Principle

| | |]]
Genes and Molecular Machines v v

Ecosystems and Their Interactions v

Earth’s Dynamic Systems v
Weather and Climate Systems v
Matter and Its Interactions
Electricity, Waves, and Information Transfer v v
Energy, Forces, and Motion 4
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The Research Base of the
Smithsonian’s STCMS 4 )

Proven Research

Research on how students learn best is clear. When you start with
hands-on investigations and add digital experiences, the learning
sticks.

B To provide true phenomena-based learning experiences that
deepen understanding, your students need to engage in
hands-on, active learning. \ S

B Digital and interactive content—including videos,
simulations, interactive maps, and more—give
students opportunities to explore concepts through
multiple lenses.

STCMS brings these two experiences together, providing teachers
with guidance on how to structure the use of digital materials.

Find out more. Visit www.carolina.com/physicalstuff

Proven Effectiveness

In a five-year randomized control trial with 9,000 students, reading, math, and science test scores
increased for ALL students.

The LASER group using STC showed statistically significant and educationally meaningful test
results even in the middle school years where test-score increases are a challenge!

Science Scores Increased Math Scores Increased Reading Scores Increased
Middle School - All Regions Combined HISD Middle School - HISD Middle School -
PASS Performance Task Stanford Mathematics Test Stanford Reading Test
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. LASER group . Comparison group

Find out more. Download the complete LASER i3 results: https://ssec.si.edu/our-results
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Units for Grades 6—38

ScieNce AND TECHNOLOGY CONCEPTS™
MIDDLE SCHOOL

* Smithsonian STC

Engage. Inspire. Connect.
California Learning Framework for Middle School

Weather and Climate Systems Earth’s Dynamic Systems Space Systems Exploration
ESS2-4, ESS2-5, ESS2-6, LS4-1, ESS1-4, ESS2-1, ESS2-2, ESS2-3, PS2-4, ESS1-1, ESS1-2,
ESS3-2, ESS3-4, ESS3-5, ESS3-1,ESS3-2, ETS1-1, ETS1-2, ETS1-3, ESS1-3, ETS1-1, ETS1-2

PS3-4,ETS1-1, ETS1-2 ETS1-4
Structure and Function Ecosystems and Their Genes and Molecular
LS1-1,LS1-2, LS1-3, LS1-6, Interactions Machines
LS1-7,LS1-8,LS4-2,154-3 LS1-5, LS1-6, LS2-1, LS2-2, LS1-1,LS1-4,LS3-1,
LS2-3, LS2-4, LS2-5, LS4-4, LS3-2,L54-4, LS4-5, LS4-6

LS4-6, ESS3-3, ETS1-1, ETS1-2

Electricity, Waves, and Matter and Its Interactions Energy, Forces, and Motion
Information Transfer PS1-1, PS1-2, PS1-3, PS1-4, PS2-1, PS2-2, PS2-3, PS2-5,
LS1-8, PS2-3, PS2-5, PS3-3, PS1-5, PS1-6, PS3-4, ETS1-1, ETS1-2, PS3-1, PS3-2, PS3-5, ETS1-1, ETS1-2,
PS3-4, PS3-5, PS4-1, PS4-2, ETS1-3,ETS1-4 ETS1-3, ETS1-4

PS4-3, ETS1-1, ETS1-2, ETS1-3, ETS1-4

About the Parinership
Carolina Biological Supply Company and Smithsonian Science Education Center

For 30 years, the Smithsonian Science Education Center (formerly the National Science Resources Center)
has been transforming the teaching and learning of formal science in PreK to 12th-grade classrooms around
the world by providing students and teachers with authentic STEM experiences.

Carolina Biological Supply Company has partnered with educators for more than 90 years to provide quality,
dependable science materials and expert assistance when teachers have questions or concerns. As a partner
of the Smithsonian, Carolina works closely with the Smithsonian during each module’s development and
tests all STCMS module equipment for durability and age-appropriateness.

Have a question? Contact CAscience@carolina.com
For immediate assistance, contact Fabienne Conrad:

fabienne.conrad@carolina.com
336-266-3744
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