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2 &(linear mixed-effects model)
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& Kenny, 2012; Meteyard & Davies, 2020). =
A TS (Brown, 2021; Magezi, 2015; Singmann &
Kellen, 202002 A3 AFAES 98 A &
FEF 2y At WS duEA
lmed 3 7] R|(Bates, Michler, Bolker, & Walker,
20159 22 A3 £gEst 29 A8E 4
g R H7|A7F HgEo dF d7AEol 4
A BYe AHEE F A Aok §HE, o]
28o] QAR 540l Wt g A
Holof sheA Q7 EEE AtiHoR 1
G7b BEST Gebdl, B AT A

@ EAE ATE AR A AUAE
of B4 w4y EHEG R A5
£ AAE ZAS. doz Aee ol
we] PYHE AN, FYAR BHE HY

P s

P

lr

I BPHla HES Rlwsta, #d Y

Fol 2e AR 3% 7 B

>

2

o

B oox T

)
El
N
RY
mg;{_!
¥
30
v

oL
AL

o off
:(n}L_‘,
4
flo ¢
P
4 -
M
B
ofr —\.‘-4
=
o, =
EE gy
o X
LN

ot

iz
A\
o2

[
S

Rl Lo
=
2

c
rlo

o o p
fol

A

[ =

ubL)

ol 2 g
2

@

vl

Ql',
24
lo
2
ol
L
-2
o
ol
Q- s

o L 4P e
i JT oo

o
ShiA
1 qf
9
>
s Tlr
ofN
AP
222
[-'O
L [

o
lo rr .

(o

fru

o=

)

_>|i

1o

e o fo
o
N
o
b
o
I
v

A
i
ook

2
o =2 2
b
s
i
B
&2
?;9.
B

fo
re
flo
e
Wi
R
il
>
>
(o]
lo
o>

i3
ofl o o

Ho

rr o

Hﬁélﬂ—ﬂ—l}r-ﬂmloiﬁ-lﬂo&wl% i of

o
i
o o

2
ol

Z 4y
30,
K
o9
rlr

T
o

AN tlo mx omy L
o
et

SR O PR o

(

rot
ot
fol
H

[o ru[o t

(Scariano & Davenport, 1987).
o Hoo] B g INrandom effect) S
EFshel o|gHOE FHUA 9T
T BE 2] a%E ushs Uy

oglt

Ul

- 438 -



¥ E£day By PriAade 2@dE
g PHEHE ZPSHE wA PHENE
E3ta 3 2 ¥(linear mixed-effects
model with crossed random effects)”©]T}.
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7} dEtd F Y ol EAuHe| A+ (Brown & Forsythe, 1974; Lix, Keselman, &
A9 MY AR 7} A A 20 whet Keselman, 1996; Tomarken & Serlin, 1986). A&
An} oA @ MFRAC] 4@ 4 EgEs nd 94 223 Pl dzan
AR EC] AE EFaH 2SS AFESE (Verbeke & Lessafre, 1996). dFA| 9 A3xg
= AL 013:171] BrET) BARYPORA WFEAY dAHS XF

L

3 AT9 £ WO rkBaayen et al, 2008;

2 o]FojHof dl=rp WA J]Ee HAEZE Barr, Levy, Scheepers, & Tily, 2013; Raajimakers,
E5be) 5T AL Aol YuHos

off

Ao e Ay ey ngo 7pEAF
g Bl d7e e I 47t An.
8 dtheE 7Hgol wrEE W SntE ARz 539 foidd FE #ES e
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=
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ot
, o129l Ao gXslE e a3 JHHE Z2he AL AAlY 7FsE Yo oy e
FAZ gk 71kl B4t X5t 2, FAGy FxRue AHM A5 EA
(unbiased), FAZte] FEWF = AFe] £ of e MY EFEH mY FYPL& AT
AsHA ke W, ARE AT AR = AL AFATA A 483 JRE AT
EMRgo] dAEA ¢fow FA@A 1 % T UL 7/,4\0]1’4..
22 T Aok shell o] WYL ¢ EAZ, AFATM BYHoR ALHE
itk 1 A3, gAslE s Z3E olgHoR 3
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.]
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ok sk e gl s A e
2 e A BREe] dHA 3 3 Tzo] HEZIo A7tE = Q)
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S 7k Barr 5(2013)2 AHA

2y HIH 2ynln JI AtoldlA &
X2 &(data generating model)o] FA7]&
7l R3Y o 424 G35 FASe HE

g wlmch 1 A%, 2R 4o 1%
ORI e Avry AolAnn o okl
e, BAR AR Jelds F A A
olol A AolE Holx| Tk W, FAH

