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1 [FUBIC

KO HWE, EEMEHEROPFICBVWTHER L TWALERIVF LXUVGHIZONWT, £0
FEAEWHS 2L, BSEEEMENOIHAWEEZHRSD Z L 12H 5,

ZHFH, SVFLRUGHIIED L ) BT — 7 ICHEHAINLERE D, lRBIZE) L, £H5N
2T —= 5 B THEBOEHDPHERS N, 4 ORHINICHEERFHOESROND L) 7 —%
R LTEAINAIREGHFETHLEV) ZOXIBT—51F, EFLENT—% (nest-
ed data) HBVIIERMEZK L CTVE T =% LIFEN S, VT L ANV BEE T E 7 v
(Hierarchical Linear Model) & HIFIZN/2 0 558 HIX, T 2idH b,

COE) LB - HEWT— 5 IS LEEN T — 5 2 808 L7210k oW k% @5 24
G, RO LD MDD B L EN5D (Hox & Kreft, 1994) o
O Bl SN2 e OERNOY » 7 VELE, MOEROY v T VIR TPE-> Tw 5
ZEDVHONLOTFHENE, TOX) LT =7 20T A6, SHORAME LA DY T
VERRIRE T HBEOAEMREL VD &, [BAEOMVTE] EDmz Shz v,

@7 F LR H T T —HOTFEDEDE B E 5T 55 e 5 I — Wi o8,
AT T —ORRATFE R R (Fixed Effect) &IFHEN, 2007 T —EAOREL L THhbit b,
EZADPIDHT T —ARPREADLIS T Y AICHBEN TV EHE, 773 —DET 5
B EERDORREZHE L 72 WG H 5o —ROGHOIHTRBIESHIMEA ERFE) »37 25
QY VT T ENTE W EIRIZL DD, S VF LN OEEE, F— 5 OfR/NEN.TH
AN - R FEGEAIET S LAER (A7T)—) 2T 05N TY) v IR 0L RER
L, ZOMEZFEERFEE T > 5 2% (Random Effect) =5HUIHH L THEE T %o BIERF&
FGUYTAIEPRELTRDE I LS, #BIBRAET IV (Mixed Linear Model, Mixed Effect Model)
NG LD D,

QEEND T — R - B ¥ TNHARE— LY & 5 TR T — & OiR/NHAL O 53L& /N O

T =8 BT 5 FAEMBMOS#H LD T ETE LN, EHOY A XPAE—Th L 5E6I12R
B L %o

R LR 24T O W, MRAREUIC N B S A B DR LA R TR % 5 A
EINEIMTHIEDDH L. COLEHERDHETIE, &I -BHEFELHCTHNELZ#ITE
bELZEICEDLHAERRREZWEL TE e LA L IO FE Lo BB % T
® LB KE R TE M JE £ > & — i
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THIEWERY, FIEFMIEZL ANEARLIEEL D EL ORFGEREZHERTT2Z 822D, W%
DL T HNAL T AD Do 2H#EEMIZR->TLE ),

TNVFLAVGHTE, RO L) BRIREICHIRTE 20 EETH Y, L EMGEHEMbTR
BELCELOMBETH LD, RPEOSFHEEMEOTHTIXIELALEZDIHAZ /L2
W KFETIEZOHHEZBEBIL, FHON 28 C ORIz T %0

2 FAhCAWVST—5

VT RERD M SE & D2 U T, < VFLNVEFIVOBEEZBREBIT 5, izl
COE 7u 7 7 4 [21ERMSEHE ¥ A7 2R EANRGL] o TiTbh/: TRFEDOHR
B FEURBICET A0 VA, ARFIALIZ20044F 12 A 520054F 1 HI2Hh T, &Eo 4 4
HIRF18K (9 HEIL 88, FIV10KK) D 14EEL 4 FEAEZ RIS, 5,383% D RS %1572,
RO LD—DTH DT — 5 OR/NBMOMADTIRT 5 EAHER (Level2) &, 4 DKFED
FHTHE, FOONT=T—F DI 5, FHHNOT—F A5 2720 b DIE5Ir 5B L,
Z DFERBAFIREIBNDFAED T — F G RE 2 Do FFEIITIEFI L TB L 29T RO
EDFELTWDE I LR DD, EBIL 6 A~484NDOHEND L. ARTIE, ZOF—FEHw
T [RFEHGOREMERK? & [BEXFOLREEP LoMELHEAE LT 1IF, sVvFL
NV % B LGRS %0

