




























1. How many African-Americans should have been hired out of the 18 open positions?

2. Do we have to observe the expected value exactly in order to say that no bias is present, or is some deviation from the 
expected value acceptable? 

3. At what point do you start to believe the hiring process is biased against African-Americans?  Do you think observing 
2 is “too much” deviation from what is expected in an unbiased hiring process? 

Preliminary Questions

ExpectedObserved

4. How much confidence do you have in your answer to the previous question?

Repeated Sampling & Exact Inference
5. What proportion of the outcomes resulted in 2 or fewer African-American hires? 

6. Is this proportion small enough that you would consider such an outcome unlikely to occur by chance alone? 

7. Would you say the data provides [ no | moderate | strong ] evidence that the hiring process is biased against African-
Americans? Explain.

8. Do you have [ less | same | more ] confidence in your decision when using a larger number of repeated samples? 

Candidate Pool
25/74, 34%

Hired
2/18, 11%

Question of 
Interest

Is the hiring of head coaches biased against African-Americans?

• Activities, such as the one presented here, can be used to introduce sampling distributions and their role in   
statistical inference early in the course

• These concepts can and should be revisited several times throughout an introductory course
• The activity presented permits students to discover the concept of a p-value and its measure of extremeness
• Exact tests (e.g. binomial) are a natural extension of the repeated sampling process and are accessible to 

introductory students with minimal mathematical background through the use of technology 

Conclusions

Example

New Challenges
• Some students feel it is necessary to do repeated sampling for every example
• Some students may confuse the number of repeated samples with the sample size
• Relies heavily on the use of technology (e.g. repeating sampling, computation of binomial probabilities)
• Normal approximation to the exact test is not discussed which may lead to perceived deficiencies in 

future courses
• Confidence intervals based on exact methods are difficult

Hands-on
Repeated 
Sampling 

Technology
Repeated
Sampling

Exact 
Inference

Binomial
Distribution

Contact authors for applet’s permanent web address
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Assessment
Preliminary ideas

Intuitive Inference

Understanding of the repeated sampling process

• Discovery of expected value without formulas (6/11 correct, 5/11 rounded to a whole number)
• Understanding that deviation from expected value is acceptable (5/11 correct, 4/11 said yes because “you 

cannot hire 6.12 African-Americans” 
• Determination of unusual outcome (6/11 correct, 4/11 used a two-sided approach)

• Construction of population used for repeated sampling (Correct: 23/33)
• Representation of objects drawn from population (Correct: 29/33)
• Interpretation of dotplot (Correct: 25/33)

• Counting of outcomes more extreme than observed (5/33 measured extremeness relative to observed outcome,  
11/33 understood meaning of extreme or more extreme)

• Formal statistical conclusion (11/33 were able to write a correct inferential statement in context, 6/33 made a 
partially correct inferential statement)

Letting Go to Grow

The concepts of sampling distributions and inference are typically introduced
midway through the course and are centered on normal theory methods. Cobb
(2007) suggests putting the core logic of inference at the center instead. Many
topics that typically precede inference for a single proportion are not necessary
as this activity illustrates.

What is necessary is a basic understanding of the core 
components of a sampling  distribution: repeated sampling, 
statistic, and distribution.  The concepts of a p-value and its 
use as a measure of extremeness are naturally developed. 
These ideas are revisited several times throughout the course.
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