
One tool many MBER teachers use is 

the “hide slide” feature. If you go up 

under the slide show menu you will see 

“hide slide” in the drop down. If you click 

that for any given slide it will still show 

up (as grayed out in the slide sorter) but 

when you play the ppt in presentation 

mode it will not display. 



Not meant to show to students 



Not meant to show students. 



TEACHER NOTES:  

Before we dive into our first learning 

segment, let’s go back and review what 

we’ve figured out so far in the first two 

triangles in MBER-Bio:  

1. We started the academic year by 

observing that biodiversity has 

changed over time 

2. Most recently, we learned that 

population sizes, such as those of  



the moose and wolf on Isle Royale, tend 

to fluctuate due to various factors [list 

some of the factors students included in 

their model] 

 

Now we begin to explore if and how these 

two ideas are connected…is it possible that 

changes in population sizes play a role in 

species change? 

 

At this point, you may want students to 

come up with  some possible answers to 

these questions. Right or wrong answers do 

not matter at this point—it’s just a means to 

get them thinking about what comes next... 

 

Sources: 

https://commons.wikimedia.org/wiki/File:Gre

y_wolf_P1130270.jpg 

 



We will explore these questions by 

starting with three interesting stories. 

 

Tell students that they are now going to 

listen to three stories: one about moths, 

one about bacteria, and another about 

finches. Tell them that as your go 

through the stories, you want them to 

listen carefully. You might have them jot 

down on their doodles sheets anything  



that they may notice, or anything they think 

might be important.  

 



TEACHER NOTES:  

Our first story is about peppered moths in England. 

Before 1800 almost all pepper moths were speckled. 

The first dark peppered moth was collected in 1848.  

Soon after that, the population was mostly dark and 

changed back to mostly speckled after 1950s. Don’t 

give students too much detail, more about this story will 

come in the Model Application Segment (and can be 

used as an assessment). The goal is to show change 

over time (without explicitly telling the students this yet) 

and have students think about: How did this happen?  

 

If you want more background on this story see a June 

2016 article published in Science that talks about the  



gene responsible for the change: 

https://www.sciencenews.org/article/jumping-gene-turned-

peppered-moths-color-soot. The mutation for dark wing color 

appeared before the industrial revolution. The variation was 

there already, what changed was the distribution of the trait in 

the population.  

 

https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot


TEACHER NOTES:  

Our first story is about peppered moths in England. 

Before 1800smost all pepper moths were speckled. 

The first dark peppered moth was collected in 1848.  

Soon after that, the population was mostly dark and 

changed back to mostly speckled after 1950s. Don’t 

give students too much detail, more about this story will 

come in the Model Application Segment (and can be 

used as an assessment). The goal is to show change 

over time (without explicitly telling the students this yet) 

and have students think about: How did this happen?  

 

If you want more background on this story see a June 

2016 article published in Science that talks about the  



gene responsible for the change: 

https://www.sciencenews.org/article/jumping-gene-turned-

peppered-moths-color-soot. The mutation for dark wing color 

appeared before the industrial revolution. The variation was 

there already, what changed was the distribution of the trait in 

the population.  

 

https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot


TEACHER NOTES:  

Our first story is about peppered moths in England. 

Before 1800smost all pepper moths were speckled. 

The first dark peppered moth was collected in 1848.  

Soon after that, the population was mostly dark and 

changed back to mostly speckled after 1950s. Don’t 

give students too much detail, more about this story will 

come in the Model Application Segment (and can be 

used as an assessment). The goal is to show change 

over time (without explicitly telling the students this yet) 

and have students think about: How did this happen?  

 

If you want more background on this story see a June 

2016 article published in Science that talks about the  



gene responsible for the change: 

https://www.sciencenews.org/article/jumping-gene-turned-

peppered-moths-color-soot. The mutation for dark wing color 

appeared before the industrial revolution. The variation was 

there already, what changed was the distribution of the trait in 

the population.  

 

https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot
https://www.sciencenews.org/article/jumping-gene-turned-peppered-moths-color-soot


TEACHER NOTES:  

The second story is about the bacteria Staphylococcus 

aureus. S. aureus normally lives on our skin. It is 

usually harmless unless it enters our body through a 

wound or scrape. S. aureus can cause a range of 

illnesses from minor skin infections to life threatening 

pneumonia, meningitis and sepsis. Here we want to 

show the correlation between the introduction of 

antibiotic and the change in antibiotic resistance. The 

goal is to show the distribution of the trait (antibiotic 

resistance) changing over time, most likely the change 

was driven by the usage of antibiotic (new 

environment). Be careful with your wording so you do 

not inadvertently introduce or solidify the common idea  



that the antibiotic directly changed the bacteria. 

 

There are several interesting examples of athletes that have 

been affected by MRSA (Methicillin resistance S. aureus). 

