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

¥ K&W describe aAx(BxS)esign, which involves one between (independent groups) fagtor (
and one within (repeated measures) faddr Theyrefer to this as aixed design Some

people refer to a mixed design as a combination of a-tiedts factor with a randosmffects
factor, so you should be aware of that fact (and the difference between the two usages of
OmixedO).

19.1 The Overall Analsis of Variance

¥ TheAx(BxS)esign is (sort of) like combining a singkector independent groups design with a
singlefactor repeated measures design (and gaining the benefit of an interaction term).

¥K&W show you all sorts of matrices, which araltg useful if youOre going to compute the
analyses by hand. However, given that you are likely to use the computer to analyze these
complex designs, 101l shortcut the summary of the discussion to focus on the components crucial
to computing the mixed degi with SPSS (and understanding the output).

¥ K&W also show you how to generate ti@and bracket terms for hand computation of these
ANOVAs. Once again, | refer you to the chapter (pp.-432) for your edification. What is
important, | think, is for gu to have a sense of teand error terms that would be used in this
particular twefactor design. As seen in Table 19.2:

Source SS df MS F
A [A] D[T] a-1 SS/dfy MS, / MS;
SIA [AS D[A] (@n-1) S/ dfgn
B [B] B[T] b-1 S§/dfs MS / MSssm
AxB | [AB] D[A] D[B] + [T] (@-1)b-1) | SSe/dfse | MSue/ MSisin
B x S/A | [Y] BD[AB] D[AS + [A] @b-1)(n- | SSisn! dlaxsia

1)
Total [Y] B[T] @(b)(n) B1

¥ Note that the error term used for the between fag}as the usual suspecs(A. However, the
way thatSS,,is computed will differ slightly from the way one computes it in a sHfgbtor
independent groups design. That is, in that design a participant would provide only one score
within each level ofA. Forthis mixed design, however, a participant would provide as many
scores within each level éfas there are levels 8f For example, imagine a singfigctor
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:

A % 3 A % 3
p; 3 (o 2 p, 7 p, | 4573 p,|7,3,64 p, | 84,34
p, 4 Ps 9 Ps 3 p, | 4,6,8,4| ps | 3,8,4,6| p; | 4,8,9,2
ps 5 Ps 5 P 8 p; | 7,3,8,2| ps | 6,4,5,6| p, | 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 doneattadysis 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 vability 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 errdvi&g) ( The expeddMS

determine the appropriate error terms (to creafe @l when H is true). For this design, the

EMS are:

Source EMS
A Tenb# b,
SIA TEb L,
B "o+ Nt + " b
AxB "ez+n#§3+”123xS/A
B x S/A "§+"§xS,A

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 factéveB). That is, theBxSinteraction at each

level of A represents the variabifidue to participants responding differently to the repeated
treatments, given the level Afto 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 animalgere treated in one of three wagsg: brain matter was removed from the
hippocampusa,, brain matter was removed from another area of the bra&, arsham

operation was conducted, but no brain matter was removed. [Note that this factor could never be
used as a repeated factor]. 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 wasditentage of seeds recovered a

day later. There wene= 4 kangaroo rats assigned to each of the three conditions. Here are the
data as entered into SPSS:

area land0 land4 land8 [ land16 l

hippo 13 14 17 20

hippo 10 11 15 14

hippo 13 19 18 22

hippo 4 12 14 16

other 5 13 21 24

other 8 18 25 27

other 14 19 26 26

other 12 24 29 29

none 13 24 28 32

none 9 22 22 24

none 14 22 28 28

none 8 18 27 29
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¥ Next, you would choose to analyze these data with the General LinearNRegpelated
Measures. ifst, indicate that the repeated factor has four levels (IOve céddled)itThen, move
the variables as indicated below (left shows starting position and right shows ending position).

