
LESSON 7: How do traits found in a population change over a shorter amount of time?
PREVIOUS LESSON We argued for whether the fossil data we’ve been investigating represents what is found in only one individual or represents what is typical of any individual in

their population. We constructed revised explanations for how modern organisms are connected to ancient organisms. We added new questions to our Driving
Question Board related to possible mechanisms causing this change.

THIS LESSON

INVESTIGATION

4 days

 

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

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

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

7.A Analyze and interpret data representing mean, median, or variability to examine patterns of changes over time that affect the predominance of
certain traits in a population.

7.B Communicate and evaluate scientific information about a system of cause and effect relationships to explain how traits that support successful
survival and reproduction become more common and those that do not become less common.

7.C Using models, construct an explanation of changes over time in the distribution of traits in a population in response to changes in
environmental conditions.

WHAT STUDENTS WILL FIGURE OUT

Scientists collected a lot of other data to try to figure out what caused the shift in trait distribution in the population over time.
Thinking about the relationship among structure and function, change and stability over time, and the causes and effects on both individuals
and the population can provide useful lenses for developing a model to explain a complex biological system.



Lesson 7 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Review the reasons for looking at trait changes over a shorter time
period.

A

2 15 min INTRODUCE THE CASES
Familiarize students with four cases of trait changes over a shorter
time period and articulate an initial comparison of the cases with
one another.

B-C

3 25 min ANALYZE ASSIGNED CASE
Analyze a subset of data relevant to understanding the case that is
being investigated.

D-F Finch Data Packet, Finches Overview in Color, Peppered Moth Data Packet, Peppered Moth
Overview in Color, Cliff Swallow Data Packet, Cliff Swallow Overview in Color, Mustard Plant
Data Packet, Mustard Plant Overview in Color

End of day 1

4 3 min NAVIGATION
Orient to goals for completing case investigations and creating a
preliminary model.

5 20 min SHARE ANALYSIS
Share their analysis of their data subset with other members of the
group and answer questions about their analysis.

G Finch Data Packet, Peppered Moth Data Packet, Cliff Swallow Data Packet, Mustard Plant
Data Packet

6 10 min CREATE A PRELIMINARY MODEL
Use results of the case investigation data analysis to organize a
preliminary model explaining what causes the changes observed.

H-I Finch Data Packet, Peppered Moth Data Packet, Cliff Swallow Data Packet, Mustard Plant
Data Packet, 5 5” x 8” index cards in these colors: 1 blue, 1 green, 1 pink, 2 purple, 5 3” x 5”
sticky notes, markers

7 10 min REFINE YOUR THINKING
Use the lens of two different crosscutting concepts to examine the
elements of the preliminary model in order to extend or refine
thinking about the model.

J-L Using the CCC Lens

8 2 min NAVIGATION
Share experiences with the CCC lens.

M

End of day 2

9 10 min NAVIGATION - INDIVIDUAL SYSTEM MODELS
Work individually to articulate individual understanding of the
system model for the case being investigated.

N Using the CCC Lens, Develop a System Model

10 15 min COME TO CONSENSUS ON THE SYSTEM MODEL
Work in small groups to come to a consensus on a chain of cause
and effect for their case.

O-Q Develop a System Model, blank sheet of paper (optional)



Part Duration Summary Slide Materials

11 15 min CREATE A REVISED SYSTEM MODEL POSTER
Create a poster showing a chain of cause and effect that is
supported by evidence and reasoning.

R Initial Case System Model, 1 sheet of poster paper, 5 5” x 8” sticky notes, markers

12 5 min NAVIGATION
Motivate a comparison of case system models as a way to start to
put together a general model.

S

End of day 3



Lesson 7 • Materials List
per student per group per class

Lesson materials science notebook
Finch Data Packet
Finches Overview in Color
Peppered Moth Data Packet
Peppered Moth Overview in Color
Cliff Swallow Data Packet
Cliff Swallow Overview in Color
Mustard Plant Data Packet
Mustard Plant Overview in Color
Using the CCC Lens
Develop a System Model
blank sheet of paper (optional)

5 5” x 8” index cards in these colors: 1 blue
1 green
1 pink
2 purple
5 3” x 5” sticky notes
markers
Initial Case System Model
1 sheet of poster paper
5 5” x 8” sticky notes

Materials preparation (10-15 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.

Prepare case study materials for each group
Print one copy of Using the CCC Lens and Develop a System Modelper student.
There are 4 case studies. For larger classes, you may assign more than one group per case. Each case study includes 5 data subsets that students will analyze individually, so there
should be at least 5 students per case study group. For larger classes, you may assign more than one student to a data subset if needed.
Print sufficient copies of the corresponding case study for each student in each case group to have their own copy for that case:

Finch Data Packet
Peppered Moth Data Packet
Cliff Swallow Data Packet
Mustard Plant Data Packet

Collect the pre-printed color copies of each of the following and put them into sheet protectors to reuse between classes.
Finches Overview in Color
Peppered Moth Overview in Color
Cliff Swallow Overview in Color
Mustard Plant Overview in Color

