
LESSON 9: How well does our general model predict and explain the changes happening
over time in a different population?

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

THIS LESSON

INVESTIGATION

2 days

We carry out an investigation using a computer simulation. We 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.

NEXT LESSON We will plan and carry out an investigation using a new bacteria simulation to test what we predict will happen when we change the environment by a different
factor other than predation. Then we will run our experiment, collect data, then use our model (natural selection) to explain our results.

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

9.A Construct and present an oral and written argument that changes in environmental conditions may increase or decrease the probability of
specific trait variations being passed on in a population, using evidence derived from analysis of graphical data representations generated from an
investigation using a computer simulation.

9.B Explain the ways in which our general model of natural selection was refined based on the results of our bacteria simulation investigations and
explain what parts and interactions would need to be redesigned in the simulation to test additional causal relationships from our general model of
natural selection.

WHAT STUDENTS WILL FIGURE OUT

Changing the environment can lead to different changes in the traits of the population.
Traits that provide an individual a competitive advantage in one environment may give it a disadvantage in another environment.
Competitive advantage affects the chances (or probability) of certain individual outcomes.
The longer this process (natural selection) continues (over more generations) the more variations tend to be removed from the descendant
population.



Lesson 9 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 6 min NAVIGATION
Discuss what we need in a simulation to test our model.

A-B General Model of Natural Selection for the Progress Trackers, How
can we test our model? (completed), General Model of Natural
Selection poster

2 6 min INTRODUCE SOME MODEL ORGANISMS
Introduce the types of organisms often used in population studies and review the way in
which bacteria reproduce.

C-D

3 6 min ANALYZE STRUCTURES IN SALMONELLA AND BRAINSTORM TYPES OF
ENVIRONMENTAL INTERACTIONS
Discuss the structural variation seen in photos of salmonella and brainstorm
environmental interactions bacteria might experience.

E-F Four Salmonella Bacteria

4 2 min ORIENT TO STRUCTURES THAT FIGHT OFF INFECTION
Introduce students to two types of white blood cells that fight bacteria infections in the
human body.

G www.teachersopensciedfieldtest.org/penguins, computer,
projector

5 10 min ORIENT TO THE SIMULATION
Orient students to the what is in the computer simulation

H www.teachersopensciedfieldtest.org/penguins, computer,
projector

6 10 min INVESTIGATE CHANGES IN TRAIT VARIATIONS IN A POPULATION: INVESTIGATION 1
Use a simulation to investigate how trait variations in a population of bacteria change
when white blood cells chase them down.

I computer, https://tinyurl.com/Salmonella-Hunt-OpenSciEd

7 5 min INDIVIDUAL PROGRESS TRACKER UPDATE
Update progress tracker.

J

End of day 1

8 7 min DISCUSS RESULTS
Summarize key findings from the simulation and identify new things to keep in mind and
look for in the next investigation.

K

9 5 min MAKE PREDICTIONS
Make predictions about what will happen to the population if we change the simulation
environment.

L

10 13 min INVESTIGATE CHANGES IN TRAIT VARIATIONS IN A POPULATION: INVESTIGATION 2
Use a simulation to investigate how trait variations in a population of bacteria change
when white blood cells hunt for bacteria by staying in one place and letting bacteria come
to them.

M-O computer, https://tinyurl.com/Salmonella-Hunt-OpenSciEd



Part Duration Summary Slide Materials

11 8 min DISCUSS RESULTS
Discuss what we found happened to the bacteria population when the environment
changed.

P

12 10 min REVISE OUR GENERAL MODEL OF NATURAL SELECTION
Using what we figured out from the simlualtion and what we have in our progress tracker,
we revise our General Model of Natural Selection.

Q General Model of Natural Selection poster, yellow sticky notes (5”
x 8”), markers

13 2 min INTRODUCE THE UPCOMING SUMMATIVE ASSESSMENT AND RELATED HOME
LEARNING
Summarize how our model was refined by testing it. Preview the summative assessment
context for the next lesson and introduce the home learning.

R Refining and Applying our General Model of Natural Selection

End of day 2



Lesson 9 • Materials List
per student per group per class

Lesson materials science notebook
General Model of Natural Selection for the Progress Trackers
How can we test our model? (completed)
computer
https://tinyurl.com/Salmonella-Hunt-OpenSciEd
Refining and Applying our General Model of Natural Selection

General Model of Natural Selection poster
Four Salmonella Bacteria
www.teachersopensciedfieldtest.org/penguins
computer
projector
yellow sticky notes (5” x 8”)
markers

Materials preparation (40 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.

