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Agenda of the lecture  

i. T test 

➢Independent sample t test

➢One way sample t test

ii. ANOVA 

• One-way ANOVA

• Two-way ANOVA



Independent Samples t Test



• The Independent Samples t Test compares the means of two 
independent (separate) groups to find out if the associated 
population means are statistically significantly different.

• This involves two variables. The variable being tested (test variable or 
dependant variable) and the grouping variable (independent variable)

• If you want to know how the maths works, have a look here:

T-test formula – look at the independent samples test.

Independent Samples t Test

http://www.sthda.com/english/wiki/t-test-formula


• Independent sample (Between-subjects)

• Dependent (test) variable that is continuous (i.e., interval or ratio level)

• Independent variable that is categorical (i.e., two or more groups)

• Independent samples/groups – no relationship between the subjects in 
both Random sample of data from the population

• Normal distribution (approximately) of the dependent variable for each 
group, although this is less important with larger samples

• Homogeneity of variances (i.e., variances approximately equal across 
groups)

• No outliers

• When one or more of the assumptions for the Independent Samples t Test 
are not met, you may want to run the nonparametric Mann-Whitney U Test 
instead

Independent Samples t Test  - Assumptions

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

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


Independent Samples t Test

H0 : No difference in job satisfaction between 
male and female 

H1 : There was difference in job satisfaction 
between male and female 



Independent 
Samples t Test



Independent 
Samples t Test



Independent 
Samples t Test

Define Group



Independent 
Samples t Test

Significant 
Level 



Independent Samples t Test

P >.05 
Then, accept H0

Equal Variance assumed P <05 
Then, reject H0

Significant difference

Across 0 
NOT Significantly different



Presentation of Independent Sample T-Test results



Independent Samples t Test

• An independent T-test was conducted to compare the job satisfaction 
for male (Group1) and female (Group 2).  There were significant 
differences  (t (df) = 56, p= .039 in the scores with the mean score for 
Male (Group 1) M= 3.026,  SD = 1.06 was higher than the mean score 
for female (Group 2), M= 2.53, SD = .84. The magnitude of the 
difference in the means (mean difference = .499, 95% CI = .60 to 1.06 ) 
was significant. Hence, H1 was supported 



Samples t Test

Compared with the average mean 



Samples t Test



Samples t Test

Assume the average 
satisfaction mean =3.5 



Samples t Test



Independent Samples t Test Degree of freedom 
df = N-1 

=> 58 – 1 = 57



Sample t-test 

•3 ways of measuring the mean statistical 
difference in SPSS 

i. t-value (from t table)

ii. p-value  < 0.05

iii.  Confidence Interval 



Samples t Test 1. t-table 
If t value > critical value, then it is 

statistically different.



Critical values 
P value =0.05 

df = 57
CV = 2.009 

file:///C:/Users/h.lee/OneDrive%20-
%20University%20of%20Wales%20Trinity%20Saint%20David/Documents/Business%20Team/DBA%20Programme/Quants
_Research%20methods/Uploaded%20to%20Moodle/Students-t-table-one-tailed-two-tailed_Table.pdf

file:///C:/Users/h.lee/OneDrive - University of Wales Trinity Saint David/Documents/Business Team/DBA Programme/Quants_Research methods/Uploaded to Moodle/Students-t-table-one-tailed-two-tailed_Table.pdf
file:///C:/Users/h.lee/OneDrive - University of Wales Trinity Saint David/Documents/Business Team/DBA Programme/Quants_Research methods/Uploaded to Moodle/Students-t-table-one-tailed-two-tailed_Table.pdf
file:///C:/Users/h.lee/OneDrive - University of Wales Trinity Saint David/Documents/Business Team/DBA Programme/Quants_Research methods/Uploaded to Moodle/Students-t-table-one-tailed-two-tailed_Table.pdf


Samples t Test 2. P value
If p value<0.05, then it is statistically 

different.