Day 2
Group size: case study groups from day 1 (5+ students)
Materials

5 multicolor 5” × 8” index cards per group--1 blue, 1 green, 1 pink, and 2 purple
3” × 5” sticky notes, 5 per case group

Day 3
Group size: same case study groups as on day 1
Materials

1 36” × 48” piece of poster paper per case group. Cut these out of your poster paper roll.
3” × 5” sticky notes, 5 per case group



Lesson 7 • Where We Are Going and NOT Going
Where We Are Going

In this lesson, students take a deep dive into a particular set of data that shows a rapid shift in the distribution of a trait within a distinct population of an organism (finches, moths, swallows, or
mustard plants). Each student analyzes a subset of the data that describes one of the four real-world cases. Within groups, they will analyze many types of data to generate information about
their case, then communicate and synthesize the information in order to construct a system model that explains what causes the changes in the population.

Students should be familiar with and able to identify and interpret information presented in various kinds of graphs that they will encounter in their data subsets. Understanding these graph
types, as well as the statistical concepts of mean, median, range, distribution, and frequency, all fall within the common core standards for middle school starting in 6th grade. Students also
have had experience with using the I-squared data analysis routine, identify (what I see) and interpret (what it means), across multiple units in prior grades in data analysis work.

The types of data graphs they will encounter include scatter plots, lines of best fit, histograms, and box plots. These are mathematical representations they will have encountered before.

They have worked with scatter plots and lines of best fit in their prior work in OpenSciEd Unit 8.1: Why do things sometimes get damaged when they hit each other? (Collisions Unit) and
OpenSciEd Unit 8.3: How can a magnet move another object without touching it? (Magnets Unit). And, as this is designed to be the last unit of 8th grade in the OpenSciEd sequence, many
students will have done work with scatter plots and lines of best fit in their 8th grade math classes related to the following:

CCSS.MATH.CONTENT.8.SP.A.1 Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities. Describe
patterns such as clustering, outliers, positive or negative association, linear association, and nonlinear association.
CCSS.MATH.CONTENT.8.SP.A.2 Know that straight lines are widely used to model relationships between two quantitative variables. For scatter plots that suggest a linear
association, informally fit a straight line, and informally assess the model fit by judging the closeness of the data points to the line.

They have worked with histograms in their prior work in OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles Unit) and Unknown material with identifier: ed.
Comparing histograms for two different populations is something some students will be doing. This builds on the prior math work in 7th grade:

CCSS.MATH.CONTENT.7.SP.B.3 Informally assess the degree of visual overlap of two numerical data distributions with similar variabilities, measuring the difference between the
centers by expressing it as a multiple of a measure of variability.

They also will have encountered box plots in their math work in 6th grade. You may want to check with your 6th grade math teachers for example data sets that students will have
worked with before using box plots:

CCSS.MATH.CONTENT.6.SP.B.4 Display numerical data in plots on a number line, including dot plots, histograms, and box plots.

Students’ synthesis will include examining the data through the lens of the ”structure and function” and ”cause and effect” CCCs. Throughout this lesson, students will identify several of the
elements that will be essential to an understanding of natural selection within their case study. However, they may not grasp them as elements that are generalizable to any other case or to an
overall mechanism of population change. Their deep investigations of particular cases set them up for being able to define a general model of natural selection in the next lesson.

Where We Are NOT Going

While students will be able to explain how and why changes in trait frequencies happened in a particular population by the end of this lesson, they will not be asked to generalize any of the
mechanisms they propose. The term natural selection is not used in this lesson since students have not arrived at a generalizable model of these mechanisms. In addition, though their
explanatory models will be based on inferences they made from the data they examined in their case studies, there will be no formalized articulation of any lines of specific evidence within
their proposed explanations (system models).

In the next lesson, students will compare their models of what causes the changes in the populations in their specific cases in order to identify common elements and mechanisms. These will
lead them to an articulation of the mechanism of natural selection in Lesson 8.



5 min

15 min

LEARNING PLAN for LESSON 7
1 · NAVIGATION
MATERIALS: None

Remotivate the need for analyzing cases we can inspect more closely. Display slide A. Say, At the end of our last class we had a lot of
questions related to what is causing changes in the traits in a whole population over many, many generations. We just started considering how
looking for similar changes happening over a smaller time scale (over fewer generations) might be productive for helping us make progress on those
questions. Let’s share some ideas you had related to this question: How could investigating whether such changes happen over a shorter time scale
(fewer generations in any population) help us make progress on parts of our expanded DQB?

Suggested prompt Sample student response

How could investigating whether such changes happen over a shorter
time scale (fewer generations in any population) help us make
progress on parts of our expanded DQB?

If we could see it happening over a shorter time, then it's easier to
understand how it could be happening over a longer time.

If we could understand how a change happens in a few generations,
we could understand how it happens in many, many generations.

Understanding how a change happens in a few generations would
allow us to explain how it happens over millions of years.

We could see what the specific cause is for the traits in a line of
descendants changing over many, many generations.

What data would we need in such cases in order to determine whether
our ideas about what is happening in a line of descendants are
supported or refuted?