3 TILFUXRIVESHRICEDET—5E

RNVFLNRIVGHTREE ENDETFT— 7 HITOWTIIM 4 ifEimdtd 5 (Heck & Thomas, 2000,
Kreft & Leeuw, 1998, Mok, 1995) A4 (Level2) #awIETH20& L, KEMHNIC 54T
TVEPEENTVRLHIEE L) iriid Hiud, 1500EMZ LD ERINOY T
VEIZS THHATHLEVIERHMLD L. HDHWVIE, S00LLTO/NABY » FuThiug, HH
LAV DKM CIRFINOY > T VEPD 2 WERRE O 555, L XV O 7 {4
MNOH v TV HL VEEREFT LD DA T AL wE I RiEbH 2, wWIhicwk, %
BWHETIE, INVFLRNVGHIRT — 8 ORI, SR TEL XA Z2dfe L
7t e, T8 ORNBMDTFTR T 5 RN (PR, MR EDNT T =) OGO 2 0%
HMAEDENTVB N TELDT, EDOLNVIZBWTH A% HY > PR TETW 5
CENEFLWEEZOND, DFNEOL) BT—F LiE, ~HEHBLY)OH TS
<, BHOBARD IRINE L, SOICKBREMIZEALEVWIEETHLF—F DI LEIFT X
ITH b,
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4 {EROZHTE

4. 1 Y=—EIRSH
TR NREIIZEELTAHA LI

y;i=Bot Bix+r; (1)

yi & TRFEHEOXREMER] Z2FEIC4BEBETHEL T 5230 THb, hd' [HEK
BOREE] =x, DWEEZZFLERELTVD, RATD i ZFEMAZIFEL TS, B, 139
Fr=#T72, B Ex, OME (&, @y, T 28T, x, B1HMEL2L &0y, OZ LE)
ERL TS, 1t x, TREWELENLZV y, OGETH Y, 527 - BWEIHEMEN L, [R¥H
HOREMER] & [HELABFOREE] LOMRE - AOEMIZLIYERIL LS LT20H0)T
H5o

EZAHT, WDEFETFTVIZOWTIE, FEBEIZHENIIBT 2 EM (& 2 IXkEE, K%,
FH) X o T [RFHEOHEMERK] OTVHPRL > ThIYENEZOND, TOZ L%
BICAND AL, BRIBEI D b 2Py I —EHEHEYRITEAT S, DT TERPHD
2 THAIHEZMEL 1HOY I =8 x, #UTEAT 5,

¥i=Bo+ Bixy+ Boxy + 1, (2)
2T x=10LE ARFEORE, 0L XZZFRUMORZEDOREELTHE, (31

Yi=Bot Brrytr, (=00, &) (22)
Yi= Bt Bo) + Pyt (=10 &) (%)

EEHEEXMWMZDLIEDNTED, 2F D A RFOFAFZENDINOREOZE L T = [
HEORBMEAEK] OFWI B, 2T 8R% 5, 2R LIERRET bbb [KPEEOLREME K]
L BBUFOREE] LOBMRIE, ZV—THTREIEDLLEV, ChZMTEBTLEM1IDX
I B,

YRRV — T CTRL D e 2 FH L2 0BEIE, KO X ) ICREAHEZEAT S,

V= Bot Bixyi+ Boxy; - xo+ (3)
523X

Vi=Bot Bxytr, (p=00& %) (3a)

Vi=Bot (Bi+Bx+r, (=10, %) (3b)

EEBEWR DI ENTE L, DF N A REOZEAIZMBOKFEDFEAEIZILN, [REHTE O EMHE
&) & [HEHBEOREE] LOMERY By 0720 8% %, 2R LU EKREHTRETH S,
NEXCTERHETLER2 %%,



314 N S 5374

¥ A FEOEE

V=8 8y, (YA

T KL erEE

Lo IR S ERRIIR KOUREAL, mRFERELs () R - LRI BICEE B

Ul AR E S RFEM TR 22 HB LW EIRRD LI I2h 5,

V= Bt Bixyi+ Boxy + Boxy, - xp+ 7 (4)
S 5124

Vi=Bot Bxytr, (p=00& %) (4a)

yi= (Bot Bo) + (Bi+ By xy+r, (=10, E) (4b)

LEXMWZLIENTESL, INERTEHRINVEK3IDOIH IR S,

4. 2 &M - B#BICHHITDHEEY

e D=y FDETLEMPLHOINE CUR=context IREZMETLELDFH) ZMET S
Wi, ROXIGHEEHWEZEBWETH 5,

BIZIERFZRAT ] (R 1~nFHORFEZFKT) THRIL, K7 jIHRET 274L0 [#HE
BEOREE] & TR¥BEEOHRAMEHE] Z22hthx,, y, L LTHERZILTS L,

Y= Boj* Bixy; T 1y (5)

Elp e THE n HORFHICHESHZEHLTBY, n MooREREE PR oNs,
DIETIE, flHc ORFIZEY 2 BAEM % [TRYAEFOHREMEE] & [EEEFOREE] Lo
B2 HIA 2 EATE, SHICKREMTENS DBRDEVZIET A EHWRTH L, 72751
TA) Yy bbdHbo —2IF EMLNIVOEMRHE (22 TRKRE) OBHE %5 EoHrhEMEC
RBHETHEH, b —2IF, RECWHTOEME - HRKLEOREWAENE, T4bbthbEH
R EEAE T 5 BRI B0 T FRIARBR U OREFR LN L0 L) PERETE 20
HTH %o