Samples t Test 3. Confidence Interval (95%)
If Confident Interval contain 0, then 
the mean is not statistically different



Samples t Test



Paired Sample t Test



Paired Sample t Test - Assumptions

1. There are two dependent groups or samples 
e.g. The weight of one and the same person is 
measured before and after a diet.

2. The variables are interval scaled

• The salary of a person 

3. The differences of the paired values are 
normally distributed.



Paired-samples t Test

➢ Dependent sample (Within-subjects) 

➢ Use a paired t-test when each subject 
has a pair of measurements, such as a 
before and after score.



In-class activity
Please use the 400-dataset for the following 
activities

Exercise 1 : test the difference between gender on 
salary independent t-test 

Exercise 2 : The average motivation index = 3, please 
test the motivation against the average motivation

(Please present your answers on ppt with SPSS output 
incorporated) 



ANOVA



One-way ANOVA



One-way ANOVA

One-way ANOVA: Used to determine how 
one factor affects a response variable.

Factor 1 

Group 1

Group 2

Group 3



→One way ANOVA  (For the maths, please see here: 
http://web.pdx.edu/~newsomj/uvclass/ho_ANOVA.pdf)

It compares differences of means among more than 2 groups. It does 
this by looking at variation in the data and where that variation is found 
(hence its name). Specifically, ANOVA compares the amount of 
variation between groups with the amount of variation within groups.

BUT: It does not tell us which groups are different, only that there are 
differences between the variations for the variables for the groups.

Therefore, post hoc tests need to be run to determine which groups are 
different.

If you need to compare differences between 
several groups on the same variables

http://web.pdx.edu/~newsomj/uvclass/ho_ANOVA.pdf


One-way ANOVA – Assumption 

1.Independence of observations: the data were collected using statistically 
valid sampling methods, and there are no hidden relationships among 
observations. If your data fail to meet this assumption because you have 
a confounding variable that you need to control for statistically, use an 
ANOVA with blocking variables.

2.Normally-distributed response variable: The values of the dependent 
variable follow a normal distribution.

3.Homogeneity of variance: The variation within each group being 
compared is similar for every group. If the variances are different among 
the groups, then ANOVA probably isn’t the right fit for the data.

https://www.scribbr.com/methodology/sampling-methods/
https://www.scribbr.com/methodology/confounding-variables/
https://www.scribbr.com/statistics/normal-distribution/


One-way ANOVA
➢ANOVA, which stands for Analysis of Variance, is a statistical 

test used to analyze the difference between the means of more 
than two groups.

➢A one-way ANOVA uses one independent variable

➢Use a one-way ANOVA when you have collected data about 
one categorical independent variable and one quantitative 
dependent variable. The independent variable should have at least 
three levels (i.e. at least three different groups or categories).

https://www.scribbr.com/statistics/statistical-tests/
https://www.scribbr.com/statistics/statistical-tests/
https://www.scribbr.com/statistics/mean/
https://www.scribbr.com/methodology/types-of-variables/#independent
https://www.scribbr.com/methodology/data-collection/


One-way ANOVA

ANOVA tells you if the dependent variable changes according to the level of 
the independent variable. 

For example:
Independent variable is brand of soda, and you collect data 
on Coke, Pepsi, Sprite, and Fanta to find out if there is a difference in 
the price per 100ml.

Dependent variable is job satisfaction,



Post hoc tests: 

If your data meets the homogeneity of variances assumption, use 
Tukey's post hoc test. 

If your data did not meet the homogeneity of variances assumption, 
you should consider running the Games Howell post hoc test.

If you don’t know, run both and check, then use the appropriate test.

