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CAUSAL EFFECTS ON THE VARIANCE IN LINEAR
STRUCTURAL EQUATION MODELS

KRE  BR #

1 (FU®HIC

AT, ZEMORRBEBRBLOZOT— 7 ERBEOENENMIEKENER Y T 7 &xt
BT ARUBESERET N TR TEDHDETE. Z0EE, HHUBEEEBITH L THEERE
BT EEDORIGERBDIHMAORRMDREHAIT 5BEEH/S . BAR - B (1999) 1d3
D RYBEEERRETHERNBEBEIN TS EE, PRAORBEADROERLEZB IR &
BT, 2BICHd 5 HRSROBEICOWTERT 5.
2RARGAT IS A

EREWERT T7 GiE, THRAOREV = {X1, Xo, -+, X,} EXTOER VXV OHSEET
HERBOEBGEIWLEHST, G=(V,E)ELTEHINS. REYI TV ILE, ZEMOR
REGEEKENAERY Z 7ICEDEBRLZbDOTH L. KB TIE, FOERREBERICEICT—
FERBEEZUTORBEE FRERXNETNTEADBDETS.

X, = Z ainj+ei1 1=1,2,...,p (1)
X, €pa(Xy)

T, pa(X) 13 X, DBENOIRBEBRETHD. £lo, REE K cr.e0, -+ p BEWIIHI &
T5. oy 13 X; 05 X NOEENCRRBROBEZRTOOTN B EFEND. H, &
BT, Xy, X, R0, 28 ICEBEINTNZ2HDET S,
3 DEUCH T HERMIMNR

AEH T, BEMEIIHENT X IAHBRIEERT>2EE2DY OBE Var(Yset (X = 2 +a'W))
EHATOMEEZEZS. J2IC, set(X =2+ W) EHBREICED X OfEE W OEIZET
Tz+aW ETBHIEEEKRT D (Pear], 2000). F72, X, Y, W IBRIEETHD, 2 L ald®
NTHEREERRT MVETD. B, WILX OFFRNSRIEBESLTD. BEHFER
EFINOBEEMNSE, set(X =z2+aW)IF () RICBNWT X KHET2EEHERE X =c+a'W
WCEEMA D EEBERT S.

ZZT, (H)REROLDIZERT 5.

Y Ay Ayr Ap Y €y
X |=| 0y 0 Ay X |+| e |- (2)
T Oty Otz Aﬁ T €;

I, YETRENENX OFFENOCRLIEREGLIETHRNOLLIERERTHD, V =
YU{XJUT, WCT 2= &T5. £72, € €, ¢ BEFNTNX, Y, TICHT8EELEKT
HBD. ELIT, Ay BT OBRERENL Y OBRERAO/NXABENLRBTFTHD, 0y 3EFT
FETH. MOTINIDONTHRERICET. (2 RTBNT, X ICHIT2RBEHFERE 2+ oW
EEEWMZEE, Y OFHE,

E(Y|set(X =z +a'W)) = (Iy — Ay) ' Ayat = Tyu (3)

THB. T, Ly BEMITATHS. £2, 7, X N5 Y ORFEROREHRNELS
N7 MNVTHS.

—329—



Y O3,

Var(Ylset(X =z +a'W)) = Eyyz + (Tye — Bya)(Tyz — Bya)'
Iy — Ayy) H(Aye@ + Ay + Ayz Bew) S (Ayz @’ + Agu + Ayz Bow) (Iyy — Ay ™
—(Iyy = Ayy) " (Ayw + AyzBrw) S (Ayw + Ayz Bew)' (I — Apy) ™ (4)

7B, T, Bl Z=T\W ORERZENEH, w 2HHALHICLEZRBRETINTOw
DRERGEEN S 2FTHTED. £z, Syw & Syye BENETNW OHFEITIIE X 25Xz
EEQY ORMFFELSBITIITHS. MOREANT MILBLUHBTINICD WTHRERRICET.

ZZT, Apd + Ay + Az Boy = Oy 2T a Z o EBL L, set(X =2+ a”W) IE
X =z4+adW TEZALNDHNHEEEDCPT, Y OREROSEHERO/NILTHENNEELLS.
ABETE, set(X =z +a"W) ZREBIIRIELIESR. £72, (Iyy— Ay) HAyw + 4y Bow) =
Byw — TyeBzw £

Var(Y|set(X = x+a*’W)) = Eyy~z+(7yz’“Byz)('ryx_’Byx)/—(Byw_'ryxwa)Eww (Byw“Tyszw)l
(5)
21D,
B)RED, UTDOZ ENBRETES.

(i) 6) XD B-HZ X 2EXEZDY OFREFAHELSBITH, ETHO VREX LY O
BLMHBIC IR TE . T/, BZHIE X Z2RETIUREMRVAEZ W &Y OBEEMEOR
TEFHRL TS,

(i) X, Y, THBEUELTHHZENDE, (5) REDND/NTA—F i 7yp EHRVTTRTH
METRETH . Thbb, Nw7 R7HEE, 70> b R7EE (Pearl, 2000), §E4 S #1E
Z¥0E (Brito and Pearl, 2002) iICE I N2BEMROBBIFIREL AL, FBAOERENT
REBHTHEDIFATDHENTES.

(i) (2 RCHBNT, X CHETOIMEFRRE X =2+ o'W CBERALH - EEFERET
FINTBNWT, W LY OXSGBITINE 0y &£720, parametric cancellation (e.g. Cox and
Wermuth, 1998) 25| ZE I LTWB I LN 5. LENoT, BERINEBESIT TW
LY OMBEZE 0,y &9 % (parametric cancellation 25| E 2 9) SARIRIE] THD MR
T2 IENTES (Kuroki et al., 2003).
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On the Robustness Tuning Parameter
in Covariance Selection

BB, ST @
NN TN NNV R I T

1. 3USHIC FRETIIEHN - FH (2003) ORE
U E BRI OB EERICB O THRNSEE
NI A= DFL T EEREERICEL>TEREL
DTN TF—YDORHBlEECTZEDOZEEEHR
5.