4. 3 &H - BOKHEICERES T ZERAT 3155

b o LOM L DHEN - HIZOWTHLONRTH H2ZROFHEEZHI L, £hz2do Tl
GHENT B TEDH B, COHREOYE, x, 13 FHORED [BEHEOREE] OFHEE
FEILZ2BOTHY, y,; 3 jHEHORFD [REEFOHRBMUUE | OFHHZER L2 OTH
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%o WA GIEHER jICEE SN, SIHMICE RS2 woT [ -] TRLTWS, mERIE,

¥ = Bot Bixr;tr (6)

Ehbo SORERE, HHORDNEAIIMACHEFIFS (ZOBITIEREE) TiER, £HR
B (SSTIRRRT - %) Lhbo r 3P 0TH e LIET 20 BERD 1 1E, ThEhD
S0 RO jFHORFE n MG ONFHENLTH S,

OGN HBEOME NI, RFEFBOMET— 5 OEFHMEZH N TWAL DT, KFEFFNOHH
BRFEMTERTH LR ZERLTCLES>TWDLIETHD, 51T, HL FTHEM - LA
NVOMAEFELTVAICAET, MAOEHNICOWT IO HEL VESN LRSI S
ARV DTH 5B, B - BOEFHEZ H 72K R SBAOBENIOWTERT 501, AREEW
2 (ecological fallacy) & L CHISNTW 5,

4. 4 “Slopes As Outcome” EFJU
M - BES YRS AT L, BoNU R R R AL, ZA6hE5~
78 LAV OFIEEIC X ) 5587 % 1T 9 Slopes As OutcomeET IV E V) Db B 5,

4. 5 SUREF)U (the contextual model)
HL S EbNTEL, WREEZBLZEFIVEER, WUEEIZOWTHEAL NV EEREL X)L
THEEFENT7— 7 2 RREIZHRSICHEAT S HETH 5,

yzj:ﬂ0+ﬁlxlij+ﬁ2xl'j+rij (7)

COHREY, TREHFOHEMEUE] y, LT, j FHORFOFHOMAD [HELE
DFEFEL] xp; &, [BEBEOFRFEL] ORFHERME x,.; D FEFCHRERIHRA S, JAOR)
REHEH - B =URORPFERFICHEETE Do LZLED D L. LNUHPRR S TS LT
Z, W UEBZHCTY 2O TEEILREOMBEDTEE S S WML D 5 51, EREBAMEA LN
VTHBEDT, SNERE L TEASNTVLER - LNV OLEE (22 TREBHFTORFEE
DRFPVEFHE) PNV XV OEFE LTHRbh s DT, HH - #HLNVOEOFRPHRI S h
I, /NGl S B fERRTEA D B0

4.6 20-YN\vo -EFI
MHRE TN OLZEIEORMEZ L L) LHAALNIZONR I 0= Ny 7 - EFVTH b

y,'j:ﬁ()_'_ﬁl(xh-j_xl.j) +ﬁ2(x1.j—x1. ) +rij (8)

ANV SV ERFFBLANVITBWTT = 2y 25281280, 2 20EHM D% FEILH
PEOREDR M T E Bo 72721, RETIVEFRBIS, FHMNLHE LTEASRTWSER - B L
NVOLER (2 2 TREERLH ORELORENERE) RNV NVOEHE LTRbhb 0T,
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S - BEL AV OEORRA R S IE, BN S 0B B

4. 7 HHBHWETIL (ANCOVA)

BT, BNEKE AR, HWEABEZZERE L CHFICHEALTHONT S Z LR
FHETHY, HRGHE TGN ZE I v 7 ASE L) oM TFETH L. ZOHETIEKRSE - 4
WO XD HER - FITEWEB=2RE LTRASK, UREBOEN - HHABEEZHRET 5,
72720, BEH=IERIFEMALNVOERE LTHEASINLZOT, HERKIE -2 LA
SN, HRIZRGHHETIED 255, WIGREOER - FEHEEZBE TE Rv i v ) RN
5o

5 TILFUNIVSH

KIZ, VT LAXVGHTIHEA L NV EBARRT LR - LX)V 2 ED X ) 125 ITHLA
ALDOIERLTHI ),

5. 1 #EZRMHTEFIU (unconditional model)
T3, FAEMALNXVE levell & L, [KEHBFOREMEIK ] 23T 52 R0 L H 2T
THE I,

yzj:ﬁ0j+rzj (9)

TN, HERFEOFE | CTRT 24 OFED [K¥HHEOREMEE] 75, WH By=4
PR L Jevell DT ¥ & LG ry THEESNDZLERLTWD, 4, YRDPERHICREL 2
EDEES LY, By ERDL ) ICHEMA LI ENTE b,

Boj= Yoo * U, (10)

