
LESSON 8: How can we model what is causing the changes in the populations
happening across all our case studies?

PREVIOUS LESSON We explored four cases where trait distributions in the population changed over a few generations. We used a jigsaw strategy to analyze data from different
studies on our group’s assigned case. We developed arguments for how what was happening in the different studies could be connected to one another. We
developed a model to explain what was causing the shift in trait distribution over time for our individual cases.

THIS LESSON

PUTTING PIECES TOGETHER

2 days

We compare each of our case-specific system models (for finches, moths, swallows, and plants) and argue for
which parts and interactions these cases have in common. We develop a general model to explain what causes
changes in the population. We argue that this model should be able to predict and explain changes in other
populations too (like bacteria), and we identify what we need to test it.

NEXT LESSON We will carry out an investigation using a computer simulation. We will argue for why we get different outcomes when we simulate different types of white blood
cells in the environment with the same starting population of bacteria.

BUILDING TOWARD NGSS

MS-LS1-4, MS-LS4-1, MS-LS4-2,
MS-LS4-3, MS-LS4-4, MS-LS4-6

WHAT STUDENTS WILL DO

8.A Respectfully provide and receive critiques about one’s explanations and model ideas by citing relevant evidence and posing and responding to
questions that elicit pertinent elaboration and detail related to what in the system is remaining stable (e.g., traits within individuals and patterns of
inheritance) and what is changing (e.g., distribution of traits) and what causal mechanisms (e.g., competitive advantages, selection events) are at
work on different populations in different (eco)systems.

8.B Develop a model that includes unobservable mechanisms describing more than one cause-and-effect relationship between different parts
and components in a system to explain how natural selection leads to a change in the distribution of traits in a population over time, while
heritable traits of each individual remain stable.

WHAT STUDENTS WILL FIGURE OUT

There was variation in specific traits between individuals in a population in the past.
Something in the environment changed.
When the environment changed, individuals with certain trait variations were able to more easily access available resources needed for
survival, causing them to survive better and reproduce more than other individuals.
The traits that grant an advantage for surviving or reproducing can be passed on to their offspring
Distribution shows more individuals with the trait that allows them to survive or reproduce better.



Lesson 8 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 2 min NAVIGATION
Briefly discuss next steps.

A

2 10 min POSTER WALK AND TALK
Carry out a poster walk and talk with a partner to
compare two different cases.

B Revised Case System Model posters, timer on a computer

3 18 min CO-CONSTRUCT SOME GENERALIZED
STATEMENTS
Start building together as a class the parts of a general
model for explaining all these cases.

C 1 green and 2 purple 3” x 3” sticky notes, General Model poster, 8 colored sheets of letter-size paper
(2 purple, 1 green, 1 pink, 1 blue, 3 white) prepared with appropriate labels, 5 index cards (5” x 8”)
prepared with appropriate labels, 12 yellow sticky notes (5” x 8”), markers, transparent tape

4 11 min DEVELOP OTHER GENERAL MODEL IDEAS
Work with a partner to develop additional general
model ideas to explain multiple cases.

D 1 pink and 1 blue sticky notes, General Model poster, 8 colored sheets of letter-size paper (2 purple, 1
green, 1 pink, 1 blue, 3 white) prepared with appropriate labels, 5 index cards (5” x 8”) prepared with
appropriate labels, 12 yellow sticky notes (5” x 8”), markers, transparent tape

5 4 min REFLECTING ON OUR DISCOURSE
CONTRIBUTIONS
Complete self-reflection questions on discourse
contributions and impact.

E Argumentation Self-Assessment

End of day 1

6 10 min EVALUATE OUR GENERALIZED STATEMENTS
Compare the previously created model ideas with a
new partner to determine if and how they need to be
modified to work for the new case.

F Revised Case System Model posters

7 12 min CO-CONSTRUCT GENERALIZED DESCRIPTIONS
AND CLARIFY THE REMAINING PARTS OF THE
MODEL
Create general statements describing and clarifying all
the main elements of the General Model.

G General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue, 3 white)
prepared with appropriate labels, 5 index cards (5” x 8”) prepared with appropriate labels, 12 yellow
sticky notes (5” x 8”), markers, transparent tape

8 12 min CONNECT THE PARTS OF THE MODEL
Articulate the cause-and-effect relationships between
the different parts of the general model.

paper clip, General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue,
3 white) prepared with appropriate labels, 5 index cards (5” x 8”) prepared with appropriate labels, 12
yellow sticky notes (5” x 8”), markers, transparent tape

9 5 min ADD WORDS WE EARNED TO THE GENERAL
MODEL
Discuss the terminology associated with these
components and interactions.

General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue, 3 white)
prepared with appropriate labels, 5 index cards (5” x 8”) prepared with appropriate labels, 12 yellow
sticky notes (5” x 8”), markers, transparent tape



Part Duration Summary Slide Materials

10 6 min USE THE MODEL TO MAKE PREDICTIONS
Use the model to make predictions about changes in
populations over different amounts of time (number of
generations) and in different environments;

G-H How can we test our model?, General Model poster

End of day 2



Lesson 8 • Materials List
per student per group per class

Lesson materials science notebook
1 green and 2 purple 3” x 3” sticky notes
1 pink and 1 blue sticky notes
Argumentation Self-Assessment
paper clip
How can we test our model?

Revised Case System Model posters
timer on a computer
General Model poster
8 colored sheets of letter-size paper (2 purple
1 green
1 pink
1 blue
3 white) prepared with appropriate labels
5 index cards (5” x 8”) prepared with appropriate labels
12 yellow sticky notes (5” x 8”)
markers
transparent tape

Materials preparation (30 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

The Revised Case System Model posters from Lesson 7 should be hung up for students to visit in this lesson. Ensure that
all posters from each class period are well spaced out around the room as 1-5 pairs of students may be visiting a poster at
any one time and will need to refer to it in their discussions in the first part of day 1 of the lesson.

Prepare for each class a General Model poster that is approximately 3’ x 4.5’. Title the poster “How and why is the
population changing in all our cases? (Our General Model)” Add titles to a long side of sheets of letter-size paper, as
detailed in the bullets below, and attach them to the poster, positioned as shown in the image.

purple paper: "Population before the Change"
purple paper: "Population after the Change"
green paper: "Environment"

Add arrows in marker to the poster as shown in the image. Hang this poster in your Scientists Circle.

Prepare for each class the following materials and have them ready to attach to the poster during class discussion.

Add titles to a long side of sheets of letter-size paper, as detailed in the bullets below.
pink paper: “Survival and Reproduction”
blue paper: “Offspring and Inheritance”

Add the sentence stem "Because of this ..." to the top left of the long side of 3 sheets of white letter-size paper.

Use 5" x 8" white index cards to make the following labels for the poster. Put one term per card and write in large capitals to fill the card.
“ = ENVIRONMENTAL INTERACTIONS”
“ = COMPETITIVE ADVANTAGE”
“ = SELECTION”
“ = LARGELY HERITABLE TRAITS”



“NATURAL SELECTION”

On day 1 of this lesson, create a copy of Argumentation Self-Assessment for each student. As an alternative, if your students have access to digital tools, you could create this self assessment
digitally as a digital exit ticket.

Print out sufficient copies of How can we test our model? for every student to have one.



