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Background

Probably the most significant factor behind any current resource/environmental problems is the phenomenon of exponential growth. Over the past few decades, human population, non-renewable resource consumption, food production, industrial output and pollution have all been increasing exponentially. To understand the resource and environmental crises, one must understand exponential growth. This lab is designed to give you that understanding. It is built around the human population problem, but it could just as well be applied to automobile production and disposal, electrical generating plant construction and demolition, etc. The phenomenon of exponential growth can also be applied to any population in any ecosystem that is not operating under the normal limiting factors of population growth.

Procedure

1. 
In this experiment you will use dice to model population growth. 

2. 
You will run three variations of this simulation: a) high birth rate; b) reduced birth rate; and c) increased death rate. You will follow slightly modified directions for each simulation.

3. 
Record data in the provided data tables. Construct the requested graphs for your data analysis.

Simulation A:  High Birth Rate In this simulation, you will model the effect of a high birth rate on population growth, where the birth rate is twice the death rate.

• Each die represents the reproductive activity of one person

• Each throw represents one year 

• Throws of 1 or 2 represents a live birth

• Throws of 3 represents a death

• Throws of 4, 5, or 6 represent neither births nor deaths

1.
Put 10 dice into a container. Each of the dice represents the reproductive activity of a one person during one year.  

2. 
Roll the dice.  Count all of the dice that represent a death. Remove those dice from your population and record the number of deaths in Data Table A. 

3. 
Count all the dice that represent live births. Record the number of births in the Data Table A.  Add another die to your population for each birth. 

4. 
Continue rolling the dice until your population exceeds the 50 dice you have.  When this happens, assign each die a value of 5 people (for example, if you have 50 people, use 10 dice).  Continue to roll the dice.  Once your population exceeds 250 people, assign each die a value of 10 people. Repeat these procedures until the total population exceeds 500 people. 

Simulation B: The Effect of Decreasing Birth Rate In this simulation, you will model the effect of a reduced birth rate on population growth.

1. 
Return to the year (roll) where your population first reached 100 people in Simulation A. Put dice to represent that population into the container. 

2. 
Simulation B will have the following modification: only a roll of 1 represents a live birth.

• Throws of 1 represents a live birth

• Throws of 3 represents a death

• Throws of 2, 4, 5, or 6 represent neither births nor deaths

3. 
Roll the dice.  Count all of the dice that represent a death. Remove those dice from your population and record the number of deaths in Data Table B.

4.
Count all the dice that represent live births. Record the number of births in the Data Table B.  Add another die to your population for each birth.

5.
Repeat this simulation model for 10 throws of the dice. Once your population exceeds the 50 dice you have, assign each die a value of 5 people. Once your population exceeds 250 people, assign each die a value of 10 people.

Simulation C: The Effect of Increasing the Death Rate In this simulation, you will model the effect of an increased death rate on population growth.

1. 
Return to the year (roll) where your population first reached 100 people from Simulation A. Put dice to represent that population into the container. 

2. 
Simulation C will have the following modification: rolls of both (2) and (3) represent a death.

• Throws of 1 represents a live birth

• Throws of 2 or 3 represents a death

• Throws of 4, 5, or 6 represent neither births nor deaths

3. 
Roll the dice.  Count all of the dice that represent a death. Remove those dice from your population and record the number of deaths in Data Table C.

4.
Count all the dice that represent live births. Record the number of births in the Data Table C.  Add another die to your population for each birth.

5.
Repeat this simulation model for 10 throws of the dice. Once your population exceeds the 50 dice you have, assign each die a value of 5 people. Once your population exceeds 250 people, assign each die a value of 10 people.

Data Tables and Graph – See attached
Calculations

In the table below, calculate the population growth rate for the final 10 years (throws) of each simulation (A, B and C). Use the equations below (from Human Population Growth).  Show how you set up each formula and box your final answers.

	Sim.
	Growth rate (r) for final 10 years (throws) according to equation (indicate if % or decimal)
	Doubling time for final 10 years (throws) according to equation (in years)

	A
	
	

	B
	
	

	C
	
	


	Below Advanced Algebra
	Adv. Algebra and Above
	KEY
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r is a percent (%) in these equations
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r is a decimal in these equations
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Analysis and Conclusion – Answer these questions on a separate sheet using complete sentences.
1. Which of the simulations most closely resembles real data on human population growth (compare your simulation graph with the Human Population Growth activity)? What are the implications of this similarity?

2. Based on your data, evaluate the following hypothesis: If the birth rate of a population is changed, the population with the higher birth rate will have the higher growth rate and the population with the lower birth rate will have the lower growth rate.  Be sure to refer to your graph and use specific data to support your conclusions. Include a brief explanation of your experimental results.
3. What specific ‘real-life’ factors might contribute to the changes in birth rate and death rate that occurred in Simulations B and C?

4. Compare and discuss the growth rate from the final 10 years (throws) that you calculated for Simulations A, B and C.  Why do populations tend to grow exponentially?

Data Tables

	Data Table A:

High Birth Rate (Sim. A)
	Data Table B:

Reduced Birth Rate (Sim. B)
	Data Table C:

Increased Death Rate (Sim. C)


Remember: Start Sim. B and C with the year (roll) where the population first reached 100 people in Simulation A and to continue for 10 rolls.
	Throw #

(Years)
	# of

Births
	# of

Deaths
	New Pop.

Size
	Throw #

(Years)
	# of

Births
	# of

Deaths
	New Pop.

Size
	Throw #

(Years)
	# of

Births
	# of
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 Graph
Use your data to construct a graph representing Time (throws) vs. Population Size for Sim. A, B and C.
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