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Abstract

This paper shows practical guidelines of sample size requirements when results are
analyzed by multilevel models. The study found that when Bayesian method is used for

multilevel model,stable parameters and power are attained through fewer samples.
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MPLUS ®EZHEST 7387 - FREFFEEIEEE 10,000 X - FELUESRER(HEF (Muthén
& Muthén, 2002) - b4k - ZIRFABFFEE IR DU RS - 75 2 K J5E:#Y 10,000 K
BRI E B (E R MCMC 35U ER 1,000 2% - (AT 500 KA HERE FER
FH > DU tR 500 ZREYR g AR HOR 2 BU SR TRURS IR -

(—) 2RI

1528 AT R 3 2838 7 1CC RyiteE » 5351 %y 059 B .138 » (AR NAHRITR
)25 (Cohen, 1988) - {EIRAIEZE b 3 EFEMEEEE S50k 0 fH AR
SRR 10 B AH g 2 SR E Ty (627 [R5 > ICC Ky 1059 - 5 g K 2t S diEs
TE R 1.601 i - ICC Jy 138 » b4 SEIRIERCE R 0% ~ 25% ~ 35% ~ 50% - (ARHE
aa R AN B AERIRERGE TR -

() HeRpry

TERC R AR o E SR E ARy 0 - Ry 2 - BRER B RIRAMHRRRR E Ry 0 -
PRAE SRRy 5 PR RN 1 SEEREAERE R S - R R R EERE R
3+ 4 8 (Muthén & Muthén, 2002) = SERHAZE DI BRI R I TE Ky 0% »
10% ~ 20% ~ 30% PUf#E ( Muthén & Muthén, 2002; Wang & Wang, 2012 ) -

HEAH RITEM ML Al 5HEAE 2 /g KA DR = A 80 22 B (i 5 TR PR )
B > EZEDL90% M2 A (Wang & Wang, 2012) SETTRRIZATAE - ARUTFEAT
{# I HY MPLUS $R S 7EE 1T I B 72 19 2 B0 35 R e 5 31 95% HI2 BUEE R
TERs o3 » & MPLUS R #8228 25 SR AT s RE ] 90% LU EHIRT & I 2 2 IR
e WA EEFHERIME TS B ISEYS Ry .8 (Muthén & Muthén, 2002) = LA -
TEAIHZES [FERIN R A B R a5 53 I B9 S08kH > Muthén B2 Muthén (2002) £
S5 T2 2538 , Hox ~ van de Schoo B Matthijsse ( 2012) 2R {LE122
ARl 2 B #52K - Meuleman B2 Billie (2009 ) 2 (12 Hm - RHESBRRR -
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MatE IS HAEER - LYW RS — O 7et » (EEE
HEAM SR IM2HEERHR L -

At El R b KT A LU ML S EHE S A BIFR K - BIRPERME -
TEREHE I AR A AER & b #EAR2EF @A MEAsE Qe 2 ~ BPREEL » 2011 5
B s B0 ~ #EsR - 2004 5 Hox, 2010; Kreft & De leeuw, 1998; Maas & Hox,
2004, 2005; Raudenbush & Bryk, 2002; Snijders, 2005 ) HEfTIEARERTE » HE TH
AL B TR ML (A S AR A By 2= 52 - R EAR AR B M PR E
b FEZ R F R E DL 20 AR BT fERRIRA FEE%E DL 10 AR BE AT -

— ZEREEGERAEER - HEKVSML

BT HRITE LU ML (SR HEAEREE TR B9 2 g TSRS > & ICC K
2 .059 DLERS > SEEGHEAE LR -

R 1 £ 2 Al A > FHFEH 2GR E TR > SERTR AR SRR
B B E R AR 20 ATBILT - RURTTIRAEREE G KR 2 31 (EHAE
1728 IR R LUK 3T RLIRFIR R 2 83T DU TS B A R E - E i
HE g AR 31 IR AR - 22 8037 25 SRR AR g B ARG N M R 90% Hy22
BE - & ICCHEnE 138 I > i ] R EAEMR IS g AR ANE TR 2 10 {i - Bpw]
DIESRE N2 B RHRRLUGRET 8T -