The story on the slide is about the general phenomenon of 

antibiotic resistance emerging over time. This would be an 

appropriate place to bring in a more specific story or 

anecdote about antibiotic resistance that your students might 

find interesting or more connected or relevant to their lives.  
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TEACHER NOTES:  

Our third story is about Darwin’s finches. On the island 

of Daphne Major in the Galapagos (Ecuador) lives a 

group of birds called the medium ground finches 

(Geospiza fortis) (they only live in this part of the world). 

Within the population of these finches there is a lot of 

variation in beak depth (just like we see variation in 

many traits in humans e.g. hair color, height, eye color, 

etc). Many researchers have been interested in these 

finches since the time of Darwin. In particular, two 

researchers Peter and Rosemary Grant from Princeton 

University have been studying the finches since the 

70s. Every year they go to the islands with a group of 

students and make many measurements of the birds  



including beak depth and environmental conditions. This is a 

long-term ecological study which provides a detailed look at 

the variation within these populations from year to year. The 

diversity of finches on the islands is large and there is little 

human intervention; an ideal situation to study populations. 

The researchers noticed a surprising shift in average beak 

depth between 1976 and 1978 in one population of finches. 

Finches borne in 1976 had in average a beak depth of 9.2cm. 

In contrast, finches borne in 1978 had a beak depth of 9.7. 

Finches reproduce every year and average clutch is three 

eggs.  
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TEACHER NOTES:  

This is a different representation of the same graphs 

emphasizing that the average bill depth changed over 

time but do note that there is variation in both graphs. It 

is the distribution of bill depths that has changed over 

time. In other words, there are more finches in the 

population with deeper bills in 1978 than there were in 

1976 



TEACHER NOTES:  

Now that students have listened to three 

stories, ask them to consider what the 

three stories have in common. Teachers 

who have implemented this sort of task 

have found it useful for students to have 

time to write down some thoughts 

individually before transitioning into a 

think-pair-share for a few minutes. 

There is a box on the doodle sheet for  



students to write down what they noticed 

(Doodle A) 

 

Our goal here is to position students as 

generators of knowledge, which is why it is 

so important to pause and let them make 

sense of and process the three stories here.  

 



TEACHER NOTES:  

Once students have finished discussing 

with a partner, have them share out 

what they observed in the three stories. 

It’s helpful to write what they noticed 

directly into this PowerPoint (using the 

empty text box on this slide), or to write 

what they share on a board that is 

visible to the class (such as a 

whiteboard in the front of the room).  



This is a great way of making student ideas 

public so that others may consider them as 

well, and is a common strategy used 

throughout MBER Biology. This stage is 

very important because it helps students to 

see that their ideas will be valued and it 

serves a cognitive purpose as well: 

observing phenomena helps to activate their 

prior knowledge--all students have 

productive ideas about what happens in the 

natural world!  

 

If students are vague or provide one-word 

answers, ask them to clarify or expand on 

their observations. 

 
It may be useful to get all the ideas down first before 

guiding students towards the idea that something 

(traits/characteristics/etc.) changed over time. This is 

usually intuitive for the students. The following list includes 

some of the patterns identified by previous MBER students: 



1. They were all living organisms. 

2. Over time things changed. 

3. Their appearance changed. 

4. Their color changed. 

5. They adapted. 

 

 



TEACHER NOTES:  

Once students have identified that the 

species in the three stories have 

changed, show them this slide so that 

they have a chance to connect their 

ideas back to the fossil record they 

discussed in UD Part 1. The goal here is 

for students to distinguish between 

changes in the distribution of species on 

the planet over time versus changes in  



populations of the same species over 

shorter periods of time. We might wonder if 

these two processes are connected. If that 

comes up, get it up into the parking lot so 

you don’t lose track of it. Connections like 

this are exactly what we are trying to work 

out throughout the full MBER-Bio sequence. 

 



TEACHER NOTES:  

Tell students that they have now 

identified a naturally occurring 

phenomenon---something puzzling to 

figure out! That traits tend to change in 

populations over time! [insert the 

wording your class generated to reflect 

what the students said during 

discussion—using their language is 

important for fostering their agency to  



generate knowledge—we want them to 

know that what they say is important!] 

 

Have them write the phenomenon on their 

doodle sheet in Box B. 



Although we have flagged this as a 

separate learning segment because we 

have moved on the reasoning triangle 

from exploring a phenomenon to 

generating questions, this transition 

should be fairly seamless for students. 

Thus this slide picks up directly from 

where the conversation should have 

been when using slide 23.  

 



Students may need a minute or two to 

consider this question on their own before 

discussing it in pairs or in groups. They can 

write their questions down in Box C on the 

natural selection doodle sheet. 

 



Once students have had a chance to discuss and to 

write down their questions on the doodle sheet, have 

them share out their questions and list them 

somewhere visible, such as in this powerpoint (in the 

placeholder text box) or on a whiteboard. 