We need data on organisms that changed their traits over a shorter
time period that scientists could actually observe in real time.

Say, Scientists have looked for these sorts of cases before too. Let’s dig into four different ones to see what sort of changes they measured in the
populations they studied.

2 · INTRODUCE THE CASES
MATERIALS: science notebook

Introduce the cases. Display slide B. Organize students into groups of 3 or 4 and ask them to look carefully at the information on the slide.
Say, This is just a brief summary of the changes scientists saw in the populations they studied. The scientists also collected a lot of other, related
measurements about the organisms and about the surrounding environment where they lived.

Compare the four cases in small groups. In their small groups, have students familiarize themselves with the text and pictures on slide B and
briefly discuss what is similar and what is different among the four cases. They may want to record their ideas in their science notebook. They
should be prepared to share with the class their noticings and wonderings about the similarities and differences.

Share noticings and wonderings. Refer to slide B. Have several students share what similarities and differences they noticed among the
cases.✱

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING
STRUCTURE AND FUNCTION

The traits that change in these populations
are all obvious structural traits in the body of
the organism except for the change in
flowering time in mustard plants. At this
point in the lesson students may think that
the flower itself changes, or they may think



These are anticipated student responses:
The changes happen in different parts of the organisms, like beaks, wings, coloring, or flowers.
The trait increases in one case, decreases in two, and is a color change in the fourth.
They all have multiple generations or years, but sometimes it took 30 generations and sometimes it took only 2.
They’re all from different places, like England, the Galápagos Islands, Nebraska, and California.
They all happened within the last 100 years, but some happened in the 1970s and some happened in the 2000s.

Assign students to groups to work on individual cases. Refer to slide B. Assign students to one of 4 different groups, one for each case.
There should be 5 people in each group. Say, You’ll be working with the people in your group to try to figure out what caused the change in the
population of organisms in your case. Your group will get a packet of data about your case, and you’ll divide up the material to analyze different
subsets of the data. Then you’ll come back together to try to tell the whole story of what’s going on in your case and explain how and why the changes
happened.✱

ADDITIONAL
GUIDANCE

Universal Design for Learning: All these cases are complex. However, in order for students to figure out what
causes the changes in the population, some of the cases require the use of more-advanced statistical
understanding or rely on an ability to synthesize information from several different sources. Consider assigning
students to different cases based on their fluency in mathematical and computational thinking in these areas.
Finch Data Packet is the least complex, followed by Peppered Moth Data Packet and Cliff Swallow Data Packet.
Mustard Plant Data Packet is the most complex. This would help calibrate the challenge for different students,
which is an important dimension of supporting optimal engagement in a task. Within each group, there will be 5
different data subsets that students will analyze independently. Therefore, each group should have at least 5
people. For larger classes, consider assigning an additional group of 5 to one or more of the cases. Alternatively,
you can assign more than 5 people to the group for each organism. In that case, more than one person will
analyze a particular data subset within each group.

ADDITIONAL
GUIDANCE

Over the last couple of lessons, the focus has shifted to thinking about populations of organisms. Within this
lesson, it is important that students be able to shift their focus from populations to individuals and back again to
populations. Throughout the lesson, students will be working to figure out what causes the traits in a population
to change. They will have to use their analysis of the data subsets to determine how characteristics of the
environment affect an individual’s chances of surviving or reproducing and how that subsequently contributes
to shifting the trait distribution in the whole population.

Discuss initial ideas in pairs. Display slide C. Have students turn and talk for 2-3 minutes with a partner who is assigned to a different case
than theirs. They should consider and respond to the questions on the slide. After 2-3 minutes of sharing initial ideas, they should get
together with their designated case group.

some structural part of the plant must be
changing to make the plants bloom faster or
slower. In fact, the change in flowering time
is brought about by a change in the
structures of several intracellular proteins
that are involved in signaling. This is similar
to a mechanism that students explored in
Muscles Unit, where they determined that the
production of a protein that traveled
throughout the organism, signaled muscle
cells to tell them how much to reproduce in
cattle. This information is available to
students within the data packet about the
mustard plants. It is not necessary at this
point that students understand the
distinction between flowering time as a trait
and structural change in the signal proteins
as a trait. Some confusion may arise later
with regard to an analysis on day 2 that
requires them to think more deeply about
structures and functions in their case studies.
Be prepared to assist students in the
mustard plant group to connect the structure
and function changes.

✱ ATTENDING TO EQUITY

Universal Design for Learning: At the end of
8th grade, students should be able to
analyze and interpret complex graphs and
other kinds of data, including scatter plots,
box plots, and histograms. The data
presented in this lesson rely on students’
fluency with those representations. For
students who might struggle with the data
analysis, it may be helpful to assign them to
analyze the same data subset as another
member of their group. There are multiple
opportunities to share their thinking about
their data analysis within the group, and
having multiple people working on the same
data subset would create a natural support
for students who might struggle with the
data analysis. This would result in groups of
more than 5 students per case. For some
students, this may help provide support for
decoding the data using by hearing alternate
representations of what the data means
from other students.



