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Learning outcomes

Describe what is meant by a mixed design

Apply a GLM to a mixed designs using afex

Interpret a GLM for a mixed design (up to three factors)

Making sense of three-way interactions
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A speed-dating example

e Dating strategies

o If someone is committed to pursuing a relationship with a person who plays hard to get, they will find

that person more desirable but less likeable (Dai, Dong, and Jia, 2014)
o Field (2017) fictitious study to look at the interplay between looks, personality and dating strategies

on evaluations of a date

e Design

o Predictor 1 (looks): above average (high), average, below average (low)
o Predictor 2 (personality): high charisma, average charisma, low charisma

o Predictor 3 (strategy): acting normal or playing hard to get

e QOutcome

o P's percentage desire for a full date (0-100%)
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The data in R

Table 1: Data for the speed dating example

id strategy looks personality date
1 2rl3f Hard to get High High 86
2 2r|3f Hard to get Average High 84
3 2rl3f Hard to get Low High o7
4 2rl3f Hard to get High Average 88
5 2rl3f Hard to get Average Average 69
S 2r|3f Hard to get Low Average 50
7 2rl3f Hard to get High Low 97
8 2r|3f Hard to get Average Low 48
9 2rl3f Hard to get Low Low 47
10 2h53u Hard to get High High 9
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Mixed designs and the linear model

e A bare minimum
o Modelling variation in ratings overall across participants
o Not modelling variation in the effect of repeated measures predictors across participants
o Not explicitly listing the dummy variables for looks and personality (they'll be transformed into two
dummy variables each)

daAteij — on - l;lstrategyi + i)glOOkSZ’j — Egpersonalityij — ..
e 4 B4strategyi X looks;; + B5strategyi X personality,; + B6looksij X personality,; + ...

et '?5strategyi X looks;; X personalityij + €5 + Uoj
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Summeary of efFfFects

We will get an F-statistic for the following effects:

e Main effects

o |looks
o personality
o strategy

e Two-way interactions

o strategy x looks
o strategy x personality
o |looks x personality

e Three-way Interaction

o strategy x looks x personality

%2 Repeat the following
mantras:

"It is never sensible to interpret
main effects in the presence of a
significant interaction effect."

"It is not sensible to interpret
interaction effects in the
presence of a significant higher-
order interaction effect."
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Fitting the model

e The afex::aov_4() function

o Specify the repeated measures with
(rm_predictors|id_var)

o Automatically sets contrasts
o Built in interaction plot with afex_plot()

o But..no parameter estimates, diagnostic
plots, or robust methods

date_afx <- afex::aov_4(

date ~ strategy*looks*personality +
(looks*personality|id),

data = sniff_tib

)
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Contrasts

e For both looks and personality there are three categories (high, average, low). These variables need to be
coded into two dummy/contrast variables.

e We'd expect the desirability of a full date to be different at the extremes to the 'average'. Therefore, for
both predictors these contrasts would work:

o Contrast 1. {high} vs. {average}
o Contrast 2: {low} vs. {average}

e \We can extract these using emmeans: :contrast()

e Selection of methods:

(e}

eff: each category is compared to the average of all categories (default).

palrwise: each categoryis compared to all others.

poly: polynomial contrasts (i.e. tests for an ordered trend in category means).
trt.vs.ctrl.compares each category to a declared reference category (by default the first
category). Use ref = xto make x the reference category.

o consec:compares each level/category (except the first) to the previous

O O O
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Overall model summeary

afex::aov_4(date ~ strategy*looks*personality + (looks*personality|id), data = date_tib)

num Df den Df MSE F ges Pr(>F)
strategy 100 1800 4223 000 000 095
looks 192 3462 2550 42373 0.81 0.00
strategy:looks 192 3462 2550 8043 045 0.00
personality 1.87 3362 3789 32825 083 0.00
strategy:personality 187 3362 3789 06245 047 0.00
looks:personality 320 5755 3462 3663 045 0.00

strategy:looks:personality 320 5755 3462 2412 035 0.00

& The strategy x looks x personality interaction was significant, £(3.20, 57.55) = 2412, p < 0.001. The effect
size suggested that this interaction accounted for about a third of the available variance in date ratings,

Ng = 0.35.



Main efFFect of strateqy

100 emmeans: :emmeans(date_afx, ~strategy, model =

1 "multivariate")
%0 e
BEEE strategy  emmean SE df lower.CL upper.CL
o 80 e :":' Normal 68535 069 18 6/7.09 ©9.97
[4v]
o * . .
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Main efFectT of looks
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emmeans: :emmeans(date_afx, ~looks, model =
"multivariate")

looks emmean SE df lower.CL upper.CL

Low 5582 0.65 18 54 .45 5718
Average 6778 0.82 18 ©66.06 ©9.51
High 8210 0.65 18 80.73 83.47
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Main efFect ofF personality

100 emmeans: :emmeans(date_afx, ~personality,

model = "multivariate")
90 T
+ personality emmean SE df lower.CL upper.CL
. i
o 80 " :'-': Low 5435 057 18 53.10 5550
[4v]
2 70 } Average 693 073 18 6776 7084
g High 821 101 18 79.98 8422
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Strategy x looks interaction

Dating strategy @ Normal  Hard to get emmeans: :emmeans(date_afx, c("strategy",

"looks"), model = "multivariate")
100
strategy looks emmean SE df lower.CL upper.CL

