MIS641

Bayesian Probability Problem

Include in your journal
Bayes theorem can be used to test the probability that given that a test gives a positive result, it is a false positive.  It takes into consideration: 1) given that the individual has the condition how accurately does the test show this, 2) given that the individual does not have the condition how accurately does the test show this, and 3) what proportion of the population has the condition.  The attached example illustrates this for a medical test.

The CAPPS II program is used to screen air passengers.  We don’t know the algorithm CAPPS II uses, but we know it screens passengers into group permitted to fly with a routine inspection (green), a group given an enhanced inspection (yellow) and a group not permitted to fly (red).  Although Bayes theorem could be applied in the three group case, we will simplify the problem by assuming there are only two groups, one given a normal inspection and the other not permitted to fly.  Assume that the CAPPS II algorithm is 99% accurate in classifying undesirable individuals, i.e. if an individual is an undesirable, 99% of the time that person will be put in the red group.  Assume further that the algorithm is 99.5 % accurate in classifying legitimate passengers, i.e. given that a person is a legitimate passenger 99.5% of the time that person will be placed in the green group.  Assume further that .01% (1 in 10,000) of the flying population consists of undesirables.

Write a short report (5 pages maximum) that includes the following.

1. A calculation from Bayes theorem that shows the probability that if the CAPPS II algorithm identifies and individual as one who should be on the no fly list, this result is a false positive.  You can substitute values into the attached example to do this calculation.  

2. What social implications can be drawn from the results of this calculation? Are there significant harms that arise from this assessment method or its use?
3. What if anything should be done about this? 

4. If you wish to argue against the problem assumptions, i.e. levels of testing accuracy, you may provide an additional analysis that includes your values with a justification of the assumptions you have made.  Note – an opinion that the above values are not realistic is not a justification.  If you do so, you still have to complete 2 – 4. 
Example #1: False positives in a medical test

Suppose that a test for a particular disease has a very high success rate:

· if a tested patient has the disease, the test accurately reports this, a 'positive', 99% of the time (or, with probability 0.99), and

· if a tested patient does not have the disease, the test accurately reports that, a 'negative', 95% of the time (i.e. with probability 0.95).

Suppose also, however, that only 0.1% of the population have that disease (i.e. with probability 0.001). We now have all the information required to use Bayes' theorem to calculate the probability that, given the test was positive, that it is a false positive. This problem is discussed at greater length in Bayesian inference.

Let D be the event that the patient has the disease, and T be the event that the test returns a positive result. Then, using the second alternative form of Bayes' theorem (above), the probability of a true positive is
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P(DIT) = 0.99 x 0.001 + 0.05 x 0.999

= 11/566 ~ 0.019,




and hence the probability that a positive result is a false positive is about (1 − 0.019) = 0.981.

Despite the apparent high accuracy of the test, the incidence of the disease is so low (one in a thousand) that the vast majority of patients who test positive (98 in a hundred) do not have the disease.

This example is from Wikipedia.

