Keppel, G. & Wickens, T. D.Design and Analysis
Chapter 22: The ThreeFactor Design: Analytical Analysis

22.1 Overview of the Analytical Analysis

¥ Well work through the material in this chapter, but youOll also work through a numerical
example from Maxwell & Delaney (pp. 3#8340) in lab. They provide a fairly clear
explication of how one might approach a thvessy analysis. In general, the appro&the
same as that for a taway ANOVA. That is, you should first consider the thvesy

interaction. If that effect is significant, then you would focus your attention on explaining it.
If not significant, then you would focus your attention on the-tvey interactions. In the
absence of any interactions you would focus your attention on the main effects.

¥ K&W describe a range of analyses that one may consider in attempting to understand a
threeway interaction. I think that it may make more sense tgiden the possible analyses

in the context of the problem (as K&W do subsequently).

22.2 Analyses Involving the Cell Means

¥ As K&W note, when the threeay interaction is significant, you would focus on
explaining the interaction by examining the tway interactions at each level of a factor.
Doing so with their example is a bit muddied by the fact that the-thaganteraction is not
significant. (In fact, only one twway interaction is actually significant.) For that reason,
you may want to look cardly at the M&D example from lab.

¥ For the K&W466 example, you could look at the interaction of Type of Feedback and Type
of Word for each Age separately. Thus, you would be looking at two separate 3x3 analyses.
Constructing these analysesSRSSnvolvesSelect Cases to restrict the analyses to just 5
Graders and then just Seniowos Split File to both simultaneouslys seen below:

Fifth Graders

Descriptive Statistics
Dependent Variable: RECALL Tests of Between-Subjects Effects

std.
FEEDBACK WORDTYPE Mean Deviation N Dependent Variable: RECALL
1 1 8.40 1342 5 Type Il Sum Noncent. Observed
; 8.80 1304 5 Source of Squares df Mean Square F Sig. Parameter Power”
Tl by e o | [ corrected Model 129.200° 8 16.150 9.084 000 72.675 1.000
2 1 7.80 1.304 5 Intercept 2332.800 1 2332.800 1312.200 .000 1312.200 1.000
2 8.00 1.225 5 FEEDBACK 32.933 2 16.467 9.263 .001 18.525 967
2 440 1342 * | | worDTYPE 72.933 2 36.467 20.512 .000 41.025 1.000
Total 6.73 2.086 15 FEEDBACK *
3 1 8.00 1414 5 o 23.333 4 5.833 3.281 022 13.125 .784
2 7.60 1342 s | | WORDTYPE
3 3.80 1.304 5 Error 64.000 36 1.778
Total 6.47 2326 15 Total 2526.000 45
Total 1 8.07 1.280 15
G ted Total
2 8.13 1302 15 orrecied Towd 193.200 44
3 5.40 2.203 15 a. Computed using alpha = .05
Total 7.20 2.095 45 b. R Squared = .669 (Adjusted R Squared = .595)
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Seniors

Descriptive Statistics

Dependent Variable: RECALL wa Tests of Between-Subjects Effects
FEEDBACK WORDTYPE Mean Deviation N " .
1 1 8.40 1.140 5 Dep. Variable: RECALL
2 8.80 1.483 5 Type il Sum Noncent. Obsewcfi
3 7.80 1.304 5 Source of Squares _ df Mean Square F Sig. Parameter Power”
Total 833 1291 15 | | Corrected Model 12.000° 8 1.500 .750 648 6.000 201
2 1 8.00 1.581 s Intercept 2880.000 1 2880.000 1440.000 .000 1440.000 1.000
; 8.20 1.643 5 | | FEEDBACK 2.533 2 1.267 633 537 1.267 .148
7.40 1342 5
Total 787 1457 15 | | WORDTYPE 8.133 2 4.067 2.033 146 4.067 .392
FEEDBACK *
3 ! 8.40 1342 s ; 1.333 4 333 167 954 667 .081
2 8.00 1225 s | | WORDTYPE
3 7.00 1.581 5 Error 72.000 36 2.000
Total 7.80 1.424 15 Total 2964.000 45
Total 1 8.27 1.280 15 | | corrected Total 84.000 44
2 833 1397 15
3 7.40 1352 15 4. Computed using alpha = .05
Total 8.00 1.382 45 b. R Squared = .143 (Adjusted R Squared = -.048)

