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MSc Applied Psychology

Applied Research Design and Analysis (ARDA)

Analysis of Variance (ANOVA): 
Interactions and Post-hoc analyses 

Dr Kate Williams

Planned/Post-hoc Comparisons

• Exploring significant main effects when there are 
more than 2 levels associated with an IV.

• Are you expecting differences at the start of your 
study?
– Planned comparisons (a Prior) 

• Are you wanting to explore non-hypothesised 
differences?
– Post-hoc comparisons for between-subject factors (e.g., 

Tukey, Scheffe, Bonferroni)

– Comparing main effects for within-subject factors (e.g., 
Bonferroni Pair-wise comparisons)

Let’s look at our Intervention study in further 
detail to examine distress levels…

• Research Question:

– Is a coping intervention programme more 
effective than a control condition in reducing 
distress across three time points?

• 1. Referral, 2. Waiting period, and 3. After diagnosis

• How would you set this study up?

• What would you be comparing? And why?
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Intervention Study

• One categorical between-subjects IV 
(number of levels ?)

• One categorical within-subjects IV (number 
of levels ?)

• One continuous DV

Intervention Study

• One categorical between-subjects IV (2 or more levels)

– INTERVENTION GROUP V CONTROL GROUP 

• One categorical within-subject s IV (2 or more levels)

– TIME 1 (referral) v TIME 2 (waiting period) v TIME 3 
(after diagnosis)

• One continuous DV

– Distress scores (measured on validated scale)

Study Design

• A 2 x 3 Mixed design ANOVA

CONTROL INTERVENTION 

Time 1

Time 2

Time 3
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Study Design
CONTROL INTERVENTION Total  Mean 

Time 1 8.21 7.46 15.67

Time 2 6.21 6.30 12.51

Time 3 5.56 6.46 12.02

Total  Mean 19.98 20.22 40.2

Time IV has more than 2 levels  
IV

Patient distress over time

Time 1
Referral 

Time 2
Waiting

Time 3
After Diag

Even if the main effect for time is sig, ANOVA does not tell 
us which means are different from which other means.
E.g., could be a significant difference between T1 & T2 but 
not between T2 & T3. 

SPSS ANOVA Output
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SPSS Output: Assumptions

Check that the Sig. 
value here is bigger 
than .001 (i.e., NOT
significant) to ensure 
that this assumption 
has not been violated.

Assumption being tested is that correlation between all variables is 
roughly the same. Sig value here should be bigger than 0.05 (i.e., NOT
significant). If it is significant then assumption of sphericity is violated 
and you will need to report values from either the ‘Multivariate Tests’ 
box or other rows in the ‘Tests of within-subjects effects’ box in the 
output.

SPSS Output: Assumptions

Check that the Sig. value for each condition in this box is bigger than 0.05 
(i.e., NOT significant). Need to ensure that all are not significant because this 
tells us that the assumption of homogeneity of variances has not been 
violated and so we are safe to proceed with our interpretation of the ANOVA. 
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SPSS Output: Interaction

No significant interaction
*Be careful when reading the columns*
Final column ‘Partial Eta Squared’ shows estimate of effect size

SPSS Output: Main effects

Significant main effect of Time

SPSS Output: Main effects

No significant main effect of Group
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Plot

Post-hoc comparisons – Between groups
• If you have a significant main effect of a between-

subjects factor with more than 2 levels:

– E.g., 3 groups (Caffeine, Placebo, No caffeine)

– You can ask SPSS to perform post-hoc tests

Post-hoc comparisons – Between groups

Some post-hoc tests are more 
conservative than others. 
Depending on the statistics 
book you read some would 
recommend using Tukey, 
while others would 
recommend Scheffe, and 
others Bonferroni. I have 
ticked all of these so you can 
see the difference in the 
values they produce. 

Move the variable 
in to the ‘Post Hoc 
Tests for:’ box
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SPSS Output: Post-hoc comparisons – Between groups

Reporting Between groups post-hoc analyses

• The information you present should include:

– The type of post-hoc test

– The mean and Standard Deviation values for each group

– The Sig value for each comparison.