90 Normal Low 6133 092 18 5940 6327
© g Hard to get Low 5030 092 18 48.37 52.23
-
3 Normal  Average 6810 116 18 6566 7054
e
gj 70 Hard to get Average 6747 116 18 65.03 69.90
o
= 50 Normal High 7617 092 18 74.23 7811
|
S Hard to get High 88.03 092 18 86.09 89.97
b}
= 50

40 5

30

Low Average High
Attractiveness of 'date’
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Strategy x personality interaction

Dating strategy @ Normal  Hard to get emmeans: :emmeans(date_afx, c("strategy",

"personality"), model = "multivariate")
100
strategy personality emmean SE df lower.CL upper.CL

90 Normal Low 4830 081 18 4660 50.00
© 8 Hard to get Low 6030 0.81 18 58.60 62.00
-
g Normal Average 69.07 103 18 66.89 71.24
e
gj 70 Hard to get Average 69.53 103 18 67.36 71.71
o
= 50 Normal High 8823 143 18 85.23 91.23
|
& Hard to get High 7597 143 18 72.97 7897
b}
= 50

40 " .

30

Low Average High
Personality of 'date’
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Looks x personality interaction

Personality of 'date’ @ Low  Average # High emmeans : :gmmfans(date_aﬂ:, c('.'lool.<s","
personality"), model = "multivariate")
100 :
looks personality emmean SE df lower.CL upper.CL
a0 Low Low 4595 075 18 4438 4752
@ gg Average Low 4740 089 18 4554 4926
= High Low 6955 102 18 67.41 71.69
E 70 Low Average 4975 121 18 4721 5229
% 60 Average Average 7035 117 18 67.89 72.81
= High Average 8780 141 18  84.84 90.76
§ 50 Low High 7175 125 18 6913 74.37
. Average High 8560 172 18 8198 89.22
k | gl High High 8895 138 18 86.04 91.86
30

Low Average High
Atractiveness of 'date’
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Strategy x looks x personality interaction
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Normal
Hard to get
Normal
Hard to get
Normal
Hard to get
Normal
Hard to get
Normal
Hard to get
Normal

Hard to get

looks
Low
Low
Average
Average
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High
Low
Low
Average
Average
High
High
Low
Low
Average
Average
High

High

personality emmean

Low
Low
Low
Low
Low
Low
Average
Average
Average
Average
Average
Average
High
High
High
High
High

High

461

458

47.0

47.8

51.8

873

51.2

483

68.9

71.8

871

88.5

86.7

56.8

88.4

82.8

89.6

88.3

SE

1.06

1.06

1.26

1.26

1.44

144

171

171

1.66

1.66

199

189

177

177

243

243

1.96

196

df

lower.CL

43.88

43.58

4436

4516

4877

84.27

4760

4470

65.42

68.32

8292

84.32

82.99

53.09

83.29

77.69

85.49

8419

upper.CL
48.32
48.02
49.64
50.44
54.83
90.33
54.80
5190
72.38
75.28
91.28
92.68
90.41
60.51
93.51
8791
93.71

92.41
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Contrasts across the interaction

three_way_emm <- emmeans::emmeans(date_afx, c("strategy", "looks", "personality"), model =
"multivariate")

emmeans: :contrast(
three_way_emm,

interaction = c(strategy = "trt.vs.ctrl",
looks = "trt.vs.ctrl",
personality = "trt.vs.ctrl"),
ref = 2,
adjust = "holm"
)
strategy_trt.s.ctrl looks_trts.ctrl personality_trtvs.ctrl estimate SE df tratio pwvalue
Normal - Hard to get Low - Average Low - Average -47 407 18  -116 0.53
Normal - Hard to get High - Average Low - Average -36.2 465 18 -779 0.00
Normal - Hard to get Low - Average High - Average 185 541 18 342 0.01
Normal - Hard to get High - Average High - Average -58 6.02 18 -096 0.53
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Contrast 1

strategy_trt.s.ctrl looks_trtvs.ctrl personality_trtvs.ctrl estimate SE df tratio p.alue
Normal - Hard to get Low - Average Low - Average -47 407 18  -l116 0.26
Mormal Hard to get
100
90 5
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=
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o 70
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Contrast 2

strategy_trt.s.ctrl looks_trts.ctrl personality_trtvs.ctrl estimate SE df tratio p.alue
2 Normal - Hard to get High - Average Low - Average -36.2 4065 18 -7.79 O
Mormal Hard to get
100
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QO
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Contrast 3

strategy_trt.s.ctrl looks_trtvs.ctrl personality_trtvs.ctrl estimate SE df tratio pwvalue
3 Normal - Hard to get Low - Average High - Average 185 541 18 342 O
Mormal Hard to get
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Contrast 4

strategy_trt.s.ctrl looks_trts.ctrl personality_trtvs.ctrl estimate SE df tratio p.alue
4 Normal - Hard to get High - Average High - Average -58 6.02 18 -096 0.35
Mormal Hard to get
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Summeary

Mixed designs combine at least one predictor measured using repeated measures, and at least one
measured using different entities

Sphericity

o Correct using Greenhouse-Geisser, report it and forget about it
o afex does this by default

The output is much the same as an other designs

o An F-statistic for each effect
o |nterpret as you would any F-statistic
o Pick apart the highest order interaction

Interactions

o Use built in contrasts to tease apart what the interaction shows
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