Yoo EUIT = AP 2R LEERN R LIS o uy IEEOF j O&KTIHH» 5 OmEEZRL,
level2 § b HHEM - HOLNVDT ¥ & LR ENFEND o uy 3P0, G 10 2D H, 2D
BEL T HIREVIEE [RFEHFORBMEIE] OFHMOFILH DX S5O E PR E VT L 2 FIR
¥ 5. R0ZXONAAT B L,

Yi= Yoo T ug;t (1)

Ebo DF ) [REHHEOREMUEE] 1, W =2KP yy & level2 (=55 O 5L
WA uy, LT levell (Z%EMAN) OF YT LE ry, LIZHHEINL, ZOWEIZTEOI L
B3 5 DT ANOVA with random intercept (7~ % AYJF i & 58H) EIMENEZ L b dH b,
EBROGHTTIE, uy D 1o BREIMESN, 2O 10 OFENT b UK ORI REERITH R
DONLPE) PRI EVEEE b,
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ZDEFIVCTIR, level2 BREBERDO D EORIEZHHT 502 REFTE S, ThiT Intra-
Class-Correlation (=ICC) EW:EN KD X 5 %&b,

p = TOQ/(OZ + TOO) (12)

COMED T RKRE T IE (3w iz, IR IREEITERICR VDY), level2 DHBITINH 5 L vz
5o

5.2 SYILYIFEFIL

WD EF N EFHWEREMARATORD SN, bEHARMNEBEMAALZ L HTE b,
¥, [RFBEORRMGUR] v, & [HREEOREE] xy; THITL2EFVERO &) 14
i

ytj:ﬁ0j+ﬂ1jxh'j+ T (13

T LT, YIRS AED S B LARET B o

Boi= Yoo T Uy (14)

K1)z KPR A L TRONXNZ15 5,

Vi =Yoo+ ug+ Bipxtry = ¥= Yoot Bi gty (15)

LREEERNRE T ¥ 5 DR LG TERLIZSDOTH Do HIEHD vy & By REVRGHTO
YIF & R B Y L E R LTINS o 2 levell DFEAEMA L XV OEROREEZEKL
TWwdo € LTHRAETRD uy 23 level2 DFERLNNV DT ¥ & BEFER, 1y 55 levell DFEFRNDF:
HERALRVDS Y FARREZE LTS, COEFVIIF DAV FLALVEZRELTN D
DT, MRRBIZFERH T ETH b, TOEFIIIEITIBIT 5 I — RS HO2)RR 1 I
T 5,

5. 3 SVYLRBETIL
Bl ARELAS level2 DFAERI TR D LRET 2 HEIIRD L) BETNVERET %o

Vi =Byt Bty 09 Bi;=Yotu, 06

6% AN ARAA TRONZ 155,

Y= Bt (Mot wpxytry = =Byt Vioxy T uxytry 17)

Yo WERRHOEETY (27— 125 TIEE 2N 2B, 1, 370 5 1, 0
% L), KEMOERHO TS OREL FT. 0 1, BHAA TR E 2% &
U, BHERIC BV T b IRRED level2 DM TR 2 2 L 2T 50 SOEF N TR
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WV F LRV ERELTVRVOT, BITHRE L7253 —RGaHroc)R X 2 1IZxIed 5 ET IV
Th b,

5.4 SVILYR - SVILREETIV
bHAAYR - IR IRV F LRV ERET S EDWRETH S,

Vi = B+ Byt ry 09 Boj= Yoo+ ug; (83 By=Yiotuy; (8
(18 &1 2 A3IARLA LT
Yi= Yoo+ ugpt YioXy; toX; t . = YT Yoo T YVioXay et UipXy Ty 19)

LB FIHHERD Yoo & Yioxyy PESHT OGN & MRARBUSAR 2§ 5 levell DREERR, €L T
ug A level2 D7 ¥ 5 WGIRFHR, wy; 7% level2 DT > 5 WAREEIR, r; A levell DT ¥ 5 LHRT
HDo Y bR FHHTRRL I EEZWELZETNTH Y, FEHEKEOH ML 1) &
TWICE VBT H2DOTH D, LY I —IRFGHT ORI 3 ICHIET HETIVTH b,

5. 5 SVILYRESVST LFRROESE

INFTIKATEZL I, U F LRUVGH ORI, VIR RYRREICET S level2 Thb
HEM - HEOMRE, £ - BESBEVITBTEBTLEIAIIH L, T THIEE G —D,
YR ERBUCT N F LRV EMGE L7z T ¥ 7 AR ot O I8 SN b 5l T2 R TB 2
) o

Too To1 )
T= 20
( T @

CCTHEATREE 1y (WL 1) Thb., TNET v T 28R/ L T V57 A RE0ILG %
AL, level2 IZBUF 2R R EE OMRZIERT 2700 ETH S, 7L 213 1) BIETH 5
BEE, WAV TEREL NS, URAPARETEREDREVEEERL, 1y 8T
HOWER, WRYNSTIREAKRE C, R 2PKRETUEREIIN S VBRICH Z 2 L 208
LTwh,

