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What is 
a t-test?

A t-test is a statistical test which 
focuses on testing hypothesis if 
there are differences mean of 
samplers and populations.

A t-test is used when mean and 
standard deviation of the whole 
population are unknown.



Types of 
t-test

1.One sample t-test
to test the mean 
of a single group

2.Independent t-test
to compare the 
mean of two 
groups

3.Paired sample t-test

to compare the 
mean of the 
same group at 
different time



What is an independent t-test?

A t-test assessment is statistically 

used when we want to compare if 

the means of two groups are 

different.

http://www.socialresearchmethods.net/kb/stat_t.php

http://www.socialresearchmethods.net/kb/stat_t.php


T-test six assumptions

■ 1. Your dependent variables should be measured on interval or ratio 
scales.

■ 2. Your independent variables should contain two definite, 
independent groups.

- For example, groups of gender (male or female), behavior of 
drinking coffee (Yes/No).

■ 3. You should make sure that there is no relation between each group.

- For example, one participant must not be allowed to participate 
in more than one group of the experiment.



T-test six assumptions

■ 4. Significant outliers are prohibited.

- For example, in a study of IQ scores of 100 participants, the 

mean score is 110, but there is one participant with 160 IQ which is too 

strange.

■ 5. Your dependent variables should be a normal distribution.

https://en.wikipedia.org/wiki/Normal_distribution

https://www.statisticshowto.datasciencecentral.co

m/probability-and-statistics/skewed-distribution/

https://en.wikipedia.org/wiki/Normal_distribution
https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/skewed-distribution/


T-test six assumptions

■ 6. Homogeneity of variances is needed.

If variances of two groups are different, it will affect 

type I error rate.

https://www.youtube.com/watch?v=3BApSAESfxI

https://www.youtube.com/watch?v=3BApSAESfxI


Calculating an 
independent 
T-test without 
using SPSS

We need two t-values: 
calculated and critical         
t-value.

After calculating if the t-value is more 
than the critical t-value, we will reject 
the null hypothesis. When the t-value is 
lower than the critical t-value, we fail to 
reject the null hypothesis.



How to 
calculate an 
independent 

t-test?

Step 1: Calculate mean 
and variance from each 
group.

Step 2: After getting calculated t-
value, compare it to the critical    
t-value from the t-table.

Step 3: Determine if

T-value > Critical value: Reject H0.

T-value < Critical value: Accept H0.



Example

Brody et al. (2004) wanted to see if 
smokers and non-smokers have equal 
brain size.

Brain volume data is collected from 17 
non-smokers and 19 smokers.

In this case, independent variables are 
smoker & non-smoker. Dependent 
variable is brain volume.

Level of measurement: Ratio



Hypotheses

Null hypothesis (H0): Smokers 
and non-smokers have equal 
brain size.

Alternative hypothesis (H1): 
Smokers and non-smokers 
have unequal brain size.



T-test formula
Mean of each group

Variance of each group

Sample size of each group
https://www.biologyforlife.com/t-test.html

https://www.biologyforlife.com/t-test.html


Step 1.1: Calculate mean and variance from each group
Non-smokers X – 5.33 (X – 5.33)^2 Smokers X – 4.29 (X – 4.29)^2

7.3 1.97 3.88 4.2 - 0.09 0.01

6.5 1.17 1.37 4.0 - 0.29 0.08

5.2 - 0.13 0.2 2.6 - 1.69 2.86

6.3 0.97 0.94 4.9 0.61 0.37

7.0 1.67 2.79 4.4 0.11 0.01

5.9 0.57 0.32 4.4 0.11 0.01

5.2 - 0.13 0.02 5.5 1.21 1.46

5.0 - 0.33 0.11 5.1 0.81 0.66

4.7 - 0.63 0.40 5.1 0.81 0.66

5.7 0.37 0.14 3.2 - 1.09 1.19

5.7 0.37 0.14 3.9 - 0.39 0.15

3.3 - 2.03 4.12 3.2 - 1.09 1.19

5.0 - 0.33 0.11 4.9 0.61 0.37

4.6 - 0.73 0.53 4.3 0.01 0.00

4.8 - 0.53 0.28 4.8 0.51 0.26

3.8 - 1.53 2.34 2.4 - 1.89 3.57

4.6 - 0.73 0.53 5.5 1.21 1.46

Sum = 18.04 5.5 1.21 1.46

S^2 = 1.13 3.7 - 0.59 0.35

Mean = 5.33 Mean = 4.29 Sum = 16.13 S^2 = 0.90

https://www.tutorialexam

ple.com/what-is-sample-

variance-and-how-to-

compute-it-in-numpy-

numpy-tutorial/

https://www.tutorialexample.com/what-is-sample-variance-and-how-to-compute-it-in-numpy-numpy-tutorial/


Step 1.2: Calculate t-value

■ Mean of non-smokers’ brain volume = 5.33

■ Mean of smokers’ brain volume = 4.30

■ Variance of non-smokers group = 1.13

■ Variance of smokers group = 0.90

■ Sample size of non-smokers group = 17

■ Sample size of smokers group = 19

https://www.biologyforlife.com/t-test.html

https://www.youtube.com/watch?v=IQgeSeRKkVY

https://www.biologyforlife.com/t-test.html
https://www.youtube.com/watch?v=IQgeSeRKkVY


Alphas and 
a p-value

The alpha level: The probability of 
rejecting H0 when H0 is true. 
Normally, we use the alpha level of 
0.05.

A p-value: If a p-value is less than 
an alpha = Reject H0, for example, 
the p-value = 0.02 and the alpha   
= 0.05, then we reject the H0.



Step 1.3: 
Find the 

critical t-value

Find
Find the critical t-value in the t-table with 
calculated degrees of freedom and the 
alpha level.

Specify Specify the alpha level (α): 0.05.

Calculate
Calculate degrees of freedom (df): 

df = n1 + n2 -2: In this case df = 34.



In this case:

df = 34

α = .05

Critical t-value = 1.697

http://sites.edtech.haifa.ac.il/stats/00-important-

concepts/00-t-table

The t-table

http://sites.edtech.haifa.ac.il/stats/00-important-concepts/00-t-table


Step 2 & 3:
Compare

t-value with 
critical t-value

In this case, calculated 
t-value > critical t-value.

Calculated t-value = 3.07

Critical t-value = 1.697

We reject null hypothesis (H0) and 
accept alternative hypothesis (H1) : 
Non-smokers and smokers have 
unequal brain size t = 3.07 p < .05. 



Calculating a t-test with SPSS

■ Step 1: Choose Analyze on the menu bar -> Compare Means 

-> Independent Samples t-test.



Calculating a t-test with SPSS

■ Step 2: Choose your independent variable to be in the label 

“Grouping variable”. Then, click define groups. Type the 

number that code to each group.



Calculating a t-test with SPSS

■ Step 3: Choose your dependent variable to be in the label 

“Test variable(s)”.



Interpreting a t-test data from SPSS



Levene’s test for equality of variances

https://libguides.library.kent.edu/SPSS/IndependentTTest

https://libguides.library.kent.edu/SPSS/IndependentTTest


ANY QUESTIONS ?
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