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False Positives

Objective:  Understand what “false positives” and “false negatives” are, how to determine their likelihood, and the consequences of each.

1.  What is a “False Positive”?

Tests for pregnancy, drug use, HIV, and the like can be very useful, but such tests never give perfect results.  Even very accurate tests will sometimes be in error, producing “false positives,” and “false negatives.” 

If you were given a drug test and tested positive, there is a small chance that this was a “false positive” and you did not really do the drug in question.  Testing “positive” means that the test says you have the disease, are pregnant, or used the drug.  So a “false positive” is a person who falsely tests positive.  

If you have taken a pregnancy test and tested negative, there is a small chance that this is a “false negative” and you actually are pregnant.  Testing “negative” means that the test says you do not have the disease, are not pregnant, or did not use the drug.  So a “false negative” is a person who falsely tests negative.

If you have tested positive for something, what is the chance that this could be a “false positive”?  Let’s investigate this question.

Suppose that testing for drug use is 99% reliable.  That means that if a person who did not use drugs is given the test, 99% of the time the test will say that the person has not used drugs.  That result is a “true negative.”  1% of the time a person who has not used drugs will test positive for drug use.  That result is called a “false positive,” and could lead to an applicant not being hired or even an employee being discharged.
Similarly, if the person does do drugs, 99% of the time the test will give a “true positive” and reveal the problem but 1% of the time the test will be incorrect, giving a “false negative.” A “false negative” says that a person does do drugs when really the person does. 
The probabilities of unknowingly being a  “false positive” or a “false negatives” are often very unintuitive and surprisingly high.

2.  A Drug-Testing Example.
Suppose of the 20,000 employees in a company, 500 do drugs.  That means 19,500 do not do drugs.  Let’s see how everyone will test if the test for drug usage is 95% accurate.
True positives do drugs and the test result is correct.  
True negatives don’t do drugs and the test is correct.

False positives don’t do drugs and the test is incorrect.  
False negatives do drugs and the test is incorrect.

	
	positives
	Negatives


	true
	500 (0.95) = 475
	19,500 (0.95) = 18,525


	false
	19,500 (0.05) = 975
	500 (0.05) = 25


	total
	1,450
	18,550


Notice that the totals must add up to 20,000.

Notice that the true row has all correct test results (0.95) and the false row has all incorrect test results (0.05). t
What percent of the positives are false?  975/1,450 = 67% !

What percent of the negatives are false?  25/18,550 = 0.0013 = 0.13%

The percent of the positives that are false can be pretty high. A large number of people don’t do drugs and even the small percent of that large number that test incorrectly can be a fairly large number.

The percent of the negatives that are false is usually very, very small.  A small amount of people do drugs and the small percent that test wrong is usually a very small amount of false negatives.


3.  False Positives if All US Residents Were Tested for HIV
Suppose that a test for HIV is 99% correct.  If all the people in the US were tested for HIV, what is the probability that a random person who tests positive actually does not have HIV?  We will figure this out.

According to the Kaiser foundation, there are 1.2 million cases of HIV or AIDS in the US.  http://www.kff.org/hivaids/upload/3029-071.pdf
Assume the US population is 300 million with 1.2 million residents having HIV.  Although these numbers are all approximate, do not round off in this problem so that the numbers all add up right.
	
	Negatives
	Positives

	True
	
	

	False
	
	

	Total
	
	


Of the US Residents that have HIV, 99% will correctly test positive, “true positives,” and 1% will incorrectly test negative, “false negatives.”


1.  Determine the number of true positives.

2.  How many US Residents do not have HIV? 


3.  Determine the number of true negatives.
Of the US Residents that do not have HIV, 99% will test negative which is a “true negative” and the other 1% will incorrectly test positive which is a “false positive.”

4.  Determine the number of false positives. 

5.  Determine the number of false negatives.


6.  How many people in total tested 


(a) positive for HIV? 


(b) negative for HIV?


(c) Since everyone tested either positive or negative, the answers to (a) 
and (b) must add up to what?


7.  Let’s think about the positives.  There were 4,176,000 positives.



(a) How many of these positives were “true positives”?  

            (b)  What percent of the positives were “true positives”? 
(c) If a person who has tested positive is randomly chosen, what is the 
probability that the person actually has HIV?

8.          (a) How many people in the US who do not have HIV will test positive? 


             (b) What percent of the positives are false positives?  


 (c) What is the probability that a random person who tests positive for 

HIV does not have HIV?
If you already know whether or not a person has HIV, the questions are easier.  What is the chance that a person with HIV will test positive?  99%, the accuracy of the test.


9.
(a)  What is the chance that a person without HIV will test positive? 



(b)  What is the chance that a person without HIV will test negative?

However, when you are testing for HIV, you are looking at the test results not knowing the true state of the person being tested.


 10. 
(a)  What is the probability that a random positive will be false? 


(b) What is the probability that a random negative will be false? 

11.  
Reflect.  If a person has HIV but tests negative, the negative is a false negative. 


(a) What is the real world consequence of a “false negative” for HIV?



(b)  What is the real world consequence of a “false positive”?


(c)  Which is more serious and why?
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