
LESSON 10: Why does our general model tend to produce different outcomes in
different environmental conditions?

PREVIOUS LESSON We carried out an investigation using a computer simulation. We argued for why we got different outcomes when we simulated different types of white blood
cells in the environment with the same starting population of bacteria.

THIS LESSON

INVESTIGATION

2 days

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

NEXT LESSON We will attempt to apply our model of natural selection to explain differences in traits in horses over very long periods of time. We will use our model of natural
selection to explain differences in traits in penguins over very long periods of time. We will revisit our Driving Question Board to answer our questions and ask
new ones.

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

10.A Plan and carry out an investigation in a simulated environment to collect data about how 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 a computer simulation in two different investigations.

10.B Construct an explanation based on evidence collected from running a simulation and using science ideas included in our General Model for
Natural Selection for how and why small changes in an environment may cause large changes in trait variations in a population over long periods
of time.

WHAT STUDENTS WILL FIGURE OUT

Our model (General Model for Natural Selection) tends to produce different outcomes in different environmental conditions.
Any change in the environment that affects the resources needed for survival and reproduction can lead to shifts in the distribution of traits
in a population.
Natural selection tends to remove certain variations from a population over time; this outcome becomes more pronounced as time goes
on.



Lesson 10 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Navigate from the previous lesson by considering resources bacteria would need
from their environment in order to survive and reproduce.

A-B completed Refining and Applying our General Model of Natural Selection
from home learning

2 5 min ORIENT TO THE SIMULATION
Orient students to what is in the computer simulation.

C www.teachersopensciedfieldtest.org/penguins,
https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd, computer,
projector

3 5 min MAKE PREDICTIONS
Make predictions about what will happen to the number of bacteria in the
population over time.

D

4 13 min EXPLORE THE SIMULATION
Frame the investigation and individually explore the simulation.

E-F computer, https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd, General
Model for Natural Selection

5 min INVESTIGATE
Distribute the data collection sheet and orient to the rows in the sheet. Carry out
investigations and record data.

G-H Different environmental conditions and results, computer,
https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd

End of day 1

6 5 min NAVIGATION
Navigate from exploring the simulation to developing an explanation for both
outcomes.

I Different environmental conditions and results, General Model for Natural
Selection

7 30 min EXPLAIN THE DIFFERENCES IN THE TWO CASES
Write an explanation for Case 1 and Case 2 and cross-reference with the General
Model.

J-K picture of the class General Model, My Model for Changes in Bacteria
Populations, Different environmental conditions and results

8 5 min MAKE PREDICTIONS ABOUT LONG PERIODS OF TIME
Predict outcomes of running the simulation for really long periods of time.

L General Model for Natural Selection

9 5 min NAVIGATION
Consider the power of the General Model in explaining the penguin phenomena we
have been working to figure out.

M

End of day 2



Lesson 10 • Materials List
per student per group per class

Lesson
materials

completed Refining and Applying our General Model of Natural Selection from home learning
science notebook
computer
https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd
Different environmental conditions and results
picture of the class General Model
My Model for Changes in Bacteria Populations

www.teachersopensciedfieldtest.org/penguins
https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd
computer
projector
General Model for Natural Selection

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.

Review www.teachersopensciedfieldtest.org/penguins , the video introducing the computer simulation. Test the simulation link https://tinyurl.com/Bacteria-Food-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 can access the simulation URL too (https://tinyurl.com/Bacteria-Food
-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.

Take a picture of the General Model that each of your classes has developed. Print the picture so that each student can tape one into their science notebook.

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


Lesson 10 • Where We Are Going and NOT Going
Where We Are Going

The purpose of this activity is to give students a way to quickly test several variables in the environment and determine the cause and effect between change in environment and change in the
number of individuals in a population that have a certain trait.

With this simulation students will also see that when an environment selects for certain traits over longer periods of time, some variation will disappear from the population. Once that
variation is gone, it will not return--regardless of how the environment is changed.

By the end of the simulation students should be able to use cause and effect and structure and function to justify predictions they make regarding how traits change when populations are
exposed to specific environments.

Where We Are NOT Going

Students will make predictions regarding only the trait variation that is already present in the population. We are not introducing new traits, and we are not yet exploring the idea of the role of
mutations in the appearance of new trait variation.



