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Hypothesis Testing 

Gender Discrimination
● In 1972, as a part of a study on gender discrimination, 48 male bank 

supervisors were each given the same personnel file and asked to 

judge whether the person should be promoted to a branch manager 

job that was described as “routine”.

● The files were identical except that half of the supervisors had files 

showing the person was male while the other half had files showing 

the person was female.

● It was randomly determined which supervisors got “male” applications 

and which got “female” applications.

● Of the 48 files reviewed, 35 were promoted.

● The study is testing whether females are unfairly discriminated 

against.

Is this an observational study or an experiment?

B.Rosen and T. Jerdee (1974), ``Influence of sex role stereotypes on personnel decisions", J.Applied 

Psychology, 59:9-14.

Experiment
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At a first glance, does there appear to be a relatonship between promotion 

and gender?

Data

% of males promoted: 21 / 24 = 0.875

% of females promoted: 14 / 24 = 0.583

We saw a difference of almost 30% (29.2% to be exact) between the 

proportion of male and female files that are promoted. Based on this 

information, which of the below is true?

(a) If we were to repeat the experiment we will definitely see that more 

female files get promoted. This was a fluke.

(b) Promotion is dependent on gender, males are more likely to be 

promoted, and hence there is gender discrimination against women in 

promotion decisions.

(c) The difference in the proportions of promoted male and female files is 

due to chance, this is not evidence of gender discrimination against 

women in promotion decisions.

(d) Women are less qualified than men, and this is why fewer females get 

promoted.

Practice
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We saw a difference of almost 30% (29.2% to be exact) between the 

proportion of male and female files that are promoted. Based on this 

information, which of the below is true?

(a) If we were to repeat the experiment we will definitely see that more 

female files get promoted. This was a fluke.

(b) Promotion is dependent on gender, males are more likely to be 

promoted, and hence there is gender discrimination against women in 

promotion decisions. Maybe

(c) The difference in the proportions of promoted male and female files is 

due to chance, this is not evidence of gender discrimination against 

women in promotion decisions. Maybe

(d) Women are less qualified than men, and this is why fewer females get 

promoted.

Practice

“There is something going on.” (Alternative Hypothesis)

Promotion and gender are dependent.

There is gender discrimination.

Observed difference in proportions is not due to chance.

“There is nothing going on.” (Null Hypothesis)

Promotion and gender are independent.

No gender discrimination.

Observed difference in proportions is simply due to chance.

Two Competing Claims
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Use a deck of playing cards to simulate this experiment.

1. Let a face card represent not promoted and a non-face card represent a promoted. 

Consider aces as face cards.

○ Set aside the jokers.

○ Take out 3 aces >> there are exactly 13 face cards left in the deck (face 

cards: A, K, Q, J).

○ Take out a number card >> there are exactly 35 number (non-face) cards left 

in the deck (number cards: 2-10).

2. Shuffle the cards and deal them intro two groups of size 24, representing males 

and females. 

3. Count and record how many files in each group are promoted (number cards).

4. Calculate the proportion of promoted files in each group and take the difference 

(male - female), and record this value.

5. Repeat steps 2 - 4 many times.

Application Activity:
Simulating the Experiment

Step 1
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Step 2-4

These simulations are tedious and slow to run using the method 

described earlier. In reality, we use software to generate the 

simulations. The dot plot below shows the distribution of simulated 

differences in promotion rates based on 100 simulations.

Simulations Using Software
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Practice
Do the results of the simulation you just ran provide convincing 

evidence of gender discrimination against women, i.e. dependence 

between gender and promotion decisions?

(a) No, the data do not provide convincing evidence for the 

alternative hypothesis, therefore we can't reject the null hypothesis 

of independence between gender and promotion decisions. The 

observed difference between the two proportions was due to 

chance.

(b) Yes, the data provide convincing evidence for the alternative 

hypothesis of gender discrimination against women in promotion 

decisions. The observed difference between the two proportions 

was due to a real effect of gender.

Do the results of the simulation you just ran provide convincing 

evidence of gender discrimination against women, i.e. dependence 

between gender and promotion decisions?

(a) No, the data do not provide convincing evidence for the 

alternative hypothesis, therefore we can't reject the null hypothesis 

of independence between gender and promotion decisions. The 

observed difference between the two proportions was due to 

chance.

(b) Yes, the data provide convincing evidence for the alternative 

hypothesis of gender discrimination against women in promotion 

decisions. The observed difference between the two proportions 

was due to a real effect of gender.

Practice
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Since it was quite unlikely to obtain results like the actual data or 

something more extreme in the simulations (male promotions being 

30% or more higher than female promotions), we decided to reject the 

null hypothesis in favor of the alternative.