Lesson 8 • Where We Are Going and NOT Going
Where We Are Going

This lesson is designed to help students develop and refine a general model for what is causing population-level changes in traits in populations. The bulk of the lesson engages students in
identifying parts, interactions, and mechanisms for the model. And it generalizes the model by having students articulate it for a single case, then for two cases, and eventually for all four
cases. By the end of the lesson, students will have developed a model of natural selection that they will have derived from evidence and argumentation.

In many ways, this is one of the most complex models that students will have developed in OpenSciEd so far, due to the fact that students are inductively building and revising the models
many times and are doing this in relatively short amounts of time between each revision. In addition, each round of revision relies heavily on productive discourse norms and experience with
triangulating the model against a larger and larger set of evidence, also in a relatively short amount of class time.

The use of the crosscutting concept “stability and change” is critical in the development of this model. Students historically struggle with confusing and combining what is changing and what is
not in natural selection, particularly at the population versus individual level. In this lesson students will identify that there are changes happening at an aggregate level (population-level
changes and environmental changes), but no changes are occurring at the gene or trait heritability level. Students will identify that the kinds of differences happening on the individual level are
only based on (a) how well particular trait variations function and (b) how this functioning influences the changes of dying vs. surviving long enough to reproduce. The repeated rounds of
discussion toward building the consensus model are designed to push on this distinciton.

Students don’t yet have direct evidence for whether their model (natural selection) accurately predicts and explains what would happen to other populations, in other environmental
conditions, or over different lengths of time. Testing their predictions using their current model against a new suite of phenomena is the focus of the next two lessons.

Where We Are NOT Going

This lesson does not introduce the name “natural selection” at the beginning. Instead, the term is reserved until the class has derived the entire model together at the end of day 2. While parts
of this model were given the labels “competitive advantage” and “selection”, the term “survival of the fittest” was intentionally avoided as it might tend to convey the idea that some traits are
the best rather than being “relatively better on average in a probabilistic sense” for a given environment. The term “selective pressure” was avoided as students’ current understanding of
pressure is a particle-level mechanism, developed in their prior work in Storms Unit, rather than a population-level mechanism.

The probabilistic nature of competitive advantages as well as the resulting effects on the variability in the outcomes of natural selection will be uncovered in the next two lessons but is not
addressed in this lesson.

The historical background for who first derived this model of natural selection (Charles Darwin) is not introduced in this lesson. Avoid introducing the idea that someone well known already
developed this model as it would take away the sense of accomplishment in the student sensemaking and would also undermine the motivation for testing the model in the next two lessons
(why test a model that other scientists already figured out). The next revision to the unit anticipates introducing in Lesson 12 connections to Darwin and other scientists who worked to develop
and refine a model of evolutionary mechanism. In the proposed Lesson 12 for the revised unit, students will uncover a flaw in trying to apply the model to explain everything in the fossil
record. After uncovering that their model lacks a needed, missing mechanism--some way for new heritable variations to appear in offspring that weren’t in the prior generation and figuring out
what those missing mechanisms are (recombination of genetic information through sexual reproduction and the emergence of new genetic information through mutations) in Lesson 13-- -
students will then be introduced to Charles Darwin and other scientists of the 19th century, all of whom identified the same important gap in the model of “evolution by natural selection”
before the early 1900s (when the rediscovery and rederivation of Mendel’s work and the discovery of mutations in the 1930s) provided the needed mechanisms to fill this gap.



2 min

10 min

LEARNING PLAN for LESSON 8
1 · NAVIGATION
MATERIALS: None

Facilitate a brief discussion about our next steps. Display slide A.

Suggested prompt Sample student response

How could developing a general model for explaining all four of our
cases help us answer some of the questions we had about ancient and
modern penguins, horses, and so forth?

Understanding what happens over a few generations for any of these
populations will help us understand and explain what might have
happened over a long period of time in the distant past.

Tell students this will be our mission then for the next two class periods. We will try to develop as general a model as possible for explaining
the changes in traits in any population over time.

2 · POSTER WALK AND TALK
MATERIALS: science notebook, Revised Case System Model posters, timer on a computer

Orient students to the challenges in identifying similar causes, mechanisms, or relationships across case studies. Say, Let’s get ready to share
our case with someone who has a different case. Our goal is to share our case and hear another case so that we can find any causes, mechanisms, or
relationships that the two different cases seem to have in common. Since many parts of the system models you put together are likely to be different
and because you looked at different organisms, different places, and different times, when we hear a summary of a different case we will need to be
listening for similarities in the relationships between those parts and similarities in what caused something to happen.

Prepare for a poster talk to a partner from a different case. Display slide B. Introduce the discussion protocol on the slide:
Each person has equal time (4 minutes) to share the story of what their population change was and what caused their population to
change.
The person who is not presenting is actively listening for anything that is said that is a cause, mechanism, or relationship that is
similar to one in their own system model.
The person listening signals this overlap to the speaker by snapping their fingers a few times each time they hear a connection
across the two cases.

Emphasize that students should talk to just their partner as they do this, but that both people should feel free to walk around to visit each
other’s poster for each talk. Explain that they will need to stand far enough away from their poster, though, to make sure other pairs visiting
the poster can see and reference it too as they talk. Ask students to bring with them their notebook and something to write with for the next
activity after this but to refrain from writing anything down for this initial poster walk and talk.

Assign partners to work across cases. Pair students to ensure the following case comparisons:
finches and moths
finches and swallows
finches and plants
moths and swallows
moths and plants
swallows and plants



18 min

Carry out the poster talks. Have students meet with their partner and start sharing their first system model. Set a timer on the
computer for 4 minutes. Remind students when the time is up to switch to having the other person share the second system model.

Again set the timer on the computer for 4 minutes. When the time is up, cue students to the start the next step outlined below.

ASSESSMENT
OPPORTUNITY

Building towards 8.A.1 Respectfully provide and receive critiques about one’s explanations and model ideas by
citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail
related to what in the system is remaining stable (e.g., traits within individuals and patterns of inheritance) and
what is changing (e.g., distribution of traits) and what causal mechanisms (e.g., competitive advantages,
selection events) are at work on different populations in different (eco)systems.

What to look and listen for: Look and listen for every student providing nonverbal feedback (snapping) to their
partner and/or closely tracking the presentation their partner is making.

What to do: Circulate among the students. You could carry around a class list and quickly check off whether the
student who is listening to the presentation is leaning into the role of providing nonverbal feedback (snapping)
for areas of overlap in their cases. As some students start providing nonverbal feedback, reinforce this to the
whole class as a positive sign of engaging in respectful and productive feedback that is providing the speaker
evidence that their audience is attending to and working with their ideas. If students are struggling to provide
nonverbal feedback, reencourage them to identify and snap on any kind of similarity between their own case
and the case they are listening to. Remind them that they are the experts on their cases, and whatever
similarities they identify will be useful.

3 · CO-CONSTRUCT SOME GENERALIZED STATEMENTS
MATERIALS: science notebook, 1 green and 2 purple 3” x 3” sticky notes, General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue, 3 white) prepared with
appropriate labels, 5 index cards (5” x 8”) prepared with appropriate labels, 12 yellow sticky notes (5” x 8”), markers, transparent tape

Regroup as a whole class in a Scientists Circle around the General Model poster spot. Distribute two purple and one green 3” x 3” sticky
notes to each student.

Develop a generalized statement together as a class. Say, I heard some snapping at many different points in your discussions. This is a sign that
there are many places where you identified a cause, interaction, or mechanism that might be similar across your two cases. Let’s get ready to capture
those in the form of some general statements about what is happening in both cases that is not case specific. Let's do some examples together first so
we can figure out how we might phrase these general model ideas we are trying to develop.