660

Repeated Measures

® Cox)
W e ok ) Within-Subjects Variables (land):
b02F HoC™ 2o obriouz"
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¥ The output (in part) would look like this:

Descriptive Statistics

Std.
AREA Mean Deviation N
LANDO hippo 10.00 4.243 4
none 11.00 2.944 4
ther 9.75 4.031 4
Total 10.25 3.467 12
LAND4 hippo 14.00 3.559 4
none 21.50 2.517 4
other 18.50 4.509 4
Total 18.00 4.592 12
LANDS hippo 16.00 1.826 4
none 26.25 2.872 4
ther 25.25 3.304 4
Total 22.50 5.419 12
LAND1&é hippo 18.00 3.651 4
none 28.25 3.304 4
other 26.50 2.082 4
Total 24.25 5.446 12
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Type lll Sum Noncent. Observed
Source of Squares df Mean Square 3 Sig. Parameter Power”
Intercept 16875.000 1 16875.000 504.568 .000 504.568 1.000
AREA 458.000 2 229.000 6.847 .016 13.694 .800
Error 301.000 9 33.444
a. Computed using alpha = .05
Tests of Within-Subjects Effects
Measure: MEASURE_1
Type Il Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
LAND Sphericity Assumed 1405.500 3 468.500 127.773 .000 383.318 1.000
Greenhouse-Ceisser 1405.500 2.371 592.777 127.773 .000 302.955 1.000
Huynh-Feldt 1405.500 3.000 468.500 127.773 .000 383.318 1.000
Lower-bound 1405.500 1.000 1405.500 127.773 .000 127.773 1.000
LAND * AREA  Sphericity Assumed 155.500 6 25.917 7.068 .000 42.409 997
Greenhouse-Geisser 155.500 4.742 32.791 7.068 .001 33.518 .989
Huynh-Feldt 155.500 6.000 25.917 7.068 .000 42.409 997
Lower-bound 155.500 2.000 77.750 7.068 014 14.136 .813
Error(LAND) Sphericity Assumed 99.000 27 3.667
Greenhouse-Geisser 99.000 21.339 4,639
Huynh-Feldt 99.000 27.000 3.667
Lower-bound 99.000 9.000 11.000

a. Computed using alpha = .05
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Note thatthe output is different from that seen in Table 19.4. SPSS prints a separate source table
for the BetweerBubjects effect (Area of Brain Removed) and the WiBubjects effect
(Number of Landmarks). The plot of the data is seen below:

Estimated Marginal Means of MEASURE_1
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AREA
2 hippa
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LAND

The Error Terms

¥TheSS,,, 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 ustnGampute window. | called the

new variabldand, and itOs the sum of the 4 landmark scores for each rat. Below, youOll see the
analysis of these data:

Tests of Between-Subjects Effects

Dependent Variable: LAND

Type Il Sum
Source of Squares df Mean Sgquare F Sig.
Corrected Model 1832.000° 2 916.000 6.847 .016
Intercept 67500.000 1 67500.000 504.568 .000
AREA 1832.000 2 916.000 6.847 .016
Error 1204.000 9 133.778
Total 70536.000 12
Corrected Total 3036.000 11

a. R Squared = .603 (Adjusted R Squared = .515)

Note that thd- is exactly the same as that found in the original analysis (and what K&W show
on p. 89). On the other hand, ti$Sare bigger by a factor of 4 because weOre dealing with sums
over 4 scores. That said, of course, if we reduce bot&$he,....and theSS,,., by a factor of 4,

the resulting= will be unchanged (but the@Swould then agre with those on p. 439).

¥ To illustrate whatOs going on with the error term for the repeated factors, K&W show the
analyses for each level of the between factor separately. Below, IOIl show the same information
from SPSS, fohippa, other, andnone

Tests of Within-Subjects Effects
Measure: MEASURE_1

Type Ill Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
LAND Sphericity Assumed 140.000 3 46.667 13.125 .001 39.375 .992
Greenhouse-Geisser 140.000 1.772 79.023 13.125 .009 23.253 912
Huynh-Feldt 140.000 3.000 46.667 13.125 001 39.375 .992
Lower-bound 140.000 1.000 140.000 13.125 036 13.125 679
Error(LAND)  Sphericity Assumed 32.000 9 3.556
Greenhouse-Geisser 32.000 5.315 6.021
Huynh-Feldt 32.000 9.000 3.556
Lower-bound 32.000 3.000 10.667

a. Computed using alpha = .05
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Tests of Within-Subjects Effects
Measure: MEASURE_1

