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1 Lesson 7 

Lesson 7:   Can You Design a Population                                                        
That Will Outcompete All Others? 

 
Overview: 

 
Purpose:   
The purpose of this activity is to discover that populations that are designed so that all the individuals have the 
same set of traits and can outcompete other populations in an ecosystem for a while, do not survive over the long 
run in environments when the environmental conditions change and/or where new populations (with new traits) 
are continually introduced into the ecosystem. 
 
Connection to previous activities:    
Students have seen how when new populations with new traits are introduced into ecosystems, the stability of all 
the populations in the ecosystem may change.  And they have considered how minor trait differences between 
two populations can lead to one population outcompeting the other one over time and driving it to extinction.  
 
Learning Performances 

• Design and test the traits for populations within a computer model and analyze the results of the 
competition to determine if a population can be designed to outcompete all others in an ecosystem and 
never go extinct. 

 
Scientific Principles Discovered in this Activity  

• As the environment changes, the fitness (competitive advantage) of the traits in a population 
tends to change.  

 

Description 
Students are introduced to a new participatory computer simulation where each student takes of a 

critter designer.  They design the movement behavior, reproductive behavior, and if their critter is a consumer 
or predator, and they release a critter into an ecosystem in an attempt to outcompete other populations of 
critters that other students release into the ecosystem.  As a class they investigate whether they can create at 
least one species of critter, which outcompetes all other species all the time, even as the environmental 
conditions are changing.  They discover that this is impossible. 

Through discussion, the teacher helps build consensus about how changes in the environmental 
conditions and interactions affected the success of their population, why different trait combinations have 
different competitive advantages (different fitness) for survival, and why no single “design” is optimal all the 
time in a changing environment.  This discovery partially motivates the investigation of the evolution WISE 
project as a future unit of study.  

In their homework students learn about other major environmental changes that have occurred over the 
history of life on Earth.  They describe why environmental changes would change the competitive advantage for 
a set of traits in an ecosystem.  They predict whether variation in individual attributes would increase the 
likelihood or decrease the likelihood of some individuals form their population surviving for various populations.  
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Lesson Details: 
 

Time 45 to 60 minutes   -  If you choose to do the additional Unit Summary of the major ideas discovered in 
learning set 1 shown at the end of the teacher directions add an additional 30 to 60 minutes – giving a total of 90 
to 120 minutes for this lesson.  
 
Materials 
 
Per Student 

l 1 computer per student with HubNet installed. 
l One post-it note 

 
For Teacher 

l 1 computer with NetLogo installed along with a copy of the Critter Designers.nlogo model file to demo 
and host the multiplayer version of the game that all the students will join over the network. 

l 1 computer and projector or large display screen for the teacher to display the computer model. 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
Lesson Outline and Timing 
 
Launch  

• Review the interaction diagram for bugs and introduce a parallel one for birds.  Discuss 
predicted causes and effects using the interaction diagrams– (10 min.) 

 Explore – Exploration 1 

• Predict, run, record, and analyze data  (step 5.1 to 5.8)– (10 min.) 
 Explore – Exploration 2 

• Predict, run, record, and analyze data  (step 5.9 to step 5.13) (10 min.) 
Explore – Exploration 3 (Optional – if time is short its ok if student’s don’t finish this exploration) 

• Predict, run, record, and analyze data  (step 5.14 to 5.17)  (10 min.) 
Summarize 

• Student complete step 5.18   (3 min.) 

• Class Consensus Building Discussion  – (17 min.)    
 
 
Instruction:  
 
Launch:   
 
Remind students that they have seen how an invasive species with just a slight difference in traits compared to a 
native species, had a strong advantage in outcompeting the native species.  In such cases, the native species can 
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end up dying off completely or going extinct. 
 
Tell students that they are going to be interacting with a computer model today where their goal will be try to 
design a species that outcompetes all other species or at least never goes extinct.  Ask students what sort of 
attributes they saw in the bugs or birds that they would want to change in the bugs to make them outcompete 
other bugs or birds that outcompete other birds.  Ask them if they can make a brand new population of critters, 
would they have any recommended changes for how fast it should move, what patterns of movement it should 
have, what it should eat, how often it reproduces. 
 
Tell them that they will get to test out their ideas for themselves and that each student will be given an “critter 
design interface” in the next model they use that will allow them to set the rules of behavior (the instincts and 
inherited traits) of every individual in their critters.  And it will allow them to decide when to release a single 
bug into the class ecosystem.  Their critter they design will be able to asexually reproduce and have more 
identical critters.  It is their goal to design a species of critters that survives over time and does not die out in the 
ecosystem.  But everyone's critters will be in the same ecosystem and so will be either directly or indirectly 
competing against each other. 
 
