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Keppel, G. & Wickens, T. D. Design and Analysis  
Chapter 19: The Two-Factor Mixed Design: Overall Analysis 

 
• K&W describe an Ax(BxS) design, which involves one between (independent groups) factor (A) 
and one within (repeated measures) factor (B). They refer to this as a mixed design. Some 
people refer to a mixed design as a combination of a fixed-effects factor with a random-effects 
factor, so you should be aware of that fact (and the difference between the two usages of 
“mixed”). 
 
19.1 The Overall Analysis of Variance 
 
• The Ax(BxS) design is (sort of) like combining a single-factor independent groups design with a 
single-factor repeated measures design (and gaining the benefit of an interaction term). 
 
• K&W show you all sorts of matrices, which are really useful if you’re going to compute the 
analyses by hand. However, given that you are likely to use the computer to analyze these 
complex designs, I’ll shortcut the summary of the discussion to focus on the components crucial 
to computing the mixed design with SPSS (and understanding the output). 
 
• K&W also show you how to generate the df and bracket terms for hand computation of these 
ANOVAs. Once again, I refer you to the chapter (pp. 432-441) for your edification. What is 
important, I think, is for you to have a sense of the df and error terms that would be used in this 
particular two-factor design. As seen in Table 19.2: 
 
Source SS df MS F 
A [A] – [T] a - 1 SSA / dfA MSA / MSS/A 
S/A [AS] – [A] (a)(n - 1) SSS/A / dfS/A  
B [B] – [T] b - 1 SSB / dfB MSB / MSBxS/A 
A x B [AB] – [A] – [B] + [T] (a - 1)(b - 1) SSAxB / dfAxB MSAxB / MSBxS/A 
B x S/A [Y] – [AB] – [AS] + [A] (a)(b - 1)(n - 

1) 
SSBxS/A / dfBxS/A  

Total [Y] – [T] (a)(b)(n) – 1   
 
• Note that the error term used for the between factor (A) is the usual suspect (S/A). However, the 
way that SSS/A is computed will differ slightly from the way one computes it in a single-factor 
independent groups design. That is, in that design a participant would provide only one score 
within each level of A. For this mixed design, however, a participant would provide as many 
scores within each level of A as there are levels of B. For example, imagine a single-factor 
independent groups experiment with 3 levels (left) and a mixed 3x4 design with the first factor 
(A) between groups (right). The data would appear as seen below: 
 

 a1  a2  a3 
p1 3 p4 2 p7 7 
p2 4 p5 9 p8 3 
p3 5 p6 5 p9 8 

 a1  a2  a3 
p1 4,5,7,3 p4 7,3,6,4 p7 8,4,3,4 
p2 4,6,8,4 p5 3,8,4,6 p8 4,8,9,2 
p3 7,3,8,2 p6 6,4,5,6 p9 3,4,8,6 
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The trick to translating between the two sets of data is to add together the 4 scores for each 
participant in the mixed design. Once that is done, the analysis between the two designs is 
equivalent. Note, however, that using the sum means that the specific order of the scores from 
the levels of B is irrelevant. In essence, then, the error term used for the independent groups 
factor is the mean of the variability of participants (on average) within each level of the factor. 
• Note, also, that the error term for both the repeated factor and the interaction (which involves a 
repeated factor) are both assessed against the same error term (MSBxS/A). The expected MS 
determine the appropriate error terms (to create an F of 1 when H0 is true). For this design, the 
EMS are: 
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Thus, you can see that the same error term works equally well for both the effect of the repeated 
factor (B) and the interaction between the two factors (AxB). That is, the BxS interaction at each 
level of A represents the variability due to participants responding differently to the repeated 
treatments, given the level of A to which they had been exposed. 
 
A Numerical Example 
• K&W provide an example of a study with memory for hidden locations of seeds in kangaroo 
rats. The animals were treated in one of three ways: a1, brain matter was removed from the 
hippocampus; a2, brain matter was removed from another area of the brain; or a3, a sham 
operation was conducted, but no brain matter was removed. [Note that this factor could never be 
used as a repeated factor. J] The seeds were hidden in environments with 0, 4, 8, or 16 
landmarks (the four levels of the repeated factor). Each animal was given a fixed amount of time 
in which to hide the seeds on the first day and the DV was the percentage of seeds recovered a 
day later. There were n = 4 kangaroo rats assigned to each of the three conditions. Here are the 
data as entered into SPSS: 
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• Next, you would choose to analyze these data with the General Linear Model->Repeated 
Measures. First, indicate that the repeated factor has four levels (I’ve called it land). Then, move 
the variables as indicated below (left shows starting position and right shows ending position). 