ANOVA results

• The F ratio is the ratio of two mean square values. If the null 
hypothesis is true, the F should  be close to 1. A large F ratio means 
that the variation among group means is more than would be 
expected by chance

• How to report ANOVA results

http://statistics-help-for-students.com/How_do_I_report_a_1_way_between_subjects_ANOVA_in_APA_style.htm#.XjssyWj7SUk


One-way ANOVA



One-way ANOVA



`



One-way ANOVA

Levene Test is non-
significant. The variance 

is equal
Group variances are 

homogeneous



One-way ANOVA

F(4 , 53) = 16.017, p<.05, n2 p= .547

n2 p is an effect size 



One-way ANOVA



One-way ANOVA



One-way ANOVA

Post-hoc testing
ANOVA will tell you if there are differences among 
the levels of the independent variable, but not 
which differences are significant. To find how the 
treatment levels differ from one another, perform 
a TukeyHSD (Tukey’s Honestly-Significant 
Difference) post-hoc test.



One-way ANOVA



One-way ANOVA



An ANOVA, short for “Analysis of Variance”, is 
used to determine whether or not there is a 
statistically significant difference between the 
means of three or more independent groups.

The two most common types of ANOVAs are 
the one-way ANOVA and the two-way 
ANOVA.

One-way ANOVA  vs Two-way ANOVA



Two-way ANOVA



One-way ANOVA  vs Two-way ANOVA

One-way ANOVA: Used to determine how 
one factor affects a response variable.

Factor 1 

Group 1

Group 2

Group 3



One-way ANOVA  vs Two-way ANOVA

Two-way ANOVA: Used to determine how 
two factor affects a response variable.

Factor 2 

Group 1

Group 2

Factor 1 



Two-way ANOVA - Assumptions
➢ Your dependent variable should be continuous – that is, measured on a 

scale which can be subdivided using increments (i.e. grams, milligrams) 

Your two independent variables – here, “month” and “sex”, should be in 
categorical, independent groups.

Sample independence – that each sample has been drawn independently 
of the other samples

Variance Equality – That the variance of data in the different groups 
should be the same

Normality – That each sample is taken from a normally distributed 
population



Two-way ANOVA – Hypothesis 

H0: The means of all month groups are equal
H1: The mean of at least one month group is different

H0: The means of the sex groups are equal
H1: The means of the sex groups are different

H0: There is no interaction between the month and 
gender
H1: There is interaction between the month and gender



One-way 
vs 
Two-way 
ANOVA

One-Way ANOVA Two-Way ANOVA

Definition A test that allows one to 

make comparisons 

between the means of 

three or more groups of 

data.

A test that allows one to 

make comparisons 

between the means of 

three or more groups of 

data, where two 

independent variables are 

considered.

Number of Independent 

Variables

One. Two.

What is Being 

Compared?

The means of three or 

more groups of an 

independent variable on a 

dependent variable.

The effect of multiple 

groups of two independent 

variables on a dependent 

variable and on each 

other.

Number of Groups of 

Samples

Three or more Each variable should have 

multiple samples.

Source : Techology Network Informatics 



Two-way 
ANOVA



Click ‘Gender’ and add 



Click ‘ROLE’ and add 



Click ‘ROLE and 
Gender’ and add 



Click ‘ROLE and 
Gender’ and add 



Click ‘ROLE and 
Gender’ and add 



Two-way 
ANOVA



Two-way 
ANOVA

Go to ‘plot’ 



Two-way 
ANOVA

Go to Post Hoc 
and add ‘Role’



Two-way 
ANOVA

Go to Option 
and add ‘Role’



Two-way 
ANOVA

SPSS Output 



Two-way 
ANOVA

SPSS 
Output 



Two-way 
ANOVA

SPSS 
Output 

P  <0.05 
Significantly different



Two-way 
ANOVA

Compare 
between groups 

by pair



Two-way 
ANOVA

SPSS Output 
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Two-way 
ANOVA

SPSS Output 



In-class activity
Please use the 400-dataset for the following activities

Exercise 1. Please test satisfaction level according to 
role through One-way ANOVA

Exercise 2. Please test the satisfaction level between 
gender and role through Two-way ANOVA

(Please present your answers on ppt with SPSS output 
incorporated)



Q&A 
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