Ao tfs] A3 Matuschek 5(2017)S

Y Aol 2@l o vl AA
<= B3tk 53], AsA4
& (data-generating model)o] F-AAH R FHo|
Ay FA71€7] BRolbg s i AR
o] FA4k=Ar7y A W 2= ATt e
Stk AT AbelY X EHA ke e
AR, ZPunE s AHEE o] EX
=R, AEeld 219 FF 7kt FAR
o} o] BARS 223 45rt 2] o
FOo &2 HOThH Bar 5(2013)3 Matuschek &
(017)& E5F 507 ©oJste] At & ARE-
stAAIRE AlEH o 2HCE kA 5
A= Gt = O APgdT4
Luke2017)= AlEH A 2H0E kA
o £ 75 AAHE 24t TS
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AATFlA AtE 2PN AFe wE=
A Q Q14 Al(repeated-measures factorial design)2}
2o Baek Ay dutststrlds oH
o] Atk 2E AFAEc] QA oA Y
Ay Egad 239 Y& Rusith
Park, Cardwell®} Yu(2020)& 2x28} 2x2x2 A7)
oA FAEe] B et MY BF
3 2y s kgt T A
© AR EY o] dedH 2y o
& BYd W Aoy Y A 3
HIE(02x29F 2x2x2 1A A A 242t 33%
95%) % RO Ry GAAAA FHEHAY
(convergence failure)7} YERA A o|t}. sFA| Tk
Az 53 FAGS Be ABNAERY
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2 Qo Bae wEEY aouAzR
THE d3AsE B Ha A¥ =
B9 2R AT O APAE B4 U
A mgyY Aeko] Hgzd B3 Ao
= Qe Yopns Aot PAHOE, F
7H ATAE tisl AT AA, AR
AR ByEs Tre g BE
= 2R9 Y FUES BYE TAEH
2y $A71e7] mR)e ZeAE At
B3 2S4BT (parameter recovery) 52 o
b A, AR FARHY 72
of Bgge] }E ® FR9 MY A
&, AUEd A 2 PHa o] 42
A8 BN AHE GASHE SUAGAE,
detection rate)2 o}t 317} s2g ays
A BEFE AR olfre éﬁﬂ:ﬁ"ﬂ/ﬂ 2
VAR ABHE 707 B0l $ae
a3E FASE A0l7] wlEol thMaxwell &
Delaney, 2017).
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2 ANE B EE B BT A%
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2 WA W A A% 2Y BHE
3 myo] ABYHRFOE ALSHITHE
o dUxd 2AE PAFE TAE i

z9o| B34S 7k %ﬁiﬂrﬂ A7)
9¥ TXE 2AAHoE ALt wbA i)
agas g0 =271, i) A7 FAERe] £
Aroll gk =g} i) 7kt A aRe] I
ATFRIE NEYOM 2H0E2 ZAFUTHE
1.b).

IAEI B,= 0, 02, 059 A FFEoE
Attt Ak B4R 10]2E Cohen’s 4
Ao MEH AAE T2 474 2Har)
e Ze Z7bo s thCohen, 1988).

7H FAETRY] B4 A5 0.09(=037),
0.25(=05), 049(:072) Al R A
stk 7k FAEARe] Fato]l AR
A8 HAS 7t —:;L 19] FAge] Atk
olmolt}. Az} BARO] oF 5090 st
2 37)9] #7Ix } Mgy Bake AA
APAEE WY Ao Thiee, 2020).

A FAase] FiEs B4l
SV AR FA-dH(random intercept-
only), H 2
(unstructred) TFZZ2 AAYTH IR FEAg
o] FEAFZRS} BEE ® Lo AAEHA

}1\_]_.
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F[l‘ rlr

B A
iy

B AFA] B (variance component),
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3 4gEA BB Wb AL 9 ABAEEAY e 1 WY deFE
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2}z

50j:51j) 89,53, BEE E L (0 F=E
w; ~ NO,?),
€qpji ™ N(0,6%).
by AEHlA =4
z7 B TFE 34
z29 =27 B4 0, 0.2, 0.5 FeA-gade] nAaw
2 0.09, 0.25, 0.49 AR B Egae BAak
T ¥ L@ Fzx A gz FRATE
13" =4 BysB1: 89 0 Y, deFavte] vgay
W 0.49 g FAase] B4
o’ 1 zape] Eak
] 30 B
I 10 Agzgde #3248 28 &
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Soj o] |+
BAHH f; - v, 88 o D Lee(2020)
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80; ol |?
s s MV 0 7 00.872 ‘ ) Kwok, O. M., West, S. G., &
Sa; 01’(0 0 0.647 Green, S. B.(2007)
53, 0f'lo 0o 0 05127
S0 o | # .
s
NS "Z - MVN( 8 , 8?’? 0.772 PR Lee(2020)
53 Ol [-0.37 —0.77 —0.77 7
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A o 2 AAA B AN -SS(full information
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el A QF}JEH S(restricted maximum lieklihood,
REML) FAHS AFESHH F R0 M2 =
AA gy A 58 AAdikelihood
ratio test, ©]3} LRT)S $I3F ARG FZAF] A
2HoR JolAE PES mEnE 7ol
FZE A F=TKGurka, 2006).