 

After ideas are listed, it may be necessary to have 

students combine similar questions, or even to ask 

them “is there one question that could help us answer 

all/most of these?” Ideally their driving question will be 

around change over time. How do traits change over 

time? But, it doesn’t need to be exactly written in this 

way–student language is powerful for helping them 

realize that their ideas and questions matter. Once you  



have decided on the driving question for this triangle, have 

the students record it in Doodle Box D. 

 

Examples of questions students have asked include: 

How are they all the same? 

How are they all connected? 

What allows the organisms to change? 

How long have these changes been happening? 

Did changes in habitat have something to do with the 

change? 

 

Additional note: One way to handle productive questions that 

are not well-aligned to where you are headed right now is to 

keep track of them in the Questions Parking Lot to be 

reviewed throughout the year. Hopefully you have already 

established this in your classroom from working on the first 

few models, but if not, now is a great time to get this posted.  

 

 



Tell students that we will now begin to 

write down some ideas that might help 

to answer the question. Have students 

write down their ideas–their initial 

model– that might help them to answer 

the question. The goal for students is 

to begin brainstorming initial 

explanations for what might have led 

to the observed changes in the three 

stories. We hope to tap into students'  



curiosity and prior knowledge. 

 

This will be a very speculative process, 

some ideas will be great, some not that 

great, some will be well developed others 

not.  At this point the purpose is to surface 

their thinking and not to evaluate the 

ideas. In the subsequent learning 

segments, we will explore the ideas in 

more depth and decide if they should stay, 

go, or be revised.   

 

Once again, giving students a chance to 

write the ideas down individually, before 

discussing in groups may be helpful. [Don’t 

forget to add the question in this slide to 

reflect the question the students generated--

student language is important]. 

 



There is a box on the doodle sheet for 

students to write down their initial ideas. In 

addition to this individual record we suggest 

you keep a collective public record of these 

early ideas somewhere in the classroom. 

[template provided in next slide] Remind 

students that these ideas may change as 

they find evidence that may or may not 

support these initial model ideas.  

 

 



Template for recording initial model 

ideas. We suggest that this should also 

be made into a version that can be 

displayed in the classroom so that it can 

be a touchpoint to return to over the 

subsequent learning segments. Most 

teachers choose to display it on chart 

paper along with the driving question for 

the triangle.  



Tell students that in order to refine our 

model and to answer our question, 

we’re going to return to the finches. 

Maybe they can help us refine our 

model to answer the question we have 

about HOW populations change over 

time? 

 

Have students read the background 

information about the finches. Use your  



favorite reading/literacy strategy for this. OR, 

you can use the next 3 slides. 

 

After students have read the handout, have 

them share out things they learned about 

the finches. It’s not necessary to have them 

write these down anywhere at this point. We 

just want them to start to think about the 

finches a bit more in depth. 

 

Next, ask them if there are any questions we 

can ask about the finches that can help us 

answer our big question (how do traits 

change over time?). The goal here is for 

them to ask something like why did the 

finches beaks change over time? Have 

them write this question down on their 

doodle sheet in Box F. [then insert this 

question in slide 52] 

 



Next, ask the students if they would like 

more, detailed information about the finches 

to help answer their question. 

 

 



[not necessary to show students—can 

be used in lieu of the handout, or can be 

used as a review, or not used at all] 
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In groups of 3-4 students, have students 

analyze and interpret the dataset. 

Although these graphs are complex, it is 

rewarding to see the kinds of ideas that 

students generate on their own when 

studying the graphs. Try to give 

students some time on their own before 

stepping in to help them.  

 

Also, try not to let the timeline become  



the product—it is meant to be an organizer 

for the students to keep track of their ideas. 

Students are very adept at filling in 

worksheets, what we want to happen here is 

for students to do some sense-making.  

 

The next 9 slides are of the graphs. They 

are placed here in case you need easy 

access for a review or discussion of specific 

data points.  
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Not meant to show students.  



First, review with students what they 

have done so far, and then tell them that 

they will now take what they’ve learned 

about the finches from the data analysis 

task and will revise, edit, or add ideas 

they think might help to explain what is 

happening to the finches.  

 



TEACHER NOTES: Have students 

move from working with the data in 

Learning segment 4 to explaining what 

happened to the finches. This transition 

may be fairly seamless as it occurs in 

the classroom but it is important to 

mark. We are going from exploring and 

examining the phenomenon to 

proposing a causal account of what 

happened. We do this in order to  



provide more fodder for the next modeling 

step we will take. Have students write up 

their account of what happened to cause the 

change in the distribution of finch beak size 

from1976 to 1978. This is a different task 

than the one they first engaged in where 

they were looking over the data to determine 

WHAT happened on the Island during these 

years. Now they should be writing a story 

that explains WHY the distribution changed. 

It should be a mechanistic or causal story.  

 

Have students write their ideas on white 

boards so that they can be displayed. Use a 

gallery walk or some other method for 

students to see what other groups have 

written. This step is important as we have 

found that different groups pay attention to 

different aspects of the story and by having 

them see the work of other groups a broader  



range of ideas come up in the subsequent 

discussion.    

