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Analysis of Variance (ANOVA)

Often we want to ask quite complex question.
We may need to examine more than two groups.

We may want to examine which of a number of
variables has the greatest influence over a given
outcome?

How does a variable/factor effect the DV in light of
another variable/factor?

What is the interaction of two (or more)
variables/factors in their effect on DV?

Analysis of Variance (ANOVA)

Basic Terms:
Factors: These are the Independent Variables (1Vs)

Levels of factors: Similar to conditions

Between-subject factor: Factors where levels vary
between Ps (each P only experiences 1 level of a factor).

Within-subject factors: Factors whose various

levels vary within a P (each P will experience 2 or more
levels of a factor).




Analysis of Variance (ANOVA)

* Why use ANOVA? 4 main reasons:

1. It can handle more than 2 groups.

2. It can handle more than 2 conditions.
3. It can handle more than 1 IV.

4. It shows us interactions between IVs.

ANOVA

* ANOVA can handle data from studies involving
more than 2 groups/conditions:

— E.g., A researcher wants to examine psychological
distress of patients over three different time points:
1 month, 5 months, & 10 months.

— If there were only 2 conditions e.g., 1 month vs. 10
months, we would conduct a t-test.

— But because there are more than two conditions we
would need to conduct an ANOVA.

ANOVA

v
Patient distress over time

Condition 1 Condition 2 Condition 3
Time: 1 Time: 5 Time: 10
month months months




Why not just do lots of t-tests?....

Analysis of Variance (ANOVA)

* Too many multiple comparisons = increased
likelihood of Type 1 error

* Type 1 error more possible by chance

— Accept a difference as significant (p < 0.05) in
error

* ANOVA corrects for this problem:
—More stringent test of significance than t-test

ANOVA

* ANOVA allows us to investigate the effect of more
than one Independent variable (IV)

— E.g., examine the effect of a gender and age on
remembering a list of words.

— Here there are 2 IVs: (1) Gender and (2) Age
— One DV: Memory for the list of words

* ANOVA can handle any number of IVs

(but more than about 4 are rarely used)




ANOVA

V1 V2
Gender Age

‘ Male ‘ ‘Female‘ ‘18—35‘ ‘36—53‘

ANOVA - Interactions

* Allows us to investigate how multiple 1Vs
combine (or interact) to affect the DV.

Number of words recalled
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—E.g., consider previous example: Effects of

gender and age on memory score.

—Males may remember more than females; older

Ps may remember more than younger Ps.

—OR we may see an interaction:

* Male performance may decline with age while

female performance may improve with age.

Interactions in ANOVA
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Analysis of Variance (ANOVA)

* ANOVA is a parametric test so the following
conditions must be met in order to use it:

1. The DV comprises of interval or ratio data.
2. Data is from a normally distributed population.

3. There is homogeneity of variance (population
variances are all equal).

4. For independent group design, independent
random sample must be taken from each
population

Analysis of Variance (ANOVA)

* Human performance varies both between
individuals and within the same individual.

If variance between conditions is larger than
variance within conditions, we can say that the IV
is having a larger effect on scores than individual
differences are.

So ANOVA needs to calculate both types of
variances.

Analysis of Variance (ANOVA)

* ANOVA compares the between-group variation to
the random variation (within group variation)
within each group.

If there are differences between groups, the
between group variance will be larger than the
within group variance

* Calculated as the F ratio




The F-Ratio

* To put it another way:

* The F-ratio looks at whether variances
are due to our manipulation of the IV or
from other nuisance factors (also known
as the error variance).

Possible ANOVA Designs

One-way within: 1 factor (IV) with multiple levels
(conditions) — Each P takes part in all conditions.

One-way between: 1 factor (IV) with multiple levels
(conditions) — Different Ps take part in each of the
different conditions.

Two-way within: 2 factors (IVs) with multiple levels
(conditions) — Each P takes part in each possible
combination of the 2 factors.

Two-way between: 2 factors (V) with multiple levels
(conditions) — Different Ps take part in each of the
different combination of factors and conditions.

Mixed ANOVA Designs

A between (unrelated) independent variable

A within (related) independent variable

— Included together in one analysis

A very common structure for studies

Requires (at the minimum):

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

— One continuous DV

Can involve more than 2 IVs
IVs can include more than 2 levels/conditions.




Possible ANOVA Designs

ANOVA can handle any number of IVs
— So you could have a three-way, four-way, etc.

Great for applied research because in the real
world there are often many factors that have an
influence on an outcome.

But this ability to measure many IVs all at once
comes at a price — the complication of
attempting to interpret multiple interactions.

Let’s look at an example in detail...

* Effect of a coping intervention on Affect
—IV: Group with 2 levels (Intervention or Control)

—Between participants design (% of the patients
receive the intervention, % receive usual care)

—Aim = Examine any differences in Positive Affect
(PA) between those who receive the
intervention vs. those in the control group.

Intervention example

What other factors need to be considered?

