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value is placed in the denominator of the test statistic. Table 13.1 shows 
where to identify each source of variation in a table. Again, one source of 
variation is attributed to differences between groups, and two are associated 
with error variation, as shown in Figure 13.3.

Although we have two sources of error in a within-subjects design, this 
does not mean that we have more error variation in this design compared 
to the between-subjects design. Think of error variation as a pie with two 
slices. In the between-subjects design, we measure the whole pie and place it 
all in the denominator of the test statistic. In the within-subjects design, we 
cut this same pie into two slices and then remove the between-persons slice. 
The remaining slice is placed in the denominator of the test statistic.

To illustrate further, suppose we measure 24 units of error variation in a 
one-way analysis of variance. If different participants are observed in each 
group (between subjects), then all 24 units are attributed to a single source 
of error: the within-groups error. If the same participants are observed across 
groups (within subjects), then the 24 units are divided into two sources of 
error: within groups and between persons. As shown in Figure 13.4, the 
total error variation is the same; the difference is that we split the variation 
into two parts in a within-subjects design.

FYI
A within-subjects design does not 

have more error variation. Instead, 

the error variation is split, and 

the between-persons variation is 

removed as a source of error from 

the denominator of the test statistic.

PARTICIPANT

GROUPS

A B C

A 2 4 6 P = 4

B 1 3 5 P = 3

C 0 2 4 P = 2

D 5 7 9 P = 7

M = 2 M = 4 M = 6

Within-groups source of 
variation. This source of error 
variation is not attributed to 
having different groups, so it is 
placed in the denominator of 
the test statistic.

Between-persons source of variation. 
This is calculated by computing the 
average score of each person (P) in 
each row. This error variance is not 
attributed to having different groups 
and is removed from the denominator 
of the test statistic.

Between-groups source of variation. 
This variance is attributed to having 
different groups and is placed in the 
numerator of the test statistic.

TABLE 13.1

Three sources of variation in a within-subjects design: between groups and two sources of error varia-
tion—between persons and within groups. The between-persons source of variation is calculated and 
then removed from the denominator of the test statistic.

Sources of Variation 