 



TEACHER NOTES: Use a whole class 

discussion to develop bulleted version 

of the finch story here. Be inclusive in 

this discussion as there will be an 

opportunity to refine the ideas later. 

Have students record the main ideas 

about what happened to the finches in 

Box G on the doodle sheet.  

 



TEACHER NOTES: Have students 

return to their groups to revise the initial 

model ideas from Doodle Box E. These 

were the ideas they proposed after 

hearing just the sketchy stories of 

finches, peppered moths an antibiotic 

resistance. Now they have spent an 

extended period of time examining a lot 

of data about what happened with the 

finches and they have constructed an  



account of what happened and why. The 

goal here is to move from the specifics of 

the finch account back out to developing a 

GENERAL model for explaining how 

populations change over time. The task to 

give them in their groups is to take the ideas 

generated by the class about the finches 

and phrase them as general ideas. For 

example, one statement in the finch story is 

likely something about the drought that 

occurred. To generalize that statement, 

students often say something like “there was 

a change in the environment”. In essence 

they are using the data and causal 

connections they made in their finch 

explanations as evidence to revise and 

expand on their early ideas. Use this slide to 

display the two class lists side by side and 

then have them work in groups to write 

“general statements” that revise the initial  



model on the right. After students have 

worked in groups, usually writing their ideas 

down on a whiteboard, come back together 

as a group to finalize this stage of the 

model.  

 

You can have each group present their 

board, or have one group share one idea at 

a time and to keep adding to a class list.  

 

Add all ideas—after students have shared 

what they have written, ask them to group 

together similar ideas, or to look and see if 

there are any ideas that do not have 

evidence to support them. This is a great 

opportunity for fostering argumentation! 

 

It’s not important that students have a 

“correct” model at this point. In the next 

lesson segment they will further explore their  



model ideas to see if they hold up across 

other species. Some will, and some will not, 

and they can revise as necessary 

 

Students can write down their revised model 

in Box H on their doodle sheet. 

 

Here’s an example of model ideas 

generated by an MBER class (asterisks 

indicate multiple groups agreed with this 

statement): 

1. Variation of traits/Genetic changes* 

2. Types/Amount of resources (water & 

food)***** 

3. Weather/climate*** 

4. Predator/prey relationships 

5. Size of Population (birth rate/death 

rate)*** 

6. Change in 

environment/surroundings/habitat** 



7. Lifespan 

8. Relationship between offspring & 

parents (Inheritance) 

9. Reproduction 

10. Competition 

 

 



Based on the model that students 

generated, you might need to revise 

some of these slides to fit what they 

generated. It might require you to find 

some additional data or simulations for 

them to explore. If you’re unsure of 

where to go with their ideas or what 

data to look for, check out the MBER 

Biology forum and pose the question to 

the MBER community! 



 

Hopefully the students mentioned something 

about the population size in their model, 

especially considering it was something they 

discussed in Population Dynamics. It is the 

first idea that we will tackle in these slides, 

but rearrange the order if you feel there are 

other ideas students should tackle first. You 

may also need to change the ideas in the 

slides (e.g., there was a change in the finch 

population size), to represent what the 

students described/included in their model. 

The same is true for all model ideas 

explored in this learning segment.  

 

As a means to get the students back in the 

frame of changes in population sizes, pose 

the question “where else have we observed 

changes in population sizes?” (hopefully 

they remember the wolves and moose of  



Isle Royale, and can even refer back to the 

model they have generated in PD). 

 

Start this task by asking students what 

happened to the original population of 

finches—they should remember that many 

died due to starvation caused by the 

drought. Post the question of what would 

happen if there was no starvation? What 

would a graph of that population look like? 

 

It might be a good idea to have some 

students draw their ideas on the board and 

to have students discuss why or why not the 

graphs are plausible. There is also a place 

for them to draw this prediction on their 

doodle sheet. 

 

 



Based on the model that students 

generated, you might need to revise 

some of these slides to fit what they 

generated. It might require you to find 

some additional data or simulations for 

them to explore. If you’re unsure of 

where to go with their ideas or what 

data to look for, check out the MBER 

Biology forum and pose the question to 

the MBER community! 



 

Hopefully the students mentioned something 

about the population size in their model, 

especially considering it was something they 

discussed in Population Dynamics. It is the 

first idea that we will tackle in these slides, 

but rearrange the order if you feel there are 

other ideas students should tackle first. You 

may also need to change the ideas in the 

slides (e.g., there was a change in the finch 

population size), to represent what the 

students described/included in their model. 

The same is true for all model ideas 

explored in this learning segment.  

 

As a means to get the students back in the 

frame of changes in population sizes, pose 

the question “where else have we observed 

changes in population sizes?” (hopefully 

they remember the wolves and moose of  



Isle Royale, and can even refer back to the 

model they have generated in PD). 