Explore: 
 
Directions for teacher:  Model Introduction & Exploration #1 
These directions explain in detail how to launch run a HubNet based Participatory Simulation from 
WISE.  Remember to have Java 7 downloaded and log into WISE using a 64-bit browser (Safari or 
Firefox).  You will not be able to run Java content in Chrome.    Do the following steps to launch the 
model before class starts. 
 

1. After logging into WISE, click on the Teacher Home tab.  You will see a list of all the active 
runs you have started for each class period. For the current class that you are teaching.  In 
the example below, the first row show the Student Activity for this Teacher’s Period 1 class.   

 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading.  Next to that you will click on the link that says All Revisions. 
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3. A new window will pop up like the one shown below. Click on Launch Teacher Page on the top 
right of the page.  

 

 
 

4. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on the top 
right of the page.  
 

5. Play a screencast of a sample model run, by clicking on the ScreenCast Videos tab.   
 

 
 

6. Click on the Critter Designers Model ScreenCast menu item.  Press the play button.  Audio 
narration is provided 
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7. Now you will launch the model yourself.  Click on Launch Teacher Guides tab on the top right 

of the page.  
 

 
 

8. Press the Critter Designers Host button to launch the model to demo for the class and that 
they will join in to. 
 

9. You will see a Security Warning dialog box appear.  Click on Run to run the program 

 

10. A Java Web Start file dialog box will now open.  Press the OK button.  
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11. A 2nd Security Warning dialog window will open.  Select the box that says I accept the risk 
and want to run this application, and then click Run to start the supplication. 

 

12. A NetLogo – CritterDesigners Window will now open.  When it does press the Start button on 
the Start HubNet Activity dialog box. 

 

13. A HubNet Control Center window will now open.  Check both the Mirror 2D view on clients 
box and check the Mirror plots on clients (experimental) box too. 
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14. Then Press the LOCAL button to launch a student interface window.   

15. After pressing that LOCAL button, a HubNet: Critter Designers window will appear. 

NetLogo – CritterDesigners Window 

 

HubNet: CritterDesigners window 

 

 

16.  Move the HubNet: CritterDesigners window to one side of the screen and NetLogo – 
CritterDesigners window to the other side (shown below).  You will need to interact with 
both these windows in this demonstration.   

17. Press SETUP in the NetLogo – CritterDesigners window.  Then Press GO/STOP .  In both 
windows, the world will turn from black to patches of green, dark green, and black.  
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The model is now ready to run and demo to the students.  You can keep the model in this 
state for the coming class period before the class starts.  But you can only run one HubNet 
model at a time, so if you have back to back classes, you will have to close each HubNet 
window you launched between classes and launch a new one, by going back to step 1, and 
picking a run from another class period.  

18. Tell students that what they see in the HubNet– CritterDesigners window is a view of the 
world around the ecosystem and a view of the critter they want to design.  Press the Change 
Shape button a few times, pointing out that this button changes what their species will look 
like, but not how it behaves.   

 

19. Point out that the species had not appeared yet, because you have to still press the PLACE 
NEW SPECIES button before those changes take affect. 

20. Tell students that you can change how the critters move by changing the BEHAVIOR-DNA.  By 
default the movement behavior is to have the critter take four steps forward and then turn to 
the left each turn.  Have a student volunteer model this for the class. 

21. Press the Change button in the corner of the BEHAVIOR-DNA.  Tell students to notice the 
letters that are written “FFFFL”.  Say, this means every critter will move forward, forward, 
forward, forward, and then turn left.  Ask for a student volunteer to show this.   Have the 
volunteer take 1 step forward, 1 step forward, 1 step forward, 1 step forward, and then turn 
right.  Now tell the class that this critter will repeat this behavior over and over again.  Ask the 
class to predict the shape of movement for this critter.  Students should say a square.  Have 
the volunteer repeat the movement if necessary 
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22. Ask for a student volunteer for an idea for how to change the letters used (F=Forward, R-
Right, L=Left, *=random).  Type in the new values and have the student walk off the 
simulated movement to demonstrate to the class. 

23. Ask a student volunteer for an idea about how fast the critter should move (fast, slow or 
medium).  If they say fast, increase the SPEED slider, if they say slow then decrease it. 