25 min3 · ANALYZE ASSIGNED CASE
MATERIALS: Finch Data Packet, Finches Overview in Color, Peppered Moth Data Packet, Peppered Moth Overview in Color, Cliff Swallow Data Packet, Cliff Swallow Overview in Color, Mustard Plant
Data Packet, Mustard Plant Overview in Color

Analyze data subsets. Display slide D. Distribute one of the following handout pairs to each student in the appropriate group to ensure that
each student receives the entire data packet and a color copy of the Overview section for their case:

Finch Data Packet and Finches Overview in Color or
Peppered Moth Data Packet and Peppered Moth Overview in Color or
Cliff Swallow Data Packet and Cliff Swallow Overview in Color or
Mustard Plant Data Packet and Mustard Plant Overview in Color

Then assign students within each group to one of the 5 data subsets in the data packets:
Subset 1: Population at the Beginning
Subset 2: Environment
Subset 3: Survival and Reproduction
Subset 4: Offspring and Inheritance
Subset 5: Population at the End

Display slide E. Students should work together with their group to read through and understand the Overview section of the case data packet
they received, annotating in their personal copies and discussing as needed. The Overview section of each data packet also exists as a color
handout that gives greater detail on the organisms and maps shown. When their group has finished the Overview section, each student
should analyze their assigned data subset and fill in the chart at the end of that subset section using the provided questions as guides to
summarize their answers to the two larger questions:

Identify: What do I see in the data?
Interpret: What does this mean?

After they have completed the analysis of their assigned data subset and filled in the chart, each student should read through the data subset
section that follows the one they analyzed and annotate any noticings and wonderings. (If they analyze data subset 1, they annotate data
subset 2; if they analyze data subset 2, they annotate data subset 3, and so forth. If they analyze data subset 5, they annotate data subset 1.)
They will contribute their analysis of their data subset and their noticings and wonderings about the following data subset to their group
discussion during the next class.

Review the instructions on slide E with students. Allow them time to work independently or with a partner if you have assigned one.
Students who finish early can read and annotate additional data subsets in their case data packet. Circulate among the students, assisting
them as needed.

Assign home learning as needed. Display slide F if needed. Remind students they will be sharing their analysis with their group during the
next class. They should be prepared to share what data were in their subset, what the data showed, and what it means.

Collect completed work. Collect the data packets of students who have completed their analysis. Students’ writing and annotations
can be used as a formative assessment. Those students who have not completed the analysis of their subset should take their data

packet home and complete their analysis for home learning.✱

✱ SUPPORTING STUDENTS IN
ENGAGING IN ANALYZING AND
INTERPRETING DATA

At this point at the end of 8th grade,
students should be familiar with and able to
identify and interpret information presented
in various kinds of graphs and tables that
they will encounter in their data subsets. See
“Where we are going” for examples of where
they have used scatter plots, lines of best fit,
histograms, and box and whisker plots in
their previous work in middle school.

Understanding these graph types as well as
the statistical concepts of mean, median,
range, distribution, and frequency falls within
the common core standards for middle
school starting in 6th grade.

Students also have had experience with
using the I-squared data analysis routine,
identify (what I see) and interpret (what it
means), across multiple units in prior grades
in data analysis work.



3 min

ASSESSMENT
OPPORTUNITY

Building towards: 7A Analyze and interpret data representing mean, median, or variability to examine patterns
of changes over time that affect the predominance of certain traits in a population.

What to look for: In the data subsets students analyzed, look for evidence that they can identify their data in
the “Identify: What do I see in the data?” section of the table at the end of the subset and that they can
interpret their data in the “Interpret: What does this mean?” section of that same table. The type of data and
the interpretation of them will vary across cases and across data subsets within cases. Look for answers that
directly and accurately address the questions asked in each table. For more-specific details of what to look for
in each section of a specific case, refer to the keys in Key for All Data Packets.

What to do: If students are struggling to describe or interpret the data in their subset, encourage them to be
guided by the specific questions in the table at the end of their data subset. Provide feedback pointing out if
students have neglected to consider the specific questions in their answers. If so, ask them to revise their
answers to more-closely answer the specific questions in the table.

End of day 1

4 · NAVIGATION
MATERIALS: None

Remind students of the goal of their data analysis and sharing. Ask students to recall why we are doing these investigations of changes in a
population over a short time.

Suggested prompt Sample student response

Why are we looking at changes in a population of organisms over a
few generations? How did we think this would help us make progress
on the types of questions we had from our fossil-related cases?

We think that understanding what happens over a short period of
time will help us understand what happens over a long period of time.

What’s the goal of your group’s analysis of each of these cases? What
are you working together to try to do?

We’re working together to tell the whole story of what’s going on in our
case and to explain how and why the changes happened.

We are trying to represent what is causing what in our case.

If they do not respond with appropriate answers, remind them what the purpose is of these investigations. Say, We’re investigating these cases
to help us figure out whether our idea about changes in a population over a very long time makes sense by looking at changes in a population over a
shorter time. We’re doing the data analysis to try to tell the story of what’s going on in your case and to explain how and why the changes happened.
You’ll eventually share what you figure out with the rest of the class.