     
 
• The output (in part) would look like this: 
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Note that the output is different from that seen in Table 19.4. SPSS prints a separate source table 
for the Between-Subjects effect (Area of Brain Removed) and the Within-Subjects effect 
(Number of Landmarks). The plot of the data is seen below: 

 
The Error Terms 
• The SSError for the between effect (Area) can be best understood by rearranging the data. Instead 
of 4 scores per rat, those scores are added together to create a sum, which then serves as the 
dependent variable. Doing so in SPSS is straightforward using the Compute window. I called the 
new variable land, and it’s the sum of the 4 landmark scores for each rat. Below, you’ll see the 
analysis of these data: 

 
Note that the F is exactly the same as that found in the original analysis (and what K&W show 
on p. 439). On the other hand, the SS are bigger by a factor of 4 because we’re dealing with sums 
over 4 scores. That said, of course, if we reduce both the SSTreatment and the SSError by a factor of 4, 
the resulting F will be unchanged (but the SS would then agree with those on p. 439). 
• To illustrate what’s going on with the error term for the repeated factors, K&W show the 
analyses for each level of the between factor separately. Below, I’ll show the same information 
from SPSS, for hippo, other, and none: 
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Note that if you add together these three error terms (32+27+40), you’ll obtain the SSError for the 
repeated factor (99). The point is that the error term represents the combined error for each level 
of the between factor (Area). 
 
Removing Incidental Effects, Etc. 
• Keep in mind that you would be able to remove the incidental effects of counterbalancing for 
the repeated factor. However, as before, it’s a bit tricky. Essentially, you can re-compute the 
ANOVA using the position effect as the repeated factor. That is, instead of AxB, you would use 
AxP. Then, you would remove the SSP (position) and the SSAxP (interaction of position and the 
between factor) from the SSBxS/A (the original error term). Of course, you’d have to do the same 
thing for the degrees of freedom.  
 
• Suppose that you were dealing with a 2x4 mixed design with the first factor between and the 
second factor within. The data might look like this: 
 a1  a2 

 b1 b2 b3 b4  b1 b2 b3 b4 
s1 3 4 7 3 s5 5 6 11 7 
s2 6 8 12 9 s6 10 12 18 15 
s3 7 13 11 11 s7 10 15 15 14 
s4 0 3 6 6 s8 5 7 11 9 
 
The source table for these data would be: 
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Now, let’s assume that four orders were used: b1, b2, b3, b4; b3, b1, b4, b2; b2, b4, b1, b3; and 
b4, b3, b2, b1 for the four participants in each of the two levels of A. All I would need to do is to 
re-order the data by position and then re-compute the ANOVA. 
 
 a1  a2 

 p1 p2 p3 p4  p1 p2 p3 p4 
s1 3 4 7 3 s5 5 6 11 7 
s2 12 6 9 8 s6 18 10 15 12 
s3 13 11 7 11 s7 15 14 10 15 
s4 6 6 3 0 s8 9 11 7 5 
 
The ANOVA on the position data would be: 
 

 
 
You would then remove the position effects from the original ANOVA as seen below, yielding 
two new Fs for B and AxB (as seen below). However, you’ll no longer have the G-G correction 
computed for you automatically. Note that the between effects are not changed at all. However, 
the error term for the repeated components goes down from 1.934 to .615, which will yield much 
higher Fs. 
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Source SS df MS F 

A 116.281 1 116.281 2.506 
S/A (Error) 278.438 6 46.406  
B 129.594 3 43.198 70.24 
BxA 3.344 3 1.115 1.81 
Old Error 34.813 18 1.934  
P 25.844 3   
PxA 1.594 3   
   Resid Err 7.375 12 .615  

Of course, you could always take the approach of removing the position effects from the data 
and then re-analyzing the data. 
 
19.2 Statistical Model and Assumptions 
 
• The sphericity assumption (essentially homogeneity of variance) is important to assess for the 
repeated factor, but the simplest way to do so is to use one of the corrections that are generated 
by SPSS. Note that for less severe violations of the assumption, the G-G correction is an 
overcorrection.  
 
• Moreover, you may have concerns about heterogeneity for the between factor (now considered 
to be the homogeneity of covariance assumption). If so, you can assess the likelihood of 
heterogeneity using Brown-Forsythe or Levene.  
 
• As before, missing data are a problem in repeated measures designs. Note that the various 
programs will delete all the data for a participant is one piece is missing from the analysis.  
 
• In general, all the assumptions that were made about the single-factor designs apply here. That 
is, try to keep your sample sizes equal, ensure that your observations are independent of one 
another (on the between factor), and that your distributions are roughly normal. 
 
19.3 The Multivariate Alternative 
• If you’re really concerned about potential violations of the sphericity assumption, you can take 
the multivariate approach. As you’ve probably noticed, SPSS routinely prints out the 
multivariate analyses. As you can see (below), the multivariate tests assess the same repeated 
effects as the univariate approach, but the multivariate tests are less powerful.  
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• K&W provide brief descriptions of each of these tests, as well as suggestions about situations 
in which you might make prefer to use one of them. I’m not completely comfortable with the 
multivariate analyses, so my tendency would be to stick to familiar territory. 
 
19.4 Missing Data and Unequal Sample Sizes 
• Avoid missing data and try to keep your sample sizes equal, especially with small n. J 
 
19.5 Effect Sizes and Sample-Size Calculations 
• K&W again provide some advice regarding estimates of effect sizes. The issue is a complex 
one, but if you’re looking at effect size as a means of estimating power, then you might simply 
rely on SPSS to provide the estimate of power. 


