
 

Foundations of Data Science:
Hypothesis testing



Today

 1. Principle of hypothesis testing

 2. p-values

 3. Testing for goodness of fit to a model

 4. Issues in hypothesis testing
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Principle of hypothesis testing



Inferential statistics tasks: Hypothesis testing

Yes/no questions: E.g. 1: "Is Chocolate good for you"

E.g. 2: Is a coin biased?

E.g. 3: Swain versus Alabama (1965).
Is this jury selection procedure biased?



Swain versus Alabama simulation results



Method of hypothesis testing



Test procedure

1. Test statistic: e.g. number of black people on a jury panel

2. Distribution of the test statistic under

3. (a) Rejection region
   (b) Return a p-value 



Rejection regions

Number of black people is
different from
the number expected by chance

Number of black people is 
below
the number expected by chance



Normal approximation to the binomial distribution



z-critical values



Aspects of hypothesis testing

1. Decide whether a hypothesis or model is compatible with
   data from observaitional studies or randomised experiments

2. Investigate mechanisms specific to data
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Principle of p-values



Binomial

Normal approximation

Determining p-values from probability dists



P-values computed by various methods



Definition of p-value



What p-values are



Question

In the hypothetical case of 20 black people on the jury, 
which has a p-value of 0.10, would the null hypothesis
be true?

Why?



What p-values are not



"Statistical significance"



Statistical significance



Edge and Friedberg (1984)

Confidence intervals and p-values
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Multiple categories

American Civil Liberties Union investigation into
jury selection in Alameda County, CA









2-way contingency tables



Multiway contingency tables
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Type I and Type II Errors



"Cherry-picking", "Data dredging", "p-value hacking"



https://www.explainxkcd.com/wiki/index.php/882:_Significant

Multiple testing



Yanai and Lercher (2020)

"A hypothesis is a liability"



Summary

1. Principle of Hypothesis testing
    (a) Rejection method
    (b) p-values

2. Hypothesis testing applied to 3 problems involving
    testing if observed numbers are consistent with
    expected proportions
    - Many other uses

3. Limitations of hypothesis testing and p-values


