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INTRODUCTION 
 
In this interdisciplinary science, math, and social studies lesson, third graders examine how the 
wooly mammoth became extinct about 11,000 years ago.  First, they play a hands-on game with 
dice and graphing to understand how the mammoth population declined.  Then, as a class,  they 
use a system dynamics model to see what would happen to the population under varying 
conditions.   With the game and the model, students gain a deeper understanding of the process 
of extinction.  They learn about graphing, probability and exponential decay in math, and they 
are introduced to system dynamics modeling as a useful tool for looking at problems.  
 
 
BACKGROUND 
 
Third grade students in Carlisle, Massachusetts learn about the ice ages as part of a prehistory 
strand leading to a unit about the indigenous people of the Americas.  Students are fascinated by 
the mysterious demise of the giant ice age mammals.  Before playing the games in this lesson, 
students study the wooly mammoths and discuss theories of their extinction. 
 
The idea for adding system dynamics modeling to the mammoth study arose when third grade 
teacher Gene Stamell introduced the dice game to the mammoth unit.  Suspecting that it might be 
a good systems application, he approached Carlisle’s systems mentors Alan Ticotsky and Rob 
Quaden who then developed the model for Gene’s class and helped him teach it.  All three 
teachers were so impressed with the students’ depth of insight and enthusiasm that they helped 
the other third grade teachers in the school adopt the lesson too. (For more on what the students 
could do, see “Let the Students Surprise You” by Debra Lyneis, also available from the Creative 
Learning Exchange.)  Before this lesson, the classroom teachers had been briefly introduced to 
system dynamics modeling, but none of them had built models or used them with their students.  
The two systems mentors in Carlisle are supported by the Waters Foundation.  
 
 
OBJECTIVES FOR STUDENTS 
 
• Students learn that extinction is a process that plays out over time. 


• Students explore the causes of the decline of the wooly mammoth population and examine 
the theory that the advent of human hunting dealt the population its final blow. 


• Students use two simulations of the mammoth population: a hands-on dice game, and a 
computer simulation.  They discuss how these are both “models” of the mammoth population 
because we cannot study and count the real animals. 


• In the dice game, students graph the mammoth population over time and use basic concepts 
of probability. 


• With the computer simulation, students are introduced to system dynamics modeling as a tool 
for studying a problem more deeply.  They make predictions about the population’s growth 
or decline under varying conditions, and they read and interpret the model’s behavior-over- 
time graphs.  Students are exposed to the idea of exponential decay (without using that term.)  


• Students learn the importance of cooperation when working in groups.  
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PLANNING THE LESSON 
 
Grade Level   


The lesson is appropriate for elementary students in grade three and up. 
 
Interdisciplinary Subjects  


 Social Studies, Science and Math 
 
Time Requirements 


Day 1:  Allow one hour for the dice game. 
Day 2:  Allow 40 minutes to play one more time. (Older students would need less time.)  
Day 3:  Allow 30 to 45 minutes for the computer modeling lesson. 


 
Materials Needed  


For the dice game:  2 worksheets and 20 dice for each group of students, red and blue 
markers.  (Scrounging enough dice is the game’s biggest challenge for teachers!)  


 
For the computer modeling:  One computer with STELLA system dynamics modeling    


software.  STELLA is produced by High Performance Systems, Inc., 45 Lyme 
Rd., Suite 300, Hanover, NH 03755.  Although the accompanying model is in 
STELLA 5.0 and 7.0, this simple model can also be built on any earlier version of 
the software.  
A computer projection device or a large monitor will help students see the model 
for the class discussion. 


 
 
THE MAMMOTH EXTINCTION DICE GAME 
 
The Context of the Game 
From their study of the ice ages, the students know that huge herds of wooly mammoths roamed 
North America for more than a million years.  Throughout that time, they survived several ice 
ages.  However, at the end of the last ice age, about 11,000 years ago, the mammoths became 
extinct. Human hunters arrived on the scene at about the same time.  As the climate changed, 
was the hunting by humans just enough to cause the extinction of the mammoths?  The 
extinction dice game lets students test this theory. 
 
