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This paper introduces a linear mixed-effects model with crossed random effects as an alternative to repeated measures analysis of
variance (RM-ANOVA). With Imer function in the Ime4 package, one of the R packages, two kinds of the linear mixed-effects
model are described regarding the model specification, an estimation method, model comparison criteria, and an inference method.
The use of the linear mixed-effects model is illustrated through an empirical example data. The performance of hypothesis testing

is compared via a Monte Carlo simulation study between the mixed-effects model and variance of analysis framework.
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linear modele 2% &2A  ltHRaudenbush & Bryk,
2002; Snijders & Bosker, 2011)2), o] B2 Fot A o
BREA, 283 2=t =7 A9/en/HY T 2R S
S} FZ(stratified sampling) =2 w2} Zo] Am EAout
A= 3 B o] whgo]l 534 7HdE oA Xo
+ of2] WtoA ARgEofgitt,

o, AdddolE oA FE5HAS AAxA ffo= H7t
et w3l osl FAll **”éE]EE 549 AR}
Zdastet, weba] 2 =gollA] AF EFad =g 74
Hog wa FAaNE /M Ad =gayt 2 (linear

l

mixed—effects model with crossed random effects)2 7}2]

o] oM F 712 A% Sdavrge] 44y A4y
W, 29 vy, J2|3 SRl sl it

2) B =RoA s B Yo WotdH riaret £l wheat
FEHo2 YAl(nested) TAVE gloBg QA Fxo|x "ot 9l
SRt Il EEECIAN BT JHY R eR tRoi|n %15}
(Sniders & Bosker, 2011).

o
oX

4
. ogh
w X

I rﬁ N

TZMD. 2 X 2 Z7EA W AAA 2
Z40] oA HhEEo] ARgE o 74 HH
l(random intercept only) A% &I} B3PS
o] Aot FHHY y,> Q) 2

% 9k QOE o] BEL WY MIOE 7

A
7}

=

ot
TS
RS

)
My

@ d

o
of,
it}

2 o Il

L

[e2

y]zab ﬂ()+ﬂ1x1a+ﬂ2x2b+63zlax2b+s +w +e]mb (3)

Ay satgyl Byt 28 Ay 2 (linear model)o] H
T EFgHclo]l zetd AH¢ Y AF(coding scheme)=
Za2 3t ¢r] FY(dummy coding)= AFEE S x4,

o
&

?lo
N
N
P
rE
=,

/%].%}—Zﬂ(l'n =0, Tyg = 1)54' N
, Log — 1)% L}E]—ﬂl:]- +
o] Fozg ave Yzl A8l zy,2,, B0l ER 2

rE
=)
ikt
ool
BN
r\l
&
I
(@)

271 Ao

>
N

DRET fe A7 TS oSt B2 a=1, b=l
1 527 a=2 SEelAe]
b=l 453 b=2 4 oﬂm B e A

J

okl
EN

< AAsks BES g

= 2 59 Bt }O] l:'-—-ri/ﬂ 4ﬂ7%‘)r raato]
o= AxETh 2 X 2 AA ZF Adxe] Hage ® 1
v} Zro] R 4SK(parameterization) © T},

T AR 59w AR TR W A i
A 2o W A 47 vEhdth. 1 ael vkt
A2 7N A7 B 3o B BvEl] doE ALt
Hot A& =0l 1§ 7L a=1, b=1 F<=ollA HQl 3
T WSS By+s B AL IRIAR, a=2, b=2 <

Table 1. Parametrization for mean according to experimental

conditions

Experimental condition Parametrization for mean

a=1, b=1 Bo

a=2, b=2 Bo*B
a=1, b=2 By B,
a=2, b=2 BotB1+B2t 54
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= o] WApo] Ao|7t o ZRHEE(mixture distribution)
= mEGY dHA dtiMolenbergh & Verbeke, 2007;
Zhang & Lin, 2008). 2 =zollA AREE <oA= Ml
Hs) M29] Z71R 9] B shed] BARE vk =
F7t 3R, 75, OIEE x§ o5 T X505 50:50 &7

14.76& AAIGk (critical value) 22 ARSI,
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1daYE 29 Hludgold AEd HE BdES Vies
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A2 aAael ot 7Hd AA4E Slsl &9 Agste B
Holoh, Adxzoel oigh 1 ¥ay} ol et J7hdat et
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AAY, A 2 B A (Latin—square design) &
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I 25w, Fof AF 20T} Fof A A HEEA|

7He Z¥ZF 1872.74(sd=939.85)2F 1456.27(sd=740.46)
ot AARERY] Foi7h WA ERke o, Fo dF
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2068.16(sd= 1107.51)3} 1869.39(sd=1107.45) %t}
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= o5 Afole] AFGA-E(H1,24)=16.754, p{001)3} F
K1,24)=13.589, p<.005; Fojolgols:
pL05)7H 5 foloteitt. Wi, F3EA ol
e *JEA%T FOJ5kA] kSt (H1,31)=1.842, p=.184),
T FRE FosithFeld44d: A1,31)=28318,
pL001; FFoldEo i A1,31)=16.851, p<.001).
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Table 2. Illustration for the Latin square design

Item 1-8 Item 9-16 Item 17-24 Item 25-32
List 1 a=1, b=1 a=1, b=2 a=2, b=1 a=2, b=2
List 2 a=1, b=2 a=1, b=1 a=2, b=2 a=2, b=1
List 3 a=2, b=1 a=2, b=2 a=1, b=1 a=1, b=2
List 4 a=2, b=2 a=2, b=1 a=1, b=2 a=1, b=1
Table 3. Descriptive statistics (msec, standard deviation in parenthesis)
Subject continued Subject shifted Total
Subject mentioned 1872.74(939.85) 2068.16(1107.51) 1969.71(1029.81)
Subject omitted 1456.27(740.46) 1869.39(1107.45) 1661.79(962.38)
Total 1663.98(870.08) 1968.27(1110.53) 1815.16(1007.75)
Table 4. Results for /1//2 analyses
F1 analysis F2 analysis
Effect F p F p
Subject continuity (A) 16.754 0.000 28.318 0.000
Subject form (B) 13.589 0.001 16.385 0.000
A*B 6.333 0.019 1.842 0.184

HYy 2Eaa 1Y

T F5o A9 Egart By, M1t M2)E dAldolE

of Aotk & 5+ Imed 7|29 summary FFE 5
b 2yl

Bpo] of AAE HolErh
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. B 49 M13+ M2 #x}e] zolgkel 37
o] Aol A Tt AAIZE 14.76KTH 24, o] AL M2o]
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nlgie}, whebA S EA ofs M27F e eyl 3
4= Stk
Lo 1y
ATNE oAk E}

E summary ¢

=iz
=22

REEETR
SA|9F

A" M25 7o siol
£ RS ADE AT Ao
A2 M1zt M29] meof gt
ZALE AANSATHE 6). M1TF M2l A%} 1 3

2 Zite 7o) dAse

Table 5. Model comparison results

M1 M2
Number of parameters 7 16
Deviance 12,863 12,826
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Table 6. Results from linear mixed—effects models

Ml M2
Parameter Estimate SE z D Estimate SE z D
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Table 7. Simulation conditions and data—generating models

Item effect Fixed effect Data—generating model
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Table 8. Results for simulation study

Power Type I error rate
Method Condition 1 Condition 2 Condition 3 Condition 4
(with item effect) (without item effect) (with item effect) (without item effect)
A analysis A84 578 034 .054
A/ analyses 407 A2 022 .037
Linear mixed—effects model .602 .605 .037 .036
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