24. Ask another student volunteer for a suggestion for how quickly the critter should reproduce 
(quickly, slowly, or medium).  If the student says quickly, then decrease the birthing-level 
slider, but tell them this also means the offspring will be born with very little stored energy in 
them.    If the student says slowly, then increase the birthing-level slider, but tell them this 
also means the offspring will be born with lot of stored energy in them.     

25. Tell students that they can also choose to have the critter be a carnivore (it eats other moving 
creatures) or not.  If not, then it eats the grass growing in the ecosystem.   

26. Now have students record their own ideas in step 7.1 and these values that you 
will test as a class together in Step 7.2 

27. Press PLACE NEW SPECIES and watch the behavior of the critters in the ecosystem for a bit. 

28. Tell students that you will have the computer introduce new invasive species randomly and 
will turn that on in a moment.  Pause the model by pressing GO/STOP.  Have students next 
make a prediction on step on step 7.3 now. 

29. Go back to the NetLogo– CritterDesigners window and turn the MINIMUM-RANDOM-
SPECIES SLIDER to 20 and ENVIRONMENTAL-CHANGES? To “Off” 
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30. Resume the model by pressing GO/STOP.  Now keep the model running and tell students that 
the computer will replace any species that goes extinct that it released with a randomly 
generated new species design.  Turn the GRAY-OUT-OTHERS? Switch to “On” and explain to 
students that this can help them focus on only their own species.  Tell them that the other 
switches:  FOLLOW-A-CRITTER? And SHOW-ENERGY? may be useful to use as well. 

 

31. Run the model for about 2 minutes and then pause it pressing GO/STOP.  Have students look 
at the graph and monitors as evidence for whether this species you created is still alive.  In 
the example below, the YOUR CURRENT SPECIES LONGEVITY shows 0 and the YOUR 
CURRENT SPECIES SIZE is also 0, which means the species is extinct now.  But the YOUR 
MAX. SPECIES LONGEVITY shows 125, which means that the species we just tested lasted 
125 time steps.  The SPECIES LONGEVITY LEADER shows who is currently winning the 
competition (in terms of how many time steps they have been around for) 

 

32. Have students complete step 7.5 now.   

33. While students are doing this adjust the MINIMUM-RANDOM-SPECIES SLIDER to 5 and 
ENVIRONMENTAL-CHANGES? To “Off” 

 

34. Have students complete step 7.6 before they join the competition.  Tell them they 
will have about 5  minutes to test various designs, but are limited to 10 different designs at 
maximum they can test.  Tell them that when they press PLACE NEW SPECIES their old 
species will be completely removed. 

35. Have students follow the directions on step 7.6.  As they do so, you will see their names 
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pop up on the client list in the HubNet Control Center window. 

 

36. Once you have checked the Client List to make sure all students have joined the game.  Press 
the SETUP button again. Then press GO/STOP to run the model.  

37. After 5 minutes pause the model by pressing GO/STOP again and have students analyze 
the data in the monitors on the client to answer the question on step 7.7 and step 
7.8. 

38. Tell students that this time only 5 randomly added new species will be introduced by the 
computer, and every time one dies off another new species will be added to replace it. And 
everyone will join the competition at the same time.   Tell students that you will let everyone 
compete for the first 5 minutes and then you will pause the model to discuss what they see 
happening before you then change the model so that the environmental conditions will change 
intermittently and randomly (varying how fast the grass grows and how much grass grows in 
one spot) 

39. Press the SETUP button again. Then press GO/STOP to run the model  

40. After 5 minutes pause the model by pressing GO/STOP again and analyze the data in the 
monitors on the client together.  

 

41. Now tell students that you are going to have the computer randomly change the 
environmental conditions for another 5 minutes.  Turn the environment-changes? Switch to 
“on”.   
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42. And now resume the model by pressing GO/STOP, or if some students have used up all of 
their 10 species design placements, you can press SETUP first and then GO/STOP to restart 
the model.   

43. After 5 minutes have students analyze the data in the monitors on the client to 
answer the questions on step 7.8 

Summarize:  

Then ask students why are some critters more successful at surviving than others?   Students should mention that 
different variations help some critters survive better than others.  Students may also mention that which 
variations are helpful for survival may change as other organisms enter the ecosystem (for example if there are 
no predators, being a predator may help a species survive, but if there are many predators, being a predator 
may make it harder to survive). 
 
Ask students why some critters that were tested that were successful for a while, didn't remain successful.  
Again, students should say because of changes to the environment (introduction of new species, different 
amounts of grass at different times, variation in local conditions, etc..._).   An optional activity to run the model 
constantly for 24 hours exists as an extension to the last follow-up question.  If this is done, you will likely find 
that no species every survived for more than 1% of the simulation run, even though a species may have survived 
for almost the whole simulation run when it is run for only 5 minutes.   
 