Take photos of the General Model of Natural Selection that you built with each class in the last lesson. Test print a copy of each one. Make sure the text is sharp enough to read. If it’s not, either
reshoot the photo or make a digital version of the model. Once you have a readable version, add a title to it indicating what class period it is for. This document will now be referred to as the
General Model of Natural Selection for the Progress Trackers.

Print a copy of the corresponding General Model of Natural Selection for the Progress Tracker for each student in each class period.

Print 1 copy of Refining and Applying our General Model of Natural Selection for every student.

Print 1 color copy of Four Salmonella Bacteria to add as a reference to your Word Wall during the appropriate point indicated in the lesson.

All video and simulation links are provided on the teacher field test site. Test them at: www.teachersopensciedfieldtest.org/penguins . They are also provided on the classroom field test site.

Watch the Lesson 9 Simulation Orientation video, which introduces the computer simulation. Test the simulation link: https://tinyurl.com/Salmonella-Hunt-OpenSciEd . Spend some time
familiarizing yourself with the simulation interface and output. Run each investigation outlined in the lesson on your own prior to running the investigations with the class.

Obtain enough computers or devices for each student to work on their own computer. Make sure that student computers and devices can access the simulation URL: https://tinyurl.com/Salmo
nella-Hunt-OpenSciEd . Alternatively, you can download the sim code file, save it as an .html file, and run it directly from your computer and student devices. Instructions for different
methods to access the simulation are located at the field-test website and can be found in Refining and Applying our General Model of Natural Selection.

file:///tmp/www.teachersopensciedfieldtest.org/penguins
https://tinyurl.com/Salmonella-Hunt-OpenSciEd
https://tinyurl.com/Salmonella-Hunt-OpenSciEd


Lesson 9 • Where We Are Going and NOT Going
Where We Are Going

This lesson draws on ideas about probability that students will have developed in grade 7 CCMS. Students will have experiences with probability in that prior grade related to inferences they
can make based on drawing samples from a population as well as calculating probability of chance processes.

The simulation students use includes two elements of chance processes as part of the code for the model. One is the initial placement of the bacteria when “setup” is pressed. The other is how
much each bacterium turns right or left each tick of the simulation when no predator is near it. That random turning helps simulate a random wiggle movement across the simulated world.

Students will be drawing on ideas from their prior work in OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles Unit) that bacteria are single-cell organisms, they asexually
reproduce, and any heritable traits in two new bacteria produced this way would be the same as in the original parent bacterium, since they both would inherit all the same genes as were in the
parent cell. The Simulation Orientation video provides evidence of these mechanisms being integrated into simulation code.

Where We Are NOT Going

Flagella number may have a positive association with speed of forward movement in only some types of bacteria and in only certain types of fluids. No attempt is made to explore other
relationships between structure and function of flagella, such as the ability to move in different directions or the ability to anchor onto solid surfaces (e.g., intestinal tissue).

While no attempt is made to explore the underlying code of the simulation during the class period, some students may find it interesting to inspect and modify it on their own. It is
recommended, however, that you not show students how to do this until after the next lesson. If, however, students discover this feature themselves by clicking on the purple “NetLogo Code”
bar, encourage them to reserve tinkering with the underlying modeling assumptions in the simulation (computer) code until after this lesson or the next lesson.

Though it can be highly motivational for some students to recode the underlying assumptions, rules, and representations in a computer model, it can also be a distractor for those students to
be doing this during class time focused on other learning goals. Students may be able to generate some really interesting additional scientific investigations by tinkering with the code. More
information on how to change and recompile the code for this simulation can be found at https://ccl.northwestern.edu/netlogo/.

https://www.google.com/url?q=https://ccl.northwestern.edu/netlogo/&sa=D&ust=1610390394602000&usg=AOvVaw0bFsX1aGOOO41OuqSYHla4


6 min

LEARNING PLAN for LESSON 9
1 · NAVIGATION
MATERIALS: science notebook, General Model of Natural Selection for the Progress Trackers, How can we test our model? (completed), General Model of Natural Selection poster

Add our General Model of Natural Selection to our Progress Trackers. Say, Last time, we made some great progress developing our general
model together. Let’s add that model to your Progress Tracker. But instead of copying the entire model by hand, I’ve made you a copy of the classroom
poster we made together to add to a page in your Progress Tracker. Before we add it, let’s recall what that is a model for.

Refer to the General Model of Natural Selection poster from last class in the discussion below.
Suggested prompt Sample student response

Can someone remind us, what is the kind of phenomenon in the world
that this model helped us explain?

Changes in the distribution of traits in a population over many
generations.