 

Start this task by asking students what 

happened to the original population of 

finches—they should remember that many 

died due to starvation caused by the 

drought. Post the question of what would 

happen if there was no starvation? What 

would a graph of that population look like? 

 

There is also a place for them to draw this 

prediction on their doodle sheet. 

 

 



It might be a good idea to have 

some students draw their ideas on 

the board and to have students 

discuss why or why not the graphs 

are plausible.  



Let’s test our prediction 

 

Let’s test our predictions 

[switch over the NetLogo 

situation] In the netlogo 

simulation, run it with the switch 

OFF. Have students discuss what 

happened to the population and  



why. 

 

 

Are the predictions the same as what 

we observed in the simulation? Why or 

why not? 



Ask the students what do populations in 

the real world do?  Are we overrun by 

finches as suggested in the last 

simulation?  

There is also a place for them to draw 

this prediction on their doodle sheet. 

 

 



Let’s test our predictions [switch 

over the NetLogo situation] In the 

netlogo simulation, run it with the switch 

ON. Have students discuss what 

happened to the population and why. 

 

How is this different from what we 

observed before? 

 

Have students illustrate the actual graph  



in the doodle in box L.  

 

Students might begin to ask what the switch 

represents. If it comes up, encourage the 

conversation, but do not provide any 

answers, yet. In the next few slides, the 

students will look at other graphs of 

populations sizes changing over time and 

will look to see if they observe any patterns. 

 



Ask students to look at the graphs 

and notice any similarities or 

differences in these graphs and 

with what they have observed 

between the two simulations. Is 

there a general pattern? What is it? 

 

The goal here is for students to 

recognize that populations tend to  



stay relatively stable over time. 

Then ask what the “switch” represents 

in NetLogo (there is a place for them to 

brainstorm on the doodle). 

 

They have already generated some 

ideas about this in population 

dynamics, but the goal is for them to 

recognize the idea that populations 

tend to stable due to limited resources! 

Currently, their model ideas are 

specifically related to the the finches. 

It’s ok if they want to revise their idea 

to be finch specific, but some students 

may also realize that this doesn't’t just 

happen in finches.  

 



Ultimately, students will end up with a 

generalized model that can broadly 

explain trait change over time, and now 

may be a point to begin transitioning to 

that model, if a generalized idea is 

posed by the student.  

 



Ask students to look at the graphs 

and notice any similarities or 

differences in these graphs and 

with what they have observed 

between the two simulations. Is 

there a general pattern? What is it? 

 

The goal here is for students to 

recognize that populations tend to  



stay relatively stable over time.  



Then ask what the “switch” 

represents in NetLogo (there is a 

place for them to brainstorm on the 

doodle). 

 

They have already generated some 

ideas about this in population 

dynamics, but the goal is for them 

to recognize the idea that  



populations tend to stable due to 

limited resources! Currently, their 

model ideas are specifically related to 

the the finches. It’s ok if they want to 

revise their idea to be finch specific, 

but some students may also realize 

that this doesn't’t just happen in 

finches. As we move forward, the 

language in the model may begin to 

become more generalized, and that’s a 

good thing! Ultimately, students will 

end up with a generalized model that 

can broadly explain trait change over 

time, and now may be a point to begin 

transitioning to that model, if a 

generalized idea is posed by the 

student.  

 

 



It might be useful to have students 

go back to their groups and discuss 

this for a few minutes before 

sharing out how they think this idea 

should be incorporated into the 

model. 

 

 

What we want students to realize is  



that even though populations have the 

potential to grow exponentially, they 

tend to stay relatively stable in size due 

to limited resources. The hope is for 

students to have realized this idea from 

the sequence of activities. Please try 

and use their language for these ideas 

whenever possible. 

 



Please see Oh Deer teacher notes 

in Resources.  

 

We now move into the second 

activity, where students will begin 

to reason about what might happen 

to an organism trying to survive 

when resources are limited. 

 



They’ll now play a game called “Oh 

Deer!” 

 

Sources: 

https://commons.wikimedia.org/wiki/Ur

sus_americanus#/media/File:Ursus_a

mericanus_PO_04.jpg 

https://commons.wikimedia.org/wiki/Fil

e:RedDeerStag.jpg 

https://commons.wikimedia.org/wiki/Ma

rmota#/media/File:Marmota_flaviventri

s.jpg 



Please see Oh Deer teacher notes 

in Resources.  

 

Tell students…let’s explore this 

question by playing a game called 

“Oh Deer!” 

 

Have your students count off in 1‘s 

and 2‘s. 



It is best to play 3-4 rounds of this 

game. 

 

It is probably best to play this outside 

where there is room for them to run 

around. 

 

Sources: 

https://commons.wikimedia.org/wiki/Fil

e:RedDeerStag.jpg 



Once students have completed the 

game, discuss what they learned 

from it. Have them work in groups 

to answer these question in Box N 

on their doodle sheet. After they 

have answered these questions 

together, have them share out their 

answers and push them for 

evidence and reasoning. 