Resources 
The Mammoth Extinction Dice Game was adapted from a student activity on Newton’s Apple, 
the PBS science program for children.  The segment (Show Number 1509, copyright 1997, Twin 
Cities Public Television) visits a huge mammoth dig.  The dice game is described in a two-page 
teacher’s guide available online at http://www.ktca.org/newtons/15/mammoth.html.   Although 
you do not need to download the guide in order to play this game, you may be interested in the 
other resources, activities and background information that it provides. Another excellent 
resource for adults is the book, The Call of Distant Mammoths, by Peter D. Ward (Copernicus, 
1997) that explores theories of mammoth extinction and relates them to modern species. 
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Playing the Dice Game: Day 1 
 
1. Explain the concept of a “model.” Explain to the students that this game is a “model” of a 


mammoth herd.  Each die stands for one mammoth.  This is a useful way to look at the 
mammoth population because it would be impossible to do this with real mammoths.  
Remember, of course, that some children will still understand it from their own point of 
view.  One third grader “cried” whenever a mammoth died; her team began rigging the game 
under the table to prevent any of their animals from dying!  Older children would have a 
more mature understanding of “pretend.”  


 
2. Play the first game.  Distribute the attached “Mammoth Extinction Game” instruction sheet 


to students and go over the rules as written on the sheet.  
• Divide the students into small teams.  Each team begins with a herd of 20 mammoths; 


each die represents one mammoth.  The numbers on the dice represent what happens 
to each mammoth.  For example, “1” = death by starvation, “2” = birth of a calf, etc.   


 
• Each roll of the dice represents one year.  Students share the dice and roll them 


simultaneously. After each roll, students adjust their population according to the 
numbers rolled.  For example, each “1” rolled is a death and is removed from the 
herd; each “2” rolled is a birth and adds one mammoth to the herd; etc. 


 
• Students roll the dice for 20 turns, representing 20 years.  Each year, one student 


records the data on the first column of the “Keeping Track of Your Herd” worksheet, 
in red. 


 
3. Draw the graphs.  After students have recorded the population data from the first game, ask 


them to graph that information on the graph worksheet provided.  Third graders may need 
help with this to get started.  Show students how to use a red marker to place a dot at each 
data point and then connect the dots to draw a line graph.  (Older students are able to draw 
the graph as they collect the data, but third graders need two steps here. Younger students 
may also need larger graph paper than the graph provided, depending on their graphing 
experience.) 


 
4. Display and discuss the graphs.  Questions such as, “Is anyone surprised by any of the 


results?” or, “Are the graphs all the same?” lead to discussions on slope and rate of change.   
Students may notice that although all of the graphs show the same downward trend in the 
populations, none of the team graphs are exactly alike.  Explore the idea with them that even 
in real life no two herds would have exactly the same experience.  Some may have better 
food; some may encounter worse weather; some may be closer to hunters; etc.  However, all 
the graphs show a similar downward slope, and if you could put all the herds together, they 
would average out to one declining line on the graph. 
 
(This would conclude Day 1 activities for third graders, although older students could 
continue on with the next activity.) 
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Playing the Dice Game: Day 2 
 
1. Play the game once more. Now it is time to introduce human hunters.  


• Use the second column on the data sheet and a blue marker to distinguish the second 
game from the first. Plot both games on the same graph. 


• Ask students to change the odds in the dice game. Explain to them that in the second 
game all of the numbers on the dice will stand for the same things, except that “6” will 
now represent “a mammoth killed by a hunter” instead of  “a mammoth keeps living.”  
The probability of dying is now 3/6 (or 1/2) instead of 2/6 (or 1/3).  Discuss the fractions. 


• Again, students play for twenty rounds, record their data on the worksheet, and graph 
their results.  If students graph the second line in blue on the same graph worksheet with 
the first red line, they can compare the results of the two games. 


2. Discuss the graphs.  After all the teams have finished, display all the graphs and discuss what 
happened to the populations.  Did the number of mammoths go up, down, or stay the same?  
Did any teams go extinct? What happened after the hunters were added in the second game?  
• Discuss how a population changes slowly over time because of births and deaths.  


• Compare the graph of the first game (red line) with the graph of the hunter game (blue 
line).  The first game has a flatter line; the hunter game produces a steeper line.  
Reinforce this vocabulary as students explore the different rates of change.  A flatter line 
indicates a slower rate of decline. The hunter game produces a steeper line because the 
mammoth population declines at a faster rate with the additional deaths by hunters. 


• Discuss again why all graphs are not exactly alike. Even in real life, no two herds would 
have exactly the same experience, but if you put all the herds together, the line would 
average out to one smooth line with a declining slope; the hunter (blue) line is steeper 
than the first (red) line.  