What question, therefore, does this model help answer? How and why do the traits in a population change over time?

Distribute General Model of Natural Selection for the Progress Trackers. Have students add it to their Progress Trackers and circle the related
question on the top of the model: How and why is the population changing in all our cases?

ADDITIONAL
GUIDANCE

Though we refer to the shorthand version of this model as a General Model of Natural Selection from this point
forward, it is important to remind students what it is a model for rather than only what it is a model of. That
emphasis on “model for” helps ground it as a tool that we are developing and refining in service of explaining
something about a particular class of phenomena. A good article for educators that explains the importance of
this framing in more detail can be found here: https://www.nsta.org/blog/what-your-model

Discuss how testing our model helps us evaluate its applicability to other populations. Show slide A. Cue students to refer to their
responses to the last question on How can we test our model?. Discuss their responses as a class.

Suggested prompt Sample student response

How could using a simulation to test our model under different
conditions help us determine whether it can be used to explain what
might have happened to populations of penguins, horses, whales and
horseshoe crabs over millions of years?

(Accept all responses.)

Share ideas of what is needed in such a simulation. Show slide B. Cue students to refer to their related responses on How can we test our
model?. You are likely to hear many responses that reference the parts, interactions, and mechanisms that are part of the General Model of
Natural Selection they developed last time.

https://www.nsta.org/blog/what-your-model


6 min

Suggested prompt Sample student response

What were some of the things you listed as needing to be a part of the
system in the simulation in order to test our model?

We need trait variation in a population.

The trait needs to be heritable.

The differences in the traits should have differences in function.

There should be living and nonliving things in the environment to
interact with.

Those interactions should affect individual survival.

What were some of the things you listed that we need to be able to
change or control in the simulation?

The amount of trait variation.

What the traits are.

The size of the population.

The living and nonliving things in the environment (e.g., amount of
water, food, predators, pollution).

The amount of time or the number of generations that the simulation
runs.

2 · INTRODUCE SOME MODEL ORGANISMS
MATERIALS: None

Introduce examples of the types of organisms scientists use when working with living organisms. Say, We made predictions about whether
our model was general enough to explain changes in the trait variation in any population. We will need a population with trait variation to test this
idea on. Let’s take a look at the types of organisms that are commonly used by scientists to study what the traits are in offspring over many
generations. Show slide C. This is a list of some of the more-common ones that scientists choose to work with when they design an experiment that
uses living organisms instead of simulated ones.

Suggested prompt Sample student response

Why do you think these sorts of organisms are commonly used for
study traits in offspring over many generations?

(Accept all responses.)

Which one of these would allow you to see what happens in a line of
descendants over a very large number of generations, even if the
amount of time you had to conduct the experiment was relatively
short?

The one that reproduces the fastest.

Bacteria.

Say, These are some of the main reasons scientists use these sorts of organisms for these types of investigations. Another thing you identified that
we’ll need in our simulation is that the trait needs to be heritable. So let’s look at how we know traits are heritable in these kinds of organisms.

✱ SUPPORTING STUDENTS IN
ENGAGING IN CONSTRUCTING
EXPLAINING AND DESIGNING
SOLUTIONS

Some students may question why we (or
scientists) would want to use an organism
that reproduces asexually for the test of our
model rather than one that reproduces
sexually, since penguins, horses, whales, and
horseshoe crabs all reproduce sexually. If so,
here is an opportunity to discuss how to best
test the generalizability and applicability of
our model to all living things. Help students
recall that we already have seen some
evidence of how it works on plants and
animals, so seeing how it works on another
type of living thing (bacteria) which is neither
a plant nor an animal would also help us
better test its generalizability.



Discuss the advantages in using an asexually reproducing organism. Show slide D. Review what it means to reproduce asexually and why it
might be easier to determine if a trait is heritable using an organism that reproduces asexually instead of seuxally.

Suggested prompt Sample student response

Some organisms can reproduce asexually. How is this different from
sexual reproduction?

The offspring have only one parent in asexual reproduction, rather
than two.

What happens to a bacterium cell when it reproduces asexually? The bacterium cell splits into two new cells.✱

Why might it be easier to determine if a trait is heritable using an
organism that reproduces asexually instead of sexually?

The offspring should have the exact same genetic information as the
parent. So if the trait is heritable, then it would be the same in the
offspring as it was in the parent.

ADDITIONAL
GUIDANCE

If students have completed the [materials.ge] unit and they have completed the planaria investigations as part
of their work in [materials.ge], these will be easy connections for them to make.