Type Iil Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
LAND Sphericity Assumed 708.500 3 236.167 78.722 .000 236.167 1.000

Greenhouse-Geisser 708.500 1.848 383.406 78.722 .000 145.471 1.000

Huynh-Feldt 708.500 3.000 236.167 78.722 .000 236.167 1.000

Lower-bound 708.500 1.000 708.500 78.722 .003 78.722 1.000
Error(LAND)  Sphericity Assumed 27.000 9 3.000

Greenhouse-Geisser 27.000 5.544 4.870

Huynh-Feldt 27.000 9.000 3.000

Lower-bound 27.000 3.000 9.000

a. Computed using alpha = .05
Tests of Within-Subjects Effects
Measure: MEASURE_1

Type Iil Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
LAND Sphericity Assumed 712.500 3 237.500 53.438 .000 160313 1.000
Greenhouse-Geisser 712.500 1.569 453.996 53.437 001 83.865 1.000
Huynh-Feldt 712.500 2.990 238.290 53.438 .000 159.781 1.000
Lower-bound 712.500 1.000 712.500 53.438 .005 53.438 .995
Error(LAND)  Sphericity Assumed 40.000 9 4.444
Greenhouse-Geisser 40.000 4.708 8.496
Huynh-Feldt 40.000 8.970 4.459
Lower-bound 40.000 3.000 13.333

a. Computed using alpha = .05

Note that if you add together these three error terms (32+27+40), youOll ob&s tHer the
repeated factor (99). The point is that the error term represents the combined error for each level
of the between factoAfead).

Removing Incidentdtffects, Etc.

¥ Keep in mind that you would be able to remove the incidental effects of counterbalancing for
the repeated factor. However, as before, itOs a bit tricky. Essentially, yotcoarprge the

ANOVA using the position effect as the repeateddacrlhat is, instead @&xB, you would use

AXP. Then, you would remove tI&S (position) and th&S,; (interaction of position and the
between factor) from th8S,.,,(the original error term). Of course, youOd have to do the same
thing for the degreesf 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:

a EY

b, b, b, b, b, b, b, b,
sl 3 4 7 3 s5 5 6 11 7
s2 6 8 12 9 6 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:

Descriptive Statistics

Std.
A Mean Deviation N

81 al 4.00 3.162 4
a2 7.50 2.887 4
Total 5.75 3.370 8

82 al 7.00 4.546 4
a2 10.00 4.243 4
Total 8.50 4.375 8

83 al 9.00 2.944 4
az 13.75 3.403 4
Total 11.38 3.889 8

84 al 7.25 3.500 4
a2 11.25 3.862 4
Total 9.25 4.027 8
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Tests of Between-Subjects Effects

Measure: MEASURE_1

Transformed Variable: Average

Type Il Sum Noncent. Observed
Source of Squares df Mean Square E Sig. Parameter Power”
Intercept 2432531 1 2432531 52.418 .000 52.418 1.000
A 116.281 1 116.281 2.506 .165 2.506 267
Error 278.438 6 46.406

a. Computed using alpha = .05
Tests of Within-Subjects Effects

Measure: MEASURE_1

Type lll Sum Noncent. Observed

Source of Squares df Mean Square F Sig. Parameter Power”

B Sphericity Assumed 129.594 3 43,198 22.336 .000 67.007 1.000
Greenhouse-Geisser 129.594 1.901 68.167 22.336 .000 42.463 1.000
Huynh-Feldt 129.594 3.000 43.198 22.336 .000 67.007 1.000
Lower-bound 129.594 1.000 129.594 22.336 .003 22.336 973

B*A Sphericity Assumed 3.344 3 1.115 .576 .638 1.729 146
Greenhouse-Geisser 3.344 1.901 1.759 .576 .569 1.096 122
Huynh-Feldt 3.344 3.000 1.115 576 638 1.729 146
Lower-bound 3.344 1.000 3.344 576 477 576 .099