5 min

LEARNING PLAN for LESSON 10
1 · NAVIGATION
MATERIALS: completed Refining and Applying our General Model of Natural Selection from home learning, science notebook

Navigate into the lesson by referencing the previous investigation and next steps. Remind students that in the previous lesson, they figured
out that depending on the hunting strategy of the white blood cell in the environment, bacteria with different trait variations had a
competitive advantage or disadvantage, meaning that some were better able to survive and reproduce and others were less able to survive
and reproduce. Say, At the end of the previous lesson, we figured out that our model could explain the changes in the trait distribution in a
population of simulated bacteria due to one type of environmental change (predators), and we wondered if it would predict and explain outcomes
from other changes to the environment.

Turn and talk about resources bacteria would need from their environment in order to survive and reproduce. Present slide A and instruct
students to look at Refining and Applying our General Model of Natural Selection. Remind students that they individually brainstormed
resources bacteria would need from their environment in order to survive and reproduce. Have students share the ideas they brainstormed
using the prompts below and on the slide. Give time for students to share their thinking with a partner before sharing out with the whole
class.

Suggested prompt Sample student response

What are some of the resources that bacteria would need from their
environment in order to survive and reproduce?

(Accept all responses. Responses may include the following:)

Food source.

Water.

Space.

Protection from harsh environmental conditions.

A certain temperature range.

What are the things that would need to be changed in the simulation
to mimic bacteria interacting with some of these resources?

(Accept all responses. Responses may include the following:)

We could add a water source or a food source. Bacteria could get
energy from the food or water source or lose energy when they move.

We could build in spaces that might be good for bacteria to live in and
other spaces that are difficult for bacteria to live in.

We could build in a way to change the temperature.

After students have shared, summarize by saying, It sounds like there are a lot of things in the environment that can either help or hurt an
individual bacterium’s ability to survive and reproduce--food, water, space, and protection from harsh conditions. Let’s pick one of these to think about
today--let’s think specifically about food. Engage students in thinking about trait variations that may provide a competitive advantage or
disadvantage for bacteria with relation to food using the prompts below.



5 min

Suggested prompt Sample student responseSuggested prompt Sample student response

Would some of the bacteria we looked at before have a competitive
advantage in environments with limited food?

(Accept all responses. Responses may include the following:)

Bacteria that can move quickly might be better able to reach the food
more quickly, giving them a competitive advantage.

But, if a bacterium moves faster, it might also use more energy, so it
might be at a competitive disadvantage because it is burning energy
faster.

Orient to the bacteria in the simulation. Present slide B and introduce the following ideas:
There are many different types of bacteria in the world, beyond salmonella, that have variations in their flagella.
While salmonella consume food in our bodies (e.g., our blood) as fuel to move and as building blocks for making new cells, other
types of bacteria, like bacillus, consume other living things, like algae, as food sources.

Say, Let’s work with a simulation that has the same starting trait variation in the population, but we’ll switch to an environment where the bacteria
need to get some type of food to survive and reproduce.

2 · ORIENT TO THE SIMULATION
MATERIALS: www.teachersopensciedfieldtest.org/penguins, https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd, computer, projector

Orient to the computer simulation. Display slide C. Show www.teachersopensciedfieldtest.org/penguins .

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?

Suggested prompt Sample student response

What changes have we made to the bacteria in this simulation? In addition to having trait variations in the number of flagella,
bacteria can gain and lose energy.

How do bacteria gain and lose energy? Bacteria gain energy by eating algae.

Bacteria lose energy by moving. Bacteria lose more energy when they
move faster.

How do environmental conditions vary? We can add more or less water, which grows algae. Bacteria eat the
algae for energy.

We can also change the shape of the water in the environment.

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


5 min

13 min

3 · MAKE PREDICTIONS
MATERIALS: None

Make predictions about what will happen to the number of bacteria in the population over time. Present slide D and have students turn
and talk with a partner about the prompts on the slide. After they have had an opportunity to talk with a partner, select several students to
share with the rest of the class.

Suggested prompt Sample student response

What do you predict will happen to each of the bacteria populations
on slide D over time?

The bacteria will die out in the right environment, but not the left one,
because there is no food in the right environment.

Consider following up with the prompts below.

Suggested prompt Sample student response

What do bacteria need food for? They need food to survive (they will die if they run out of food).