5. 6 EFILOFH
INVFUNVERELIZET NPT —FIZEDRET 4 v L TWAE T 5ROV T
X, #aEtY 7 b HLM 2 7RIS S NS ET R O LEEEE (Deviance) 2% 5., Tk, #E
DETNVERMDD 556G, COBEPIYNASHEB T4y FLTWDEZ EERT, M2, -2 log
likelihood, AIC (RO IEHEILHE), SBC (¥ 2 TNy DORA ZFFFHEILEE) dH D, Thd Dk
FHE, AR EVIIEETFTVRT =527 49 FLTWA I EERT o Mk LM ED N0 T,
BHOEFNVERHDGD A OMETRZRK LTI ) LWEFIVEBINT 2RI,
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6 AHMORFE—KFHEOFERELHAERFTORRE L DR

TIFFERIZ [R¥HENOHREMEUE | & [BEUFOREE] LOBRERET 272012, H
T & <OV F L OV 2 LILERRGES L CTAh X 9o

6. 1 ERIHETILOER
K 1EPRESA 2@ L72fR L, W =R Py L5720 TR S D Null €7V

Vi =Byt (9)

B LR EIORLTH S, Null EFIVERIRETFIVD o8 DZAL (0.709—0.626), R? (.116)
BIXORBOEEMREDOREREEZ R T LD L LI, [HELFOTEE] 3, TRFIBTOF
BPEEIAHT B0 E) DOHWRERIEL LTHNITH LI EATRENT WS,

K1 KZHENOREERFREHAEHEREE BRIHETIV
BB R - TR KA T OFB DB EIMES 2 A

B3 531 75 v Null &)V
B B

B
iy 1.815 o 2687
HBUT OFREE 0.346 0.341 =
o (BFEMAL X)) 0.626 ok 0.709 #*
R® 0.116 o
Adj.R? 0.116 o

-2 log likelihood 12451.466
AIC 12453.466
SBC 12459.981

% p<0.01, * p<0.05

6. 2 BRHEHETIV, SVILYRETILOER?

RIZ, Y EBREDRDEFT VI NVF LANVEZRET S [HEEEET V], HIERZ AR
ARETYHYRIEIVFLRVERETS [TV FAURETNVI D208 7= AL TAL I,
IHTRERITE 2 1R L7z

FTEEMNETADNSRTAHI ). Level2d DT ¥ 7 ARIE 150 50.042THATNICHEETH 5 =
s, Yl =g OEE OBBERMEDOTIMAS, FHMTREL L E2MELZT EAH
MTHDHIENDDPD, ICC 120.068TH Y, FIBRFMOFEDOEEHINEDTHOB XL 6 %t
I OZRMEIC X ) SN b, -2 log likelihood, AIC % LT SBC i Null &7V & H#g L Tl
BINEL o TBY, ETADBT—FICLYEL T4y PLTWEZ D25,

RIZ TEEEEOTEE] Z2HWERE LTEFVISHARA, YFIZIVFLNVERE L
T YT LYRETVOGHARE L THAL ) MEMRE R TAL L, [BBEEOTEE] OF
BUZ0372THETH Y, BUGHHE TV L AR [HEEE OREE ] 25008 MoBE A stk
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K2 TILFUNSHOER : BRETTIL - SVUFLTKEEFI

e AEAH
51 7V I YT LR ET IV Null &5V
SHEAZSE
EEZNR
b 2695 ** 1773 * 2687 **
HEUE OFERE — 372
SV LR
Level2
Too 042 = 056 **
Levell
o’ 676 ™ 583 ** 709 **
icc 058 088
-2 log likelihood 12297.13 11365.96 12451.47
AIC 12301.12 11384.95 1245347
SBC 12314.16 11382.95 12459.98

## p<001, * p<0.05

DOHWHAEL LTHRITHL I D bh b, TV VL EERTHBE, Level2 DT ¥ ¥ A5 E
Ty 280.056& 2> THBY, THEIMEITINCHETH > 720 BMEMET IV EHBIC [KEHFE~OHE
FMEEE | OFIMEDSFIRE TRE > TV DB I EDbh b, ICC 130.088TH V), [KFEHBF~DOH
EAHEK ] OGHDB & Z 9 AR OL AR X W FHE N5, -2 log likelihood, AIC Z LT
SBC & Null B X OMESMEET IV LKL CTHAVNEL 25 TBY, TV AURETVNT—%
WKEDRLSTZA Y FLTWAIEDNDRDb, TUOGHHERNLL L DR DL LI, TKRELEF~D
BHRMER] 23T 2546, RO ETVEZEHATL LD L, I IVF LNVGH &8
LB CHDHETAE) TH D,