• Talk a little bit about probability and randomness.  Many third graders believe that a 
probability of 1/6 means exactly 1/6 of the population every time.  This is a 
developmental issue that needs discussion.  A roll of the dice is random and a little 
variation is to be expected.  Taken together, all of the dice rolled by all of the teams 
would average out to approximately 1/6. Older children will have a freer understanding 
of this idea. 


3. Discuss final debriefing issues. 
• Stress the importance of collecting accurate data.  If the dice are accidentally (or 


deliberately) tipped, or if dice are incorrectly removed or replaced, the data changes. You 
cannot draw good conclusions from bad data. This is a significant issue for students. 


• Conclude the lesson by discussing group dynamics in the classroom.  “How did someone 
in your group help make playing the game easier?”  “Were there any problems?”  
Students need to cooperate to work in groups.  This is another significant issue, at any 
age. 
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Name:________________ 
 


THE MAMMOTH EXTINCTION GAME 
 


DIRECTIONS 
 


1. Your group has 20 dice.  Divide them as equally as possible among you. 
 


Each die stands for 1 mammoth. 
 
Each roll of the dice = 1 year. 
 


 
2. The numbers on the dice will tell you what happens to the mammoths in your herd. Three 


things could happen to them: 
    A mammoth could continue to live well for another year. 


   A mammoth could die or be killed. 
   A mammoth could give birth to a calf. 
 


This is what the numbers on the dice stand for: 
 


       1 = Death by starvation 
 2 = Killed by a giant bear 
 3 = A calf is born 
 4 = Mammoth keeps living another year 
 5 = Mammoth keeps living another year 
 6 = Mammoth keeps living another year  


 
 
  If a mammoth dies or is killed, remove that die from the herd. 
  If a mammoth gives birth, put an extra die into the herd. 
  If a mammoth keeps living, just leave that die in the game for the next round. 
 


3. HOW TO PLAY 
• Everyone rolls the dice at the same time 
• Do what the numbers tell you to do. 
• On the chart, keep track of how many mammoths are in the herd after each roll. 
• Keep rolling the dice and adding or removing mammoths. Be sure to write down how many 


mammoths are left in the herd each time. 
• Play the game for 20 years (20 rounds.) 


 
Does your herd become extinct?  If so, how many years does it take? 
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KEEPING TRACK OF YOUR HERD 
 


Record the number of mammoths left in your herd after each round. 


 


GAME 1 GAME 2GAME 2


YEAR MAMMOTHS YEAR MAMMOTHSMAMMOTHS


1 1 


2 2 


3 3 


4 4 


5 5 


6 6 


7 7 


8 8 


9 9 


10 10 


11 11 


12 12 


13 13 


14 14 


15 15 


16 16 


17 17 


18 18 


19 19 


20 20 
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GRAPH OF YOUR MAMMOTH POPULATION
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THE MAMMOTH EXTINCTION MODEL 
 
The dice game has given students a hands-on opportunity to learn about how the mammoth 
population changed.   By adding and removing dice from their herds, they have learned that a 
population grows by births and decreases by deaths.  When there are more deaths than births, the 
population declines.  They have also learned that the changes in their populations can be 
recorded and analyzed on a graph.  Students are now ready to expand their learning by using a 
computer simulation of the mammoth population. 
 
 
Introducing the Lesson 
 
Review the Concept of a “Model.” 
Briefly review the rules and outcomes of the mammoth dice game.  Remind students that the 
dice game was a “model” of the mammoth population that made it easier to study the mammoths 
in their classroom.  
 
Explain that a computer model is another kind of “model.” This time, they will be using the 
computer to play the same game as they did with the dice.  The computer will count up and keep 
track of the size of the mammoth herd.  The big advantage is that the computer can do this much 
faster than they could do it on paper, so they can try many different experiments with the 
numbers.  There are no mammoths inside the computer!  The computer is modeling a “pretend” 
herd and making a graph just as they did in the dice game. 
 
Introduce the Model Diagram. 
 


Mammoth Population


Births Deaths


Birth Fraction Death Fraction  
 
Display the model diagram on the screen for the students and very briefly explain its parts.  The  
“Mammoth Population” box is a “stock;” it tells how many mammoths are in the herd at any 
time.  The pipes going in and out are “flows.”  “Births” flow into the population to make it 
increase; “Deaths” flow out of the population to make it decrease.  Both happen at the same time. 
 