If they haven’t completed at least one of these units or if this connection is difficult for them to make, remind
them that bacteria are single-celled organisms and that you want to look again at how they reproduce.

Show Bacteria Reproduction video at www.teachersopensciedfieldtest.org/penguins . Ask, What do you
notice? Students should say, “Bacteria reproduce by dividing in half.”

Point out that before an individual bacterium splits into two when it reproduces, it first produces a duplicate set
of many of the structures that make it up, including all its genes, which in bacteria are on only a single
chromosome. This ensures that each new cell that splits off from the parent cell gets the same genetic
information as what was in the original parent cell. Point out that this is a simpler process than what happens in
sexually reproducing organisms, where each parent produces sex cells with only half their chromosomes in
them, a male sex cell and a female sex cell merge during fertilization, and the resulting offspring now has a
copy of only half of the chromosomes that each parent originally had.

Say, This is one reason that scientists often use bacteria when studying heritable traits over many generations. Another reason that scientists find
bacteria particularly useful to study is because they have a relatively large impact on human health. They have already built a lot of simulations to
study bacteria in different environments. We will use one of those simulations to test our General Model of Natural Selection.

Remind students that there are different types of bacteria.✱ Explain that some types of bacteria have a positive impact on human health,
like the kind that is in yogurt (lactobacillus), which live in our digestive system. Explain that there are also other types of bacteria that have a
negative impact on human health, like the ones that make us sick if they get into parts of our body, like a staph infection from a cut, an ear
infection (swimmers ear), or food poisoning from a salmonella bacteria infection.

ADDITIONAL
GUIDANCE

Students will have been introduced to different types of bacteria before in [materials.cl].

Introduce some health impacts of salmonella infections and explain that salmonella will be the population we will be using in the
simulation. Say, The simulation we will be using to test our model includes a population of salmonella bacteria. In the United States alone,
this is a type of bacteria that causes 1,350,000 intestinal infections per year and 420 deaths per year. Let’s learn a bit more about this type

g y

file:///tmp/www.teachersopensciedfieldtest.org/penguins


6 min
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of bacteria and think about what it interacts with in the environments it lives in. This will help us figure how we can replicate some of those
environmental interactions when we plan and carry out investigations with the simulation.✱

3 · ANALYZE STRUCTURES IN SALMONELLA AND BRAINSTORM TYPES OF ENVIRONMENTAL
INTERACTIONS
MATERIALS: Four Salmonella Bacteria

Introduce photos of individual salmonella. Say, You identified that the organism in a useful simulation would need to have trait variations. Even
though there are different types of bacteria, any single type of bacteria will have individuals that have trait variations within that population. For
many characteristics, such trait variations are hard to see even when we observe them through a microscope since they are single-celled organisms.
But let’s take a moment to see if we can notice any trait variations in individual salmonella bacteria from photographs of them taken under a
microscope. Show slide E. Discuss the prompts on the slide as a whole class.

Add Four Salmonella Bacteria to the Word Wall during this discussion to provide a visual reference to what flagella are.

Suggested prompt Sample student response

The structures seen sticking out of these four individual salmonella
bacteria are called flagella. They use these structures to move around.
What variation do you notice among them?

They have a different number of arms or tails on them.

They have hook or squiggly like structures sticking out of them.

Do you think any of these variations would give some individuals an
advantage for surviving in certain environments? Why?

It seems like more flagella would help a bacteria move faster, so it
seems like more flagella would be better.

Or maybe more flagella help them turn quicker.

Unless maybe more flagella are harder to control.

It probably depends on what is in the environment.

Brainstorm environmental conditions and elements for the simulation. Say, We’ve identified a type of trait variation that could be included in
our simulation for our salmonella population. But you already identified that our model requires more than trait variation alone. Earlier, we identified
things that would need to be able to be changed in the environment. Now let’s get more specific about what those things would be for these bacteria.
Let’s brainstorm some of the things that salmonella bacteria might interact with in their environment that would affect the survival or reproduction of
individual bacteria. Show slide F. Give students a minute to brainstorm on their own and then ask them to share their ideas with the whole
class.

Suggested prompt Sample student response

What are some things in the environment outside of our bodies that
can kill bacteria?

Hand sanitizer.
Disinfectants.
Certain types of light (e.g., UV) or radiation.
Extreme heat or cold.



2 min

10 min

Suggested prompt Sample student response

What are some things in the environment inside of our bodies that can
kill bacteria?

Antibiotics.
The immune system.

(If the immune system isn’t mentioned, then ask the following.) How
does our body naturally fight an infection?

Fever.
Rest.
Immune system.
White blood cells.