¥ Of course, note that in the presence of homogeneity of variance, you would warth® us
MS,,,.. from the overall ANOVA (1.889). Thus, fof"&raders, the Feedback x WordType
interaction would producg = 5.833 / 1.889 = 3.09. For the Seniors, the Feedback x
WordType interaction would produée= .333 /1.889 = .18.

¥ Even though the threeay interaction was not significant, you might expect a pattern like
this one when a thregay interaction is significant. That is, there appears to be an interaction
between Feedback and WordType for thé&Baders, but not for éhSeniors.
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¥ Thus, it appears that for Senjdhere is no effect for Type of Feedback nor for Type of
Word. However, there is an interaction between Type of Feedback and Type of Word. The
next step, then, would be to compute simple effects and interaction comparisons to
understand the interactiorSdund familiar?)

¥ As K&W illustrate, we could analyze the simple effect of Type of Feedback for just the
HiF/HIE words (just for the 5Graders). (Then, we would next look at the simple effects of
Type of Feedback for the other two types of words.) ¢ Sielect Cases (to eliminate all but
the Fifth Graders who got HiF/HIE words), | could then compute a\@ag ANOVA
(because | used numerals to indicate levels of the factors, otherwise 10d have to use the
General Linear Model approach®®PS$. This ANOVAyields the cruciabs, df, andMsS

that | need for the simple effect. Of course, instead of usingfshe, in the output, | would
want to substitute th#s,,,,, from the overall ANOVA (1.889), which yields= 25.8 / 1.889
=13.66.
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ANOVA
RECALL

Sum of
Squares df Mean Square F Sig.

Between Groups 51.600 2 25.800 14.073 .001
Within Groups 22.000 12 1.833
Total 73.600 14

HIF/HIE

¥ As K&W rote, the other two simple effects are not significant, though 101l produce both sets

of output below.
ANOVA

RECALL

Sum of
Squares df Mean Square F Sig.
Between Croups 3.733 2 1.867 1.120 .358
Within Groups 20.000 12 1.667
i Total 23.733 14
HiF/LoE
ANOVA
RECALL
Sum of
Squares df Mean Square F Sig.
Between Croups 933 2 467 .255 779
Within Groups 22.000 12 1.833
Total 22.933 14
LoF/LoE

As before, | would need to replace M§,,,,, terms above with th&fs,,, , from the overall

ANOVA. That said, both of the simple effts would be nesignificant. For LoF/LoE, the

simple effect of Type of Feedback would yiéld- .467 / 1.889 = .247. For HiF/LoE, the

simple effect of Type of Feedback would yi#la 1.667 / 1.889 = .882. (IOm not sure why
these values differ from thogeoduced by K&W.)

¥ Next, of course, youOd need to explain the source of the significant simple effect. Doing so
might lead you to compute a set of simple comparisons, but K&W illustrate a complex
comparison that compares No Feedback with (Positive +tNedgeedback) or {1-.5, -.5}.

To set up that contrast 8BPSS | used Select Cases to get Fifth Graders who got HiF/HIE
words. Then, among that group, | coded the Positive and Negative Feedback people
identically. Thus, the source table below represgistshe complex comparison called for

by K&W (and produces just th¥s,.,,,...... that they obtain). Again, IOd need to use the

pooledMsS,,,,, from the overall ANOVA, sd& = 50.7 / 1.889 = 26.84.