 

For number 4, students should be 

guided towards the idea that it’s not 

just about survival, it’s also about 

surviving until reproduction! 

 

For number 5, students will hopefully 

recognize that if there are limited 

resources, it’s really hard to be a deer! 

There is a constant struggle for 

survival! 



Place the current model in the slide 

and ask students if they want to 

modify anything based on what 

they just learned about being a 

deer. Their idea will hopefully be 

similar to: Within populations of 
organisms there is a struggle to 
survive (due to limited 
resources). It can also still be  



related to finches if they aren’t quite 

there, yet.  

 

 



Show students the graph to remind 

them of what the graphs of beak 

sizes looked like. 

 

Students will now do the variation 

lab (student handouts under 

resources). 

 



Show this only after the variation 

lab is complete. Have students 

write their concluding statement 

into doodle box M.  

 

What can we conclude? Is variation 

the norm? Is there a consistent 

pattern? Have students write their 

concluding statement on their  



doodle sheet.  

 



Students most likely recognized 

that larger beak size was 

advantageous. They will now do 

the “wormeaters” activity (see 

resources).  

 

If students did not recognize that 

the larger beak size was 

advantageous, ask them what  



finches survived during the drought. 

Then ask if they think having a different 

size beak helped them to survive (was 

advantageous). If they’re still not sure, 

that’s OK because we will now test that 

idea. 



Add in data for students to see.  

 

And then ask them what patterns 

they notice? To facilitate this 

discussion, have them answer the 

questions in doodle Boxes O and 

P.  

 

Hopefully they will see that the  



ones with the most food got to survive 

and reproduce! 



Show this comparison between a 

“normal” caribou versus an albino. 

Have students predict what might 

happen to the albino caribou. 

Would it be advantageous for the 

albino trait to get passed on to 

offspring? Why or why not? 

 

From here on the conversation  



tends to naturally flow into the following 

topics:  

If you have an advantageous trait, you 

get to reproduce, and your offspring 

will most likely also have the 

advantageous trait, and will survive to 

reproduce and the number of 

individuals with that advantageous trait 

will increase. 

 

If so, is that in our model? Revise 

model as necessary.  

 

If students are not there yet the next 

couple of slide will help. They can also 

be used to reinforce these ideas. What 

happens if an individual with an  



advantageous trait gets to reproduce? 

What will the offspring look like?  

 

 

Sources: 

https://upload.wikimedia.org/wikipedia/

commons/e/e0/Caribou_from_Wagon_

Trails.jpg 



If  you haven’t already gotten here, 

yet, pose the question of what will 

happen if an individual with an 

advantageous trait gets to 

reproduce? What will the offspring 

look like?  

 

Is that in our model? Revise model 

as necessary.  



 

Ultimately, we want them to see that 

traits can be inherited…so offspring 

tend to have similar traits as their 

parents. 

 

Then pose the question of what will 

happen to population if the trait 

continues to be passed on? Here, we 

want students to come to the 

realization that the number of 

individiuals wiht the trait will increase, 

shifting what the “normal” trait is within 

a population! 

 

Sources: 

https://upload.wikimedia.org/wikipedia/ 



commons/e/e0/Caribou_from_Wagon_

Trails.jpg 



TEACHER NOTES: Refer back to 

the finch data on heritability and the 

original graphs showing the 

distribution of the trait changing 

over time. This is usually a fairly 

intuitive idea for students but you 

should feel free to add in any 

locally relevant story here of the 

change in the distribution of a  



heritable trait. This could be something 

in humans or another micro-evolution 

story of your choosing. Remember the 

idea we want to establish is about the 

consequences across a population of 

differential survival and reproduction 

over time. This is one of the big payoffs 

of all the previous conversations. Help 

your students have the a-ha moment 

that potential for exponential growth, 

struggle, heritable variation and 

differential survival and reproduction 

together lead to changes in the 

distribution of traits in a population over 

time.  



TEACHER NOTES: The idea we 

are hoping to add at this point is 

something like: We expect the # of 

individuals with advantageous 

variations to increase in each new 

generation and the # with 

disadvantageous traits to decrease. 

PLEASE help kids articulate this 

idea from the phenomena and data  



they have been exploring. Do not just 

tell them.  

 



TEACHER NOTES: Ask students if 

there are any other ideas that they 

need to discuss and revise. 

 

If there are any other ideas that the 

students have in their model that 

are finch specific, ask them what 

they have learned through these 

activities. Do our ideas only apply  



to finches? Have them revise their 

model statements as needed to reflect 

the more general language. Have 

students record the version of the 

model at this point in Doodle Q 

 



Review what students have done 

so far, and the ideas that they’ve 

generated—and the purpose 

behind generating the model. 

