Cooties Lab
An Exploration in Logistic Behavior
Introduction

Like many other diseases that spread throughout a population, the growth rate in the spread of cooties in a classroom can be modeled as a joint proportion to the number of inflected people in the classroom and the fraction of people not infected.  As a differential equation, this behavior can be described as
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where n is the number of people who have cooties at time t and P is the classroom population.
The purpose of this activity is to generate data that simulates this growth rate, and then explore and model its behavior.  Use the attached table to fill in various data as you proceed through this activity.
The Experiment Procedures

In an effort to create reasonable data, this experiment will be repeated five times and an average used.
A.
Each student will be assigned a number 1 through P, where P is the classroom 
participation (or the number of students participating).  One lucky student will represent 
the first “cootie carrier” at the front of the room.
B.
The first cootie carrier needs to type “rand(P)” into the calculator and press enter.  The 
student’s number that pops up is now infected and needs to also come up to the front.
C.
Now both infected students need to repeat the “infection” process.  Any new students 
catching cooties need to also come up to the front of the room.
D.
Repeat the process seven more times (or until all students are infected) with each infected 
student randomly trying to give cooties to another new student.

E.
After all of the information has been collected and averaged into ten data points, you 
should record the number of infected students in the attached table as instructed in Step 1.
NOTE:  A student can only be infected once with cooties!  If the resulting random number yields a student who already has cooties, there is no effect.  Do not continue drawing random numbers until you get an uninfected person.
Recording and Analyzing the Data

1.
From the experiment in class, record the size of the classroom population and the number 
of infected students at the various times in the attached table.  
2.
Enter the time and number of infected students data into your 
TI-89 as lists named “t1” and “n1”, respectively, and then 
create a scatter plot of the time and infected students data on 
your calculator.  Make a sketch of the graph in the window 
provided.

3.
Describe the scatter plot’s behavior, including its end-behavior.
4.
Now let’s explore the growth rate in the data.  Using the time and inflected students data, 
approximate the rates of growth at for the times 1 through 8 (to avoid additional 
inaccuracies in our evaluations, do not approximate the derivative at the endpoints).

5.
Enter the adjusted time (without the endpoints) and the 
growth rates into your TI-89 as lists names “t2” and “d1”, 
respectively, and then create a scatter plot of the adjusted 
time and the growth rates on your calculator.  Make a sketch 
of the graph in the window provided.
6.
Describe this scatter plot’s behavior.  What connections can be made between this graph 
and the one in Step 2?
Modeling the Data with the TI-89
7.
The data graphed in Step 2 looks as though it could be modeled using a logistic curve.  
Use the regression capabilities of the TI-89 to find a function that could model the data 
(the regression equation on the calculator includes a vertical shift constant, but you 
should assume that it is zero in your answer here).
8.
Graph the regression’s model equation along with the scatter plot created in Step 2.  
Describe how well this equation models the data.

9.
Unfortunately, a device with logistic regression capabilities is not always available, so 
let’s explore a few other techniques for modeling the behavior.  The differential equation 
given in the Introduction has the general solution
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Using the information from the data table and “borrowing” the value for k from Step 7, 
write a model equation in the form stated above.
10.
Graph the new model equation along with the scatter plot created in Step 2 and the 
regression’s model equation in Step 8.  Describe how well this equation models the data 
as well as how it compares to the regression’s model equation.
Modeling the Data without the TI-89

11.
Without the regression results in Step 7, we would not have a value for k in the previous 
model equations.  Let’s look at how we might find an appropriate value for k using the 
relative growth rate.  The relative growth rate is defined as 
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Use this expression to find the relative growth rates for each point in the adjusted time 
data (since the original infected students data included the endpoints and the growth rate 
data did not, create an adjusted infected students list without the endpoints).  Include this 
data in the table.
12.
Enter the adjusted number of infected students and the relative growth rate data into your 
TI-89 as lists named “n2” and “r1”, respectively.  What observations can you make about 
the relative growth rates as the time increases?
13.
The value for k in this application should remain constant throughout the different times, 
but this seldom happens with experimental data.  Instead of calculating a value for k at 
one point and hoping it works, it is generally better to evaluate k at several times and find 
an average.

From the differential equation given earlier, we can solve for k to get
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which is the relative growth rate divided by the factor 
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.  Use this expression to 
evaluate and enter into the table the value of k for each time in the adjusted time data.

14.
Enter the values of k into your TI-89 as a list named “k1”.  Are the values the same as 
they are supposed to be theoretically?  If not, find the average value of k.
15.
Using the information from the data table and the average value for k found in Step 14, 
write a model equation in the same form as the ones from before.

16.
Graph this model equation along with the scatter plot from Step 2 and previous model 
equations created in Step 10.  Describe how well this new equation models the data as 
well as how it compares to the previous model equations.

Another Technique for Finding k
17.
Some tools might not have logistic curve regression capabilities, but most would have at 
least one for a linear regression.  Another technique for finding k involves treating the 
differential equation as a linear function where 
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 is the independent variable.  In looking at the differential equation in 
this way, it takes on the relationship of a direct variation y = kx.


Use the adjusted number of infected students to create a list named “p1” that would 
represent the product 
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 for each adjusted time value.  Include this data in the 
table.


18.
Create a scatter plot of the growth rate data with respect to the 
product in Step 17.  Sketch the graph in the window provided, 
then describe its behavior.

19.
The data graphed in Step 18 looks as though it could be modeled with a line of best fit.  
Perform a linear regression to find a function that could model the data (the regression 
equation should pass through (0, 0) since this is a direct variation, so you should assume 
that the y-intercept is zero in your answer here).

20.
The slope of this linear model can now be used for the value of k in the differential 
equation and its particular solution.  Repeat the process from Step 9, this time using the 
new value found for k.
21.
Graph this model equation along with the scatter plot from Step 2 and the previous model 
equations.  Describe how well this new equation models the data as well as how it 
compares to the previous model equations.
Cooties Lab
Experiment Data Table

	Information
	TI-89 List
	Data where P = __________

	time
	t1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	number of

infected students
	n1
	
	
	
	
	
	
	
	
	
	

	adjusted time
	t2
	
	1
	2
	3
	4
	5
	6
	7
	8
	

	adjusted number of infected students
	n2
	
	
	
	
	
	
	
	
	
	

	growth rate
	d1
	
	
	
	
	
	
	
	
	
	

	relative growth rate
	r1
	
	
	
	
	
	
	
	
	
	

	k-values from relative growth rate
	k1
	
	
	
	
	
	
	
	
	
	

	differential equation product
	p1
	
	
	
	
	
	
	
	
	
	


|
_1231402326.unknown

_1231403112.unknown

_1246438539.unknown

_1246438609.unknown

_1231403045.unknown

_1231401330.unknown

_1231401331.unknown

_1231398706.unknown