6. 3 SVILFEHMETIV

RIC THEBFEOREE] & TRFUE~NOHKEMEE] & ORI FIHETRZ 2 LMEL
WAV F LNV ERELEWETFTVEMATHN L TA LD (E3AN) . FEHETWH
B [BBHEOFRFEE] LHITHIMNICHAETH L, TV 2MRERDL E T V¥ AREBEE
T WHEMICERETH D, 2F D, [BBEHEFOREE] L [RERE~OREMEEK] L oMK
PEFETRE>TWD I L2 BT %, 72721, -2log likelihood, AIC © L T SBC i, Null €7
W, BEMEFNVERKL TEIVNEL BoT0DA, Yy F2YFETFVED EIIKEV, &
DEFETIET T AURETVDIEIINLINT—FIZT7 4 v P LTWD,

SO ERBOMFGIIINVF LRV ERELIZETVMICE )G LTA LS (K3 DL,
FENRITWR BLO [BBHEOREE] L DITHEITNICERETH 5. 7 ¥ FARRITOVTI,
TV BMRBRNE 100, T VT AREEIR 1, EHITHEINICHEETH L, 2F D, [RFEHE~O
PBMEIR ] OFIEAFMM TRL L L LIS, [HBEEBORFEE] L [RFHEFE~OREMHE
B X OBBRLFIECTRZ L Z LML R o720 Ty T b YR LARB DS BUIHE
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WICHEETH Y BOFEPATH L, Zhud, U ERBLOBBRPHATHL L 2ERT 5, A
HIIZIE, T %bb [RPEHENORKEMEEE] OTVHHEIECEEOSE, URRES &b
L [BEBEOREE] & [RFLE~NOHEGMEE] & ORI, TRPABENOHRAEE
& OFHEIMRNKEZOLGL, [BHEZEOXKFEE] L [KRFHE~OREMEK] & oK
PWIRNZ EZERT 5. BLHL D EH ERPHENOREMHEEBEDSFH VAT, KIARARLME)
EHBRUEOREETHVIHIZHE T, ZNPRFHUBTNOBLBEMEEI I %o
T EBbNL, BIZKFHENOFEMEEDSD &b LA T, BEEEOREENT
CRHliShhi s nz 3y, TP RFHENOHBMHEEN LR KBS Tni EBbh
% -2loglikelihood, AIC ZLTSBC L, CNETOETNOHTE - L LHEINSL, TV T A
Yh - REETADRT—FIZEDRET 4y PLTWAB I LD DbRd,

K3 VILFURNIVGHROER : SV LREETIV

3t 5E i
7 ¥ AREET IV 7 vy AR - REET IV
SHEAZSE
ElEZR
Uiy 1.773 #* 1775
HARYE OFFESE 373w 369
SV LR
Level2
Too (JC)J)‘LI‘) - 176
o (BRE0D 006 ** 007 *
Levell
o’ 593 #** H79
-2 log likelihood 11439.53 11345.43
AIC 1144352 11353.43
SBC 11456.52 11379.42

#% p<0.01, * p<0.05

6. 4 EFILOUER

INFTOETFIVIE, HPUZEP—DODETFTNTH 72205 dBEAAHMALEI 2O Eowb
WAEEFIH DL ) ZETF VIOV THINF LNV ERET S LITERTH S, 7272 Ll
BRIV Z B ZEIZE DIV F LRV OEEOMAGDEIIML, EFVIEMEIRD, 22T
EHMZERE LT [EY Y I — (EVAETHIITL, 29 TrFT0) ], T#EY] [HMEE
DOFEKEWY | ZB\IML, BEHOET IV 2MHE L CTHBRE 2R A7z, £4IFEFV A WHICO
AINFLNVEHRE), EFVB W E [HBHEOREE] VT LNVERE), ETNV
C (WHE THEMBEEOLEE] IV F LAV ERE), TEFVD W e [BREFOLEE]
[HMEEBEOREE] IV FLARVEERE), TEFNVE (REEHE 2> (TEN.43I—] x [#
BHEBEREE], [EvyI—] x [HEMEEREE] 28AL, Wh, [HEEREREE] [HEMH%
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HREE] O3 NFLANVEEE) 5227,

GHTRERZMBIL CA Lo TTHEEMNRE AL L, ENKFIIOWTIIZORESET IV B
EEFIN E TR SN Z VA, HOEFVIZOWTIRET KFRIMWAFAICL LT [TRFHE~
OFEMER] O (@) 14EEL 4FEAEDEE ORI, [TRFBE~OHE %
KT 2HKEE-ELTALRARY (B), TLTHEBHENILEL T DB ARE, HEMEBEILE
LTWBRZEIEIE, REFENOREMEEDSFHL LoTwd (@, ®), & IADEVRFITE
WTIE, BEBEEOTEE & RFRENOREMEE L ORI, MRAITHRD E§H RS (®
DEFIVE), =272 LEN KT, BB OLEE L KEHBE O EMEER & OBERIZD W
ThE, MRFAICHRZ LB o TWD (DDETIVE),

KIZT VT BRI OVTRTAL I TV V2R MERZEDEF VBT —ELTRS
N, TOZEPLRFBEENOEEMERD VPRI L o TRELZENDY L (®) TV
7 AREBRI RO WTIE, HINE WA, EFVD EEFVEICBVWTRONG, BEHBFOL
FEEEDPRFHE OBREMBERIT T 2 2 BBPRFFHHTREZ 2 EHPET IV D THREShTY
5 (@), 512, HMHEFOREENRFELET OREHEIKICE 2 5 BBl FIHE TR 2L Z &
MREFNVD L EICBVWTHER S (0),