Have students open up to the next blank page in their science notebook and title it as follows:
Our General Model: What is causing changes in the population of all of our cases?

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING
STRUCTURE AND FUNCTION

The connection of particular structures of
organisms with their particular functions is
an element of structure-function thinking
that students should be familiar with from
standards in the K-2 and 3-5 grade bands.
Making the connection explicit here is a way
to leverage their familiarity with this concept
in order to scaffold the progression of the
use of this idea into the middle school grade
band, needed now from this point forward in
the unit.

Throughout this lesson, students are
substantiating their understanding that
complex systems and processes can be
modeled and that those models can be used
to describe how the system’s function
depends on the relationships among its



KEY IDEAS The purpose of this first part of the Consensus Discussion is to
1. co-construct examples of generalized model ideas and
2. build together the start and the end of the General Model poster for 3 elements of the model

(Population Before the Change, Population After the Change, the Environment).

Note: The populations are labeled Before the Change and After the Change in this model since the “Beginning” and
“End” of the individual cases were all at different times. Before and After the Change are more generalizable terms, but
they represent the Beginning and End populations described in Lesson 7.

The guidance below outlines one way to manage construction of this part of the general model. The outline
might feel overly prescriptive and lead to a discussion where you feel a tendency to "look for the right answer"
for each part of the model. That could, in turn, devolve into a "what goes here" guessing game.

To avoid this potential pitfall, it's important to realize that you are simply creating a structure to capture and
organize all the students' ideas. Help students realize that their role is to identify, articulate, and revise the
common ideas that they all agree on until they best represent all four cases. Use student language where
possible (where it approximates what is shown in the examples).

Co-construct language to describe general statement(s) for the Population Before the Change purple piece of paper. Say, If we are going to
create a general model to explain how and why the population is changing in all our cases, let’s start by trying to capture what it is about the
phenomenon we are trying to explain. What is the kind of population change we are trying to explain? Since you used purple index cards to describe
this change in the population, let’s start with what is on your purple index cards.

Prompt students for how they could phrase a
general statement for not only what is true for their
specific case but what could be true across all the
cases. The discussion prompts below give one
example of how to do this.
Co-construct a general statement for this and put it
on the Population Before the Change purple piece
of paper. Here are two different examples:

The starting population of organisms had
trait variation in it for a specific
character(istic).
There was a distribution of trait variation
for a particular character in the initial
population to begin with.

Have students write the same statement(s) on one
of their purple sticky notes and put it in their
science notebook on the top-left of the page titled
“Our General Model: What is causing changes in the
population of all of our cases?”

parts. In this case, the functioning of the
system is an emergent property of the
system--population-level changes in the
traits of the population over time. Explaining
this process depends on understanding the
relationships among its parts (which are
represented on the colored paper in the
model being constructed):

trait distributions in the population
before the change
environmental variables
effects on survival and
reproduction (on individuals)
heritability of traits (via genes)
change in trait distributions in the
end (on the population)

Hence, the focus in these sections of the
lesson is on the function of the relationships
among the parts: genes, traits, individuals,
populations, and the environment.



Suggested prompt Sample student response

So in every case we have a population, but were all the populations
the same? What organisms were in the populations we studied? How
would you generalize your population?

Birds.

Flying things.

No wait, that isn’t true for plants.

OK, so if we said in every case we have a population of animals, would
that be general enough to summarize what is true in every case?

No.

We need a more-general way of referring to these parts of the system.
A population of what?

Living things.

Organisms.

Individuals.

This is great, we have a lot of different ways we could say what it’s a
population of that isn’t case specific. But let’s go a step further--what
can we say about how the individuals in that population compare in
terms of the trait of interest. Are they all identical?

No.

So what was different about the individual organisms in these
different populations?

They had different wing lengths.

They had different colors or patterns.

They had different beak lengths.

They had different flowering times.

How would we describe that sort of difference between individuals
without referring to a case-specific trait?

The individuals had different traits.

There were trait variations in the population.

There was variation in traits between individuals across the
population.

Co-construct language to describe general statements for the other purple piece of paper--“Population After the Change”. Say, OK great,
so then if this is the population before the change (refer to first purple paper), let’s now describe the population after the change. Remember, we
want a general statement that can work for any case.



Prompt students for how they could phrase a
general statement for not only what is true for their
specific case but what could be true across all the
cases. The discussion prompt below gives one
example of how to do this.
Co-construct a general statement for this and put it
on the Population After the Change purple piece of
paper. Here is an example:

The distribution of traits changed in the
population.

Have students write this on their second purple
sticky note and put it in their science notebook at
the bottom of the page titled “Our General Model:
What is causing changes in the population of all of
our cases?”

Suggested prompt Sample student response

What in general is changing in the population? The traits.

The amount of characters.

The average size of the trait changed.

Was it always the size of something that changed? No, sometimes it was the color like in the moth example or sometimes
it was the timing of the trait like in the plants.

So, we can say traits changed. Did all the organisms in the population
get the different traits?

No, only some of them ended up with different traits. But more of
them had a certain kind of trait at the end than at the beginning.

So regardless of size or color or timing or how many actually had the
different traits, the distribution of the traits changed. Would that
statement work for all our cases?

Yes, that works.

Co-construct language to describe general statement(s) for the “Environment” green piece of paper. Say, Each of you organized your model
to start at the top with a description of what was important about the environment for your case. Let’s describe how these environments compare
across every case.



Prompt students for how they could
phrase a general statement for not only
what is true for their specific case but what
could be true across all the cases. The
discussion prompts below give one
example of how to do this.
Co-construct a general statement for this
and put it on the Environment green piece
of paper. Here are is one example:

Different environments have
different living (biotic) and
nonliving (abiotic) things in
them.

Have students write this on their green
sticky note and put it in their science
notebook on the top-right of the page
titled “Our General Model: What is causing
changes in the population of all of our
cases?”

Suggested prompt Sample student response

What were some of the things that were different about what was in
each environment?

Environments could have roads or overpasses, different kinds of
plants or trees, different amounts of rain, different predators, different
food sources ....

OK, so different environments have different living and nonliving
things in them. What were some of the science terms we learned in
seventh grade in OpenSciEd Unit 7.4: Where does food come from,
and where does it go next? (Maple Syrup Unit) for categorizing living
and nonliving things in the environment?

Biotic means living and abiotic means nonliving things.✱

Were the living, or biotic, parts of the environment the same in every
case?

No.

Were the nonliving, or abiotic, parts of the environment the same in
every case?

No.



ADDITIONAL
GUIDANCE

If students readily recall the terms abiotic and biotic from prior instruction, include references to them in the
subsequent discussion and in the summaries you write. While it could be helpful to continue to use these terms
for some classes, it may be a barrier for others. So don’t dwell on these terms if they seem to slow down the
model construction process. In such cases, stick with using living and nonliving instead of biotic and abiotic in the
remainder of the work. Now is not the time to add these sort of peripheral words to a Word Wall.

Discuss what to write in between the arrows. Display slide C. Say, In this case we have arrows coming together from the population of organisms
before the change and the environment. Let’s try to describe the relationship between these two components. In each part of this Consensus
Discussion, important elements of the model are identified and described. In each case, the exact language of the element is less important
than the concept. Use students’ words as much as possible. Keep in mind, however, that these elements will be referred to in future lessons,
so it is important that student language that is used accurately captures the basic concept.