Have the four groups assemble. Students should gather with their group around a table or in a Scientists Circle configuration.



20 min

10 min

5 · SHARE ANALYSIS
MATERIALS: Finch Data Packet, Peppered Moth Data Packet, Cliff Swallow Data Packet, Mustard Plant Data Packet

Have students share the results of their analysis within their groups. Display slide G. Return to students any data packets that you collected
at the end of the last class. Review the instructions on the slide with students.

The student who analyzed data subset 1 should begin by describing the data that are in their subset, what the data show, and what they think
they mean. The student who annotated that subset can then share their noticings and wonderings and agree or disagree with or add to the
analysis. Other group members can ask any clarifying questions and raise any new ideas. Everyone should then fill in a brief summary of
what the data show and what they mean in the chart at the end of the data subset they’ve been discussing before moving on to the next
data subset. Continue until all students in the group have had a chance to share and discuss their analysis.

Circulate among the groups as they share. Remind students that their goal is to figure out how and why any changes happened. They will
work together to assemble the information from their data subsets in order to tell the whole story of what’s going on with their organism.

6 · CREATE A PRELIMINARY MODEL
MATERIALS: Finch Data Packet, Peppered Moth Data Packet, Cliff Swallow Data Packet, Mustard Plant Data Packet, 5 5” x 8” index cards in these colors: 1 blue, 1 green, 1 pink, 2 purple, 5 3” x 5”
sticky notes, markers

Create index cards summarizing the meaning of each data subset. Display slide H. Distribute multicolor index cards, markers, and sticky
notes to each group. Have each student create an index card using text and/or diagrams for their particular data subset. They will use these
index cards in building their preliminary model. The index cards are meant to represent just a reminder of the meaning of each data subset,
not a detailed summary, and should have only a sentence or so of content. The index card should summarize what their data subset means.
They can simply copy onto the card their summary from the “What does this mean?” section for the data subset that they analyzed. Or they
may want to add to or revise their summary based on the conversations they had with group members regarding what their data subset
means in the context of the emerging story of what happened with their organism. The size of the index card (5” x 8”) should allow students
to write big enough to be read from a few feet away.

Facilitate a brief discussion about creating a preliminary model. Display slide I. Tell students they will use the meaning of each data subset
to help them tell the whole story of what happened with their organism.

Suggested prompt Sample student response

This will be the first draft attempt at creating a system model for your
case. What will making a first draft of a system model help us do?

It helps us show what we’re thinking at this point.

It helps us communicate our thinking to others.

How can we use these index cards and the information on them to not
only tell the story of what happened but also how and why it
happened?

The cards are like pieces of a puzzle that we need to fit together.

The cards are like parts of the story.

We need to connect the parts of the story together.

We have to show how they’re connected to each other.

✱ SUPPORTING STUDENTS IN
ENGAGING IN CONSTRUCTING
EXPLAINING AND DESIGNING
SOLUTIONS

At this point, students may perceive that
they have several pieces of unconnected
information and have not been shown the
whole story. They are correct. In their data
packets, they have in fact not been told the
whole story but, rather, been provided with
all the same information that scientists had
with which to put an explanation together.
They will need to make reasonable
connections among the pieces of evidence
they have in order to develop a model that
could explain all the things that happened in
their case.

Making inferences involves choosing the
most likely explanation from the evidence
that is available. Students should be familiar
with making inferences of this type as they
construct explanations based on their prior
work in other OpenSciEd units. Encourage
them to consider multiple possibilities and
make some educated guesses about what
makes sense for the story of how and why



10 min

Suggest that they organize the cards in a way that makes sense to them and connect them using sticky notes with whatever annotation or
symbols they need. They should work together to try to explain what happened and how and why it happened.✱

Organize index cards into a preliminary model. Refer to slide I. Students should discuss what they think happened in their case and try to
come to some preliminary agreement in their group. They can rearrange the index cards on a desktop and indicate any relationships or
interactions using sticky notes.

Facilitate a brief discussion about the bigger picture. Ask students to recall why we’re looking in such detail at so many different organisms.

Suggested prompt Sample student response

Why is it important to figure out what happens in these cases of rapid
change in a population? How is that connected to our earlier work
with fossils?

We’re trying to figure out what happens over many generations by
looking at what happens over a few generations.

We saw traits that were different in organisms over really long periods
of time. We’re trying to figure out how traits can change for a
population.

Why did we look at four different cases? What does that get us that we
might not get out of looking at only one case?

We want to see what they have in common about how and why
changes happen.

We think this idea of a line of descent probably happens in all
organisms, so we want to see what they all have in common.

We’re trying to come up with an explanation of how change happens
that we can also apply to penguins and other organisms.

y y
things are changing in the system for their
case. Remind them that this is a preliminary
model and they’ll have opportunities to
reconsider and revise their model later.