 

Tell them that they will now use 

their model to re-visit their finch 

explanations to make sure they 

attended to the full model and  



revise as necessary.  

 

 

 



TEACHER NOTES: Review what 

students have done so far, and the 

ideas that they’ve generated—and 

the purpose behind generating the 

model. 

 

Tell them that they will now use 

their model to create a model-

based explanation. 



 

If the timeline works out, you might 

have students create an individual 

explanation on their own for homework. 

This helps them to get their own ideas 

down (based on the model). Then, you 

can have them jigsaw their 

explanations to write a complete 

explanation together in a group. 

 

Teachers have found it helpful for 

students to first write their group 

explanations on a whiteboard or 

something that can easily be edited 

before having them transfer the posters 

to poster paper that can be hung on 

the walls around the room.  



 

Once done, tell the students that their 

explanations aren’t yet complete. They 

need to do one more investigation to 

make sure that they’ve thoroughly 

explained what was happening with the 

finches. 

 



In this segment students will have an 

opportunity to investigate how their 

models compares to other historical 

models that have been generated to 

answer this same question: how do 

traits change over time? 

 

But first, a brief history lesson (which will 

hopefully be a partial review of what 

they learned in unity and diversity).  



The goal here is to show students how the 

perception about life on Earth has changed. 

This is a simplified summary. Please expand 

if you wish but keep in mind that the goal is 

to show students that in the 1800s several 

scientists were trying to answer our same 

“driving question”: Why do traits change 

over time? This question is still a “driving 

question” in modern biology. 

 

Our explanation of history begins with an  



early explanation—that the Earth was only 

~7000 years old…. 

 

 



Two big models emerged during this time 

period that we will discuss today. One 

proposed by Jean-Baptiste Lamarck 

 

Sources: 

https://commons.wikimedia.org/wiki/File:Cha

rles_Darwin_1880.jpg 

https://commons.wikimedia.org/w/index.php

?search=Jean-

Baptiste+Lamarck&title=Special:Search&pro

file=images&fulltext=1&uselang=en&search 



Token=7ey3l8wqut5yhxc97cdyhd5o3#/medi

a/File:Jean-baptiste_lamarck.jpg 



We start with Jean-Baptiste 

Lamarck…explain to students the model 

ideas that Lamarck proposed. You might 

also provide some history about his life, etc.  

 

The University of California, Berkeley’s 

Evolution group has some great resources if 

you want more information about Lamarck: 

http://www.ucmp.berkeley.edu/history/lamar

ck.html 

http://evolution.berkeley.edu/evolibrary/articl 



e/history_09 

 

Sources: 

https://commons.wikimedia.org/w/index.php

?search=Jean-

Baptiste+Lamarck&title=Special:Search&pro

file=images&fulltext=1&uselang=en&search

Token=7ey3l8wqut5yhxc97cdyhd5o3#/medi

a/File:Jean-baptiste_lamarck.jpg 



Review Lamarck’s model based explanation 

for how long necks evolved in giraffes. 

 

Sources: 

https://www.dreamstime.com/stock-photo-

tree-giraffe-image28756980 



Now, have student groups go back to their 

finch explanations and underline in red (or 

any other color) any statements they made 

that are similar to what Lamarck may have 

said. 

 

Start a discussion with the students about 

any differences or similarities they noticed, 

and what they think about his model? Do 

they have any evidence that supports or 

refutes his ideas? 



 

Sources: 

 

https://www.dreamstime.com/stock-photo-

tree-giraffe-image28756980 



NOTE: This and the next slide were created 

blend into eachother when in presentation 

mode. 

 

Since students have already learned about 

the Galapagos, they might find Darwin’s 

studies interesting, so you can add in 

information to these slides to communicate 

that history to them. Some resources are 

listed below. 

 



The University of California, Berkeley’s 

Evolution group has some great resources if 

you want more information about Darwin: 

 

http://evolution.berkeley.edu/evolibrary/articl

e/history_14 

http://evolution.berkeley.edu/evolibrary/articl

e/history_09 

 

Sources: 

 

https://www.dreamstime.com/stock-photo-

tree-giraffe-image28756980 



 

Since students have already learned about 

the Galapagos, they might find Darwin’s 

studies interesting, so you can add in 

information to these slides to communicate 

that history to them. Some resources are 

listed below. 

 

The University of California, Berkeley’s 

Evolution group has some great resources if 

you want more information about Darwin: 



 

http://evolution.berkeley.edu/evolibrary/articl

e/history_14 

http://evolution.berkeley.edu/evolibrary/articl

e/history_09 

 

Sources: 

 

https://www.dreamstime.com/stock-photo-

tree-giraffe-image28756980 



Now, have student groups go back to their 

finch explanations and underline in blue (or 

any other color) any statements they made 

that are similar to what Darwin may have 

said. 

 

Start a discussion with the students about 

any differences or similarities they noticed, 

and what they think about his model? Do 

they have any evidence that supports or 

refutes his ideas? Hopefully they will  



recognize that the model they have 

generated is very similar to Darwin’s! 