Suggested prompt Sample student response

How would you, in general, describe the relationship between these
two components--environment and population before the change?

The population of organisms is inside the environment.

They interact somehow.

Can we all agree that in all cases the environment and population of
organisms interact in some way?

Yes.

OK, can we represent that idea by saying there are environmental
interactions in every case?

Yes.

Add the ENVIRONMENTAL INTERACTIONS index
card or white paper to the middle part of the
General Model poster between the top two
arrows. Have students write this in the same
position in their science notebook on the page
titled “Our General Model: What is causing
changes in the population of all of our cases?”

Clarify the role of the first two elements in the model. Say, These interactions are the results of what we described on the purple cards and the
green cards, namely, that the population of organisms interacts with different things in the environment. But we are trying to identify what all our
cases have in common. Can we clarify what it is about the environment that is important in that interaction in all our cases? Can we clarify what it is
about the beginning population that is important in that interaction in all our cases? Let’s try to describe those kinds of similarities related to the
interactions across all the case studies. Let’s start with the arrow coming from the Environment card.



KEY IDEAS The purpose of this second part of the Consensus Discussion is to surface these two ideas:
There are some things in the environment that are needed for survival and reproduction and there are
some things in the environment that are harmful.
The variation in structure results in a variation in function.

Prompt students for how they could phrase a
general statement for not only what is true for
their specific case but also what could be true
across all the cases. The discussion prompts
below give one example of how to do this.
Co-construct on 1 or 2 yellow sticky notes a
general statement clarifying the role of the
environment. Here is an example:

There are some things in the
environment that are needed for
survival and reproduction, and there are
some things in the environment that are
harmful.

Add this over the arrow between the green
“Environment” paper and the “ENVIRONMENTAL
INTERACTIONS” card.
Have students write this clarifying statement
directly in their notebook next to the related
arrow on the page titled “Our General Model:
What is causing changes in the population of all
of our cases?”

Suggested prompt Sample student response

Let’s start with the arrow coming from the environment. We said our
different environments have different living (biotic) and nonliving
(abiotic) things in them. What were some examples of those that our
different populations interacted with?

Cars and overpasses, different trees, different predators, different food
sources, different amounts of rain ...

Why are these important things for these organisms? What do they
need these for?

They need these to live.

They need these to reproduce.

OK, so in each of these cases, the environment provides living and
nonliving (or biotic and abiotic) things that are needed for survival and
reproduction. Is everything in the environment helpful for organisms?

No, sometimes there are things that are dangerous too.

No, there are predators or bad weather events or pollution.



Suggested prompt Sample student response

So can we say that the environment can also have living and nonliving
(or biotic and abiotic) things in it that are potentially harmful to the
organisms living there?

Yes.

Prompt students to clarify the role of the population before the change. Say, Now let’s look at the arrow coming from the Population Before the
Change.

Prompt students for how they could phrase a
general statement for not only what is true for
their specific case but also what could be true
across all the cases. The discussion prompts
below give one example of how to do this.
Co-construct on 1 or 2 yellow sticky notes a
general statement clarifying the role of the
variations in the Population Before the Change.
Here are two examples:

Different structures have different
functions.
The variation in structure results in a
variation in function (e.g., shorter wing
size -> maneuverability vs. longer wings
-> flying longer distances).

Add this over the arrow between the purple
“Population Before the Change” paper and the
“ENVIRONMENTAL INTERACTIONS” card.
Have students write this clarifying statement
directly in their notebook next to the related
arrow on the page titled “Our General Model:
What is causing changes in the population of all
of our cases?”

Suggested prompt Sample student response

Now, let’s clarify the importance of there being different trait variations
in the population. Why does that matter? How are these differences in
structures between individuals related to what they can do?

The variations in structures lead to some kind of different function.✱

They allow the organism to do something different.

Let’s think through one specific example. The swallows group--what
were the different trait variations your organism could have?

The birds could have different wing lengths.

What was the function of having a shorter wing length? Shorter wings were better for quick maneuvers.



11 min

Suggested prompt Sample student response

So do the other cases have a similar structure-and-function
relationship where certain trait variations provide at least slightly
different functions to the individuals that have them?

Yes.

4 · DEVELOP OTHER GENERAL MODEL IDEAS
MATERIALS: science notebook, 1 pink and 1 blue sticky notes, General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue, 3 white) prepared with appropriate
labels, 5 index cards (5” x 8”) prepared with appropriate labels, 12 yellow sticky notes (5” x 8”), markers, transparent tape

Say, This is a great start. We’ve created a statement that
reflects what we think is true across every case. You and your
partner should continue doing that for the other parts of your
two cases on the pink (Survival and Reproduction) and blue
(Offspring and Inheritance) papers. Also, we know that useful
scientific models explain not only the model parts and
components but also the relationships among those parts and
components. Let’s add arrows that show the cause-and-effect
relationships between the other parts of the model. And then
we should describe the cause-and-effect relationships
between the parts we linked with an arrow similarly to what
we did for our individual case models. But now we want
general statements that describe what’s similar in all the cases.
These statements can be phrased “Because of this . . . “, like the
example I’m showing you here.

Put a piece of white paper with the phrase “Because of this
. . . “ across the arrow coming from the “ENVIRONMENTAL
INTERACTIONS” card.

Display slide D. Recap the mission students have with their partners:
1. Figure out a general statement describing “Survival and Reproduction” (pink) and “Offspring and Inheritance” (blue) papers.

2. Decide the order they go in and connect them with arrows.
3. Write out what is going on in the arrows by finishing the statement “Because of this…”.

Tell students not to worry about any clarifying statements now (yellow). We will do those together as a class later, as needed.

✱ ATTENDING TO EQUITY

Universal Design for Learning: Using
sentence starters and graphical scaffolding
are powerful ways to support action and
expression for diverse learners.
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ASSESSMENT
OPPORTUNITY

Building towards 8.A.2: Respectfully provide and receive critiques about one’s explanations and model ideas by
citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail
related to what in the system is remaining stable (e.g., traits within individuals and patterns of inheritance) and
what is changing (e.g., distribution of traits) and what causal mechanisms (e.g., competitive advantages,
selection events) are at work on different populations in different (eco)systems.

What to look and listen for: Students proposing statements that could work across both cases and asking
questions to clarify the meaning of those statements and critiquing the statements in order to make them
better fit the evidence from both cases. When students are doing this you are likely to hear them saying things
like this:

Does this work for your case too?
How should we rephrase this so it takes into account X?
I have an idea of how we modify that idea slightly so that it also captures what is happening in my
case.
Though I can see how X is happening in your case, something different was happening in mine.
This (X) seems really similar to something that was going on in my environment. In my case, Y was
happening. So how can we best describe what it is that is similar in X and Y?

What to do: If students are struggling to come up with general statements, encourage them to focus on
articulating the similarities between their cases and then describing them in non-case-specific terms. The
bulleted examples above may be helpful to encourage richer discourse.

If students are stuck on articulating any causal relationships, you could provide additional sentence stems to
assist them in coming up with cause-and-effect statements linking their general statements. For example, “In
both cases, it seems like because of X, Y happens.”

If needed, a second opportunity to assess this lesson-level performance expectation in a similar way happens
at the start of day 2 when students follow the discussion protocol on slide F.