7 · REFINE YOUR THINKING
MATERIALS: Using the CCC Lens

Orient to crosscutting concepts. Display slide J. Say, Since we’re learning about these cases so we can apply what we learn to other organisms, we
will need to think about more-general ways to understand each case. The models that you are developing represent complex natural systems of
individual organisms and whole populations of organisms, their survival and reproduction, as well as their environment and what happens to them
over time. In order to understand what changes occur in complex systems in more-general ways as well as what caused those changes to occur,
scientists often use the lens of different crosscutting concepts. Crosscutting concepts can help them think more clearly about what is happening in any
complex system when they are trying to understand in a general way that could apply to other systems as well. Let’s take stock of some of the
different categories of crosscutting concepts we’ve used in the past.

Suggested prompt Sample student response

Which category of thinking have we been using the most so far as we
analyze our cases?

Accept all answers.

Which of these do you think might help us understand our cases more
generally?

Accept all answers.



Say, Let’s use two of these categories of crosscutting concepts to look at our cases through a new lens and see if that helps us generalize our models a
bit more. Distribute Using the CCC Lens to each student.

Use the ”structure and function” lens. Display slide K. Say, The first crosscutting concept category we will use is “structure and function”. Let’s see
how it helps you think more deeply about what changes occurred in your organism. Have students work with a shoulder partner in their group on
their responses to the questions in the “CCC: Structure and Function” section of the handout. As they work, circulate among them and
encourage them to push their own thinking beyond the obvious answers so they consider more or different structures, multiple functions,
and multiple reasons those functions could be important. Allow 5 minutes or so--sufficient time for some deeper conversations to develop.
Have students record their ideas on their handout.

Use the Cause and Effect lens. Display slide L. Say, The second crosscutting concept category will help you think more deeply about what caused
those changes in two different parts of your system---changes in your organism, and changes in the population. Have students work with a
different shoulder partner in their group about their responses to the questions in the CCC: Cause and Effect section of the handout. As they
work, circulate among them and encourage them to push their own thinking beyond the obvious answers so they consider how physical
changes might affect behavior or interactions, what effect changes in interactions might cause, whether and how reproduction or survival
could affect whole populations. Allow 5 minutes or so--sufficient time for some deeper conversations to develop. Have students record their
ideas on their handout.

Collect completed work. Collect any completed copies of Using the CCC Lens. Their writing on the handouts can be used as a
formative assessment to assess their fluency in using different crosscutting concepts to explain different relationships and

interactions in their case study. Have students collect their group’s set of connected index cards and sticky notes and store them in a way that
will allow them to access them next class period. These will be referred to as their Initial Case System Models.

ASSESSMENT
OPPORTUNITY

Building towards: 7.B Communicate and evaluate scientific information about a system of cause and effect
relationships to explain how traits that support successful survival and reproduction become more common
and those that do not become less common.

What to look for: The handout asks them to think more deeply about their case using 2 different CCCs. Look for
evidence of thoughtful engagement.
The section of the handout on ”structure and function” should include a clear identification of the function of
the trait of interest that is relevant to its potential advantage or disadvantage within their particular case:

Finches - long beaks can eat bigger seeds, shorter beaks cannot
Moths - dark or light coloration allows them to camouflage on specific trees (with and
without lichen)
Swallows - shorter wings can maneuver better, longer wings fly further
Mustard plants - shorter time to flowering allows plants to make seeds more often

The section of the handout on ”cause and effect” should indicate some understanding on their part that
the trait affects an individual's survival or reproduction and
the frequency of a particular trait increases or decreases in a population because survivors
can pass on the trait to their offspring.

For more-specific details of what to check for in each section of the cases, look at Key for Using the CCC Lens.



2 min

10 min

ASSESSMENT
OPPORTUNITY

Continued from the previous page:

What to do: If students are struggling, break the questions down for them. Encourage them to start with the
simple answer to the questions on the handout and then to think more deeply about why that matters in their
case.
Examples for the section on ”structure and function”

Bird wings (structure) help them fly (function). Why does flying matter? When do they need to do it in
this system? It helps them avoid cars. Why does avoiding cars matter? and so on ...

Examples for the section on ”cause and effect”
If the trait is short wings, how does that affect an individual? It can maneuver better. What does
maneuvering better cause? Avoiding cars, and so on ...
If the trait is short wings, how does that affect a population? Short-winged birds survive better. If
some survive better, what happens to the population? There are more of those, and so on ...

Give them feedback praising thoughtful answers that do not stop at the most basic answer, but consider the
whole system. Remind those who do not answer as thoughtfully that they should consider the whole system in
their answers.

8 · NAVIGATION
MATERIALS: None

Have students share their experience with using the CCC lens. Ask students if there was anything that surprised them about their thinking or
any new insights they had while using either of the CCCs. Give as many students as possible the chance to share their experiences.

Assign home learning as needed. Display slide M if needed. If necessary, students can complete Using the CCC Lens during home learning.
For details of what students are likely to include in their answers on Using the CCC Lens, see the key in Key for Using the CCC Lens.