Ask students what would happen, if instead of releasing a critter whose offspring were all the same (identical in 
traits), the offspring of the critter could have random variations in their traits.  Would a diversity of possible trait 
combinations in offspring make it more or less likely that at least one of the critters would survive?  Accept all 
answers at this point. 
 
Have students share their answers with a partner for step 7.9 and then share them with the class. 
 
This consensus building discussion and reorganization of the student descriptions of their discoveries will help 
students condense and summarize the big ideas from the day's lesson.  If an idea that students suggest doesn't fit 
under these areas below, don't leave it out.  Rather, emphasize that the idea shared is another interesting 
discovery and that the main ideas that the students are responsible for knowing and reusing in future explorations 
are the ones organized under the areas listed.    Examples of possible student responses they might contribute on 
their sheet or post it note are shown in italics.  Ask students whether they agree or disagree with how the ideas 
are  organized and whether this summary helps pull out the main points they discovered.   
 
The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Big Ideas:  “Can You Design A Population That Will Outcompete All Others?” 
 
...for a limited amount of time?  

• Example student ideas: Sometimes, if you pick the right combination of traits. 
• Example student idea: Not always, since many trait combinations lead to extinction of that type of critter. 
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• Example student idea:  Its possible but unlikely if there are lots of populations. 
• Summarize with this minor idea and transition to the next one:  Yes, for a limited amount of time 

if the environment isn’t change and the individuals have a the right combination of 
traits….,but…..  

 
….as the environment in the ecosystem changes? 

• Example student idea:  As population sizes change and new species are added, the stability of 
everything might change. 

• Example student idea:  Grass growth changes also changed the stability of all populations in the 
ecosystem.  

• Summarize with this idea:  As the environment changes, the fitness (competitive advantage) of 
the traits in a population tends to change.   

 
...always?   

• Example student idea: If you wait long enough, no critter population survived for ever. 
• Example student idea: Most of the species didn't survive. 
• Summarize with this idea: The fossil record shows that over the billions of years that life has 

been on Earth, most species that once lived have gone extinct.  
 

...If you could keep changing the traits of the individuals in the population?  
• Example student idea:  Maybe, since not all species on Earth have gone extinct 
• Example student idea: Maybe not, since we don't have anyway to explain how traits would change in a 

population. 
• End with this teaser:  There is another ModelSim unit that could help us answer this question! 

 
Add only these two scientific principle to the driving question board: 
 

• As the environment changes, the fitness (competitive advantage) of the traits in a 
population tends to change.   

• The fossil record shows that over the billions of years that life has been on Earth, most 
species that once lived have gone extinct.   

 

Homework: Assign the homework 7.1 – Case Study Update # 3 for tonight and reading 7.2  The PDFs of 
these are available on the teacher resource page for the unit.  Simply click on the blue link for each 
activity under the student assignments section to download the pdf of the homework. 
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Optional Unit Summary or Case Study Summary:   
Use the driving question board to summarize what you have discovered in the unit activities, before assigning 
the final scientific explanation for the case study (next lesson).  It can be useful to brainstorm with students how 
these principles may apply to the case study. Here is a suggested summary outline: 
 

l Changes in size: 
l  

l Are due to: 
l Different types of interactions  

l Indirect vs. direct  
l delayed vs. immediate effects  
l biotic vs. abiotic 
l introduction of new species into the ecosystem 

l limited resources 
l changes in local resource distribution 
l different environmental conditions 
l intentional and unintentional competition for them 

l competition between individuals  
l competition between populations with different traits  

l  takes the form of: 
l fluctuations due to random distribution of resources / events 
l cycles (a repeating pattern of fluctuation) due to counterbalancing changes in birth and 

death rates as resources per individual continually change when population size 
changes 

l apparent stability 
l remaining around an average value (carrying capacity) over time 
l even when experiencing temporary disruptions (to food supply, the environment, 

the population size, etc...) 
l new stable states sometimes as the ecosystem changes 
l extinction sometimes 

 
l changes in traits?  ….to be continued (this is what we you could return to investigate in the WISE unit 

on Evolution at a later point in the year).  If you plan to do that unit, save the driving question board 
from this unit and bring it back out at that point of the year as a review of what students have learned so 
far that can be used for the revised driving question board again.    You will simply change the driving 
question from “How Do Populations Change?”  to “How Do Populations Evolve?” 