Encourage students to take their notebook with them and revisit the posters explaining their cases with their partner, if they wish, as they
write up the ideas that would be part of a general model for explaining both of their cases. They should make detailed notes in their
notebook on the page titled “Our General Model: What is causing changes in the population of all of our cases?” to record their descriptions
of the cards and their cause-and-effect statements.

5 · REFLECTING ON OUR DISCOURSE CONTRIBUTIONS
MATERIALS: Argumentation Self-Assessment

Introduce the exit ticket. Show slide E. Say, You’ve done some amazing work across the last lesson and today. I am excited for us to pool together
for our next class all these generalized model ideas you have worked on today. Before we have you share those, I want you to reflect on the discourse
you participated in today and the role you and others had in shaping each other's thinking.



ASSESSMENT
OPPORTUNITY

Building towards 8.A.3: Respectfully provide and receive critiques about one’s explanations and model ideas by
citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail
related to what in the system is remaining stable (e.g., traits within individuals and patterns of inheritance) and
what is changing (e.g., distribution of traits) and what causal mechanisms (e.g., competitive advantages,
selection events) are at work on different populations in different (eco)systems.

What to look for
The first four questions address whether students were able to engage in the practice of respectfully
providing and receiving critiques with peers as they resolved disagreements during their discussions.
Students who engaged in respectful exchanges will answer “Yes” to all four questions. Students who
are having maximum success enacting respectful exchanges will choose the “most of the time” or “in
many ways” options.
The fifth question addresses whether students were able to apply their particular thinking to the
broader concept of explaining changes over time. Since the connection with time is inherent in the
model they are developing, a “Yes” or even “Unsure” answer indicates they are successfully
connecting their thinking with the broader concept. A “No” answer indicates their inability to connect
conceptually.
Answers to the last two questions will provide a broad sense of students’ motivation and engagement.
Ideally, students will indicate in the sixth question that the lesson matters on multiple levels and will
choose mostly positive emotions in the final question. Note that “Confused” is not necessarily a
negative answer at this point in the lesson.

What to do: Students’ responses can be used in planning additional support or interventions that may be
needed by classes or by specific individuals.

Much of the rest of this lesson and the balance of this unit rely on students thoughtfully considering
multiple interpretations and various potential claims as models and explanations are developed. So if
student responses indicate that students are struggling with arguing respectfully, review with students
the classroom norms for providing respectful critiques.
If students do not connect their model with changes over time, take the opportunity when those
topics arise during class activities on day 2 to emphasize the connections with numbers of
generations and the time that passes with each generation.
Use information about motivation and engagement to refocus your efforts as needed to make the
learning matter to students (perhaps by centering their thoughts and words more prominently in co-
constructed elements) and to enable excitement and confidence in the classroom, even if students
remain confused at this point in the discussions (perhaps by reminding students that at the end of 8th
grade they have many experiences, practice, and perspectives to draw on from their model-building
work in prior OpenSciEd units to figure out whatever is still confusing).

Provide students a copy of Argumentation Self-Assessment to each student and ask students to complete this and turn in as they leave class.

End of day 1
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6 · EVALUATE OUR GENERALIZED STATEMENTS
MATERIALS: science notebook, Revised Case System Model posters

Evaluate our partner models. Say, If the statements you wrote in your notebook with your previous partner are general enough to explain what is
happening in two cases, they may be general enough to describe what is happening in the other cases as well. Let’s test them out to see if that is true
and revise them if needed so that they are general enough.

Introduce the new discussion protocol. Assign everyone to a new partner who has a different case than their old partner. Show slide F to
introduce the new discussion protocol for this task. Encourage students to relocate as needed to reference their Revised Case System Model
posters as they discuss and modify the statements in their notebooks with their new partners, as needed.

7 · CO-CONSTRUCT GENERALIZED DESCRIPTIONS AND CLARIFY THE REMAINING PARTS OF THE
MODEL
MATERIALS: science notebook, General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue, 3 white) prepared with appropriate labels, 5 index cards (5” x 8”)
prepared with appropriate labels, 12 yellow sticky notes (5” x 8”), markers, transparent tape

Facilitate a Consensus Discussion. Display slide G. Have students move to the Scientists Circle. Review the purpose of the partner work
students have done and say, What were the components and interactions that were causing changes in the populations across all our cases? Let’s
work together to get some of those generalized statements you came up with on our class model. We have some blue and pink pieces of paper that
we will add to our model now to describe the parts of our models that we think they have in common.

Cue students to refer to their notebook where they have
recorded their revised sticky notes to refer to the
generalized model ideas they wrote with their partner. Ask
them to look for the most important ideas they had in
common regarding the changes that were seen in the
populations they studied. While students are reviewing
their statements, place the pink and blue papers that are
titled “Survival and Reproduction” and “Offspring and
Inheritance” on the General Model poster in any position.
They will be relocated later.

✱ ATTENDING TO EQUITY

Universal Design for Learning: Students vary
in the amount of scaffolding they need for
memory and transfer of information in order
to improve their ability to access their prior
learning. All learners can benefit from
assistance in how to transfer the information
they have to other situations. The use of
these hand signals helps anchor instruction
by linking to and activating relevant prior
knowledge in a memorable and transferable
way. Furthermore, by using these hand
signals as an additional representation of
these ideas, we are providing visual,
nonlinguistic supports for vocabulary
clarification, which helps promote
understanding across multiple languages.



ADDITIONAL
GUIDANCE

It doesn’t matter which of these two sets of ideas--(1) Survival and Reproduction or (2) Offspring and
Inheritance--is addressed first. As students surface an idea, continue building on that idea together and
recording it on the corresponding piece of colored paper (pink or blue) before prompting for the next idea.

Say, Before we work on connecting these blue and pink sheets to the other parts of the model or figure out what order they go in, let’s first agree on
how to describe these two parts of the model.

Prompt students for how they could phrase a
general statement for not only what is true for
their specific case but what could be true across
all the cases.
Co-construct a general statement for the
concept on the blue paper. Co-construct a
general statement for the concept on the pink
paper.
Here are two examples for the pink paper:

Some individuals have better traits for
this than others.
Individuals with certain traits survive
and/or reproduce.

Here are two examples for the blue paper:
These traits are heritable. Parents pass
these traits to offspring.
Offspring inherit these traits from their
parents.

Add these statements to the corresponding
pieces of paper.
Don’t have students make any further text
additions or annotations to their notebooks from
this point onward. Rather, have them put a check
mark near any of their own model ideas as they
are captured on the class model.

Clarify the role of the Offspring and Inheritance element in the model not articulated so far. Push on how traits are passed onto offspring.
Help students review and articulate what exactly is passed on and how it is physically passed on when we use a shorthand phrase like
“heritable traits are passed on to their offspring”.



KEY IDEAS With prompting, students should be able to recall a mechanism for how traits are inherited that articulates the
connections among sex cells, chromosomes, genes, proteins, and traits from their prior work in (material.ge.n).
These connections include these ideas:

Traits themselves aren’t actually passed on.
Rather, each parent passes on genetic information for specific genes in the chromosomes they
contribute to their offspring via a sex cell.
Genes contain the instructions that code for the formation of molecules called proteins, which are
structural components cells build.
Proteins are used in the formation of physical traits.