Result

● Then we judge the evidence - “Could these data plausibly have 

happened by chance if the null hypothesis were true?"

○ If they were very unlikely to have occurred, then the evidence 

raises more than a reasonable doubt in our minds about the null 

hypothesis.

● Ultimately we must make a decision. How unlikely is unlikely?

Image from http://www.nwherald.com/_internal/cimg!0/oo1il4sf8zzaqbboq25oevvbg99wpot

Hypothesis testing is very much like 

a court trial.

● H0 : Defendant is innocent

HA : Defendant is guilty

● We then present the evidence -

collect data.

A Trial as a Hypothesis Test
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Hypothesis Testing

Is there enough evidence to "reject" a conjecture (or null 
hypothesis) about a process/ phenomenon?

Does not determine the truth or falseness of claims

If null hypothesis is not rejected (good or bad?)

a good result if we want to continue to act as if we "believe" the 
null hypothesis is true.

a disappointing result, possibly indicating we may not yet have 
enough data to "prove" something by rejecting the null hypothesis.

Accepting the null hypothesis" is like acquitting a 
defendant in a court trial.

Hypothesis formulation
Two hypothesis have to be formulated:

1. The null hypothesis (H0) This is the hypothesis that
the experimenter wants to reject with as high
probability as possible. “The defendant is not guilty”

2. The alternative hypothesis (H1) This is the
hypothesis in favor of which the null hypothesis is
rejected. “The defendant is guilty”

H0: The new machine learning method provides on average the same 
accuracy as the old one.

H1: The new machine learning method provides on average better accuracy 
as the old one.
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Example

Test Result

Modules 
with Faults

Modules 
without Faults

Test Result

Call these modules “non faulty” Call these modules “faulty”

Threshold
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Test Result

Faulty
Non-Faulty

True Positives

Some definitions ...

Call these modules “non faulty” Call these modules “faulty”

Test Result (Type I Error 
False Positives) 

Call these modules “non faulty” Call these modules “faulty”

Faulty
Non-Faulty
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Test Result

True 
negatives

Call these modules “non faulty” Call these modules “faulty”

Faulty
Non-Faulty

Test Result

Type II Error 
False negatives

Call these modules “non faulty” Call these modules “faulty”

Faulty
Non-Faulty
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Type I and Type II Errors

● Both errors should 
be minimum
oThere is a tradeoff 

oMore serious error 
should be limiting

oOnly way to reduce both 
is to increase sample 
size

Type of 
decision

H0 true H0 false 

Reject H0
Type I 

error (α) 

Correct 
decision 

(1-β) 

Not 
Reject H0

Correct 
decision 

(1-α)

Type II 
error (β) 

Power of 
the test

Power (gamma): Chance of convicting a guilty defendant

Type I and Type II Errors

●Type I (Alpha): Measure of false positive

o(α = 0.05) The decision of rejecting null hypothesis 

has a 0.05 probability of being wrong

o We have 95% confidence in our decision, if we reject 

it

oRisk of convicting an innocent defendant

●Type II (Beta): Measure of false negative

oRisk of acquitting a guilty defendant
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Choice of Alpha (Type-I Error)

Type of 
decision

H0 true H0 false 

Reject H0

Type I 
error (α) 

Correct 
decision 

(1-β) 
Power

Accept H0

Correct 
decision 

(1-α)

Type II 
error (β) 

Ref - http://www.cee.vt.edu/ewr/environmental/teach/smprimer/hypotest/ht.html

Changes in Beta

Type of 
decision

H0 true H0 false 

Reject H0

Type I 
error (α) 

Correct 
decision 

(1-β) 
Power

Accept H0

Correct 
decision 

(1-α)

Type II 
error (β) 

Ref - http://www.cee.vt.edu/ewr/environmental/teach/smprimer/hypotest/ht.html
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The General Social Survey (GSS) conducted by the Census Bureau 

contains a standard `core' of demographic, behavioral, and attitudinal 

questions, plus topics of special interest. Many of the core questions 

have remained unchanged since 1972 to facilitate time-trend studies 

as well as replication of earlier findings. Below is an excerpt from the 

2010 data set. The variables are number of hours worked per week 

and highest educational attainment.

Degree and hours worked

HA: x̄coll = x̄hs

There is a difference in the average number of hours worked per 
week by college graduates and those with a HS degree or lower.

What are the hypotheses for testing if there is a difference 
between the average number of hours worked per week by 
college graduates and those with a HS degree or lower?