F oA Az FAEE 2 8% FAe
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ANENE FA-88 gy F471&7 A AR A BV RREAWE)H
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A71e¢7) BEL I FAESe] Fre HuEdY AP 53 Wadd gdAow
B TZEA, A7k FAEse] mE Bay AREAG FEGS 1 2FUAE Ue #
TEAke] ReRA FAHAL Ay Efa o Auighe] ZE=29] 975 HEAUL 1.96=
H2ge) A 8] RY lmed 7| A (Bates 2H3HH AP2H a7} FAHCE Fost
et al, 2015)9] lmer $E AMEIIYA, F UL BT
E 2. Imer gF0ilMol ZMZE MH

2y Imer A7

Imer(y~x1*x2+(1 | participant)+(1 | item),
REML=F, data=dat)

Imer(y~x1#x2+(x1*x2 | participant)+(1 | item),

REML=F, data=dat)
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AP (rule of thumb)ol] Wb 15 2F7HE  ABAYYRYS FHEY TRIF Bt

2 0033 007 Ab], AAHL 08 oY W  FHEIY RAko] AHFE EFHIES T

T ARAETHY ATtk FUHHoR, Zopd otk
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AsAM, = un He] Zynla wAleA 22 &

F247187) 53] Aed vgg AL Ay Eay mygs o] ge FEo A
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Byo] 2% AAE B FAW B 1 ¥ & W FAEHY o] AdsE AZ
Ao o s HymlE2 AAE AoE oddEn dh, ARAdRFo] B3
AFFEd 2A Fe Aot & dAFdlA 3 FAES FxeITF 24 BY
FAHOR AR FIMLE FAERS 7= Hla AAAM FA7Ier] Z¥e] ¢ el A
of daglel 22 7|9 yAFEHE A&t 9E Zoith IHER F HT T HAE
B2 A0 #F Arle 7 EHRY Aot AL Aon F AT Akl #AE
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Aolth. 4, AsALRY] FA4727] B

FY o FHAEA BFYP S BARFPORE A E 40 AlEHoA o wE ¥z
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v FAR] "ol AAFHAG FEH  Byo] FAHEH RYo|yw, WA FAFY
oF Zol & A7 BE AlEdold 23dlA o &4to] 049%) xHoAME HEY =277t
FAG "W Arle FAEE BEA T 00122 ARG FiFA
717 BE Apoldlal dA|stiTh. Wk 95% AHTRHE o] ByHET HES
H9E 00060014 0.0090]90TE olE B Al EFQAle] WY HEF IXFAHE 6).
EHlold oA AL aRTrQl B,  FAAH By ASAPYY BFPo] FAHEH
=029] 10%9) XA Fa}= 2o 979 A EIY W 5% 7Pk BREET HlES U
2 Wkl SDFchAY A HWapo] s)Zo]  EFATCHS: 0941-0958). WHH, ABAHH =
8k o2& Enders, Keller, & Levy, 20182 % o] Fadd mgo] opd Agos gHA
) O % 95% m|We] Bnl&S Rt iR
W gZoxte] Wk it Axs oe TR FEATERVF EFsta kA F
3} o] qokd & QUkE 5). FAEW my  AEIE] Bito] AAFE EHE2 gas)
& AsAAEge 2AANE mdy w Hy Atk F7HIS] P @ AEHed 24
0.0069] #& HFL HYoy ARy > ABRALEIY WP FAERe T4t
of FAHHA mo] ofd Aol Y@He TRV} HIFEO|L WA FAadte) w4t
2 #2948 FaFAST B 37 ©l 049, RAEIAS] A7)7F 029 AU
£ b wAdaEste] gabel Al mepy W, of ZAeIAe] ETHEE 08353
Z7keke HEe By dzdos, FAr)  AVIR7] B AEHCA 2o A3 &
27] By fRE AEHoA A THIES W= 0937004 097001t A%
0010 muke] HMake Rk gk AgAgx AAEIY i FAEY 72 FAER
E 4. NEFH &0 FHZHS,) 2 BHE
By 7 A B ETe) T2
FHw AR BTz
0.09 -0.001 -0.002 0.003
0 0.25 0.002 -0.006 -0.005
0.49 -0.007 0.004 -0.008
0.09 0.000 -0.004 -0.005
0.2 0.25 -0.003 0.008 -0.005
0.49 -0.006 0.009 -0.005
0.09 0.003 0.005 -0.001
0.5 0.25 -0.006 -0.001 0.006
0.49 0.003 0.001 -0.005
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Comparison of procedures for detecting the experimental

condition effect in a linear mixed-effects model

Yu Cheol Shin Wooyeol Lee

Department of Psychology, Chungbuk National University

In a linear mixed-effects model for psychological experimental data analysis, the effect of the model
selection procedure on detecting the experimental condition effect was investigated through a Monte Carlo
simulation study. Specifically, while changing the complexity of the random effect structure of the
data-generating model, the type I error rate and power were compared between the model selection
strategies. As a result, the maximal model approach (or the random slope model) showed relatively low
statistical power under the condition that the structure of the random component of the data was
simple. On the other hand, when the model comparison approach was used, the Type I error rate
approached the significance level, and the power was superior to or equivalent to that of the maximal
model approach in all simulation conditions of this study. Finally, we discussed the points that

experimental researchers should consider when using the linear mixed-effects model as an analysis tool.

Key words : linear mixed-gffects models, experimental data, Monte Carlo simulation, parameter recovery, Type 1 ervor, power
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