Error(B) Sphericity Assumed 34 813 18 1.934
Greenhouse-Geisser 34.813 11.407 3.052
Huynh-Feldt 34.813 18.000 1.934
Lower-bound 34.813 6.000 5.802

a. Computed using alpha = .05

Now, letOs assume that four orders were used: b1, b2, b3, b4; b3, b1, b4, b2; b2, b4, b1, b3; and
b4, b3, b2, bl for the four participants in each of the two levels Afl | would need to do is to
re-order the data by position and thercmempute the AIDVA.

3 3%
Py P2 Ps Ps Py P2 Ps Ps
sl 3 4 7 3 sb 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:

Tests of Within-Subjects Effects
Measure: MEASURE_1

Type Ill Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power”
POS Sphericity Assumed 25.844 3 8.615 1.105 373 3.315 .248
Greenhouse-Geisser 25.844 2.651 9.749 1.105 370 2.930 232
Huynh-Feldt 25.844 3.000 8.615 1.105 373 3.315 .248
Lower-bound 25.844 1.000 25.844 1.105 334 1.105 145
POS* A Sphericity Assumed 1.594 3 531 .068 976 .204 .060
Greenhouse-Geisser 1.594 2.651 .601 .068 966 181 .059
Huynh-Feldt 1.594 3.000 531 .068 976 .204 .060
Lower-bound 1.594 1.000 1.594 .068 .803 .068 .056
Error(POS)  Sphericity Assumed 140.313 18 7.795
Greenhouse-Geisser 140.313 15.906 8.821
Huynh-Feldt 140313 18.000 7.795
Lower-bound 140.313 6.000 23.385

a. Computed using alpha = .05

You would then remove the position effects from the original ANOVA as seen below, yielding
two newFs forB andAxB (as seen below). However, youOll no longer have Bec@rection
computed for you automatically. Note that the between effects are mgezhat all. However,

the error term for the repeated components goes down from 1.934 to .615, which will yield much
higherFs.
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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 reanalyzing 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 assumiite@GG 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 Browiorsythe or Levene.

¥ As before, missing data are a problem in repeated measures designs. Note that the various
programs will deletall the data for a participant is one piece is missing from the analysis.

¥ In general, all the assumptions that wereenadmbut the singleactor 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 youOre really concerned about potential violations of the sphericity assumption, you can take
the multivariate approach. As youOve probably noticed, SPSS routinely prints out the
multivariate analyses. As you can see (below), the multivaridteassess the same repeated

effects as the univariate approach, but the multivariate tests are less powerful.

Multivariate Tests’

Hypothesis Noncent. Observefi
Effect Value F df Error df Sig Parameter Power"
LAND Pillai's Trace .968 70.767° 3.000 7.000 .000 212.300 1.000
Wilks' Lambda 032 70.767° 3.000 7.000 .000 212300 1.000
Hotelling’s Trace 30.329 70.767" 3.000 7.000 .000 212.300 1.000
Roy's Largest Root 30.329 70.767° 3.000 7.000 .000 212.300 1.000
LAND * AREA  Pillai's Trace 926 2.299 6.000 16.000 .086 13.796 621
Wilks' Lambda 173 3.280° 6.000 14.000 031 19.682 775
Hotelling's Trace 4.216 4.216 6.000 12.000 016 25.297 .855
Roy's Largest Root 4.076 10.869¢ 3.000 8.000 .003 32.607 .970

a. Computed using alpha = .05

b. Exact statistic

¢. The statistic is an upper bound on F that yields a lower bound on the significance level.
d.

Design: Intercept+AREA
Within Subjects Design: LAND
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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 ondhl@d@m. I0m 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.$mall

19.5 Effect Sizes and Sampi8ize Calculations

¥ K&W again provide some advice regarding estimates of effect sizes. The issue is a complex
one, but if youOre looking at effect size as a means of estimating power, then you might simply
rely on SPSS to pride the estimate of power.
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