CIS 2033 Final Project

Due May 4, 9:00 AM in our usual classroom

This file, and the other files you need will be found in a directory linked to by the home page for this course.  
You have two neighbors, Andrew and Betty.  Each shares their house with a cat.  Each cat shows its affection for its human by leaving it a present of a dead animal on the doorstep several times a week.  According Andrew and Bbetty, on the average Andrew’s cat leaves the same number of presents each week.  The same is true for Betty’s cat, though they do not know whether those average numbers of presents are equal.

Several years ago, they entered into an argument as to which cat loves its human the most, as measured by the number of presents it leaves.  They began to collect statistics, recording each week the number of presents left by Andrew’s cat minus the number of presents left by Betty’s cat.  They did not bother to record the actual number of presents from each cat, only the difference – Andrew’s presents minus Betty’s presents.

Since they know that you have been taking a statistics course, this seems to them to be the ideal time to get someone to analyze their data, so they come to you, dump several hundred weeks worth of data in your laps and ask you “Can you tell us which cat loves its human more?”

You suspect that the separate data from each cat could be modeled as a Poisson distribution, but sadly, you don’t have this.  You only have the weekly differences.  A bit of research, however, reveals to you that given two Poisson random variables X and Y, with lambda’s u1 (for X) and u2 (for Y), the difference X – Y forms a random variable with what is called a Skellam distribution.  The pmf is given by:

P(k; u1, u2) = e-(u1+u2)(u1/u2)k/2 Ik(2√u1∙u2).  This gives the probability that X – Y = k, given u1 and u2.  The Ik thing is a special function called the modified Bessel function of the first type.  You do not need to know how to evaluate it.  I have put into the directory mentioned in the first paragraph a java program named Skellam.java.  This program takes three command line paramaters, k (an integer) and u1 and u2 (two doubles) and returns the probability of getting the value k.  It requires the presence of Bessel.class to work properly.
The important thing to know is that the expected value of a Skellam distribution is         u1 – u2,  and the variance is u1 + u2.   Using these facts, you should be able to use the data given you by Andrew and Betty  to estimate u1 and u2 using the method of moments.

In the same directory is a file named diffs.dat.  This contains the differences between Alfred’s and Brenda’s presents for each of 500 weeks.  The first few lines look like:

Andrew's cat vs. Betty's cat

Week      A's presents - B's presents

    1            6

    2           -7

    3           -4

    4            5

    5           -9

    6            9

    7            2

    8            1

           .

           .

           .

It is most easily opened using WordPad.
Your task is as follows:

1) Using the data in diffs.dat, estimate u1 and u2.

2) Determine whether you can conclude that one cat loves its human more than the other cat.  Your Ho will be u1 = u2.  Will the data allow you to reject that null hypothesis?  If so, which cat brings the most presents.

3) Once you have completed the first two tasks, take a look at the files cat1.dat and cat2.dat.  These are the individual cat data that Andrew and Betty didn’t bother to keep.  Estimate the lambda’s for each of these files.  How well do they agree with your estimates of u1 and u2 from the combined data?

4) Finally, go back to the diffs.dat file, and count how many times you see -10, -9, -8, -7, -6, -5, -4, -3 … 7, 8, 9, 10.  These are your observed data.  Using the program I mentioned above, Skellam.java, and your estimates for u1 and u2, calculate the expected frequencies for each of these numbers.  Calculate a Chi squared for these 21 data points, and tell me what conclusions you can draw.