{6 P A Y ML 5 T IR AU A > & ICC $23T .059 1 > #E g K ik
DRREE A2 (ER A nTE R AR E R 2 BT DURART 55277 > B Maas B Hox

(2004) Frtaany & B AREBE g AR 50 #HAHT - IUAh - SR fmat @8 AL AE
B/ VEAHEL e K ICC iy - thEE Maas 8 Hox (2005) AYREEERTFEAH{EL - BIEE ICC
PEINZE 138 > MRS B AREE TR 2L 31 F - B BRI AL - ML 5k ATfR 20
BABAHE A - HNEREVITEEN S - 55 BV E DU BRI -
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£ 1 %5k =HAT ICC=.059 PFrfts & pe s B ficoniiig S8 35

BE ML
ICC =.059 Coverage  Power Par;n;seter esrtre:)r;dbi;ds Coverage  Power Par;r:seter esrtrzr;iai;ds
no missing
620 (31) 905 1.000  .113 .022 820 (41) 916 .802 .042 .004
600 (30) .897 1.000 .114 .028 800 (40) 918 791 .042 .004
missing = 25%
620 (31) .906 1.000  .122 .031 840 (42) .906 .808 .050 .017
600 (30) .893 1.000  .124 .046 820 (41) .909 790 .052 .012
missing = 35%
620 (31) 907 1.000  .106 .012 840 (42) 913 .804 .045 .008
600 (30) .900 1.000  .112 .037 820 (41) 915 792 .045 .008
missing = 50%
620 (31) 901 1.000  .118 .028 840 (42) 913 815 .042 .008
600 (30) .899 1.000  .124 .028 820 (41) 911 799 .042 .008

P LF AR AR 100 (5) BF 0 100 A 7 Sk A e (5) A K R A e o F R IE = 25% Rl d 1 5
AL R ERE 75 (5) 0 H R = 35% Rl i e A A B R 65 (5) 0 Bl = S0% R i3
g A A s 50(5) 0 ikt dde o
2.5 B BE B e CRE SR 3 R ICC e die s 3 R AT 0 Bt DR LR B R Bt
(ST T

%2 A= T ICC= 138 P 2 i R e i Sl B 3t

BK ML
ICC=.138 Coverage  Power Parsir::ter :rtg;d;;ds Coverage  Power Par]jil:l:ter Srzz?dl?irads
no missing
200 (10) 902 1.000 .097 770 560 (28) 902 979 121 .013
180 (90) .897 1.000 115 749 540 (27) .896 972 125 .014
missing =25%
200 (10) 904 1.000 .091 .807 620 (31) 900 987 130 .006
180 (9) .897 1.000 121 766 600 (30) .896 984 134 .019

(## NE)

[z
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%2 5K S HAITICC= 138 prag i £ 5% R Boeniinst Sl 3 ()

BEK ML
missing = 35%
200 (10) 903 1.000  .105 795 600 (30) 901 .989 123 .008
180 (9) .899 1.000  .130 753 580 (29) .895 .985 132 .019
missing = 50%
200 (10) 902 1.000  .105 782 580 (29) 902 .982 113 .004
180 (9) .898 1.000  .103 751 560 (28) .899 979 115 .015

— O BREREBRBSEESAHEE  ERVSML

St ST B PR R B T o U UK 7B AR ML (53 i £ BB
B R < 153 AR A TR - ERHRATRISGR 3 (6 - AR A e R R
7 T (R R TR 90 (R BRAE AT T P R BUR A LU RS - B
U LU R BRI (LB PR LR ML 17 58 T P A i
R 3 (0 > (ARRE R DR 310 (MR TG R E 2
B FHDURAEET BT - BRI A (2004) BHEPUR BUIE T BT AT
1> AR, 300 (LA EATBERAES - BOE 1A T TSR] 8 UL AHRE R -

BB — 5 R 4 (A > FUTERE ML A R B B
WA AR HKTETRE 608 - ML 75755 70 8 - o SLAER A T
TR AR AR I - S0 T IR D R LA (3 A R
S WA U5 BT - (BRRIRREAREIRIE - T7EH DUR IR A 3
PR » T I P L7 L S (S B A o -

%3 ~EWAC3BFERER

no Var Var
o Slope
missing Mean Slope
Type
Sample . e P Se . e P Se
Size Coverage [  Phbias bias Coverage Power bias bias Coverage Power P bias bias Coverage Power bias bias
error
A

80 948 052 .000 .011 950  .830 .003 016 952 1000 .045 .064 959 1000 .154 .095

(8 ~NH)
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%3 XEHA 3 BERL ()

no Var Var
. Slope
missing Mean Slope

70 948 052 .000 .014 952 775 .002 .026 949 1000 .050 .072 946  1.000 .174 .125

ML
250 949 051 .002 .003 950  1.000 .003 .000 .943  1.000 .005 .006  .945 810 .005 .019
240 950 .050 .002 .003 949  1.000 .003 .000 943  1.000 .006 .009 946 794 .006 .016

missing Mean Slope var var
9 P Mean Slope
Sampl Typel .. S .S .S .S
a‘?“pe Coverage YP€ L b bias ‘e Coverage Power P bias ‘e Coverage Power P bias .e Coverage Power P bias .e
Size error bias bias bias bias
A

