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Example: Using Mammograms to Screen for Breast Cancer 
 
Gerd Gigerenzer, a German psychologist, has conducted several studies to investigate 
physicians’ understanding of health statistics (Gigerenzer 2010).  In one study, he asked 160 
gynecologists about the following routine event:  
 

A woman tests positive in a mammography screening. She wants to know what her chances are that 
she actually has breast cancer. You know the following information about women in this region: 
 

• About 1% of the women in this region have breast cancer 
• If a woman has breast cancer, there is a 90% chance that the mammogram will correctly tell 

her she has breast cancer 
• If a woman does not have breast cancer, there is a 9% chance that the mammogram will 

incorrectly tell her she has breast cancer (this is called a false positive) 
 

If a woman tests positive, what is the best estimate for the probability that she has breast cancer:  
90%, 81%, 10%, or 1%? 

 
 
Gigerenzer’s results are summarized in the table below. 
 

Answer Percent that chose this Answer 
90% 47% 
81% 13% 
10% 21% 
1% 19% 

 
Questions: 
 

1. How do you feel about the variability that was observed in the physicians’ statistical 
thinking?   
 
Answers will vary. 
 
 
 

2. Which answer do you think is correct, and why?  How confident are you in your 
answer? 
 
Answers will vary. 
 

https://www.stat.auckland.ac.nz/%7Eiase/publications/icots8/ICOTS8_PL3_GIGERENZER.pdf
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To find the correct answer, consider the following.  Suppose that 10,000 women participate in 
the mammography screening test for breast cancer.  Remember what we know about the 
women in this region: 

• About 1% of the women in this region have breast cancer 
• If a woman has breast cancer, there is a 90% chance that the mammogram will correctly 

tell her she has breast cancer 
• If a woman does not have breast cancer, there is a 9% chance that the mammogram will 

incorrectly tell her she has breast cancer  
 
Translate this information into the appropriate counts on the table below. 
 

 Test Positive Test Negative Total 

Cancer 90 10 100 

No cancer 891 9,009 9,900 

Total 981 9,019 10,000 

 
Questions: 

1. Given that a woman tests positive for breast cancer according to her mammogram, what 
is the probability that she has breast cancer?  Use the above table of counts to find this 
probability. 
 
90/981 = 9.2% 
 
 
 

2. Was your intuition correct on this?  If not, are you surprised by this result? 

Answers will vary.  
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In the previous study, many of the physicians confused these two probabilities: 

• The probability of a positive test result given that a woman has breast cancer is 90% 
• The probability of having breast cancer given a positive test result is about 9.2% 

The correct answer depends on which conditional probability is really of interest (i.e., it 
depends on what event we’re assuming is “given” when calculating the probability of interest).  
To answer the question, “What are the chances I have breast cancer if my mammogram tests positive?” 
we must condition on getting a positive test.   
 
This is a mistake that is often made by not only physicians but also by members of the general 
public – we’re often confused when the results associated with screening tests are reported in 
terms of probabilities.  Gigerenzer argues that we should always construct a table of counts (as 
shown above) when examining the effectiveness of screening tests.  In the remainder of this 
handout, you will look at a few more examples of screening tests using Gigerenzer’s advice.  
You’ll also be introduced to some of the formal terminology that is typically associated with 
screening tests. 

Definitions 

• The prevalence of a disease can be viewed as the proportion of a population that has 
that disease 

• The sensitivity of a test is the probability that test results in a true positive (i.e., the 
probability the result is positive given that the subject has the disease) 

• The specificity of a test is the probability that test results in a true negative (i.e., the 
probability the result is negative given that the subject does not have the disease) 

• The false positive rate of a test is the probability that the test results in a false positive  
(i.e., the probability the result is positive given that the subject does not have the 
disease) 

• The false negative rate of a test is the probability that the test results in a false 
negative  (i.e., the probability the result is negative given that the subject has the 
disease) 

• The positive predictive value of a test is the probability that a subject actually has the 
disease given that they tested positive for it. 
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• The negative predictive value of a test is the probability that a subject actually does 
not have the disease given that they tested negative for it. 

