Factorial Design with Three
Independent Variables

Three-Way ANOVA for Independent Samples. As we mentioned in Chapter 12, the pos-
sibilities for factorial designs are almost limitless when you consider that you can vary the
number of 1Vs, vary the number of levels for each IV, and vary how participants are assigned
to groups for each IV. Thus, there is no way that we could cover every possible type of facto-
rial design in Chapter 12. We concentrated on the simplest factorial designs (2 X 2) in order
to provide a basic introduction. This Appendix gives an example of a factorial design involv-
ing three IVs. A three-way ANOVA for independent samples involves three IVs (thus the term
three-way) that all use independent groups of participants.

To implement this design, we will make one final alteration to our first experiment involving
clothing and customer sex in Chapter 12 (using the factorial between-groups design). Imagine
that you are discussing your results from that experiment with a friend (remember that we found
a significant interaction between clothing and customer sex such that men who were dressed in
sloppy clothes received help from salesclerks most slowly). Your friend wonders aloud whether
that result would hold true for all types of stores. (This is how experimental ideas develop some-
times!) That musing piques your curiosity, and you set out to test this new question. Trying to keep
your design simple, you decide to contrast two different types of stores (a large discount store vs.
an exclusive clothing store). Thus, your experimental design would now be a 2 x 2 x 2 (clothing
by customer sex by store type) completely randomized design (all groups composed of different
participants). The general design for this experiment is depicted in Figure 12-11 on page 279. The
response times of the clerks to the customers in the various treatment combinations appear in
Table C-1. The means for the variables and their combinations also appear in Table C-1.

Computer Results. The source table for this analysis appears in Table C-2. As you can
see, the table contains a wealth of information, neatly arranged by main effects, two-way in-
teractions, and the three-way interaction. Remember we have talked many times about the
notion that interactions qualify main effects. When we look at the three-way interaction, we
find that it is significant (p = .001). If it had not been significant, then we would have exam-
ined and graphed the two-way interactions. (Although two of them—CLOTHES by STORE and
CSEX by STORE—are significant, we do not interpret them because the three-way interaction
supersedes them.) If the three-way interaction was not significant and none of the two-way
interactions were significant, then we could have interpreted the main effects in a straightfor-
ward manner. Although CLOTHES and STORE show significance, we should not attempt to
interpret them because the three-way interaction is significant. To interpret the CLOTHES by
CSEX by STORE interaction, we must graph it (see Figure C-1).

Translating Statistics Into Words. We found a significant three-way interaction. All
other main effects and interactions are qualified because of this interaction. In Figure C-1, we
see a classic interaction pattern as the lines on the graph cross.

From examining Figure C-1 carefully, it appears that salesclerks’ response time to customers
depended on the clothing and sex of the customer and the store in which the clerks worked.
One line shows an obvious difference from the other three—the line for male customers in
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Clerk Response Time for Clothing by Customer Sex by Type of Store

EXCLUSIVE CLOTHING STORE LARGE DISCOUNT STORE
Customer Sex Customer Sex
Women Men Women Men
46 38 66 58
_ 139 50 59 70 Casual
g 50 M=4817 |38 M=45.67 70 M=6150 |58 M=6567 |M=5525
8 |52 44 72 64
T 48 49 48 69
= 54 55 54 75
=
9 37 47 57 61
|47 69 67 52 Sloppy
5|44 M=5150 |69 M=68.67 64 M=7150 |54 M=5850 |M=6254
U% 62 74 82 59
49 77 69 67
70 76 90 58

Women M =58.17 Exclusive Clothing Store M = 53.50
Men M=59.63 Large Discount Store M = 64.29

Total Population M = 58.90

sloppy clothes. Notice that all three of the other groups (casually dressed men, casually dressed
women, and sloppily dressed women) received slower service in the large discount store than
in the exclusive clothing store. For sloppily dressed men, however, the pattern was reversed—
they received faster attention in the discount store. We are not sure why these results
occurred; we can only speculate. The pattern for the three similar groups probably depicts the
experience most of us have had: It is far easier to find a salesclerk to help you in a “fancy”
store than in a large discount store. On the other hand, perhaps clerks in the exclusive cloth-
ing store want nothing to do with a sloppily dressed man, so they ignore him for longer periods
of time. In the large discount store, perhaps such a man gets help a little more quickly because

Computer Output for Three-Way ANOVA for Independent Samples

SOURCE TABLE

SOURCE SS DF MS F P
CLOTHES 638.02 1 638.02 769 .008
CSEX 25.52 1 25.52 31 582
STORE 139752 1 139752 16.85 .001
CLO X CSEX 4.69 1 4.69 .06 813
CLO X STORE 414.19 1 414.19 4.99 031
CSEX < STORE 414.19 1 414.19 4.99 031
CLO X CSEX x STORE 101752 1 101752 12.27 .001
Residual 3316.83 40 82.92

TOTAL 7228.48 47
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FIGURE C-1

the clerks are suspicious that he might be a shoplifter. Again, this is only conjecture—the type
of hypothesizing we would save for our discussion section.

One last note about this design: We need to communicate our findings in APA style. You
may shudder at the thought of writing such a large number of results in an APA-format para-
graph. Fortunately, with larger designs such as this, researchers often take a shortcut when
writing their results. Here’s an example of a short way to communicate these findings.

The salesclerks’ response times were analyzed with a three-way randomized ANOVA, using

clothing, customer sex, and type of store as independent variables. The interaction of clothing
by customer sex by store type was significant, F(1, 40) = 12.27, p = .001 n* = .23, and is

graphed in Figure 1 [see Figure C-1]. All main effects and two-way interactions were qualified by
the three-way interaction.

As you can see, we spent the bulk of our commentary on our significant effect and sum-
marized the remaining six effects (three main effects and three two-way interactions) in a sin-
gle sentence. This type of coverage is not only economical but also focuses on the important
finding—the one that was significant and rendered the other significant effects moot. Remem-
ber in our discussion in Chapter 12 we pointed out how an interaction qualifies the main effects.
Although our source table for this three-way ANOVA shows significant effects for both CLOTHES
and STORE, neither makes sense by itself. We can't say that clerks react more quickly to cus-
tomers dressed in casual clothes or that clerks in exclusive clothing stores respond to customers
more quickly; the three-way interaction makes us realize that an explanation based solely on
clothing or store type is too simplistic to describe the results that we found.

You may also remember that we said in Chapter 12 that factorial designs rarely use more
than three or four IVs at a time. You have seen a three-way interaction in this Appendix; imag-
ine adding a fourth variable to the interaction! Still, factorial experiments using two or three
variables are quite popular with researchers because of the wealth of information they can
provide. We urge you to consider such a design as you plan your research.