End of day 2

9 · NAVIGATION - INDIVIDUAL SYSTEM MODELS
MATERIALS: Using the CCC Lens, Develop a System Model

Revisit their system model individually. Display slide N. Distribute any copies of Using the CCC Lens that you collected at the end of the last
class back to the students so they can use them as a reference in this step. Distribute Develop a System Model to each student. Have them
work individually to articulate their own understanding of the system model for the case they’re investigating. Remind them that they are
trying to tell the whole story of what’s going on in their case and explain how and why the changes happened in their system model. If they
finish the “CCC: Systems and System Model” section, they should go on to the “CCC: Scale, Proportion, and Quantity” section. Some
students may not get to the second section. This is OK.

For details of what students are likely to include in their answers on Develop a System Model, see the key in Key for Develop a System Model.



15 min10 · COME TO CONSENSUS ON THE SYSTEM MODEL
MATERIALS: science notebook, Develop a System Model, blank sheet of paper (optional)

Introduce a chain of cause and effect model. Display slide O. Say, Now that you’ve all had a chance to think individually about the system model
for your case, you need to come to a consensus within your group to explain what caused the changes that you saw happen in your population. You
already know that’s not a simple answer. You need to take into account all the data and information you have. One of the ways scientists do this in
complex systems is to come to an agreement about a chain of cause and effect.

Have students share a cause-and-effect relationship they’ve noted in their system. Have 3 or 4 students share an example of a cause-and-
effect relationship that they’ve uncovered in their case.✱

Suggested prompt Sample student response

What is an example of a part or parts of the system in your case that
affect another part of your system? (Follow up each answer with What
is your evidence?)

Rain affects the food source of finches. (The evidence is that when it
didn’t rain, the plants died.)

Predation affects which moths live. (The evidence is that birds eat
moths which kills the moths.)

The length of the growing season affects which mustard plants can
make seeds. (The evidence is a graph that showed that only some
plants survive when there is a short growing season, and only
survivors can make seeds.)

Inheritance affects what the next generation looks like. (Evidence is
that we know genes affect traits.)

Accept all answers as long as they represent a cause and its effect
that is supported by some reasonable evidence.

Show examples of a chain of cause and effect. Display slide P. Describe the two different models shown as needed so students have a
visual representation of what is meant by a chain of cause and effect. Say, Now you’ll work in your groups to come to an agreement about a chain
of cause and effect that explains what causes the change in your population of organisms. Remember to use all the data and what they mean to help
you explain it.

Have groups come to consensus about a chain of cause and effect. Display slide Q. Have students access the resources that are listed on
the slide and work together to come to a consensus that explains what causes the change in their population of organisms and includes
information from all the data subsets. They may want to sketch or write ideas in their science notebook or on a blank sheet of paper as they
work.

Circulate among the groups and let them know that when they’ve come to an agreement, they’ll be making a poster to help them
communicate their story to others. Remind them to include information from all 5 data subsets in their explanation. Encourage them to
articulate the structure-function relationships clearly as well as causes and effects on the individuals and on the population.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING CAUSE AND
EFFECT

Students often struggle with what
constitutes a cause-and-effect relationship.
When asked to describe something that
affects another part of their system, they
may describe parts or relationships that do
not represent a cause and its effect. For
instance:

The passing of clean air laws and
birds eating peppered moths both
happened in England. Those things
are related because they’re part of
the same system. However, one is
not the cause of the other.
The population at the beginning is
related to the population at the end.
This is a true statement, but it is not
a cause-and-effect statement. The
population at the beginning does
not cause the population at the
end.

Check these statements by asking “Does
___ cause ___ to happen?” If the answer is
“no”, it is not a cause-and-effect relationship.

Students may also propose cause-and-
effect relationships that are not supported
by evidence.

The color of the moths causes them
to mate only with moths of the same
color. This is a possible cause-and-
effect relationship, but there is no
evidence to support it.
The plants bloomed earlier because
the temperature was hotter earlier.
There is no evidence that
temperature affects when the
mustard plants bloom.

Check these statements by asking students
what evidence supports their statement.



15 min

ADDITIONAL
GUIDANCE

It is important that students come up with a system model that everyone in their group can (at least mostly)
agree on by discussing it and relying on evidence to support their ideas. It is also important that their system
model incorporates all the elements from their data packet (perhaps by using their index cards) and that the
model be in the form of a chain of cause and effect in which it is clear what elements and changes cause other
changes within the system. Building a consensus based on evidence and articulating a chain of cause and effect
will require them to vigorously use the SEPs and thoroughly rely on the CCCs that are built into this lesson.

However, it is not important that they come up with exactly the “correct” explanation for the changes in the
population. Groups may have some different interpretations about whether the environment is triggering
emergence of a new trait variation (it is not) versus simply filtering out existing trait variations (it is). The data
suggest the latter rather than the former, so check that at least some groups are arguing for this role of the
environment. Their ideas will be refined by interactions with other groups and by repeated application to new
systems throughout the next few lessons.

11 · CREATE A REVISED SYSTEM MODEL POSTER
MATERIALS: Initial Case System Model, 1 sheet of poster paper, 5 5” x 8” sticky notes, markers

Facilitate a brief discussion about reasons to create a poster. Ask students why they might want to create a poster at this point. Their
answers should reflect their understanding that they need to communicate their model to others.

