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PROJECT
The following major project is based on the Chi-squared distribution. That subject is not mentioned in our text but is a very important tool in many applications. For that reason I want you to learn about it and how to apply it. Clearly, many other textbooks and references (both on and off the web) can tell you about how to use this distribution. The reason for studying this distribution is its relationship to (a) “Goodness of Fit” tests and (b) “Contingency Tables”. It should be studied and understood in the context of (a) establishing the “goodness of fit” between a postulated distribution type of a random variable and the evidence contained in experimental observations, and (b) using some data to test a hypothesis.

Another reason for this project is to give you experience in learning something by yourself. Among the criteria given to us by ABET is the need to prepare students for “lifelong learning”. That means both additional formal educational experiences and also learning on one’s own. You will be constantly be required to learn new things by yourself.
Finally, I am assigning a written report because you will have to get used to doing that when you get a job. I expect that your report will be well written and in good English. You will want your reports to reflect well on you at your job.
First, write about two pages of description of the chi-square distribution and its application to the subjects of “Goodness of Fit” and “Contingency Tables”. Include the formula that is used to calculate the chi-squared statistic used to test the hypothesis that a random variable possesses a certain specific PMF against some observational data. Your discussion should include some mention of when it is appropriate to use this distribution and associated test.

You do not need to include any tables of the chi-square distribution but will need to refer to the values in such a table and should be specific about exactly which value you found in the table and why you used it.
Next apply what you have learned to the following examples. Write clear analyses of any tests you make and what your conclusions are. Don’t just do the calculations; write in clear English what you are doing and why. Explain why the test you make is appropriate. 
Note: Don’t just copy what you find in your references. Put it in your own words so that you are sure you understand the material. Finally, just as in industry where you are often told that you can’t tell even your spouse what you are working on, don’t talk to anybody about this secret project. Nobody has a “need to know”!
1) The number of busy senders in a panel-type switching machine of a telephone exchange was observed as below. Test whether the corresponding theoretical distribution is Poissonian.
Number

Observed busy

frequency

0 0

1 5 

2 14
3 24

4 57

5 111

6 197

7 278

8 378

9 418

10 461

Number

Observed busy

frequency

11 433

12 413

13 358

14 219

15 145

16 109

17 57

18 43

19 16

20 7

21 8

22 3

2) Other researchers in your company say they observed times for the lengths of telephone calls (in minutes, rounded up) as below. Test a goodness-of-fit against a geometric model for the population distribution. Comment on anything notable. 
1 50
2 24

3 12

4 7

5 4

6 3

3) A (edible) nut manufacturer claims that their mixture contains 40% cashews, 15% brazil nuts, 20% almonds, and only 25% peanuts. The truth in advertising investigators took a random sample (of size 20 lb) of the nut mix and found the distribution to be as follows:
Cashews
Brazil Nuts

Almonds

Peanuts

   6 lb                    3 lb                             5 lb                              6 lb

      With a reasonable level of significance, is the claim by the company true?

4) A pharmaceutical company is testing the effects of a new drug. They designed an experiment using 200 subjects. Half were given the drug and half a placebo.  75 of those using the real drug recovered while 65 of those given the placebo recovered. Test the hypothesis that the drug was not effective. 
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