They need food to reproduce (they can only reproduce if they have
enough energy).

If there is enough food for some to survive, then what do you predict
will happen to the trait distribution in the surviving population?

(Accept all responses.)

What if you change the distribution or amount of resources in the
environment?

(Accept all responses.)

4 · EXPLORE THE SIMULATION
MATERIALS: computer, https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd, General Model for Natural Selection

Frame the investigation. Present slide E and say, Last time we tested our model, we uncovered some new ideas to add to our model. Pause and
refer to any new ideas that the class added to their General Model for Natural Selection from the last lesson. Say, We wanted to test it for other
types of environmental changes besides predators. Let’s use this updated simulation to continue testing our model.

Introduce the assessment component of this investigation. Say, This next test of our model can serve as an assessment for ourselves to see how
far we have come in explaining how and why different environments can cause different types of population changes. Before we get to explaining our
ideas, we need to explore the simulation, running multiple trials, until we find the following:

one kind of environment that repeatedly selects for certain trait variations in bacteria
at least one more kind of environment that repeatedly selects for different trait variations in bacteria



min

Individually explore the simulation. Show slide F and use the directions on Two different environmental conditions and results to help students
access the simulation, which is located here: https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd Explain that students will take some time to
individually explore the simulation. Focus student explorations using the prompts on the slide:

Try to find two environmental conditions that result in very different results in trait distribution.
Run multiple trials to confirm the general trend holds for these environmental conditions.

As students explore the simulation, circulate to observe the trials, notice interesting outcomes, and connect individual students’ trials to other
students in the room.

ADDITIONAL
GUIDANCE

Students may wish to talk casually with one another while they run trials. This chatter can be a productive way
for students to learn from one another and get ideas about how to set up their own trials.

5 · INVESTIGATE
MATERIALS: science notebook, Different environmental conditions and results, computer, https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd

Plan for data collection. Present slide G and pass out Different environmental conditions and results. Have students put the handout into their
science notebook. Orient students to the rows on the sheet. It may help to show students where in the simulation they might be able to find
the data. For instance, you can point to the part of the simulation interface that shows “# of deaths” for both environments.

Individually carry out the investigation and record data. Present slide H and instruct students to use their individual explorations of
the simulation to guide their investigation and record data. All student responses should be recorded on Different environmental

conditions and results.

ASSESSMENT
OPPORTUNITY

Building toward 10.A Plan and carry out an investigation in a simulated environment to collect data about how
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 a
computer simulation in two different investigations.

What to look and listen for: Look for investigation setups with two different environmental conditions that
yield two different results in trait distribution. Look for students running the investigation multiple times and
tracking their findings for each run. An example student response is available in Two different environmental
conditions and results.

What to do: Identify students who are struggling to produce different results in trait variations. Press those
students to consider the differences in environmental conditions and how they might be able to alter the
environmental conditions more to yield different results.

Prompt students to continue testing their setup for multiple trials and noting the outcomes.

End of day 1

https://tinyurl.com/Bacteria-Food-Hunt-OpenSciEd


5 min

30 min

6 · NAVIGATION
MATERIALS: Different environmental conditions and results, General Model for Natural Selection

Navigate from exploring the simulation to developing an explanation for both outcomes. Show slide I and have students turn and talk with
a partner about the prompts on the slide. Once students have shared their investigations, use the prompts below to summarize the findings.

Suggested prompt Sample student response

Did the population change over many generations? Yes, in all cases, it did.

Did differences in the environments cause this change? Yes, differences in the environment seemed to be one of the main
causes of this change.

Reference the General Model for Natural Selection developed in the previous lesson and summarize by saying, It sounds like our general
model can explain these outcomes as well. If that is the case, then, every one of the ideas in our general model should be able to be connected
together to explain both outcomes.

Remind students that when we originally set out on this investigation, we realized that it could be a great opportunity to assess ourselves to
see how far we have come in explaining how and why different environments can cause different types of population changes. Say, Let’s see
how far we have come. Let’s see if we can explain the differences between the two environments using every piece of our generalized model.