Have students create posters. Display slide R. The goal is to have them revise their Initial Case System Model and annotate it in a way
that will be useful as they talk with classmates in the next lesson about what caused the changes in their case. Students can produce

their poster in any way they would like within the time frame allowed, but they should reuse the five color index cards from their Initial Case
System Model. They may choose to draw, write, use a box-and-arrows model like that depicted on the slide, present graphs, and so forth.
Students should leave these posters in the classroom at the end of class.✱ These will be referred to as their Revised Case System Models
from this point forward.

If time permits, have them hang up their Revised Case System Model, well spaced out around the room, in preparation for the next lesson. If
not, you will need to do that before the next lesson. To facilitate multiple classes doing this work, it may be most convenient to have
students collect and turn in posters to you for storage until their class meets again. In this way, subsequent classes will not see the posters
developed by previous classes.



5 min

ASSESSMENT
OPPORTUNITY

Building towards: 7.C Using models, construct an explanation of changes over time in the distribution of traits
in a population in response to changes in environmental conditions.

What to look for
Their model should show

explicit cause-and-effect connections among elements of their system. This may take the form of a
chain of cause and effect with arrows and boxes as modeled on slides P or R, or it may be less
structured. But definite, explicit cause-and-effect connections should be present.
environmental changes are a primary cause that affects the population at the beginning.

Note: there may be some different interpretations among groups on whether the
environment is triggering emergence of a new trait variation (it is not) versus simply filtering
out existing trait variations (it is). The data suggest the latter rather than the former, so check
that at least some groups are arguing for this role of the environment. You will be able to
leverage these interpretations in the next lesson when you push on clarifying the role of the
environment in all the systems.

some kind of indication that time is passing (dates, number of years, number of generations, and so
forth).
a clear statement that the population at the end shows a difference in the distribution of the trait of
interest. Not all the organisms at the end have the same trait, rather a different trait predominates in
the population at the end.

What to do: If students are struggling to figure out how to assemble their poster to show their explanation, refer
them to the resources they have available (listed on slide Q) and the models of a chain of cause and effect that
are shown on slides P and R.

Add sticky notes to their posters to point out places where the cause-and-effect connection is unclear.
Additional sticky notes could give them feedback on whether the poster is missing any of the other things their
model should show.

12 · NAVIGATION
MATERIALS: None

Facilitate a brief discussion about the reason for investigating these cases. Display slide S. Take a moment to celebrate with students that
they have come a long way in figuring out what’s going on in some very complex cases. They have used many of their skills to make a model
that explains how and why changes occur in the traits of a population. Ask them to recall why they did these investigations.

Suggested prompt Sample student response

Why have we been looking at changes in a population of organisms
over a few generations? How could this help us with making sense of
patterns we saw in penguins, horses, and so forth over millions of
generations?

We think that understanding what happens over a short period of
time will help us understand what happens over a long period of time.



Suggested prompt Sample student response

Why is it important to figure out what the causes are in these cases of
rapid population change?

We need to know the mechanisms at work to explain how and why
changes in populations are happening. This is related to many
questions we had.

Why did we look at four different cases? Why not just one? We want to see what they have in common about how and why
changes happen.

We think this idea of a line of descent probably happens in all
organisms, so we want to see what they all have in common.

We’re trying to come up with an explanation of how it happens that
we can also apply to penguins and other organisms.

So what do we need to do next if we want to take all the work from
these different cases and build a general model that can explain what
is causing trait variations to change in any population in any
environment?

We should see what all the cases have in common.

We need to compare them to see what’s the same for all the different
organisms.

Let’s compare the cases and see what is similar about what caused
the changes.

Tell students we will use our next class to do this work of comparing what happened in each case to develop as general a model as possible
for explaining change in the traits in any population.



Additional Teacher Guidance

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

In working with all data sets, students will use the following ideas:
CCSS.MATH.CONTENT.7.SP.B.3 Informally assess the degree of visual overlap of two numerical data
distributions with similar variabilities, measuring the difference between the centers by expressing it
as a multiple of a measure of variability.
CCSS.MATH.CONTENT.6.SP.A.3 Recognize that a measure of center for a numerical data set
(mean/median) summarizes all of its values with a single number, while a measure of variation
describes how its values vary with a single number.
CCSS.MATH.CONTENT.6.SP.B.4 Display numerical data in plots on a number line, including dot plots,
histograms, and box plots.

Students working with Peppered Moth Data Packet or Cliff Swallow Data Packet will use the additional ideas listed
below as they analyze various data subsets in their data packets.

CCSS.MATH.CONTENT.8.SP.A.1 Construct and interpret scatter plots for bivariate measurement data
to investigate patterns of association between two quantities. Describe patterns such as clustering,
outliers, positive or negative association, linear association, and nonlinear association.
CCSS.MATH.CONTENT.8.SP.A.2 Know that straight lines are widely used to model relationships
between two quantitative variables. For scatter plots that suggest a linear association, informally fit a
straight line, and informally assess the model fit by judging the closeness of the data points to the
line.