After articulating these connections, capture a summary statement of the connections. A single statement like
the examples shown below should suffice after students have verbally articulated these connections. Here are
two examples:

Sex cells with chromosomes are passed on → these have genes for which proteins to produce →
when these are produced they are used to form specific traits
Sex cells → genes on chromosomes → proteins are produced → specific traits

If a version of this was already added to the Ideas for Data or Information We Need poster from Lesson 4 or the
New Model Ideas chart from Lesson 6, you can refer to it now. If not, ask students to recap what they figured
out in their prior unit about how a trait like heavy musculature got passed on to the offspring cattle. An example
discussion below demonstrates one possible way this could be facilitated.

Help students recall from (material.ge.n) the
connection among sex cells, chromosomes,
genes, proteins, and traits. The discussion
prompts below give one example of how to do
this.
Co-construct on 1 or 2 yellow sticky notes a
general statement clarifying the mechanisms of
inheritance. Here are two examples:

Sex cells with chromosomes are passed
on → these have genes for which
proteins to produce → when these are
produced they are used to form specific
traits
Sex cells → genes on chromosomes →
proteins are produced → specific traits

Add this next to the blue Offspring and
Inheritance paper.

Suggested prompt Sample student response

I heard you say that in the cases you looked at the traits were passed
on to their offspring. So you’re saying the traits are heritable, right?
What is some of the evidence that these traits were heritable?

Offspring had the traits the parents had, or something in between.



Suggested prompt Sample student response

How does this actually happen? What is physically getting passed
from parents to offspring?

Alleles.

Great, so let’s do a quick review of what this means. Where can we find
an allele?

Alleles are found on the chromosomes.

And how would these chromosomes happen to get to the offspring. The chromosomes are in the egg and sperm.

OK, so the sperm fertilizes the egg and now the offspring has these
alleles from the parents. When that fertilized egg divides many times
to make an organism, it results in all the cells having those alleles. So
how does that lead to whatever trait we are talking about?

The allele is responsible for making a specific protein.
Having different proteins in cells can lead to having different
traits. Like when the heavily muscled cows had a protein that
wasn’t able to tell the cells to stop developing into muscle cells.

Clarify the role of the Survival and Reproduction element in the model not articulated so far. Say, Now let’s clarify in our general model why
survival and reproduction are important.

KEY IDEAS It is anticipated that at this point the class will have landed on using an idea like: “some individuals have better
traits for this than others” or “individuals with certain traits survive and/or reproduce” for the “Survival and
Reproduction” element. You will probably need to push a bit further to get at one or both of the two ideas
underlined in the statement below.

Some individuals (with certain traits) live longer and they have more offspring than others.

There are two critical ideas represented by the underlined parts of the statement above.
Idea 1 (connecting traits to survival)

Individuals with certain trait variations can survive better in this environment (or individuals with
certain trait variations tend to die off more often in this environment).

Idea 2 (connecting survival to reproduction)
To produce offspring you need to survive long enough, and individuals that survive longer can have
more offspring.

An example discussion below demonstrates one possible way this could be facilitated.



Help students articulate the connection between
traits and survival. Help students articulate the
connection between traits and reproduction.
Co-construct on yellow sticky notes a general
statement clarifying the role of these
connections. Since there are two critical ideas
here, you may want to put them on two separate
sticky notes to accentuate that both are
important.
Add the sticky notes next to the pink “Survival
and Reproduction” paper.

Suggested prompt Sample student response

I heard you say that some individuals had traits that were better than
traits that other individuals had. What do you mean by “better”?
Better at what? Do you have examples from the studies that could
help us define this more effectively? How do different trait variations
affect the individual?

The darker moths were better at not getting eaten by predators
in polluted areas.
Shorter wings made it so birds could make tighter turns and
could maneuver better so they didn’t get hit by cars.
Different beak sizes helped birds eat different food.
Flowers that were growing differently could be sure they could be
done growing before the water was a limiting factor.

OK, so how does this relate to how long they would tend to survive in
that environment?

Some individuals (with certain traits) were better at getting what
they need to survive (food or water). This would allow them to
survive longer than birds that don’t have that trait.
Some of them were better at avoiding things that will kill them
(predators or cars). This would give them a better chance at
surviving longer in that environment than birds that don’t have
that trait.

Connect survival to reproduction. You may write a partial description on the pink paper now about traits allowing certain individuals to
survive better, but then say, So it sounds like these examples show that certain traits make it so individuals with them are better at surviving, but the
title of the card says “Survival and Reproduction”.

Suggested prompt Sample student response

How does reproduction factor in here? For the flowers, they had to stay alive and make flowers to
reproduce before the lack of water would kill them.
Things can’t reproduce right when they are born.
You have to stay alive long enough to reproduce.



Suggested prompt Sample student response

So what if an organism dies? How does this affect whether it can have
any more offspring?

Well, dead things can’t reproduce anymore.

How does when an individual die affect how many offspring it is able
to have?

The longer you live the more offspring you could have.
So, also the sooner you die the less offspring you could have.

In general, which individuals in the population tend to reproduce more
often?

The ones that survive long enough can reproduce.

The ones that have the right traits for surviving in the environment are
able to reproduce.

Prompt students to clarify the role of population after the change in the model. Say, We have one part of our model left here with a general
description of the population after the change that we haven’t clarified yet. We have written “the distribution of traits changed in the population” to
describe the population after the change. Can we clarify what we mean by “the distribution of traits changed in the population”?

KEY IDEAS There are two critical ideas that you are helping students articulate for the statement on the purple “Population
after the change” sheet. Both are related to what it means that the traits in the population are changing:

Idea 1: There is a shift in the percent or proportion of individuals that have certain variations; this may
result in a new mean, median, or mode (affecting what is typical).
Idea 2: No new trait variations are in the population that weren’t there before.

Prompt students for how they could phrase a
general statement for not only what is true for
their specific case but also what could be true
across all the cases. The discussion prompts
below give one example of how to do this.
Co-construct on yellow sticky notes a general
statement clarifying what is meant by a change in
distribution of these traits. Since there are two
critical ideas here, you may want to put them on
two separate sticky notes to accentuate that both
are important.
Add these to the right of the purple “Population
After the Change” paper.



12 min

Suggested prompt Sample student response

Let’s think about what we mean by a change in the distribution of
traits by talking about one of our cases--the moth case. How many
trait variations were present in the population?

There were two variations.
Some were dark and others were light.

Which one was more prevalent before and after the change that was
studied?

The dark were more prevalent to start, and then at the end the light
were more common.

How would you describe those relationships mathematically? What
happened to the percentage or proportion of each?

At the start the proportion (or percentage) of dark moths was higher
than light, but at the end the proportion or percentage of light moths
was higher than dark.

If you were trying to help someone understand this idea, what kind of
visual cues could you use? Could you use your hands to enact a visual
representation of what you mean by a shift in the proportion of the
two different variations in their population over time?

(Students are likely to show one hand going up and the other hand
going down.)

What about other groups? How many variations did you have in your
population?

There were many different variations.
Many different beak sizes.
Many different wing lengths.
Lots of different amounts of days to flowering.

So how were you able to determine that the population changed?
What happened to the distribution of those populations? Did you see
a change in the mean, median, or mode?

There was a different proportion of traits relative to each other.
There was a new mean, median, or mode.
The distribution of traits shifted.

If you were trying to help someone understand this idea, what kind of
visual cues could you use? Could you use your hands to enact a visual
representation of what you mean by a shift in the proportion of the
different variations in their population over time?

(Students will likely show the shape by “air drawing” a curve.
They may indicate the variation was less spread out.
They may indicate the curve moved to the left or right.)

Are there new traits in the population that weren’t there at the
beginning?

No, there aren’t any new traits.