• E.G., “Employing the Bonferroni post-hoc test, statistically 
significant differences were found in error rates between 
the Caffeine (M=4.7; SD=0.2) and No Caffeine (M=1.3; 
SD=0.1) groups (p < 0.005), and between the Caffeine 
(M=4.7; SD=0.2) and Placebo (M=2.7; SD=1.7) groups (p < 
0.001). However, there was no statistically significant 
difference found between the Placebo (M=2.7; SD=1.7) 
and No caffeine (M=1.3; SD=0.1) groups (p = 0.1).”

Comparing significant main effects 
for within-subject factors

• If you have a significant main effect of a within-
subjects factor with more than 2 levels:

– SPSS can perform Pairwise comparisons

• E.g., In our intervention example there was a 
significant main effect of time (3 levels) 

• Where does the difference lie?

– Time1 & Time 3?  Time2 & Time3? Time1 & Time2?  
All?
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Pairwise Comparisons - Within

Pairwise Comparisons - Within

Move the variable in to the 
‘Display Means for’ box

Tick ‘Compare main effects’

Change ‘Confidence interval 
adjustment’ to ‘Bonferroni’

Descriptives
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Descriptives
Ensure these boxes are ticked

SPSS Output: Pairwise Comparisons

Reporting Within groups post-hoc analyses

• The information you present should include:

– The type of post-hoc test

– The mean and SD values for each group

– The Sig value for each comparison.
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Interaction effects in ANOVA
• Experiments involving more than one factor (IV) 

gives us the main effect of each of the factors but 
also the possibility of an interaction between the 
factors.

• Manipulating more than 1 factor means we can 
see the ways in which a factor interacts with 
another.

• E.g., In the intervention study example there were 
2 IVs: Group (Intervention vs. Control) that could 
interact with the other IV of Time point (1,2,3).

Interaction: Intervention Study

IV2: Time

Time 1
Referral 

Time 2
Waiting

Time 3
Diagnose

IV1: Group

Intervention Control

Interaction effects in ANOVA

• In order to investigate an interaction effect you 
would need to look at Simple Effects.

• A simple effect occurs when there is a significant 
effect of one level of a factor across the levels of 
the other factor.

• It can be thought of like separating the whole 
design of your study in to smaller constituent 
elements.
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Interaction effects in ANOVA

• Simple effects can be investigated with:
– T-tests

–Planned Contrasts

–One-way ANOVA

• BUT: Remember the investigation of simple 
effects must avoid ‘capitalising on chance’. 

• Think back to how you deal with multiple 
comparisons!!! 

Interaction effects in ANOVA

• You may need to split the sample into 
groups according to one of your IVs.

• You could do this by using the ‘Split File’ 
option in SPSS 

–This allows you to split your sample 
according to one categorical variable and 
repeat analyses separately for each group.  

Interaction effects in ANOVA

• Say we obtained a significant interaction between Group 
and Time in the intervention study….

• We might split the SPSS file by Group and look at the effect 
of Time on distress scores separately for the intervention 
group only and then run a separate analysis for the effect 
of Time on distress scores for the Control group only.

• Use your SPSS books to see how splitting a file is done –
remember to turn off the split file option when you are 
finished otherwise all subsequent analysis will be split.
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Interaction effects in ANOVA

• Relatively straight forward to interpret an 
interaction when each of your factors only has 2 
levels.

• BUT: What if you had a study where one (or more) 
of the factors (IVs) has more than 2 levels? 

• This gets quite tricky and you need to think 
carefully about what further analyses to do and 
how to interpret the results. 

Interaction effects in ANOVA

• If you are comparing means across levels 
using t-tests, you MUST ALWAYS KEEP ONE 
FACTOR CONSTANT!

• Say there was a significant interaction 
between:

–IV1: Group (2 levels: Intervention or 
Control)

–IV2: Time (3 levels: 1, 2, 3).

Interaction effects in ANOVA

• You could compare the means for:

• Intervention group Time 1 and Time 2; 

• Intervention group Time 2 and Time 3; 

• Intervention group Time 1 and Time 3

• Control group Time 1 and Time 2; 

• Control group Time 2 and Time 3; 

• Control group Time 1 and Time 3

• BUT NEVER: Intervention group Time 1 with Control 
group Time 3, for example.
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Note on follow-up tests

• Think about whether the comparisons are 
within-subjects or between-subjects

– This will dictate whether you run Independent 
samples or Repeated-measures analyses.

• Think about whether you have any 
interaction effects, as this will dictate on 
what data you run any follow up analyses. 