EBIT, BAELE OFEE O MIGHRE E BEEHE O BRRB O L5 6s, HetwicaBER Ao

&4 ETILOIRER
EFVA  EFVB  EFLVC  EFALD  EFIVE

EREAIES
O Yk 1282 ** 128 * 1272 = 1267 ** 1.249 *
@ [EKFYI— 292 * 293 306 * 269 * 221
® 144Ey3-— -.007 -.007 -.008 -.010 -.011
@ HEHEFOLEE 216 ** 218 * 218 ** 215 * 183 *
G HMEEOFLEE 349 ** 345 * 352 * 350 ** 387 **
© [ X BARBERERE — — — — -110 *
@ B x WM HFERERE — — — — 124 =
VAN L
Level2
700 (GIFr D4R 018 ** 062 * 073 * 065 * 066 **
©® 1 (OOREDHED) — 004 — 007 * 006
7 (DDHRED 55 — — 005 009 * 007 *
@ o GIH L@DREDHKED — - 010 — - 006 - 007
@ 1 WH E@DOREDIED — — -.017 -.008 -.007
B 16 (BL@OOFREDILSGH) — — — -.007 * -.005
Levell
o’ 512 * 505 ** 509 * 506 ** 505 *
-2 log likelihood 10502.22 10503.54 10494.84 10479.68 10479.45
AIC 10506.22 10511.54 10502.84 10493.68 10493.45
SBC 10519.17 10537.45 10528.74 10539.12 10538.79

** p<0.01, * p<0.05
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Wi %o TV L HAHKREY (BOETFTIV D). UL, [HEHFTOLEE] & [RFHFOHK
BHEE ] & OBRPERVRRIETE, [EMBEEOLREE] & [REXFOREMEK] & OBK
MENZ LR FIRL TWb, RIS [HEBEEOREE] & [RPLEFOHRGMEEER] & OBFRA
FWRFTIE [HEMEEOREE] & [RFHEOREMEE] & ORISR L2 EIKRL TWw
bo TD LD RNRERT, WEROEF N TEINIMTELRLo72bDOTHY, TV FLAX
VAT DRRADBBN TV 5,

ETNDT—=F~DT7 4 v M BETT 58 TH 5 -2 log likelihood, AIC Z LT SBC &, D
BRI —FET %\ FFIZ -2 log likelihood DHANE WE TV TIE, #IZ SBC DMK E & 51
MABRONDL, TNWZIDS5DOPLREDETNVEERIRT 203D 4L v, 72721, £2, &£
SOEFNEYBHEIINEL BoTHBY, BADSODEFLVDIEFINLIYDFT—=FI2T714 v T 5
BTHHEINTVWDE I ENbRb,

7 BDOHOIC : RILFUNIVSHOEEFRE IO AETEEX

K TIE, BEEEWIRICBT 25RO FREOIBHFBI L LT, S VFLANVGHEZIY LT,
ZOAMECODVTTE -7z TNFEFTICATEZL I, YV F LRVGHOFIEIE, HERDHH
G, RGN, BURSHTICIR, BRI TR v XD Rl - BEL S hie T -4 %
WO HECZDOT R D 20MHETH 5. ZHOFHD L) %, K - FEHA THAZ K
L CTF =2 2 UET 23, BEHEEMRELZED L ETIIRAHVWLNLEFETHY, Zok
AL TPEENT T = I VT LRUGHEAVLZDICHEL TS EFEoTwniEsH, 29
L7275 OGHioEDH L LT, REICEDSWTHERI N ET VIZOWT, FTHED
SRNVFLNVGHETVEEA L, EFARPHOMABEH TV ENE) DEEET LI ENLETF
T2LVI)FEPEZOND, YUFLRXVGHOFEO—DIL, HHSHOREL (5] =1
LV —ODHFETHEN ICEBTHHICHLDT, EbOTHEMIEMPHEONRLILRTX
%o TOFMICBVTERRHEDOREF N TRV EAHL 2 RNE, TERkD5FHEHTR M
IR TN Z#EDIIZ IV, L W) T EIZhb I,

bEBA, VT LRUGHDD HW D 5HI > TW5DH EWV ) DIFTlEZk v, I il /a3,
W S MEEDIE T % Lo EH - BEOEDE <, B OEHRLHIZE T 2 0 AYEMEC 7 23
ENIHRROMHETH 5705, FHPHORREZ FIHTRIL TV L7720, 4 DEMRREOL
BB 2R Rt AT & v, £ LC, 3TN, £FH - HLXVTHoLdr T
BRI T e, SHRRIEIAREIC R S, HH - BEL VO TV EBRA RIS,
INOHHEN - BHOBMAKRE NIRRT 200, The bEN - HOMMEMENICHR T 2 0h
CE 5T, P FLEOBIRB G PNL725 9,