Setting the hypotheses

H0: µcoll = µhs

There is no difference in the average number of hours worked 
per week by college graduates and those with a HS degree or 
lower. Any observed difference between the sample means is 
due to natural sampling variation (chance).
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Exploratory analysis - another look

Calculating the test-statistic and the 
p-value

H0: µcoll = µhs → µcoll - µhs = 0
HA: µcoll = µhs → µcoll - µhs = 0
x̄coll - x̄hs = 2.4,  SE(x̄coll - x̄hs) = 0.89
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Which of the following is correct based on the results of the 
hypothesis test we just conducted?

a)There is a 0.7% chance that there is no difference between the 
average number of hours worked per week by college graduates 
and those with a HS degree or lower.

b)Since the p-value is low, we reject H0. The data provide 
convincing evidence of a difference between the average 
number of hours worked per week by college graduates and 
those with a HS degree or lower.

c)Since we rejected H0, we may have made a Type 2 error.

d)Since the p-value is low, we fail to reject H0. The data do not 
provide convincing evidence of a difference between the 
average number of hours worked per week by college graduates 
and those with a HS degree or lower.

Conclusion of the test

Which of the following is correct based on the results of the 
hypothesis test we just conducted?

a)There is a 0.7% chance that there is no difference between the 
average number of hours worked per week by college graduates 
and those with a HS degree or lower.

b)Since the p-value is low, we reject H0. The data provide 
convincing evidence of a difference between the average 
number of hours worked per week by college graduates and 
those with a HS degree or lower.

c)Since we rejected H0, we may have made a Type 2 error.

d)Since the p-value is low, we fail to reject H0. The data do not 
provide convincing evidence of a difference between the 
average number of hours worked per week by college graduates 
and those with a HS degree or lower.

Conclusion of the test
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Steps in Hypothesis Testing

● Formulate the null and alternative hypothesis.

● Choose a level of significance (α).

● Determine the sample size.

● Collect data.

● Calculate z (or t) score using significant test.

● Utilize the table to determine if the z (or t) score falls 
within the acceptance region.

● Decide to
o Reject the null hypothesis and therefore accept the alternative hypothesis or

o Fail to reject the null hypothesis and therefore state that there is not enough 
evidence to suggest the truth of the alternative hypothesis.

Test Method
● Involves a test statistic and a sampling 

distribution. 

● The test statistic is computed from sample data

● An underlying distribution is assumed

● Assess probabilities associated with the test 
statistic. 

● If the test statistic probability is less than the 
significance level, the null hypothesis is 
rejected.



19/04/2015

18

A Test Statistic

● A quantity calculated from our sample of data

● Used to decide whether or not the null 
hypothesis should be rejected 

● Choice of a test statistic depends
o assumed probability model 

o the hypotheses under question  

● Ex: mean, proportion, difference between 
means, difference between proportions, z-
score, t-score, f-score, etc.

Common Test Statistics

Name Formula Assumptions

One-sample z-test (Normal distribution or
n > 30) and σ known

Two-sample z-test Normal distribution and
independent 
observations and both 
(σ1 and σ2 known) 

One-sample t-test Normal population and
σ unknown

Paired t-test Normal population and
σ unknown
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Significant testing
● General formula for significance testing 

● For Large sample
o Z-distribution

● For small sample
o Student’s t-distribution (for difference between means)

o F-distribution ( for difference in variances) and

o chi-square distribution (for differences in frequencies)

One sided vs. Two sided Hypothesis
●One sided hypothesis
oH0 : μ1 = A

oH1 : μ1 > A

●Two sided hypothesis
oH0 : μ1 = A

oH1 : μ1 ≠ A

z
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Example:#1 

● Suppose we want to show that SVM have an on average higher 
timing required than the Backpropagation for some image 
processing applications of some specific size. Given 
Backpropagation’s average as 190 minutes

● Research Hypothesis

o H0: µ = 190

o H1: µ > 190

● 1000 runs of SVM classifier is taken, and we find:

o Mean x = 198 and SD as s = 15

● We compute z-score as

o Z = (x- µ) / (s/ sqrt(n)) = 198-190/(15/sqrt(100)

o Z = 5.33

● Conclusion: H0 is rejected

z

Example #2
● There is a difference in error rates of Regularized Logistic 

Regression and Random Forest

● Hypothesis
o H0: µlr = µrf

o H1: µlr ≠ µrf

● Experiment: 
o 20 randomized trials on one dataset with 140 instances

o N1 = 10 and N2 = 10

o xlr = 11, xrf = 12

o s1 = 2 and s2 = 3

● Use t-test and find t = 0.8

● For alpha = 0.05 with 18 degree of freedom, we obtain tcrit = 2.11

● Hypothesis H0 is not rejected

Tcrit = 
2.11

Tcrit = -
2.11
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t-test with unequal sample sizes

where