ANOVA

RECALL

Sum of

Squares df Mean Square F Sig.
Between Groups 50.700 1 50.700 28.782 .000
Within Groups 22.900 13 1.762
Total 73.600 14

¥ You could also compute simple comparisons (e.g., Narféositive, None vs. Negative,
and Positive vs. Negative Feedback). Doing so would be fairly straightforwaRIS8

¥ YouOll note that K&W are assessing tiessios without concern frorh,,,. If you were
concerned about inflated chance of Type | eyou might take a OsimplerO approach here

and compute a critical mean difference. Using the Fiblagter approach (and.,, = .10), |
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would get a critical mean difference of 2.48. | would then conclude that for the Fifth Graders
given LoF/LoE or HiF/LoEthe effects of feedback were equivalent. However, for the Fifthe
Graders given HiF/HIE, No Feedback led to significantly higher scores than either Positive or
Negative Feedback (which did not differ).

¥ Another way to approach the tway interaction foud for Fifth Graders might be to look

at simple contradby-factor interactions or interaction contrasts. K&W illustrate looking at

the comparison of Positive and Negative Feedback for the three levels of Type of Word (but
just for the Fifth Graders). To @duce this analysis, | would start with Select Cases and
choose only Fifth Graders who received Positive or Negative Feedback. Then, | would
compute a twawvay ANOVA with Type of Feedback (with the two levels: Positive and
Negative) and Type of Word (LoF/E) HiF/LoE, HIF/HIE). The source table would be:

Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type lil Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
Corrected Model 95.200° 5 19.040 10.880 .000 54.400 1.000
Intercept 1306.800 1 1306.800 746.743 .000 746.743 1.000
FEEDBACK .533 1 .533 .305 .586 .305 .083
WORDTYPE 93.800 2 46.900 26.800 .000 53.600 1.000
\F‘/Eégg?-%g' .867 2 433 .248 .783 495 .084
Error 42.000 24 1.750
Total 1444.000 30
Corrected Total 137.200 29

a. Computed using alpha = .05
b. R Squared = .694 (Adjusted R Squared = .630)

For our purposes, we need to look at the interaction effect, whic$sra867,df = 2, and
MS = .433. We would, again, create &by dividing thisMS by MS,,,,, from the overall

rror

ANOVA (1.889) to producd’ = .229 (the same nesignificantF obtained by K&W).

¥ To compute an interaction contrast between two types of Feedback (Positive and Negative)
and two types of Word (HiF/LoE and HiF/HIE), you would again use@ Cases. The

resulting 2x2 ANOVA would produce the relevant interaction, With= .05. The resulting
F=.05/1.889 = .03 and is not significant.

Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type lll Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
Corrected Model 69.750" 3 23.250 13.676 .000 41.029 999
Intercept 708.050 1 708.050 416.500 .000 416.500 1.000
FEEDBACK 1.250 1 1.250 735 404 735 127
WORDTYPE 68.450 1 68.450 40.265 .000 40.265 1.000
rtaal 5.000£-02 1| s.000e-02 029 866 029 053
Error 27.200 16 1.700
Total 805.000 20
Corrected Total 96.950 19

a. Computed using alpha = .05
b. R Squared = .719 (Adjusted R Squared = .667)

¥ Even though the threeay interaction was not actually significant, you should now have an

apprecation for how one would Odrill downO through the data to arrive at an understanding
of a threeway interaction (by comparing a set of tway interactions, etc.).
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22.3 Effects Based on the Marginal Means

¥ Ifa factor with more than two levels is not involved in any interaction, and it produces a
significant main effect, you would need to analyze that factor to determine the source of the
main effect. K&W illustrate a complex comparison (No Feedback vs. (RositNegative
Feedback)), which you can produceSRSSby ignoring the other two factors and creating
identical level names for the Positive and Negative Feedback conditions (so that None = 1
and both Positive and Negative = 2). Then, you would simplypcte an analysis on Recall
scores for this OnewO between factor with two levels. The means and source table are seen
below:

Descriptives

RECAL

95% Confidence Interval for
Mean

Std. Lower Upper

N Mean Deviation Std. Error Bound Bound Minimum Maximum

1.00 30 8.37 1.273 232 7.89 8.84 6 1
2.00 60 7.22 1.923 .248 6.72 7.71 2 10
Total 90 7.60 1.810 191 7.22 7.98 2 1
ANOVA
RECALL
Sum of
Squares df Mean Square F Sig.
Between Groups 26.450 1 26.450 B.778 004
Within Groups 265.150 88 3.013
Total 291.600 89

Again, the appropriat®s,,,,, would come from the overall ANOVA, so tlie,,,
1.889 = 14.00.