90 948 052 .000 .010 949 821 .004 .007 948 1000 .041 .044 963  1.000 .148 .100

80 949 051 .000 .012 950 772 .005 .020 949 1000 .046 .059 962  1.000 .169 .119
ML

310 950 050 .001 .002 .949  1.000 .003 .006 947  1.000 .005 .000  .946 810 .005 .011

300 946 054 .001 .005 953  1.000 .003 .011 946  1.000 .004 .002 948 799 .005 .005

1 1. Muthén £ Muthén (2002) 4 > i * MPLUS # 4 & i+ Monte Carlo WP § BF - FF § % “T3k &
R SRR G B X IF L L R ERK 0 & MPLUS #iie Pk 3 § * H A F 2 L 002
BFE o Ft o TR TS F 0P AT R R SR TS o § TR RS 0pF
PR R Y - WA T o AT BTN R BRI RIET L 00 M ERGEE L F - A
B o oa AR ABTR RN B %A o

2. Pbias % Parameter bias ‘fﬁﬁ » Se bias % Standard error bias ‘ﬁ”‘ﬁ, °

%4 XEHA 4 BPRERE

no Mean Slope Var Var
missing P Mean Slope
Type
Sampl . .S .S . .
ampe Coverage 1  Pbias 'e Coverage Power P bias ‘e Coverage Power P bias 'e Coverage Power Pbias Se bias
Size bias bias bias
error
2

50 958 042 002 .026 956 851 .003 .038 .947  1.000 .082 .088 948  1.000 .099 .096
40 956 044 003 .050 956 749 .004 .054 949  1.000 .099 .116 955  1.000 .121 .134

(& NHE)
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24 SERA 4 BRETE ()
migsing Mean Slope M\gn S\Iga;e
ML
50 940 .060 .003 .028 944 886 .003 .018 923 978 .028 029 926  .810 .021 .029
40 940 .060 .003 .028 937  .806 .003 .029 912 935 .034 .036 920  .693 .024 .038
missing Mean Slope M\gn S\IiJa[:e
Sarpple Coverage TypEIPbias S.e Coverage Power P bias S¢ Coverage Power P bias Se Coverage Power P bias Se bias
Size error bias bias bias
I
60 955 .45 .001 .032 955 857 .002 .038 947  1.000 .068 .075 952 1.000 .083 .092
50 957 043 001 .037 953 775 .000 .037 946  1.000 .082 .091 958  1.000 .099 .119
ML
70 942 058 .003 .015 942 926 .003 .023 927 994 .022 .028 932 808 .026 .027
60 943 057 .003 .015 939 882 .004 .029 926 987 .025 .026 930  .736 .030 .030

e AT TEAEZ TG 2

R H DL R R AR o E G G 7R B ML TR R e B AR AN 8

M/ N RIESRAD T - BRERENTFE A 26
25 SRR LA AR S e MLV AR ARER
BKT5E ML 7335
% g T no missing missing no missing missing
ICC =.059 620 (31) 620 (31) 820 (41) 840 (42)
ICC =138 200 (10) 200 (10) 560 (28) 620 (31)
ik R A A no missing missing no missing missing
Time =3 80 90 250 310
Time =4 50 60 50 70

¥ AR ABE 620 (31) BF > 620 % 7 4

Beadcr (31) 27 Bk ~dco
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ff - Ak

b 7E EE RS R T IE G 0 R PR R TTEA ML (5 HEAE 2 T R
B PUR AR R - B/ Nal TR TR AR B LB - 6 [R] IRy =5 e A (E R
T RGN ML EHEAE 2 g RIR R DL R B AR R A2 8 Pl 7R OB AN B -
W 7EsE R - HEEmE S P AEREROETR - (A R IR 20 /g AR DL R A A
RSN FTRR U S A S )N - Hn] DUEISRE N2 BE =R U557
{ERINLIHERE -

BeHh > HIRTGERER T Al A e (R R R B AR B R i 5T RR SR AN e —2
FEFHTE PR B S MERV R FERE - A0 o R P RUTE B IR AL « g IRAL - JEfR
MR LU R SRS - NMERME T ARG ENHERIE - EEFHENE
FfE(E -

