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Outline
What is ANOVA

1. What does ANOVA stand for?

2. How is ANOVA similar to a t-test?

3. How is it different?

4. What is a factor?

Types of ANOVA

5. What is the difference between 

univariate and multivariate ANOVAs?

6. What is the difference between 

between-subjects and within-subject 

factors?

7. What is the difference between one-

way and factorial ANOVAs?

8. For a univariate design, what 2 things 

do you need to know to determine 

what type of ANOVA to use?

9. What type of ANOVA is required if 

you have both between-subjects and 

within-subject factors?

Assumptions

10. What are the three main assumptions 

of ANOVA?

11. What descriptive statistics do you 

report to assess normality?

12. What are the two tests for 

homogeneity of variance?

13. When should you use each of the 

tests for homogeneity of variance?

14. How do you compute Fmax?

15. When do you need to check for 

sphericity?

16. What values of Levene’s Test, Fmax 

and Mauchly’s Test allow you to do 

ANOVA?

Other Considerations

17. Why should you consider sample size 

when planning an experiment?

18. What is meant by ‘cases must be 

independent’?

Review of Last Week

Experimental Design
1. What types of variables require 

a between-subjects design?
2. What are the advantages of a 

between-subjects design?
3. What are the disadvantages of 

a between-subjects design?
4. How do you minimise the 

disadvantages of a between-
subjects design?

5. What are the different ways you 
can assign participants to 
conditions?

Between-subjects One-way ANOVA
6. What two columns of data are 

required to set up a between-
subjects one-way ANOVA?

7. Which assumptions should you 
test when conducting a 
between-subjects one-way 
ANOVA?

8. Which numbers do you need to 
include when reporting the 
results of a between-subjects 
one-way ANOVA?

Post-hoc Analyses
9. Why are post-hoc anaylses 

run?
10. How do you calculate the 

critical p-value for Bonferroni 
correction?

11. When is Bonferroni correction 
likely to be too conservative?

Today’s Learning Objectives

Between-Subjects
Experimental

Design

Between-subjects
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Between-subjects Factors

Unchangeable variables

Practice effects

Long studies

Advantages

! Study unchangeable 
variables

! Avoid practice effects

! Avoid effects of fatigue or 
boredom

! Avoid cueing the 
participants to the objective 
of the study

! Takes less time for each 
participant

Between-subjects Design
Disadvantages

! Requires more participants

! Assignment of participants 
to conditions may be 
difficult to randomise

! Individual differences may 
produce high variability, 
lowering power

! It may be difficult to ensure 
equal numbers of 
participants in each 
condition

! Differential attrition

Minimising the disadvantages

1. (Pseudo) randomisation of 
participants to conditions

2. Matching groups

3. Limiting variability

4. Large sample size

5. Analyse potential confounds



True Randomisation Pseudo-Randomisation Matching

Limiting Variability

1.Set up the data

2.Set up the ANOVA

3.Interpret the results

4.Write up the results

ANOVA Mental Rotation Experiment

Which shape on the right is the 
same as the shape on the left?

3D training

Mental Rotation Experiment

2D trainingNo training

Set Up the Data

Dependent 
Variable

Factor

Subject 1

Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

x1 1

x2 1

x3 2

x4 2

x5 3

x6 3

Set Up the Data

accuracy training

Subject 1

Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

0.24 no training

0.32 no training

0.54 2D training

0.68 2D training

0.87 3D training

0.82 3D training



Set Up the Data Set Up the ANOVA Interpret the Results

Interpret the Results Write Up the Results

Analysis revealed a main 
effect of training condition, 
F(2, 18) = 14.9, p < .001.

p = ???

p = ???

p = ???
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Post-hoc Analyses

Tukey’s HSD

p < .001

p = .034

p = .036

0

0.25

0.50

0.75

1.00

no training 2D training 3D training

Post-hoc analyses using Tukey’s HSD showed 
that 3D training resulted in higher scores than 
2D training (p = .034) and no training (p < .001) 
and that 2D training resulted in higher scores 
than no training (p = .036).

p < .001

p = .034

p = .036

0
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0.50
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1.00

no training 2D training 3D training



Bonferroni correction

The critical p-value (usually .05) is the 
probability that you would get a certain result 
when the groups are really no different. 

Thus, if p = .04 and you reject the null 
hypothesis, there is a 4% chance that you are 
wrong.

If you run many tests, that probability increases.

Bonferroni corrections involve reducing the 
critical p-value by dividing it by the number of 
tests you run.

Test p significant?

1 0.049 no

2 0.034 no

3 0.012 no

4 0.003 yes

5 <.001 yes

corrected p =                             = .01
.05

number of tests

Bonferroni correction

Bonferroni correction is too conservative 
(likely to lead to false negatives) if:

! you predict and find that more than one 
test is significant

! you predict that some tests will be non-
significant (e.g., control data) and some will 
be significant.

Bonferroni correction

between-subjects
Bonferroni correction
conservative
critical p-value
differential attrition
false negative

individual differences
multiple comparisons
post-hoc
practice effects
pseudo-randomisation
randomisation

Vocabulary


