
Lecture 21 : 4/7/2022
Section 9.2, 9.3, 9.4

A/B testing & confidence intervals

Stat 88: Prob. & Mathematical Statistics in Data Science

https://xkcd.com/892/

 



Hypotheses tests: Review of steps 
1. State the null hypothesis (!!) – that is, what is the assumption we are going 

to make. This will determine how we compute probabilities

2. State an alternative hypothesis (!")  Note that this should not overlap with 
the null hypothesis, and it may or may not define probabilities (example: 
there was gender bias etc)

3. Decide on a test statistic to use that will help you decide which of the two 
hypotheses is supported by the evidence (data). Usually there is a natural 
choice. Use the null hypothesis to specify probabilities for the test statistic.

4. Find the observed value of the test statistic, and see if it is consistent with 
the null hypothesis. That is, compute the chance that we would see such an 
observed value, or more extreme values of the statistic ("-value).

5. State your conclusion: whether you reject the null hypothesis or not. This is 
based on your chosen cutoff (“level of the test”). Reject if the "-value is less 
than the cutoff.
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Example: Woburn
In the early 1990s, a leukemia cluster was identified in the Massachusetts town of 
Woburn. Many more cases of leukemia, a malignant cancer that originates in a 
bone marrow cell, appeared in this small town than would be predicted. Was this 
evidence of a problem in the town or just chance?
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Observed significance levels (a.k.a !-values)

• The "-value decides if observed values are consistent with the null 
hypothesis. It is a tail probability (also called observed significance level),
and is the chance, assuming that the null hypothesis is true, of getting a 
test statistic equal to the one that was observed or even more in the 
direction of the alternative.

• If this probability is too small, then something is wrong, perhaps with your 
assumption (null hypothesis). That is, the data are unlikely if the null is true  
and therefore, your data are inconsistent with the null hypothesis.

• "-value is not the chance of null being true. The null is either true or not. 

• The "-value is a conditional probability since it is computed assuming 
that the null hypothesis is true.

• The smaller the "-value, the stronger the evidence against the null  and 
towards the alternative (in the direction of the alternative).

• Traditionally, below 5% (“result is statistically significant”) and 1% (“result 
is highly significant”) are what have been used. Significant means the "-
value is small, not that the result is important.
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Ex. 9.5.1

• All the patients at a doctor's office come in annually for a check-up 
when they are not ill. The temperatures of the patients at these check-
ups are independent and identically distributed with unknown mean #.

• The temperatures recorded in 100 check-ups have an average of 98.2 
degrees and an SD of 1.5 degrees. Do these data support the 
hypothesis that the unknown mean # is 98.6 degrees, commonly known 
as "normal" body temperature? Or do they indicate that # is less than 
98.6 degrees?

4/6/22 5

HM98 ci
Xiooare

the temperatures
Ha M C98.67g sample mean is yournatural test statistic
Test statistic I aka An

Observed value z 98.2deg Sample SDI pop SDSD XK

Ign Nco I
Ao n N ME u

EEEA 4 51
mal



Obs value 98.2 for normal

P Value PCA C 98.2 Ho is true
P Zsa
P ZEN

P

IEEE
2 98.8.11 to's Incas6o

Z is the usual notation for
a stat normal n n

p rake P Z L 0.4g
P Z C 2 6667

I 0.003 8
0.38

IAIN

Reject the null
it

doesn't seem likely that M
98 6dg



A/B testing: comparing two distributions

• Data 8, section 12.3, randomized controlled trial to see if botulinum 
toxin could help manage chronic pain.

• 31 patients → 15 in treatment group, 16 in control group. 2 patients in 
the control group reported pain relief and 9 in the treatment group.

• A/B testing is a term used to describe hypothesis tests which involve 
comparing the distributions of two random samples.  (Earlier we had 
one sample and made a hypothesis about its distribution.)

• In particular,  we can conduct an A/B test for hypothesis tests involving  
results of randomized controlled trials,  A is the control group and B the 
treatment group.
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Fisher’s exact test

• Control group: 16 patients, 2 reported relief
• Treatment group: 15 patients, 9 reported relief

• !!: The treatment has no effect (there would have been 11 patients 
reporting pain relief no matter what, and it just so happens that 9 of 
them were in the treatment group)

• !": The treatment has an effect
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Example:The Lady Tasting Tea

• The first person to describe this sort of hypothesis test was the famous 
British statistician Ronald Fisher. In his book The Design of Experiments, 
he describes a tea party in which a lady of his acquaintance claimed 
that she could tell from tasting a cup of tea if the milk had been poured 
first or the tea. 

• Fisher immediately set up an experiment in which she was given 
multiple cups of tea and asked to identify which of them had had the 
tea poured first. She tasted 8 cups of tea, of which 4 had the tea poured 
first, and identified 3 of them correctly. Does this data support her 
claim?
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Example: Gender bias ?

• Rosen and Jerdee conducted several experiments using male bank 
supervisors (this was in 1974) who were given a personnel file and 
asked to decide whether to promote or hold the file. 24 were randomly 
assigned to a file labeled as that of a male employee and 24 to a 
female. 

• 21 of the 24 males were promoted, and 14 of the females. Is there 
evidence of gender bias?
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