There are just more or less individuals in the population that have
certain variations of the trait.

8 · CONNECT THE PARTS OF THE MODEL
MATERIALS: science notebook, paper clip, General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue, 3 white) prepared with appropriate labels, 5 index
cards (5” x 8”) prepared with appropriate labels, 12 yellow sticky notes (5” x 8”), markers, transparent tape

Decide how the pink and blue papers should be arranged on the General Model poster and articulate the cause-and-effect ideas that
connect them. Say, Great, it looks like we have some solid general descriptions here for these ideas. How do they connect to the rest of our model
ideas? Which of these big ideas do you think best connects to the Environmental Interactions arrow we see on our existing model? And what “Because



of this . . .“ statement connects them? Turn and talk with a shoulder partner about what part you think is caused by the environmental interactions
and how it is connected.

Students should talk with a partner for a minute or two about whether the blue or the pink paper comes next and agree on how to articulate
the “Because of this . . .“ statement to connect them.

ADDITIONAL
GUIDANCE

As they put these parts in order and connect them, students may have ideas that don’t directly relate to the
environment and will instead connect the ideas on the blue and pink papers to each other, such as, “Well,
survival and reproduction must come first on the model because you can’t really pass on alleles if you don’t
survive to do so”. That is OK. Our next step will make connections to the interactions described above, so if they
do not do that here, there will be a place a bit later where we focus on those ideas. The critical moves here are

1. to arrange the components in the order described below and
2. to make this order logical to students.

Connect the Environmental Interactions element with the pink Survival and Reproduction paper. After students have had a chance to
discuss their ideas and come to an agreement on what part comes next, say, OK. Which comes next, the pink or the blue, and how does the
environmental interaction cause the next step in the model? Allow students to share. There are likely to be two different proposals.

Some students will have concluded that because of the environmental interactions, the survival and reproduction of certain
individuals are affected.
Some students will have concluded that because of the environmental interactions, the inherited traits have been affected (the
environment changed the genes).

Before establishing the connection to the pink Survival and Reproduction paper on the model, both proposals should be acknowledged and
considered. But it is critical that students realize that the environment did not change the genes, rather, the environment affected survival
and reproduction of certain individuals. Use the prompts below to guide students to realize that there is no evidence that supports the
environment causing a change in the genetic information.

Suggested prompt Sample student response

What evidence is there that the survival of certain individuals was
affected by the environment interacting with their trait variations?

Longer-beaked finches could eat the bigger seeds that were
the only food in the environment.
Shorter-winged swallows could avoid cars in their
environment.
Lighter-colored moths could hide better from birds when
there was less pollution.
Shorter-flowering-time plants could survive and produce
seeds in a drier environment.

What evidence is there that the genetic information that makes the
proteins that make the traits of certain individuals was affected by the
environment?

The individuals had different traits in the population at the end.

What was different about the traits at the end? Were there brand new
traits in the population at the end?

No, there were no new traits. There was just more of one kind of trait
that had been there all along.



Suggested prompt Sample student response

So if there were not any brand-new traits in the population at the end,
is there any evidence that there were changes in the genetic
information?

No.

We can’t prove that the genes didn’t change, but we don’t have any
evidence that they did change.

So which connection do we have stronger evidence for? The idea that the environmental interactions affected the survival and
reproduction of individuals in the population that had certain traits.

When the class has agreed that because of the
environmental interactions, the survival and reproduction
was affected, move the pink paper and its attached yellow
sticky notes into the position below the arrow from the
Environmental Interactions element.✱

Then use student suggestions to fill in the “Because of this .
. .” statement on white paper and position it over the arrow
that connects Environmental Interactions with Survival
and Reproduction. Here is an example.

Because of this ... some traits give the individual
improved functioning for surviving due to certain
interactions in the environment (e.g., shorter
wing size -> better maneuverability -> better at
avoiding cars in the environment).

Draw an arrow descending from the pink Survival and
Reproduction paper.

ADDITIONAL
GUIDANCE

This is an important discussion, and students must be convinced before moving on. Do not ignore
disagreements. They must be resolved. Students have adequate evidence to draw on from across all their cases
that the environment is not changing these traits in any individual and therefore has no direct causal effect on
the traits that are in an individual. This should be justification enough to move the blue Offspring and
Inheritance paper to the side and deal with the direct effects on the pink Survival and Reproduction paper first.

Connect the pink Survival and Reproduction paper with the blue Offspring and Inheritance paper. Say, Great! Turn and talk with your other
shoulder partner about what part comes next. What part should the arrow coming from the pink paper connect with and what “Because of this . . .“
statement connects them? As students talk for a minute or two, prepare to use the two additional white sheets of paper with “Because of this .
. . “ written on them to record the cause-and-effect statements linking the remaining parts on the model.

After students have had a chance to discuss their ideas and come to an agreement on what part comes next, say, OK, what comes next, the
blue or the purple, and how does survival and reproduction cause that next part? Allow students to share. Most, if not all, will connect survival and
reproduction with offspring and inheritance.



Move the blue paper and its attached yellow sticky notes
into the position below the arrow from the Survival and
Reproduction element.

Then, use student suggestions to fill in the “Because of this
. . .” statement on a white piece of paper and position it
over the arrow that connects Survival and Reproduction
with Offspring and Inheritance. Here are two examples.

Because of this ... the individuals that survive long
enough to reproduce get to be the potential
parents for future generations.
Because of this ... the survivors get to have
offspring.

Draw an arrow connecting the Offspring and Inheritance
paper with the purple Population After the Change paper.

Connect the blue Offspring and Inheritance paper with the purple Population After the Change paper. Say, One left! Turn and talk with a
different partner about what “Because of this . . . “ statement connects them? After students have had a chance to discuss their ideas for a minute
or two, allow them to share their “Because of this . . . “ statements.
Use student suggestions to fill in the “Because of this . . .”
statement on white paper and position it over the arrow
that connects Offspring and Inheritance with the
Population After the Change. Here are two examples.

Because of this ... the offspring have the traits of
their parents. More offspring with certain traits
grow up to be adults in the population.
Because of this ... offspring will resemble their
parents and more individuals with those traits are
added to the population.



Have students put a paper clip on or fold down the corner of the page titled “Our General Model: What is causing changes in the
population of all of our cases?” You will collect students’ science notebooks at the end of day 2.

ASSESSMENT
OPPORTUNITY

Building towards 8.B: Develop a model that includes unobservable mechanisms describing more than one
cause and effect relationship between different parts and components in a system to explain how natural
selection leads to a change in the distribution of traits in a population over time, while heritable traits of each
individual remain stable.

What to look for: Turn in science notebooks to the pages on which students recorded “Our General Model:
What is causing changes in the population of all of our cases?” They have revisited and revised these pages with
the whole class and with two different partners. Science notebooks should be full of notes and ideas in this
space that represent their understanding of a general model. Focus on the following characteristics of students’
work that should be present:

Parts and components and relationships - Does the model show (e.g., with arrows or lines) both
general statements (components) and the connections between them (relationships)?
Stability and Change identified for key parts and components: Does the model or their written
statements show

distribution of traits in the population changing over time (over multiple generations) and
traits (for the adults) or genetic information for each individual remaining stable?