HERAR TR BLE AR E T - SRET R IRIUTEHEER ML (5E1% > fEZE X
FRA LUK R R AR AR IR - (U OB B T SRR E R 2 B RT - EXIR
PABRZEERETT > AR DU B AR A T R A 25 g AR AL ~ plR AR AR > D
KR RGEREEHERE - NI R AT FERIRE R IR I S L E AT 5 25 - #rilt
BINERHE (EEEEER »2017) FElHES 2 AR ~ BRI - ARl R
HREW B AAERRRLE R - AR 2 g R B R A - T & SORFE R
ARt ERER A28 - SE— PR EFTRAR 25 -

24
(T7v3

guu

JRRHT 3 (L e A LB R YRR A > IR I B B S I CE B R |
RICEHE: - HIEAFRRIREE A RE ST ] LLSe BRI DU E R T & e & 1 Fe A 22
K HIFFH O ETEEESE - 10 1% - ReftHE SRR MEESR |

R AT/ N ZE 1T A FERUZCER > NEERF TR FGE RIS T Rg 4 - A
DERKRH | T5EE > kT EE - 2R |
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#5 3Lk

AfER (2012) - phRHEBIBEXN ZEAEMBRTERR - RFEER CRHENR
ZIEERS) o BISLEDREBHEWIFERT > 2T -

oG (2017) - ZERIRICEFEE BRI 7247 : Mplus 8 BEATFER - 207 : 705 ©

g~ BERASEL (2011) - SERIEERFGER © BEREREIRIR B -
AL ¢ oy BEE=E -

BEE ~ B0 - Bl (2004) - ft E I AR R 0 A 2 B A B il A
TESIWTE - BEBROIEMTE » 27 (3) > 603-626 -
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"ﬁéﬁ""
title: HLM, ML, ICC=.138, N=560, Missing=25%
montecarlo:
names are y;
nobs = 560;
seed = 3454367,
nrep = 10000;
ncsizes = 1;
csizes = 28 (20);
missing =y;
analysis:
type = twolevel;
estimator = ML;
process = 2;
model population:
%within%
y*10;
%between%
y*1.601; licc = 1.601/11.601 = .138
model missing:
[y*-1.099]; !missing = 25%
model:
%within%
y*10 (w);
%between%
y*1.601 (b);
model constraint:
new(icc*.138);
icc = b/(w+b);
output:
tech9;
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U=
title: HLM, Bayes, ICC=.138, N=100, Missing=50%
montecarlo:

names are y;

nobs = 100;
seed = 3454367,
nrep = 10000;
ncsizes = 1;

csizes = 5 (20);
missing =y;
analysis:
type = twolevel;
estimator = BAYES;
process = 2;
fbiter = 1000;
model population:
%within%
y*10;
%between%
y*1.601;
model missing:
[y*0];
model:
%within%
y*10 (w);
%between%
y*1.601 (b);
model priors:
b~IG (.001,.001);
model constraint:
new(icc*.138);

icc = b/(w+b);
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output:
tech9;

g =
title: GLM, ML, N=70, Missing = 0, 10, 20, 30%
montecarlo:

names are yl-y4;

nobs = 70;

seed = 3454367,

nrep = 10000;

missing = yl-y4;
analysis:

estimator = ML;

process = 2;
model population:

is|yl@0y2@]! y3@2 y4@3;

[1*0 s*.2];

i*.5;

s*.1;

i with s@0;

yl-y4*.5;
model missing:

[y1*-15 y2*-2.20 y3*-1.39 y4*-.85]; !missing = 0,10,20,30%
model:

is|yl@0y2@]1 y3@2 y4@3;

[1*0 s*.2];

i*.5;

s*.1;

1 with s@0;

yl-y4*.5;
output:

tech9;
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Lo
title: GLM, Bayes, N=80, Missing = 0,10,20%
montecarlo:

names are yl-y3;

nobs = 80;
seed = 3454367,
nrep = 10000;

missing = yl-y3;
analysis:
estimator = BAYES;
process = 2;
fbiter = 1000;
model population:
is|yl@0y2@] y3@2;
[1*0 s*.2];
i*.5;
s*.1;
1 with s@0;
yl-y3*.5;
model missing:
[y1*-15 y2*-2.20 y3*-1.39];
model:
is|yl@0y2@1 y3@2;
[i*0 s*.2];
i*.5;
s*.1;
i with s@0;
yl-y3*.5;
output:
tech9;



