
Module 3: Probability and Statistics

Week 12 Tutorial

Hypothesis tests



Key goals for the class

1. How do we apply a hypothesis test for the 
population mean, given a data sample?

2. How do we check whether binned data is 
correlated, using a 𝝌𝟐 hypothesis test?

3. How do we check whether strings of data values 
are correlated, using a correlation coefficient 
hypothesis test?



Hypothesis tests

Hypothesis testing is a common 
feature of “frequentist statistics”

1. State null hypothesis (𝐻!) and 
alternate hypothesis (𝐻")

2. Determine the test statistic

3. Specify its critical value for the 
chosen significance level

4. State the rejection rule for 𝐻!
5. Calculate the observed value of the 

test statistic

6. Draw the conclusion



Hypothesis test for the mean

“If the mean of a sample of 𝑁 = 16 is 3.42, and the 
population standard deviation is 0.68 – test, at 

significance level 5%, whether population mean < 3.70”

Sample mean and size

Significance level Range of populaDon mean

1. Null hypothesis 𝐻! is 𝜇 = 3.70, 𝐻" is 𝜇 < 3.70

2. Test statistic is 𝒛-score, since the standard deviation is known

3. Critical value is 𝑧# = −1.645 for 5% significance  → rejection 
rule for 𝐻! is 𝑧 < −1.645

4. Observed value is 𝑧 = %̅&'
(/ *

→ carry out hypothesis test

Population standard deviation is known



Reading the normal distribution table

If 𝑃 = 0.95 (5%
probability in the tail), 

then 𝑧 = 1.645

The 𝑧-score maps to the 
𝑥 value in the normal 

distribution table



Tutorial question

Try Q1 on the tutorial sheet (testing a hypothesis for 
the mean, knowing the population standard deviation).



Hypothesis test for the mean

If the population standard deviation is not known, and 
must be estimated from the sample, the steps change.

Question: Given a data sample of size 𝑁, test at 2.5%
significance whether the population mean 𝜇 > 23

1. Compute the sample mean 𝑥̅ and standard deviation 𝑠

2. Null hypothesis 𝐻! is 𝜇 = 23, 𝐻" is 𝜇 > 23
3. Test statistic is 𝒕-score, since the standard deviation is unknown

4. Critical value is 𝑡# = 2.365 (using 𝑑. 𝑓. = 𝑁 − 1 and 𝑝 = 0.025)

5. Observed value is 𝑡 = %̅&'
+/ *

→ carry out hypothesis test



Reading the 𝑡-distribution table

Degrees of freedom (=
𝑁 − 1 for hypothesis 
test of mean)

Example: for 2.5%
significance test for a 
sample 𝑁 = 8, critical 
value is 𝑡! = 2.365

1-tailed probability



Tutorial question

Try Q2 on the tutorial sheet (testing a hypothesis for 
the mean, not knowing the population std.dev.).



Correla<on tes<ng
We now wish to check whether two random variables are 
correlated (vary together) or independent.  We’ll discuss:

1. χ2 (“chi-squared”) hypothesis test on contingency table

2. Correlation coefficient hypothesis test using values



𝜒! test for independence
The first correlation test uses a 2D data table such as:

Is there a relation between the day and the shop activity?
1. Write the row and column totals (“marginal distributions”)

2. Use these to create the expected frequencies in each cell assuming 
the variables are independent, 𝐸 = ,-. /-/01 × 3-1456 /-/01

7,068 /-/01

3. Determine 𝝌𝟐 = ∑ 𝑶&𝑬 𝟐

𝑬 where 𝑂 = observed, 𝐸 = expected

4. Compare 𝜒< to test threshold, using 𝑑. 𝑓. = 𝑁"#$ − 1 × 𝑁%#& − 1

130
22
49
17

153 65 218



Reading the 𝜒! table
Probability in the tail

Degrees of freedom
(= 𝑁"#$ − 1 × 𝑁%#& − 1
for independence test)

Example: for 98%
confidence if 𝑑. 𝑓. =
3, we need 𝜒' > 9.84

If 𝜒! > 9.84, then the 
null hypothesis of 
independent variables is 
rejected



Tutorial question

Try Q3 on the tutorial sheet (𝝌𝟐 test for the 
independence of variables).



Testing for a linear relationship

The second correlation test searches for a linear 
relationship between strings of data such as:

𝑥 = 2.1, 2.1, 2.1, 2.2, 2.3, 2.4, 2.4, 2.4, 2.5, 2.5
𝑦 = 43, 44, 45, 49, 55, 58, 56, 51, 52, 62

Is there a linear relation between 𝑥 and 𝑦?

1. Find the Pearson coefficient 𝑟 = ∑ %"&%̅ K"&LK
*&" +# +$

(you can use the green calculator to do this if you wish)

2. Compute the test statistic 𝒕 = 𝒓 𝑵&𝟐

𝟏&𝒓𝟐

3. Compare 𝑡 to test threshold, using 𝑑. 𝑓. = 𝑁 − 2



Tutorial question

Try Q4 on the tutorial sheet (testing for a linear 
relationship between two variables).



That’s all for today!