Could things other than just the intervention
influence reports of positive affect?

What about levels of positive affect before
patients took part in the study?

How can we deal with this as a possible
influencing factor?




Exploring Multiple Factors

* Need to study more than one IV
Investigate possible ‘interaction’ between IVs
Still looking at the effect on one DV (positive affect)

* IV1: Group (Intervention or Control)
* |V2: Original positive affect levels (time 1 vs. time 2)
» DV: positive affect scores after study manipulation

* This is a ‘multifactorial” design

Describing ANOVAs

* You need to specify 3 things:
1. How many factors are involved (IVs)
2. How many levels there are of each factor (IV)

3. Whether each factor (1V) is a within- or
between-subject factor.

Intervention study:

* Because we have two IVs:
—Have to combine the conditions of each

—Both IVs have 2 conditions:
* Group: Intervention VS. Control (between)
* Time: One VS. Two (within)

—This gives us a 2 x 2 mixed design
—To test all combinations need 4 conditions




Multifactorial designs

* Intervention study:
* 2 x 2 table of conditions (4 conditions)

Intervention Control

Time 1 (Pre- study |Condition 1 |Condition 2
manipulation)

Time 2 (Post study |Condition 3 | Condition 4
manipulation)

Multifactorial designs

* Sample mean scores for the study:

Intervention ~ Control Means
Time 1 (Pre- study|Condition 1 |Condition 2 45
manipulation) '
Time 2 (Post study| Condition 3 | Condition 4 3
manipulation)

Means 7.5 5

Main effects and interactions

* We can assess the effect of each factor on their
own and the interaction between them.

* Main effect: is used to describe the independent
effect of a factor (IV).

* E.g., in the intervention study example, 2 main
effects will be reported:

1. Group: Difference in means between intervention
and control

2. Time: Difference in means between time 1 and time 2




Multifactorial designs

* ‘Main effects’ are effects of one IV alone.

* Where is effect of the ‘time’ IV shown in the scores
below?

Intervention Control Means

Time 1 (Pre- study|Condition 1 |Condition 2 45
manipulation) )

Time 2 (Post study| Condition 3 | Condition 4
manipulation)

Means 7.5 5

Multifactorial designs

* ‘Main effects’ are effects of one IV alone.
* Where is effect of the ‘Group’ IV shown in the scores

below?
Intervention Control Means
Time 1 (Pre- study| Condition 1 |Condition 2 | 4 &
manipulation) '
Time 2 (Post study| Condition 3 | Condition 4 8
manipulation)

Means 7.5 5

Main effects

* The study can show us the ‘main effects’
— Effects of each IV in isolation on DV score

— Is there a significant difference between conditions

* However, the point was to examine how the TWO
IVs may influence the DV together

* Analyse any possible ‘interaction’ between IVs
— Combination of IVs in effecting the DV
— Differences dependent on conditions of both IVs
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Main effects and Interactions

Main effects compare means for one

level/condition of a factor with the mean of the
other level(s)/condition(s) of that factor.
— In the same way as in an experiment with only 1 IV.

— Only this time you would have more than 1 main effect.

factors (all the |

Vs)

Interactions: assess the combined effect of the

An interaction assessing 2 factors combined is

called a two-way interaction. When 3 factors are
involved it is a three-way interaction. And so on....

Multifactorial designs

* How do the two IVs interact?

Intervention

Control

Time 1 (Pre- study|Condition 1

manipulation)

Means

Condition 2 4.5

Time 2 (Post study
manipulation)

Condition 3

Condition 4

Means

7.5

Using graphs to show interactions
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Using graphs to show interactions

* Key to interpreting is relative slope of lines
* Same/Similar slope = likely no interaction

* Markedly different slope indicates may be
interaction between the IVs

Using graphs to show interactions

12 No
‘ «@s|ntervention «®=Control .
Interaction
10 4
PA 8 1
Score 6 Main effects
of Group
4 and Time
P
0

Time 1 Time 2

ANOVA Output
ANOVA will analyse:

* Main effects (effects of one IV in isolation)
* Interactions (combined effects of more than 1 V)
* Main statistics for each analysis:

* F-value, degrees of freedom (df), & p-value
(sig. value)
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ANOVA Output

F-value equates to the t-value in the t-test

Need 2 values for the df:
* The value from the row of your IV and the value
from the ‘error’ row of output.

Sig. Value p < 0.05 is significant

All show whether (or not) there are significant
differences (and to what degree) between the
means in each grouping of data.

Interpretation of mixed ANOVA Output
Report descriptives (Means & Standard deviations)

Check Box’s test of Equality of Covariance Matrices:
— Sig value needs to be above .001.

Check Levene’s test of Equality of Error Variances:
— Needs to be greater than .05

Check other tables (depending on type of ANOVA) to ensure
no violations and ensure to read values from correct rows.

Report main effects (For each 1V)
Report interaction effects
Report effect size (Partial Eta Squared)

Report planned and/or post-hoc tests (if needed)
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