The “Birth Fraction” and “Death Fraction” converters provide the information for computing 
how many mammoths are born or die each year.   In the dice game, when 2 out of 6 faces on the 
dice represented deaths, there was a 2/6 (1/3) chance of death each round.  With dice, the game 
was random, producing some variety in the student graphs.  With the computer, however, a death 
fraction of 1/3 means that 1/3 of the mammoths will die every year, producing a smooth graph. 
(The model can compute 2/6 or 1/3 if the students can reduce fractions. It uses sixths to relate to 
the hands-on game, although any fraction would work.)  
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In the model diagram, there are arrows connecting the “Mammoth Population” stock to the 
“Births” and “Deaths” flows.  Explain to students that after the computer counts the number of 
mammoths in the herd each year, it will use the birth and death fractions to compute how many 
mammoths to add or subtract from the herd.  For example, if the death fraction is 1/3, the 
computer will take out 1/3 of the total number of mammoths in the herd, or one out of every 
three mammoths.   
 
The number of mammoths added or subtracted each year equals the number of mammoths in the 
herd multiplied by the birth fraction and the death fraction. Take the time to explain this general 
concept to students so that they will understand what the computer is doing when they begin 
changing the birth and death fraction values later. 
 
Model Equations 
These are the model equations: 
 


Mammoth_Population(t) = Mammoth_Population(t - dt) + (Births - Deaths) * dt 
INIT Mammoth_Population = 100 
DOCUMENT:  Units: Mammoths 
 
Births = Birth_Fraction*Mammoth_Population 
DOCUMENT:  Units: Mammoths/year 
 
Deaths = Death_Fraction*Mammoth_Population 
DOCUMENT:  Units: Mammoths/year 
 
Birth Fraction= 1/6 
DOCUMENT:  The fraction of the numbers on the dice that represent births. 
Units:  Fraction/year 
 
Death Fraction = 1/3 
DOCUMENT:  The fraction of the numbers on the dice that represent deaths. 
Units: Fraction/year 
 
[Set the model to run and display 20 years.] 


 
Using the Model 


1. Open the model. 
2. Double-click on the “Birth Fraction” converter to open its dialog box and type in fraction 


values. (There must be an x2 in the upper left corner of the screen to do this. If there is a 
globe icon, click on it to change it.) 


3. Display the graph by double-clicking on its icon on the screen. 
4. Run the model using “run” on the top toolbar. Alternatively, open a “run” box by double-


clicking on the runner icon in the lower left of the screen. 
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Run the Model 
 
Run the model with the birth and death rates from the first dice game: 1/6 for births and 
1/3 for deaths.  Display the graph to the students. 
 


2:25 PM   2/10/99


0.00 5.00 10.00 15.00 20.00


Years


1:


1:


1:


0.00


50.00


100.00


1: Mammoth Population


1


1


1 1


Graph 1 (Untitled)  
 
Examine the graph carefully with the class. 


• What are the numbers on the horizontal axis?  Time goes for 20 years. 
• What is on the vertical axis?  This counts the number of mammoths in the herd.  The 


computer’s herd starts out with 100 mammoths, which would be like combining all of 
the class team herds into one big herd.  


• Why is the line smooth?  Refer to the dice game graphs when putting all the graphs 
together averaged out to one line. The computer shows the averages for all of the 
mammoths rather than every little detail.  It computes exactly 1/6 and 1/3 each year. 


• What does the graph say?  Ask students to point to the graph and tell approximately 
how many mammoths there are in 5, 10 or 15 years; then ask them to interpolate for 4 
years, or 7 years, etc.  Ask them what year the mammoth population is down to half 
its original size.  Do this until students can read points on the graph. 


• What happened to the mammoth population?  What is the “story” of this graph?  The 
population declines very rapidly at first.  Did the mammoths go extinct?  


 
 
Experiment with the Model 
 
Students are now ready to conduct experiments on the model. Briefly review the birth and death 
rate equations in the model and how they are similar to the dice game.  Remind students how 
they played two dice games and that different values yielded different graphs. Then ask students 
to speculate what would happen to the mammoth graphs if they told the computer to try other 
numbers for the birth and death fractions.  Let students get carried away with this and they will 
want to try all sorts of different combinations of birth and death rates.  
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Follow these steps for each experiment: 
 


1. Let students suggest a birth and death fraction.  Keep it concrete by referring to the 
dice.  If three numbers will stand for deaths, then the fraction of death is three out of 
six, which is 3/6, or ½.  Count on your fingers if it helps to explain it. 


 
2. Ask students to predict what the graph will say with the new values.  This is very   


important.  Students should think about what will happen, before you run the model. 
(They can “draw” their predictions in the air with their hands.) 