R CTHE L2V F LRUVGHHIEARTDOIEARDETF IV TH Y, T EMICKERAGH, W15
Br, LB 72 EICHARL VT LRV B H Y, BIZEV. 29 Lo FEOER)
PAEATIERIC IR L S L IHE L, B EOBEHEMEOGHRISIT OBV PIHFS S
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1) AME (2005) IEED RV VF LARLVGH (HLM) %388 L7232 Th b,

2) (BB O TOFHEPHEICMET S L BT IH] L) v L, MR RE
(1=Bbrwv, 2=3FVEbiv, 3=5b2REL), 4=09) ICL2RE%RD:D
Do

3) BHEHEOLREEIZOVTE, 1=KELTVEY, 2=bF)EELTVEY, 3=5H1#
BERFEL TS, 4=FELTVD, OB CHEL:,

4) LUF=IVF L XVGHTICE T 5 3H1E Kreft & Leeuw (1998) % H.0vZ Bryk & Raudenbush
(1992), Cohen, Cohen, West & Aiken (2003), Goldstain (1987, 1995), Heck & Thomas (2000),
Hox (2002), Luke (2004), Raudenbush & Bryk (2002), Singer (1998) & &% ZEIZF L vz,

5) “BHMENAETF -0 L) RIS NT— %, ERRPHIBOONDL L) T — 7 IZHL
T, M - HLANVOEFHEEFIARE UToird 5 41, BABEEL N & it & L7z
EEREAT A HEOMEMICET 23 L vikad, A - =il (2002) 1ISREL V.

6) AL VT, xp5—x.; DX, BADPET Z4H j OFIIE x.; 205 DENE x,; DR
HERD L EH - LAV TE, x,-x. 0L, 2ROV X »5OKER - BEO
PN x; OfAE KD B o

7) 53HTIZIE SPSS13 @ Mixed Model (IR AET V) Z @i L7z

8) ARHHITIE, level2 IIFFEH A LT L T b BARMICIE TOOKFE X x| TH ) K¥L
FEIRE DL TR, BBV F LNV ZWHT 25D THIUL, level2 ITKFE5HEL -
FHEEEL, SO MO leveld AL LTMEDITHRETEH S, HHNRD T —
Y ORFEDE L T L RHMAZHMICT 27201220 &) iz L 57z,

9) 14EAEDOEEL, 4FEEVLEOEHBFZ0DT I —EKELTWw,

10) HFHEOLEEIZOVTIE, 1 =FELTVEY, 2=5F)EELTVEY, 3=5H51
ERAEL TS, 4=FFELTWD, OMERFEMIC THE L7
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Introducing and Applying Multilevel Model Analysis
for the Quantitative Research in Higher Education
in Japan

Masataka MURASAWA*

This paper aims to introduce and apply multilevel model analysis by using it as a procedure for facilitating
quantitative research in higher education in Japan. The multilevel model, also known as the Mixed Effect
Model or the Hierarchical Linear Model (HLM), contains fixed effects which are traditionally identified as
“intercept” and “regression coefficient”; and random effects which are shown as variances of intercepts and
coefficients (7) of Macro-level context, groups such as classes, schools, departments or institutions. This
model can be applied to nested or hierarchical data in which targeted individuals can be in various types of
groups.

In this article, multilevel modeling was applied to 5,368 undergraduate students who belong to 54
departments which are in 18 colleges and universities. The relations between the value of investment against
the education programs of colleges and universities, which are evaluated through their students and the degree
of fulfillment of undergraduate level liberal arts education, which are also evaluated by students, are
estimated by applying ordinal regression analysis and multilevel modeling. In both cases, we could find
significant effects of levels of fulfillment of liberal arts education with the value of investment against the
education programs. The higher the levels of fulfillment of liberal arts are, students evaluate their education
program as the more valuable for investment. However, we could also see differences in the intercepts
between departments when we examine the results of multilevel modeling. Difference in slopes between
departments, which indicate the relationship between the level of fulfillment of liberal arts education and the
value of investment against the education program, vary from department to department and can be seen in
the results of multilevel modeling as well. Moreover, we find a negative relationship between intercepts and
slopes. This means that an institution which has a lower average score of the value of investment against the
education program has a higher value of coefficient slope, meaning that the relationship between the degree
of fulfillment of liberal arts education and the value of investment against the education program is lower.
On the other hand, an institution which has a higher average score of the value of investment against the
education program has a lower value of coefficient slope implying that the relationship between the level of
fulfillment of liberal arts education and the value of investment against the education program is higher.
These kinds of results, which indicate the variety of department, cannot be seen in ordinal regression analysis.

In this case study of application multilevel modeling, the strength of the explanation of multilevel modeling is

* Assistant Professor, Research Institute for Higher Education, Hiroshima University
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indicated.
Tests of 5 different models using multilevel analysis were applied to identify their adequacies: all of these

models showed good fit.