¥ In the original angsis, there was actually a significant interaction between WordType and
Age. Given an insignificant thregay interaction, you should actually have first attempted to
explain this tweway interaction. Doing so requires that you approach this interactyouas
would any tweway interaction (as in Chs. 12 & 13). If you are interested in the simple

effects of WordType for Fifth Graders, you would Select Cases so that only the Fifth Graders
are included and then compute a-oveey ANOVA on WordType:

=26.45/

Descriptive Statistics

Dependent Variable: RECALL

Std.
WORDTYPE Mean Deviation N
1 8.07 1.280 15
< 8.13 1.302 15
3 5.40 2.293 15
Total 7.20 2.095 45

Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type Ill Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
Corrected Model 72.933° 2 36.467 12.735 .000 25.470 995
Intercept 2332.800 1 2332.800 814670 .000 814670 1.000
WORDTYPE 72.933 2 36.467 12.735 .000 25.470 .995
Error 120.267 42 2.863
Total 2526.000 45
Corrected Total 193.200 44

a. Computed using alpha = .05
b. R Squared = .378 (Adjusted R Squared = .348)

Usingthe appropriatdss,,,,, from the overall would give yol = 36.467 / 1.889 = 19.30.
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¥ Next, you would compute the same simple effect, but for the Seniors, as seen below:

Descriptive Statistics

Dependent Variable: RECALL

WORDTYPE Mean Dc’\fit:{iun N

1 8.27 1.280 15
2 8.33 1.397 15
3 7.40 1.352 15
Total 8.00 1.382 45

Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type lll Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
Corrected Model 8.133” 2 4.067 2.251 118 4.503 433
Intercept 2880.000 1 2880.000 1594.376 .000 1594.376 1.000
WORDTYPE 8.133 2 4.067 2.251 .118 4.503 433

Error 75.867

2964.000
84.000
a. Computed using alpha = .05
b. R Squared = .097 (Adjusted R Squared = .054)

With the appropriatd?s,,,,,, F = 4.067 / 1.889 = 2.15.

¥ Thus, the levels of @¥dType differ for Fifth Graders, but not for Seniors. However,
because WordType has three levels, you still need to determine how those three conditions
might differ. You might compute a series of simple comparisons (LoF/LoE vs. HiF/LoE,
LoF/LoE vs. HIF/HE, HIiF/LoE vs. HIF/HIE). Or, as K&W do, you could conduct a complex
comparison of (LoF/LoE+HiF/LoE) vs. HIF/HIE, or Low Emotion Words vs. High Emotion
Words. To geBPSSo compute this comparison means that youOll use Select Cases to
include only the Fith Graders and then create a variable in which the Low Emotion
participants are all given the same code (e.g., 1) and the High Emotion participants are all
given the same code (e.g., 2). The resulting output will look like this:

Descriptives

42
45
44

1.806
Total

Corrected Total

RECAL

95% Confidence Interval for
Mean

Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum Maximum
1.00 30 8.10 1.269 232 7.63 B.57 6 10
2.00 15 5.40 2.293 .592 4.13 6.67 2 10
Total 45 7.20 2.095 312 6.57 7.83 2 10
ANOVA
RECALL
Sum of
Squares df Mean Square F Sig.
Between Croups 72.900 1 72.900 26.057 .000
Within Groups 120.300 43 2.798
Total 193.200 44

Using the appropriat¥s,,,,,, F = 72.9 / 1.889 = 38.59.