 
3. Type in the new values, run the model, and display the graph for the class to interpret.  


What does the graph say?  Were their predictions accurate?    What is the “story” of 
this graph?  For example, what could have happened to the mammoths to cause a very 
high death rate? Could it be due to food shortages from bad weather, or to hunters, or 
both? How likely is each scenario?  


 
Let the students try many different sets of values for births and deaths.  Be sure they try some 
with births equal to deaths.  They should also try some with births greater than deaths, and deaths 
greater than births.  Students enjoy this experimenting, and they quickly get very good at 
predicting the outcomes of their experiments. 
 
 
Sample Graphs 
 


2:24 PM   2/11/99


0.00 5.00 10.00 15.00 20.00


Years


1:


1:


1:


99.00


100.00


101.00


1: Mammoth Population


1 1 1 1


Graph 1 (Mammoth Game)  
 


This graph shows a 1/3 birth fraction and a 1/3 death fraction.  The population is 
in equilibrium because the same number of mammoths are born as are dying each 
year.  How could this happen?  (Notice that STELLA has changed the vertical 
scale.)   
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2:31 PM   2/11/99
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Graph 1 (Mammoth Game)  
 


This graph shows a growing population with the birth fraction at 1/3 and the death 
fraction at 1/6.  Notice that the vertical scale has changed again to accommodate 
the large numbers of mammoths.  Ask students how the population could get so 
large in just 20 years.  Why does the line go up so fast at the end?  Students will 
be able to say that there are so many births because there are so many more 
mammoths to have babies.  (Note: When students choose very high birth rates, the 
vertical scale will show values in scientific notation.  For example, “3e+007” 
means “3 followed by 7 zeroes”, or 30,000,000 mammoths!  In telling the story of 
the graph, could the birth fraction really get so high, say 5/6, since only females 
have babies and mammoths probably did not have multiple births?) 
 


2:43 PM   2/11/99
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Graph 1 (Mammoth Game)  
 


This graph shows a rapidly declining population with a birth fraction of 1/6 and a 
death fraction at 2/3.  What is the story of this graph?  What could have caused so 
many deaths? 
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GOOD QUESTIONS 
 
Many good questions arise as students are conducting their experiments on the model.  Take the 
opportunity to discuss these ideas as they develop. 
 


• What makes a population grow?  Over time, births must exceed deaths.  A higher 
birth rate compared to the death rate causes faster growth. 


 
• What makes a population decline?  Over time, deaths must exceed births with a faster 


decline for a higher relative death rate. 
 


• What keeps a population the same?  Births must equal deaths, at any level. 
 


• Why does the line on the graph curve? Why is the growth so steep at the end; why is 
the decay so steep at the beginning?  For growth, the birth rate applies to a larger and 
larger herd; more and more mammoths are having babies.  For decay, many die off at 
first, but the death rate applies to a smaller and smaller herd, so fewer actual animals 
are dying as the herd gets smaller.  


 
• Does the size of the herd matter?  The computer model starts with 100 mammoths.  


What happens if you start with 1000 mammoths instead?  Would a larger population 
take longer to go extinct?  Ask student for predictions. This is a very sophisticated 
question for third graders, but some will get it and describe exponential decay very 
eloquently in their own words.  Increasing the size of the herd makes little difference 
to the time of extinction if the birth and death rates stay the same.  The curve is 
exactly the same. Try this to prove it.  Half of the herd is still gone at the same time. 


 
• How could hunters fit into this story?  A population that is at equilibrium (or 


growing) is safe.  Births are keeping up with deaths.  However, anything that tips 
deaths greater than births is a threat.  Worsening climate might cause a slightly higher 
death rate causing the population to decline.  This happened in previous ice ages and 
the population got smaller, but the reduced mammoth population must have been able 
to survive and grow again when the weather improved.  If you add the higher death 
rates caused by hunters at the same time as the climate worsens, however, the herd 
declines too quickly with no chance to grow again. The mammoths become extinct. 


 
These are all excellent questions that lead to a deep understanding of the process of extinction. 
However, students have learned a great deal more from this little modeling lesson.  They have 
learned the fundamentals of population dynamics, how to make scientific predictions and 
interpret their results on a graph, and the basics of fractions and exponential growth.  Most 
important, students have learned to let their own good questions lead them to these discoveries. 
 
YOUR FEEDBACK 
 
We welcome your feedback about this lesson.  What was helpful, and what could be improved? 
Please send any comments or suggestions to us through the Creative Learning Exchange.  
Thank you. 
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