 

As an alternative or in addition to the 

underlining exercise, there is a 

Darwin/Lamarck card sort that is available 

under in the Resources folder.  

 

 

Sources: 

 

https://www.dreamstime.com/stock-photo-

tree-giraffe-image28756980 



Show this ONLY after students have 

recognized they have developed Darwin’s 

model.  

 

Since students have already learned about 

the Galapagos, they might find Darwin’s 

studies interesting, so you can add in 

information to these slides to communicate 

that history to them. Some resources are 

listed below. 

 



The University of California, Berkeley’s 

Evolution group has some great resources if 

you want more information about Darwin: 

 

http://evolution.berkeley.edu/evolibrary/articl

e/history_14 

http://evolution.berkeley.edu/evolibrary/articl

e/history_09 

 

Sources: 

 

https://www.dreamstime.com/stock-photo-

tree-giraffe-image28756980 



Students will now return to their finch 

explalnations and revise tem based on their 

understanding of Darwin and Lamarck. If 

there are any model ideas that need to be 

revised, now is the time to do that as well! 

 



Click on the links or copy/paste the address:  

Who was Charles Darwin: 

http://www.pbslearningmedia.org/resource/t

dc02.sci.life.evo.dar/evolving-ideas-who-

was-charles-darwin/ 

The life of Alfred Russel Wallace: 

https://www.youtube.com/watch?v=H8q3my

7ujws 

https://www.youtube.com/watch?v=H8q3my7ujws
https://www.youtube.com/watch?v=H8q3my7ujws
https://www.youtube.com/watch?v=H8q3my7ujws
https://www.youtube.com/watch?v=H8q3my7ujws


Our bodies are made up of both bacteria and human cells! 

(https://www.nature.com/news/scientists-bust-myth-that-our-

bodies-have-more-bacteria-than-human-cells-1.19136)  

Most of the bacteria are pretty friendly and help us keep healthy 

in part by protecting us from harmful bacteria. When harmful 

bacteria enter our bodies they make us feel pretty sick and if left 

untreated they can even be deadly. Antibiotics are wonderful 

because they help us treat bacterial infections and prevent the 

spread of disease. However, antibiotics can also be a problem. 

When antibiotics enter your bloodstream and travel through 

your body they kill the harmful bacteria that make you feel sick, 

but they can also kill the resident friendly bacteria. This is one 

reason for not taking antibiotics when they are not needed.  

Another big problem with antibiotics is that they have become 

ineffective in treating many bacterial infections; they are no 

longer able to kill the bacteria they used to kill. Bacteria that are  



resistant to the effect of a certain antibiotic are said to be antibiotic 

resistant.  

Using the model of species change you developed, can you explain 

how the misuse or overuse of antibiotics are key factors contributing to 

antibiotic resistance? Please use the ideas of your model and give a 

VERY DETAILED explanation!  

Application question:  

You have a population of harmful bacteria that is making you feel 

awful and your doctor recommends you take antibiotics for 10 days, 

one tablet per day. From your natural selection model you know that 

there is variation within populations. Individuals from the harmful 

bacteria population that are making you sick are not all the same with 

respect to antibiotic tolerance. Some individuals when exposed to 

antibiotic will die quickly; some will need a higher dose to be killed. As 

you take more antibiotics the dose increases killing those tough ones 

also. By the end of the treatment you hope all of the individuals of the 

harmful bacteria population are dead.  You are now free of infection 

and feel great again (see figure).  

Let’s say that on day 4 of your treatment, when you are feeling much 

better you decide to stop the treatment. Why do you think this is not a 

good idea? Please explain in detail.  



Mr Edleston was an English naturalist who studied insects in 

the 1800’s. In 1848 he recorded an unusual discovery in his 

journal. “Today I caught an almost totally black form of Biston 

betularia (peppered moth) near the centre of Manchester.” This 

is the first recorded sighting of a dark pepper moth. What was 

rare in 1848 became common over the next 50 years. By 1900, 

the peppered moth populations in areas around English cities 

were as much as 98% dark moths. Scientists became curious 

why this was happening.  

During that time, England was experiencing what is known as 

the Industrial Revolution. Factories were being built, and they 

ran by burning coal for fuel. The result was a dark smoke that 

covered the surrounding countryside. Trees that had been light 

and covered by lichens now were dark and bare. This clearly 

was having some impact on the moths. Since then, scientists 

have been working on trying to find out why and how this has  



happened. 

Using the model of species change we developed in class, explain 

how the dark colored peppered moths came to be the predominant 

color of moth.  Please remember to use all of the ideas of the model 

and give a very detailed explanation! 

Extra credit: In 1956 the government in the United Kingdom passed a 

regulation to reduce air pollution. Using your model of natural selection 

can you predict what happened to color distribution of the peppered 

moth?   

 