7 · EXPLAIN THE DIFFERENCES IN THE TWO CASES
MATERIALS: science notebook, picture of the class General Model, My Model for Changes in Bacteria Populations, Different environmental conditions and results

Orient to the General Model and the handout. Present slide J and pass out My Model for Changes in Bacteria Populations and a picture of the
whole-class General Model to each student. Have students tape all sheets into their science notebook. Explain that the handout includes two
scaffolds for the model that include only the big headings. To help orient the students to the handout, have them work individually to locate
in the whole-class General Model the major headings depicted on My Model for Changes in Bacteria Populations.

Say, Since we are going to try to use our general model to explain the two different cases that you just investigated, I thought it might be helpful to be
able to use this structure to organize our ideas. Our goal is to combine our general model ideas with the evidence that we just collected to explain both
cases. Make it clear to students that Case 1 is the left side of the simulation investigation that they just did and Case 2 is the right side of the
simulation investigation that they just did.

Summarize by explaining that our goal is to develop a coherent explanation for how and why different environments caused the changes we
observed. We have evidence of the changes (the data on Penguin Comparison), and our goal now is to apply the specific mechanisms from
our General Model to these two specific contexts.

Write an explanation for Case 1 and Case 2 and cross-reference with the General Model. Present slide K and instruct students to
start by writing their explanation for Case 1 (the left side). Students can use My Model for Changes in Bacteria Populations to organize

their thinking and should write directly on the handout. Once students have generated their explanation, prompt students to cross-reference
their explanation with the General Model. Students can place a checkmark next to each model idea on their General Model picture that they
can point to in their own explanation. Once students are satisfied with their explanation for Case 1, prompt them to move on to Case 2.



5 min

ASSESSMENT
OPPORTUNITY

Building toward 10.B: Construct an explanation based on evidence collected from running a simulation and
science ideas included in our General Model for Natural Selection for how and why small changes in an
environment may cause large changes in trait variations in a population over long periods of time.

What to look and listen for: Look for students using all the model ideas from the General Model and evidence
from their investigation in their explanations for both cases. An example student response is available in Student
Examples for My Model Changes in Bacteria Populations.

What to do: Identify students who have missing model ideas or who have not connected model ideas to
evidence from their investigation. Leave these students a sticky note in or on their student notebooks letting
them know you will ask them to
1. check to make sure all the model ideas are included and
2. connect model ideas to evidence from the investigation.
Make an effort to follow up with those students.

8 · MAKE PREDICTIONS ABOUT LONG PERIODS OF TIME
MATERIALS: General Model for Natural Selection

Turn and talk with a partner about running the simulation for a really long time. Using the prompt on slide L, have students make
predictions about what might happen to trait variations in a population if they ran the model for a really long time. Have students share their
ideas with the whole class after they have had a chance to share with a partner.

Suggested prompts Sample student responses Follow-up questions

What do you think will happen to the trait
variations in the bacteria population if you
run the model for really long periods of time?

It is possible that certain trait variations
might be totally lost from the population.

Does that mean some trait variations would
disappear completely from a population?

Why do some trait variations tend to
disappear from a population?

Some trait variations give an individual a
competitive disadvantage, which means they
are less likely to survive and reproduce, so the
trait will likely not be passed on to offspring.
Eventually, there may be no more bacteria
with that trait variation left in the population
to pass it along.

How could we represent this in our general
model?

Summarize by saying, It sounds like we can add this idea to our general model. Let’s add it now. On the General Model, add the following model
idea near “Populations After Change:”

Our model (natural selection) not only shifts the distribution of traits over many generations and changes what is typical in a
population over time, it removes trait variations that are less advantageous in that environment.



5 min9 · NAVIGATION
MATERIALS: None

Consider how our General Model can be used to explain the patterns we have observed in penguins. Present slide M and say, We have seen
the power of our general model in explaining multiple phenomena that we have observed. Do you think that our general model can be equally
powerful in explaining the patterns we have observed in penguins? Tell students that in the next lesson, we are going to dive deeply into thinking
about how the General Model can be used to explain the patterns in the penguins. For now, have students begin to think with a partner
about how it can be applied.

Instruct students to work with a partner to select one of the questions on the slide to discuss. Students should share their thinking about the
question in preparation for diving deeply into all three of the questions in the next lesson.

Can our model explain how penguins are living and reproducing in certain environments and not others? Why?
Can our model explain why there are differences in some traits for penguins that live in some environments compared to others
(e.g., Humbolt vs. emperor)?
Can our model explain why penguins living long ago had different trait variations that were typical in their population than
penguins of today?