Generalized statements - Do their statements and descriptions apply to the process generally, or are
they describing one of the four cases in particular? (e.g., “Parents pass on their traits” rather than
“Swallows pass on shorter wings to their babies” or “Because of this, offspring resemble their parents”
rather than “So the plants from the seeds flowered earlier”)
Cause-and-effect statements - Are relationships or connections described using words like “because”,
“this causes”, “since”, “as a result of”, or “due to”? Do the relationships described actually represent a
preceding cause and a subsequent effect, or are they merely describing in what order things happen?

What to do: Students’ responses can be used in planning additional support or interventions that may be
needed by classes or by specific individuals. If any of the characteristics are missing or weak in the work from a
large number of students in the class, plan on revisiting the importance of these elements for developing any
model. In particular, students may struggle with what constitutes a cause-and-effect relationship. Cause-and-
effect relationships explain why the effect happened. They do not simply describe that something happened
next.
Provide individual written feedback to students regarding any missing or inaccurate characteristics using
comments like these:

How are these connected?
Please write a more-general statement.
What causes what here?
Please explain why this happens.



5 min9 · ADD WORDS WE EARNED TO THE GENERAL MODEL
MATERIALS: science notebook, General Model poster, 8 colored sheets of letter-size paper (2 purple, 1 green, 1 pink, 1 blue, 3 white) prepared with appropriate labels, 5 index cards (5” x 8”)
prepared with appropriate labels, 12 yellow sticky notes (5” x 8”), markers, transparent tape

Celebrate the model and simplify terminology in service of making this model useful. Return any science notebooks that you had
collected. Give students a moment to look over the class General Model and ask them to consult their notebook for any other ideas that may
not be represented fully in our model. Have students put a checkmark near any model ideas in their notebook that we have on the General
Model as they recognize them. At this point students may offer more ideas, which will likely already be represented somewhere on the class
General Model. You may add clarification statements based on the contributions. For each idea offered, ask the class if this is a new idea or if
it is connected to an existing model idea.

Say, This model really feels like we can explain all the cases we looked at. Do you think it might be able to explain what happens to other organisms
as well? If we want to use this model, we might want to use some terminology that will make these different components and interactions more
efficient to talk about. We have several new words that we have earned that we can add to this general model, and moving forward we will be able to
use these words to describe these ideas quickly.

Add the following words we earn to the General Model:
COMPETITIVE ADVANTAGE
SELECTION
LARGELY HERITABLE TRAITS

ADDITIONAL
GUIDANCE

This protocol for adding words we earn to the Word Wall is a little different than the typical Word Wall protocol
since the definitions for these terms will already be on the model to the left of where we are posting the terms.

As time permits: Synthesize the ideas to coherently describe how the population has changed. Say, We can use the new terminology to help
talk through what happened to cause the change in populations that were observed in our case studies. Use the General Model and refer to each
section as we “walk through” the events that led to the change. Invite students to contribute, or they may choose to do this storytelling step.
The general synthesis would be something like this:

A population of organisms has a variety of traits, and those traits function differently when interacting with certain resources or risks
for that organism in that environment.



6 min

Some individuals have traits that give them a competitive advantage over others for getting those resources or avoiding those risks
in that environment.
Individuals with the trait(s) that give(s) them a competitive advantage survive more often and/or longer and have more offspring
than other individuals in the population.
The survivors are the individuals with variations of the trait that helped them survive and reproduce better; these are the potential
parents of more offspring in the next generation.
As long as those traits are heritable, they are passed to their offspring,
Their offspring are added to the population. This shifts the distribution of traits.

10 · USE THE MODEL TO MAKE PREDICTIONS
MATERIALS: How can we test our model?, General Model poster

Propose a test of the model. Remind students that a scientific model is more powerful the more types of phenomena it can explain and
that, so far, our model has been developed using only 4 cases for something that we’ve already seen occur in the past. Propose that in order
to test the generalizability of the model it should also be able to predict outcomes in new cases as well.✱

Name the mechanism we have modeled. Emphasize that
this model describes an outcome occurring in populations
in a lot of places in the “wild” or in settings where people
aren’t intentionally trying to change the population and in
some cases are nothing more than observers of a relatively
isolated ecosystem. Contrast this with examples where
people are trying to change a population of offspring over
many generations, citing examples from students’ prior
work in Muscles Unit, such as breeding for heavy
musculature in cattles, goldfish, or garish bird feather
coloration. Recall that this process is often called selective
breeding or artificial selection. Explain that the process we
have developed a model for is sometimes referred to as
natural selection as a way to distinguish that, though it too
generates changes in the traits in the population of
descendants due to selection, that selection is being
produced by natural systems rather than an artificial or
human-designed one as was the case in the examples
from Muscles Unit.
Add the NATURAL SELECTION card above the title of the class General Model.

Connect to penguins, horses, whales, and horseshoe crabs. Remind students that though we developed this natural selection model to
account for the population changes occurring in these cases over a few generations, we originally sought out these kinds of short-term
population cases because we had questions about what could be causing changes in populations of descendants from ancient to modern
penguins, horses, whales, and horseshoe crabs over many many generations.

Use the model to make predictions. Ask students to make predictions using the model for
what would happen to these same populations over different numbers of generations,
what would happen to theses same populations in different environments, and
what would happen to different populations in these environments.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

Here is an opportunity to further emphasize
that one major goal of developing scientific
models is to develop ones that are very
generalizable and hold over long periods of
time and for as large a class of phenomena
as possible. You could make an explicit
connection here to eventually needing to
see if the model can be used to explain the
changes we observed in penguin populations
happening over millions of years. Applying
the model to that class of phenomena will
require working with the assumption that
theories and laws that describe the natural
world operate today as they did in the
distant past. This is an important element of
the modeling practice and one that students
used to explain what is happening over really
long periods of time in Earth’s past in their
prior work in (material.pt) and [material.ss].



After each set of predictions, emphasize that finding a way to test these predictions would be a useful way to test the model, which is
something that we would need to do, particularly, if we want to determine if it could explain some things about the patterns we saw
between ancient and modern penguins, horses, whales, and horseshoe crabs.

Suggested prompt Sample student response

Let’s use our model to make some predictions. What does our model
predict would happen in the next generation for any of the
populations we investigated?

This would happen again.

The offspring of those parents (survivors) have their traits.

More offspring with certain traits grow up in the population and the
process repeats.

Since they have that trait variation (or adaptation) that was passed to
them by their parents, they will also survive and reproduce more than
other individuals in the population without that trait.

Would the distribution of traits in the population keep changing in
every future generation?

(Accept all responses.)

What does our model predict would happen if the environment
changed so that the resources or risks in the environment changed
(e.g., highways were removed, rainfall increased, and so forth)?✱

(Accept all responses.)

What does our model predict would happen if a different population
of organisms entered one of these environments? Would we see
changes in the distribution of the traits in the population in future
generations of descendants?

(Accept all responses.)

How could we test our model to see how good it is at predicting and
explaining what would happen to other populations, in different
environments, or over different lengths of time?

(Accept all responses.)

ADDITIONAL
GUIDANCE

We haven’t identified the importance of changes in the environment as the trigger for shifts in selective
pressures (referred to as selection in this lesson); we will do that in the next lesson. Different changes to the
environment can lead to different selective pressure (selection) and different competitive advantages from
certain trait variations, which can lead to different shifts in the distribution of traits over time.

Introduce home learning. Show slide H. Say, In your home learning let’s start brainstorming some different ways we could test our model to see
how good it is at predicting and explaining what should or would happen to other populations, in different environments, or over different lengths of
times. Distribute How can we test our model?.

Collect science notebooks. You will review these before the next lesson to assess student progress toward 8.B.