What are some of the resources in these environments that bacteria
need to live, grow, and reproduce?

Space.
Water.
Food.
A certain temperature range.

Validate all these as potentially interesting variables to explore in a simulation. Say, These are all great ideas. Any one of these would give a
specific factor in the environment that we could change and experiment with. Let’s plan to pursue some investigations into some of these over the next
couple of days.

4 · ORIENT TO STRUCTURES THAT FIGHT OFF INFECTION
MATERIALS: www.teachersopensciedfieldtest.org/penguins, computer, projector

Transition to thinking about immune responses to bacteria. Say, Let’s start off by looking a bit more at how our bodies fight off an infection and
the structures the body produces to help it do that and how we might use the sim to recreate those interactions.

Introduce what white blood cells do to help fight off an infection. Show slide G. Read the text on the slide. Show the Neutrophil
Phagocytosis video at www.teachersopensciedfieldtest.org/penguins .

Introduce a second type of white blood cell. Say, That was one type of white blood cell that your body’s immune system produces called
neutrophil. As you saw, these white blood cells chase down bacteria, engulf them, and destroy them. Another type of white blood cell in your body is
called a monocyte. Monocytes also engulf bacteria, but they don’t move around very much. Instead, they stay in an infected tissue and wait for
bacteria to come to them, which allows them to engulf and destroy bacteria that happen to come close to them.

5 · ORIENT TO THE SIMULATION
MATERIALS: www.teachersopensciedfieldtest.org/penguins, computer, projector

Orient to the computer simulation. Display slide H. Play the Simulation Orientation video from www.teachersopensciedfieldtest.org/pengui
ns .

Discuss what is in the simulation. Say, The video oriented us to some of the objects and interactions in the computer simulation. Are there parts of
the simulation that would represent the heritable trait variation and environmental factors that you said we needed?

file:///tmp/www.teachersopensciedfieldtest.org/penguins
file:///tmp/www.teachersopensciedfieldtest.org/penguins


10 min

Suggested prompt Sample student response

What trait variation is in this population at the start of a simulation
run?

There is trait variation in the number of flagella.

When bacteria reproduced, the two new cells that were produced had
the same number of flagella as the parent cell they came from. What
does this tell us about whether flagella number is a heritable trait in
this simulation?

Flagella number must be a heritable trait.

How can we use this simulation to mimic an environment that has
only neutrophils in it, which was the type of white blood cells that we
saw in the video?

We could chase bacteria around with our mouse and click on them.

What would we do differently in the simulation if we wanted to mimic
an environment that has only monocytes in it, which is the stationary
type of white blood cell?

We could wait for bacteria to come to our mouse cursor.

Identify that we have two investigations to pursue. Say, It sounds like we have two different environmental conditions we could simulate. Let’s try
each of those as their own separate investigation--one where we interact with the bacteria like a neutrophil would, and then later we can try another
investigation where we interact with the bacteria like a monocyte would. That will let us see what happens under different environmental conditions,
which was one of the things we said we wanted to experiment with in the simulation.

6 · INVESTIGATE CHANGES IN TRAIT VARIATIONS IN A POPULATION: INVESTIGATION 1
MATERIALS: computer, https://tinyurl.com/Salmonella-Hunt-OpenSciEd

Orient to first part of bacteria investigation. Show slide I. Set up
students in pairs. Tell students that they are going to use the
directions on this slide to carry out the first part of the
investigation. Point out that the setting shown for the simulation
will ensure that it automatically stops after running for about 2
minutes, which will ensure the comparison they make with their
partner is for an equal amount of time. Explain that this will leave
them at least 5 minutes for the discussion questions shown on the
slide. Most students will end up with a result similar to but not
exactly like the image below.

Carry out Investigation 1. Have students carry out this part of the
investigation as shown on slide I. After 3 minutes cue students to
start discussing the results using the questions at the bottom of the
slide.



5 min7 · INDIVIDUAL PROGRESS TRACKER UPDATE
MATERIALS: None

Update individual Progress Trackers. Show slide J. Students should use the remaining time to add to their individual Progress Tracker.
Collect student notebooks before the end of the period to review students’ entries.

ASSESSMENT
OPPORTUNITY

Building towards 9.A.1: Construct and present an oral and written argument that changes in environmental
conditions may increase or decrease the probability of specific trait variations being passed on in a population,
using evidence derived from analysis of graphical data representations generated from an investigation using a
computer simulation.

What to look and listen for: Look in student Progress Trackers for at least one of these two sets of related lines
of evidence and new model ideas being proposed to explain these results.