¥ K&W also illustrate the computation of a conttagtfactor interaction for the contrast of
(HIF/LoE vs. HIF/HIE) by Age. In other words, does the difference between recall for High
Frequency words depend on the emmdiacontent of the words and does that effect vary
between Fifth Graders and Seniors BRSSyouOd first Select Cases to exclude WordType
= LoF/LoE. Then, youOd compute a-tway ANOVA on WordType and Age, with the
results shown below:
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Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type lll Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
Corrected Model 80.717° 3 26.906 10.027 .000 30.081 997
Intercept 3212.017 1 3212.017 1197.025 .000 1197.025 1.000
WORDTYPE 50.417 1 50.417 18.789 .000 18.789 .989
AGE 18.150 1 18.150 6.764 .012 6.764 724
WORDTYPE * AGE 12.150 1 12.150 4.528 .038 4.528 .552
Error 150.267 56 2.683
Total 3443.000 60
Corrected Total 230.983 59

a. Computed using alpha = .05
b. R Squared = .349 (Adjusted R Squared = .315)

In this case,lte simple 2x2 interaction would yiekld= 12.15/ 1.889 = 6.43.

¥ K&W also suggest an interaction contrast between a complex comparison of No Feedback
vs. (Positive + Negative Feedback) with just the High Frequency Words (HiF/LoE vs.
HiF/HIE). That analyss is simple to set up i8PSS by first setting up a variable in which the

No Feedback participants are given the same number (e.g., 1) and the Feedback participants
are given a different number (e.g., 2). Then, using Select Cases, exclude the partidioant

got Low Frequency words. Then, compute a-tway ANOVA on the revised OFeedbackO
variable and the WordType variable with the appropriate cases selected. The results, seen
below, are entirely consistent with K&WOs resuilts:

Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type Il Sum Noncent. Observedd
Source of Sguares df Mean Square F Sig. Parameter Power’
Corrected Model 88.983" 3 29.661 11.697 .000 35.092 .999
Intercept 3060.300 1 3060.300 1206.879 .000 1206.879 1.000
WORDTYPE 34.133 1 34.133 13.461 .001 13.461 .950
CLXCOMP 32.033 1 32.033 12.633 .001 12.633 937
WORDTYPE * CLXCOMP 6.533 1 6.533 2.577 114 2.577 351
Error 142.000 56 2.536
Total 3443.000 60
Corrected Total 230.983 59

a. Computed using alpha = .05
b. R Squared = .385 (Adjusted R Squared = .352)

That is, the resulting' = 6.533 / 1.889 = 3.46, which would not be significant.

22.4 ThreeFactor Interaction Components

¥ K&W suggest that researchers may often have specific planned analyses that would include
prediction of interactions. Using interaction components, resei@ clan assess very specific
effects. For example, K&W propose the thieay comparison of No Feedback vs. Feedback
(None vs. (Positive + Negative Feedback)) x Low vs. High Emotional Value for High
Frequency words (HiF/LoE vs. HIF/HIE) x Age (Fifth Gradess Seniors). Thus, they are
proposing a 2x2x2 analysis to see if there is a fiw@ginteraction within this specific set of
means. Setting up this analysis requires Select Cases to use only the High Frequency words.
Then, it requires setting up a vdia (which | called:pixcomp) so that the participants

receiving no feedback are given a unique score (e.g., 1) and the participants given some
feedback are given a different score (e.g., 2). Then all three factors (with two modified as
above) would be eated into a thregvay ANOVA. The resulting source table shoWs, ;.-

= 7.5, which is the same value that K&W obtained. Using the pggy,,, F=7.5/1.889
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= 3.97, which is not quite significant as a planned analysis. Nonetheless, as K&W point out,
the overall threavay interaction was not even close to significant, so this interaction analysis
is indicative of some underlying effect that might emerge with more power. [Note that K&W
do distinguish between testing unplanned comparisons without cdocérg,. IOm not sure

why they were testing the prior analyses without similar concern.]

¥ Of course, if you treat this thregay (2x2x2) interaction as significant, the next step would
be to attempt to explain the interaction by computing other comparisothis case, you

could test the two 2x2 interactions that would arise under the two levels of Age. That is, you
could look at the 2x2 ANOVA (with the two modified variables) for Fifth Graders and then
for Seniors. The only change from the previ&&sS analysis is that | would now modify

Select Cases to include, first, Fifth Graders and then Seniors. The two analyses are shown
below.

Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type Ill Sum Noncent. Observep
Source of Sguares df Mean Square F Sig. Parameter Power’
Corrected Model 110.067° 3 36.689 22.030 000 66.091 1.000
Intercept 1372.817 1 1372.817 824.324 .000 824324 1.000
WORDTYPE 33.750 1 33.750 20.266 .000 20.266 991
CPLXCOMP 40.017 1 40.017 24.028 .000 24.028 997
e 14.017 1 14.017 8.416 007 8.416 797
Error 43.300 26 1.665
Total 1527.000 30
Corrected Total 153.367 29
B a. Computed using alpha = .05
F|fth Graders b. R Squared = .718 (Adjusted R Squared = .685)
Tests of Between-Subjects Effects
_Dependent Variable: RECALL
Type Ill Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power®
Corrected Model 9.367" 3 3122 1.620 .209 4.861 375
Intercept 1696.017 1 1696.017 880.168 .000 880.168 1.000
WORDTYPE 6.017 1 6.017 3.122 .089 3.122 .398
CPLXCOMP 2.817 1 2.817 1.462 .238 1.462 214
gﬁi’g&f& ) 1.667e-02 1 1.667e-02 .009 927 .009 051
Error 50.100 26 1.927
Total 1916.000 30
Corrected Total 59.467 29
R a. Computed using alpha = .05
Sen'ors b. R Squared = .158 (Adjusted R Squared = .060)

After using the appropriat¥s,,,,,, you would obtairF = 14.017 / 1.889 = 7.42 for thefth

Graders and’ = .01667 / 1.889 = .009.

22.5 Contrastby-Factor Interactions

¥ K&W illustrate a contradiy-factor analysis in which the Feedback factor is set up as a
complex comparison (None vs. (Positive + Negative)), which is entered into thedell
way analysis with the other two (unmodified) factors. The resulting source table is roughly
the same as the one K&W show in Table 22.6, once adjusted to use the appvfyiate
Note that instead of Feedback, IOve used CPLXCOMP as the namedioadke(to indicate
that itOs a complex comparison).

¥ Thus, the comparison effect itself wouldFoe 26.45 / 1.889 = 14. The interaction of the
comparison with WordType would l#é= 6.467 / 1.889 = 3.42. The interaction of the
comparison with Age wouldeF = 8.45/ 1.889 = 4.47. Finally, the interaction of the
comparison with WordType x Age would be= 5/ 1.889 = 2.65.
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Tests of Between-Subjects Effects

Dependent Variable: RECALL

Type lll Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
Corrected Model 153.300° 11 13.936 7.860 .000 86.460 1.000
Intercept 4856.806 1 4B856.806 2739.196 .000 2739.196 1.000
WORDTYPE 41.644 2 20.822 11.744 .000 23.487 .993
CPLXCOMP 26.450 1 26.450 14918 .000 14,918 968
AGE 6.806 1 6.806 3.838 .054 3.838 490
\CVF'OLF){(EQ;:PE : 12.933 2 6.467 3.647 031 7.294 657
WORDTYPE * AGE 7.511 2 3.756 2.118 127 4.236 422
CPLXCOMP * AGE B.450 1 8.450 4.766 .032 4.766 .578
\(;IF'OLF){(EE;:FE':AGE 10.000 2 5.000 2.820 .066 5.640 .539
Error 138.300 78 1.773
Total 5490.000 90
Corrected Total 291.600 89

a. Computed using alpha = .05
b. R Squared = .526 (Adjusted R Squared = .459)

22.6 Extension to HigherOrder Designs

¥ As K&W note, the general approach to higheter designs would be roughly the same.
Thatis, look for the highestrder interaction and see if itOs significant. If so, then begin to
explain it by looking for differences among the next lower interactions broken down by
levels of the highestrder interaction. Or, you could take my advice amk lyour studies to
no more than three factors!
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