
Hypothesis Testing



What is hypothesis testing

• Hypothesis testing is the scientific 
method of checking if a theory is 
true in a scenario

• It allows us to make assumptions 
about a set of data and my 
predications based on it



Null Hypothesis

• Symbol 𝑯𝑯𝟎𝟎

• The default assumption that 
there is no effect or 
difference 

• Example: "There is no 
difference in test scores 
between two teaching 
methods."



Alternative Hypothesis

• Symbol 𝑯𝑯𝒂𝒂 𝐨𝐨𝐨𝐨 𝑯𝑯𝟏𝟏

• The assumption we are testing for, ie
the effect or difference

• Example: "There is a difference in 
test scores between two teaching 
methods."



Significance level

• Symbol 𝜶𝜶

• The probability of rejecting 𝐻𝐻0 when 
it is true 

• Typically, 0.05 (5%) or 0.01 (1%)



Test Statistic

• A value computed from the sample 
data used to decide whether to 
reject 𝐻𝐻0

• For our use case will typically be a 
one or two tailed t-test

• Though a z-test can also be written



P Value

• The probability of obtaining test 
results at least as extreme as the 
observed data, assuming 𝐻𝐻0 is true. 

• If 𝑝𝑝 ≤ 𝛼𝛼, reject 𝐻𝐻0 otherwise fail to 
reject 𝐻𝐻0



Critical Value

• Found using a statistics software or a 
t-table

• Uses our significance level and 
degrees of freedom (n-1) to find a 
value to compare our test-statistic to



Types of hypothesis tests

• One-tailed test: Tests for an effect in 
one direction (e.g., greater than or 
less than).

• Two-tailed test: Tests for an effect in 
either direction (e.g., different but 
unspecified direction).



Common hypothesis tests
• Z-test: Used when population variance is 

known, and sample size is large (𝑛𝑛≥30).

• T-test: Used when population variance is 
unknown, and sample size is small.

• Chi-square test: Used for categorical data to 
test independence or goodness-of-fit.

• ANOVA (Analysis of Variance): Compares 
means across multiple groups.



Different samples
The equation we use changes depending on how many 
sets of data (columns) we have, for both these equations 
the data must be independent (not linked)

One sample example: 
A factory produces metal rods, and the average rod 
length is 50 cm. A manager takes a random sample of 30 
rods from a new production batch and wants to test if 
their average length is different from 50 cm.

Two sample example:
A nutritionist is testing two different diets. She randomly 
selects 30 people for Diet A and 30 people for Diet B and 
records their weight loss over 3 months.



Paired T-test
• When one sample relates to another sample we use a 

paired t-test. 

• So, if we have sample a and then we do something to 
sample a to get sample b we use a paired t-test

• Paired t-test is super important and most used

• Example:
A researcher wants to test whether a new sleep aid 
increases sleep duration. They conduct an experiment 
where 10 participants record their sleep duration (in 
hours) for one week without the sleep aid and then for 
another week with the sleep aid.



Paired t-test example
Participant Sleep without 

aid (hrs)
Sleep with aid 
(hrs)

1 6.5 7.2

2 5.8 6.5

3 6.0 6.8

4 6.2 7.1

5 5.5 6.3

6 6.3 7.0

7 6.1 7.4

8 5.9 6.8

9 5.7 6.6

10 6.4 7.2

• This is example data for the example in 
the previous slide

• We know its paired as it’s the same 
group just with and without aid

• Our first step is to declare our 
hypotheses

• 𝑯𝑯𝟎𝟎 sleep aid does not increase sleep 
duration

• 𝑯𝑯𝒂𝒂 sleep aid increases sleep duration



Participant Sleep without 
aid (hrs)

Sleep with aid 
(hrs)

Difference

1 6.5 7.2

2 5.8 6.5

3 6.0 6.8

4 6.2 7.1

5 5.5 6.3

6 6.3 7.0

7 6.1 7.4

8 5.9 6.8

9 5.7 6.6

10 6.4 7.2

Paired t-test example
Participant Sleep without 

aid (hrs)
Sleep with aid 
(hrs)

Difference

1 6.5 7.2 +0.7

2 5.8 6.5 +0.7

3 6.0 6.8 +0.8

4 6.2 7.1 +0.9

5 5.5 6.3 +0.8

6 6.3 7.0 +0.7

7 6.1 7.4 +1.3

8 5.9 6.8 +0.9

9 5.7 6.6 +0.9

10 6.4 7.2 +0.8

• Our next step is to add a 
difference column onto our 
data and then work out the 
difference between the two 
values



Paired t-test example
Participant Sleep without 

aid (hrs)
Sleep with aid 
(hrs)

Difference 𝒅𝒅𝟐𝟐

1 6.5 7.2 +0.7 0.49

2 5.8 6.5 +0.7 0.49

3 6.0 6.8 +0.8 0.64

4 6.2 7.1 +0.9 0.81

5 5.5 6.3 +0.8 0.64

6 6.3 7.0 +0.7 0.49

7 6.1 7.4 +1.3 1.69

8 5.9 6.8 +0.9 0.81

9 5.7 6.6 +0.9 0.81

10 6.4 7.2 +0.8 0.64

• Next let's add a 𝑑𝑑2 
column to the 
table



Paired t-test example
Participant Sleep without aid (hrs) Sleep with aid (hrs) Difference 𝒅𝒅𝟐𝟐

1 6.5 7.2 +0.7 0.49

2 5.8 6.5 +0.7 0.49

3 6.0 6.8 +0.8 0.64

4 6.2 7.1 +0.9 0.81

5 5.5 6.3 +0.8 0.64

6 6.3 7.0 +0.7 0.49

7 6.1 7.4 +1.3 1.69

8 5.9 6.8 +0.9 0.81

9 5.7 6.6 +0.9 0.81

10 6.4 7.2 +0.8 0.64

8.5 7.51

• Finally lets add a 
sum row to the 
bottom of our 
table

• This means:

• ∑𝑑𝑑 = 8.5

• ∑𝑑𝑑2 = 7.51



Paired t-test example
• Now we can put our values into our equation

• ∑𝑑𝑑 = 8.5

• ∑𝑑𝑑2 = 7.51

• n = 10

• 𝑡𝑡 = ∑ 𝑑𝑑
𝑛𝑛 ∑ 𝑑𝑑2 −(∑ 𝑑𝑑)2

𝑛𝑛−1

= 8.5
10∗ 7.51 −8.52

10−1

= 15.105



Paired t-test example

• Next we need to work out our critical 
value

• We know our df is n-1 so 10-1=9

• If we have a significance of 0.05 we have 
a critical value of 2.262



Paired t-test example
• Finally, we compare our test statistic and critical value:

• 𝑡𝑡 = 15.105

• 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 2.262 

• As t is much greater than the critical, we can reject the null

• This means there is significant chance that the hypothesis of the sleep aid 
increasing sleep duration
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