Evidence: There was a shift in the distribution of the proportion of bacteria that have a particular trait
variation; over time it shifts toward a larger proportion of individuals with more flagella.
Related model idea that explains this outcome: This is because more flagella allow bacteria to move
faster, which gives them a competitive advantage for surviving (and reproducing).

Evidence: There is some variability in results between simulation results.
Related model idea that explains this outcome: This is due to some elements of chance or
randomness in the environment.

What to do: Identify students who have neither a line of evidence nor a related new model idea in their
Progress Trackers. Leave these students a sticky note in or on their student notebooks letting them know you
will ask them to describe
1. what the evidence is or ideas are that another student shared and
2. whether they had similar or different findings or ideas.
Make an effort to recruit those students into the two discussions on day 2 of the lesson.

End of day 1



7 min8 · DISCUSS RESULTS
MATERIALS: None

Discuss findings as a class. Show slide K. Cue students to look back at their Progress Tracker entries for a minute before sharing with the
whole class. Use the questions on the slide to start the discussion. Use the last question below to follow up on an additional finding that
some students may have noted.

KEY IDEAS Purpose of this discussion: To summarize key findings from the simulation and to identify new things to keep
in mind and look for in the next investigation.

Listen for these ideas:
There was a shift in the distribution of the proportion of bacteria that have a particular trait variation;
over time it shifts toward a larger proportion of individuals with more flagella.
This is because more flagella allow bacteria to move faster, which gives them a competitive advantage
for surviving (and reproducing).
There is some variability in results between simulation results.
This is due to some elements of chance or randomness in the environment.

Suggested prompt Sample student response

How did the bacteria population change in the simulated
environment?

Over time there were more bacteria with more flagella and fewer
bacteria with fewer flagella.

There was a larger proportion of bacteria with 5 or 6 flagella and less
(or none) with 1 or 2.

How can we explain this outcome in terms of competitive advantage? It is advantageous to be able to move faster in this environment
because it helps you get away from the predator (or white blood cell
or cursor).

Those with more flagella survive longer because they are harder to
catch.

Why might you and your partner have gotten similar shifts in the
distribution of traits but not exactly the same results?

It might be due to slight differences in how we hunt (or how quickly our
computers respond). I might be a faster hunter than my partner,
causing differences in the results.

It might be due to random chance of where the bacteria were at the
start of the simulation .

Did anyone end up with a population that had one or more variations
eliminated from it completely?

(Accept all responses.)



5 min

13 min

Summarize this discussion by saying, OK, that was one test of our model using a new population for one kind of environment. But we also had
different predictions about what would happen if we changed the environment. So we can do that by preparing to interact with a population as if it
were in an environment with a different kind of white blood cell--a monocyte. Also, some of us were wondering about what would happen if we ran
the simulation for longer, if there were more generations of bacteria. So let's first test the new environment and see what we find, and then we can let
the simulation run for longer and see if that has any effect on the result. Let’s make some predictions about what we think we would see happen in
both of these cases.

9 · MAKE PREDICTIONS
MATERIALS: None

Make predictions. Show slide L. Give students a couple of minutes to discuss their predictions with a partner, then have them share with the
class.

Suggested prompt Sample student response

What do you think will happen to the population if we change the
simulation environment so that it has only nonmoving white blood
cells (monocytes) in it?

The distribution of traits will shift again.

We will get the same sort of shift. There will be a larger proportion of
bacteria with more flagella by the end of the simulation than at the
start.

We will get an opposite shift. There will be a larger proportion of
bacteria with less flagella by the end of the simulation than at the
start.

Would anything change if you ran the simulation under those
conditions for a longer length of time?

Yes, it would keep shifting.

No, it wouldn’t shift anymore.

It depends on how long you run it. It would keep shifting up to a point
and then stop shifting after that.

10 · INVESTIGATE CHANGES IN TRAIT VARIATIONS IN A POPULATION: INVESTIGATION 2
MATERIALS: computer, https://tinyurl.com/Salmonella-Hunt-OpenSciEd

Frame the second investigation. Students should each work on their own computer but should
be paired up so that they can compare their results with a partner.

Carry out Investigation 2. Show slide M. Have students start the second investigation. Before they press “go/pause”, remind students that
they are going to hunt the bacteria by staying in one place and letting the bacteria run into them. Most students will end up with a result
similar to but not exactly like the image below.

It will take about 2 minutes to produce these initial results and an additional 5 minutes to discuss with a partner their answers to the
questions at the bottom of slide M. After students have done this, tell them that they will prepare to carry out a continuation of this
investigation for a longer length of time.