Questions:  Find the following for the Mammogram/Breast Cancer example.  It may help to 
sketch in your results from page 2 on the following table of counts. 

 Test Positive Test Negative Total 

Cancer 90 10 100 

No cancer 891 9,009 9,900 

Total 981 9,019 10,000 

 
1. Find the prevalence of the test. 

 
100/10,000 = 1% 
 

2. Find the sensitivity of the test. 
 
90/100 = 90% 
 

3. Find the specificity of the test. 
 
9,009/9,900 = 91% 
 

4. Find false positive rate of the test. 
 
891/9900 = 9% 
 

5. Find false negative rate of the test. 
10/100 = 10% 
 

6. Find the positive predictive value of the test. 
90/981 = 9.2% 
 

7. Find the negative predictive value of the test.   
9,009/9,019 = 99.9% 
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Example: Screening Tests for HIV 
 
Enzyme Immunoassays (EIAs) are commonly used to screen for HIV.  According to the CDC, 
these tests are believed to have an extremely high sensitivity (99.9%) and specificity (99.8%).  
The CDC also estimates the prevalence of HIV to be about .4% in the general population of the 
U.S. 
 
Questions: 
 

1. Consider a hypothetical group of 1,000,000 U.S. citizens that are tested for HIV using an 
EIA test.  Use the information from above to fill in the following table of counts. 

 Test Positive Test Negative Total 

Has HIV 3,996 4 4,000 

Does not have HIV 1,992 994,008 996,000 

Total 5,988 994,012 1,000,000 

 

2. Suppose that someone tests positive for HIV using an EIA test.  What is the probability 
that this person actually has HIV given that they tested positive?  In other words, find 
the positive predictive value of this test.  Note that you should be using the above table 
of counts to find this probability. 
 
3,996 / 5,988 = 66.7% 
 
 
 
 

3. Suppose that someone tests negative for HIV using an EIA test.  What is the probability 
that this person is actually HIV-free given that they tested negative?  In other words, 
find the negative predictive value of this test.  Note that you should be using the above 
table of counts to find this probability. 
 
994,008 / 994, 012 = 99.9996% 

  

http://www.cdc.gov/hiv/testing/lab/clia/rtcounseling.html
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It is well-documented that the prevalence of HIV is higher in certain groups of people than in 
the general population of U.S. citizens.  Suppose that the prevalence of HIV in a certain 
population of interest is 2%.   Once again, assume that an EIA test has a sensitivity of 99.9% and 
a specificity of 99.8%.  
 
Questions: 
 

1. Consider a hypothetical group of 1,000,000 people from this specific population that are 
tested for HIV.  Use the information from above to fill in the following table of counts. 

 Test Positive Test Negative Total 

Has HIV 19,980 20 20,000 

Does not have HIV 1,960 978,040 980,000 

Total 21,940 978,060 1,000,000 

 

2. Suppose that someone in this certain population tests positive for HIV using an EIA test.  
What is the probability that this person actually has HIV given that they tested positive?  
In other words, find the positive predictive value of this test.  Note that you should be 
using the above table of counts to find this probability. 
 
19,980 / 21,940 = 91% 
 

3. Suppose that someone in this certain population tests negative for HIV using an EIA 
test.  What is the probability that this person is actually HIV-free given that they tested 
negative?  In other words, find the negative predictive value of this test.  Note that you 
should be using the above table of counts to find this probability. 
 
978,040 / 978,060 = 99.998% 
 
 

4. What happened to the positive predictive value of the test as the prevalence of the 
disease increased?  Hint: compare your answers to Question 2 on page 5 and Question 2 
on page 6. 

The positive predictive value is higher when the prevalence of the disease is higher. 
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Finally, note the following information provided by the CDC regarding the use of HIV tests.  
Hopefully, this information is much easier to understand after working through this handout. 
(Source: http://www.cdc.gov/hiv/testing/lab/clia/rtcounseling.html) 

 

 

http://www.cdc.gov/hiv/testing/lab/clia/rtcounseling.html