8 min

Show slide N. Give students 2 minutes to compare the data from the simulation so far.

Show slide O. Have students resume the simulation to produce this new set of results. It will
take about 2 minutes to produce these and additional 3 minutes to discuss them with a partner.

11 · DISCUSS RESULTS
MATERIALS: None

Discuss findings as a class. Show slide P. Use the questions on the slide to start the discussion. Use the last question below to follow
up on an additional finding that some students may have noted.

ASSESSMENT
OPPORTUNITY

Building towards 9.A.2: Construct and present an oral and written argument that changes in environmental
conditions may increase or decrease the probability of specific trait variations being passed on in a population,
using evidence derived from analysis of graphical data representations generated from an investigation using a
computer simulation.

What to look and listen for
There was a shift in the distribution of the proportion of bacteria that have a particular trait variation;
over time it shifts toward a larger proportion of individuals with fewer flagella.
This was a shift in a different direction than in the previous simulation.
Loss of trait variation occurs over time.
There is some variability in outcomes due to some elements of chance or randomness in the
environment.

What to do: If some students seem unready to volunteer their findings, tell all the class to prepare to weigh in
on every finding they hear shared by other students and that this will require them all to be ready to

restate what the finding was and
say whether they had similar results.

Use this strategy to help reinforce the aspects of arguing from evidence that require ongoing efforts from
everyone to actively listen to and work with each other’s ideas.



10 min

Suggested prompt Sample student response

How did the bacteria population change in this different environment? It produced an opposite result compared to the previous investigation.

Over time there were more bacteria with fewer flagella and fewer
bacteria with more flagella.

There were a larger proportion of bacteria with 1 or 2 flagella and less
(or none) with 5 or 6.

How can we explain this outcome in terms of competitive advantage? It is advantageous to be able to move slow in this environment
because you will run into the stationary predator (or white blood cell
or cursor) less often.

Those with fewer flagella survive longer because it takes longer for
them to run into something that kills them.

How did running for a longer length of time affect the results? The population lost variations.

It kept shifting up to a point and then stopped shifting after that.

Why might you and your partner have gotten similar shifts in the
distribution of traits but not exactly the same results?

It might be due to slight differences in how we hunt (or how quickly our
computers respond). I might have my cursor in a different position
than my partner, causing differences in the results.

It might be due to random chance of where the bacteria were at the
start of the simulation.

12 · REVISE OUR GENERAL MODEL OF NATURAL SELECTION
MATERIALS: science notebook, General Model of Natural Selection poster, yellow sticky notes (5” x 8”), markers

Facilitate a Consensus Discussion. Suggest that we return to our General Model of Natural Selection and see if there are any new
ideas that we should add to it to more fully explain our results. Display slide Q and cue students to turn to the page of their Progress

Tracker that has the General Model of Natural Selection in it.



KEY IDEAS Purpose of this discussion: To discuss whether additional clarification needs to be added to the model. If so,
these are four key ideas that the class may decide are are needed:

1. Changing the environment can lead to different changes in the traits of the population.
2. Traits that provide an individual a competitive advantage in one environment may give it a

disadvantage in another environment.
3. Competitive advantage affects the chances (or probability) of certain individual outcomes.
4. The longer this process continues (over more generations) the more variations tend to be removed

from the descendant population.

The prompts below give one suggested way to elicit student ideas so that a version of these ideas comes up
naturally as well as suggested places to update the model to reflect the addition of the four ideas listed above.
Use student language where possible (where it approximates what is shown in the examples).

Bear in mind that you can leave these ideas out as they don’t necessarily need to be explicit for the model to be
useful in the subsequent lessons.

Check in on whether we need to add idea #1 to the model. Ask students whether our model predicts the type of changes we saw in the
bacterial population--a shift in the distribution of the traits in a particular environment. Students will say yes.Ask students whether it predicts
that changes in the environment can lead to what we saw in the simulation--different types of changes in the traits in the population.

If students say it does, and everyone is in
agreement on this, ask whether they want to add
an annotation to the model to this effect. If they
say no, then move on. If they say yes, or if not
everyone is in agreement, add the following to a
yellow sticky note and place it at the top right side
of the model and connect it with an arrow to the
green paper labeled “Environment”:

Changing the environment can lead to
different changes in the traits of the
population.

If you add this annotation to the model have
students add a corresponding annotation to their
General Model of Natural Selection in their Progress
Tracker.

Add idea #2 to the model.
Ask students whether more flagella or fewer flagella gave bacteria a competitive advantage for survival. Students will say it depends on the
environment they are in.

Ask students in which environment did more flagella and faster movement give bacteria a competitive disadvantage. Students will say the
second one (monocytes waiting for bacteria to come to them).



Point out that though our model says some traits
provide an individual a competitive advantage, it
says nothing about those being a disadvantage in
another environment.

Add the following idea to a yellow sticky note and
place it to the right of the “COMPETITIVE
ADVANTAGE” card:

Traits that provide an individual a
competitive advantage in one environment
may give it a disadvantage in another
environment.

Have students add a corresponding annotation to
their General Model of Natural Selection in their
Progress Tracker.

Add new idea #3 to the model.
Ask students whether a bacterium that has 6 flagella in the first environment or 1 flagella in the second environment is guaranteed to not get
caught. Students will say no.

Ask students how we would describe what it means to have a competitive advantage if it is not guaranteed to help you survive or reproduce
more often. Students will likely suggest ideas like these:

It improves the individual's chances.
It gives the individuals a higher probability of surviving or reproducing.

Remind students of earlier claims they made of why
they and their partner generated slightly different
outcomes when they ran the simulation and how here,
too, there was an element of chance or probability.

Point out that though our model says some traits
provide a competitive advantage, it says nothing about
competitive advantage having an element of chance
or probability to it. Add the following idea on a yellow
sticky note and place it right below the idea #2 sticky
note:

Competitive advantage affects the chances (or
probability) of certain individual outcomes.

Have students add a corresponding annotation to their
General Model of Natural Selection in their Progress
Tracker.



2 min

Add new idea #4 to the model,
Ask students whether all the trait variations that we started with in the population remained in the population as we continued to run the
simulation over longer lengths of time. Students will say no.

Point out that though our model says that the distribution of traits will shift, it doesn’t say anything about the possibility of traits being
removed completely from the population.

Ask students what tended to happen to the number of traits remaining in the population as they ran the model for longer periods of time.
Students will say they tended to decrease.

Add an arrow looping from the bottom of the purple
“Population After the Change” paper back to the yellow
structure and function sticky note. Add the following
idea to a yellow sticky note and place it on top of that
looping arrow:

The longer this process continues (over more
generations) the more variations tend to be
removed from the descendant population.

Have students add a corresponding annotation to their
General Model of Natural Selection in their Progress
Tracker.

13 · INTRODUCE THE UPCOMING SUMMATIVE ASSESSMENT AND RELATED HOME LEARNING
MATERIALS: Refining and Applying our General Model of Natural Selection

Summarize how our model was refined by testing it. Say, While we were able to explain some of the results in the simulation using our prior
version of General Model of Natural Selection, after testing the model we also found some nuances in the simulation results that helped us refine our
model further. And that came just from testing the model against environmental changes that involved something like a predator.

Preview the summative assessment context for the next lesson and introduce the home learning. Say, We still have not tested our General
Model of this bacterial population against other environmental changes related to the resources that bacteria would need for survival and
reproduction Let’s plan to do that in our next lesson, using a modified version of this simulation. In the next lesson, you will work independently to plan
and carry out how you want to modify the resources in the environment for these simulated bacteria. You will carry out your investigation using the
simulation, you will analyze your results, and you will explain the outcomes. This will be an important summative assessment opportunity for you to
try to apply our General Model of Natural Selection to explain your findings. And once you’ve done that, we will take time to figure out if we can apply
that model to explain anything that might have happened to populations of penguins, horses, whales, and horseshoe crabs over millions of years. To
prepare for those next steps, start considering some of these related questions in your home learning. Show slide R.

Distribute Refining and Applying our General Model of Natural Selection.



ASSESSMENT
OPPORTUNITY

Building towards 9.B: Explain the ways in which our model for natural selection was refined based on the
results of our bacteria simulation investigations and explain what parts and interactions would need to be
redesigned in the simulation to test additional causal relationships from our model for natural selection.

What to look and listen for
See page 1 of Refining and Applying our General Model of Natural Selection for question-specific
responses.

What to do: If some students struggle with identifying things like water and/or food as a set of resources
needed for survival and interactions like consumption and use of these resources for energy and building blocks
by bacteria, ask those students to outline a set of specifications for interactions with the environment they think
are important to capture for a natural selection simulation of penguin populations. Here are some example
prompts that may help them map elements of the real world to such a theoretical simulation:

What are some risks and resources in the water you think it would be important to have the penguins
interact with in the simulation?
What are some risks and resources on land you think it would be important to have the penguins
interact with?
What are some heritable traits in penguins that you think would affect how they interact with things in
the water or on land?
What variations would you want to see included in the simulation for some of these traits?