757 4 ANEF 2B - R4
ZFAL, LEBMOMGREERTLIBRROETT I
BEFETHD. BITERIZEAICHRBERE, U
RN EOF B2 I ST I 7ELTE
T, R THETLENERIC DN T ORI EIRIR
(Dempster, 1972) 13, AFIU AL ERIZHIEL
7B ST 4 INVETFINERATT S T4 h
WETY > TEFTOEEIE A v RTH S,

2. RFEOREL FRITHAREFLTICRRN
BEFNVHEELTADRIRERBAITHIN, B
LHEEEZFALEZOFEERRIZ, HLo80R
ROFELANBEICEETH S, EABBEIUBNT
HEEBIINA T ADEENVEND LD L, £
T DERRFEIIDIENS.

Basu et al. (1998) £ Eguchi and Kano (2001) &
BTN EFDOLEICEL > TEAMHTS & THEE
fEL7-BAHEERERL T 5. B - 578 (2003)
B EAAL UEBRETBREROHRE FEE R
Rl

FUEMMNERETIERNERE [ & 92,

I OFESE ¢ 3L J-divergence 2§ /T
15 (i,)) € I BRIZHET 2298 EH48 OB
@b h - fEEd
e = LS e €™ (e — )Wk — 1) )

MDY CE I
@AY 22T o= -5y — )y — p)
TH2. 0 EEREOEEEHRETE I MG ro-
bustness tuning parameter & k¥, FO{E
MR E VT CHEEMITHERICR 2, RRCHER
DHBENREIROEHNENELS. 5=0D&
Z (1) RFBFOBRLHEFERC—HT .

FRHBEREE YO LEET AN ERNEE
% (u,v) € I OHFHERLEE DI HRREE

UCERETHESNDL, (1) k- TEiMean
FEFEMEICE D ANERLD.

3. robustness tuning parameter OREFE ro-
bustuess tuning parameter 3 i3, EEOIEAOMHE
BEBIENTES. 8 =0 o dERbIIEIN
9, 4 OIS &Eba- THEBEITEE LI N DAY,
RIRHCHEEDO THOEMTD. O ENGRE
FEOBEARZIIFA SN O HIETHEYL 8 2ED
BERERHD. BBEDNL— R T ONENS,
FREEOEBLAER I NDR SRS R
EPEE LW, FETIIRESERICE->T 4 OF
R0, OEDDERNDET S,

F=FELTHY LTI 1X n = 100
T 3 EH X1,.Xe. Xy oEBLLINhSEEER

FHEKZEERLE. ZO0&EENNEELT,
Xy & Xy ouBETs LAY SLERS
g 5% TEBALL. BEMICIE (u.m) =
(0,0),(1,1),(1,2),(1,3),(2,2),(2.3), (3,3) ®» 7 /%
Y THD. BN ATDWTENEN 1000 F—
Sty b EERL, FRBGREK r' OEEERD
o, Y THEEEO Oy FERLICERT.
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NATACHEE I OHENOFEEHEHDF
BTHREREE, Y2 (33) KEFICRSND &
312, B=03 OHOTNATAOREELSED
WO ML —RATRBo BN <RD. IN&
NHKRER FIZEDE, FROBMIEET AU Y
NSINA T AHEDOAY v FEHEHELTLED &
R TES.

LA EOWERN S ZERERMMERE LT —F
ZoNTIE 0305 04 0 NEEEEZ SRS,

4 FHFFRT—9 REFHRZREVT, BFHE
F—HDT 5T 4 BIVETY LT BT
ETF—FE 4 ERIREEEONE 4T BITHFARK
VRO EE2BRIEHOTHS.
—RiCHFEREBICE-T b ERESEES N, &
DDOTREDOENS DEENRVEEDNTWD
ORA, 1979) . Ladto T ThdBE & O
UFERBNEEZ SND,

ft#kE ETHEMEZRLTVWRLWEEOKS
BOBIR&21To -, BEAHEES - RHBITFIELI T O &
KRB, 2B, LEARSERBERE T=A%
FERHERRELTRLTHS. LBRIOEER
An3.

Daughter Father Mother

Daughter  1.0000 0.1377  0.3182
Father 0.1340 1.0000  0.0339
Mother 0.3168 —0.0106 1.0000

(3, 2) DIRMBIHABN T AE L, REPEBED
BT HEEIZDOWTORERMNIZ EA Sz 2 &AM
AB. FITIDNAEYEETIL, 7505 (3,
2) DFHEGRKE PO EEELEETNVEERT
3. DONTREEBEOMD /A 2Y)-7=EFI),
ETOEENEVIIRITHBETI EBKBERL
7z, TORR, MIETFNAGREE 5924, p #
0.115 (df = 3) TEHFINE. IOEFMIBEFT
DHEOEESHRESSKBRLTEST, EER¥
BT 2T AR,

EFNVEEEINERERELT, SMUEORE
ZHETT 592 Mahalanobis JagE (35 1) 23R
k23, IDY DY TNASNBEOEBELT
EZSNDZEMDho FOF—Y5HBE,
W, BrESE0EENEENE VTSRO
EAUEL, MBEEBEOBBRORE S 28/ X
5 -BOANBEEL TH N TNE EEZ SND.

% 1: Mahalanobis EEECTRIEYV — N LEF—%
Ty b (EFALS DEFRT)

No | ID | M. Dist. D Fi M
1 9 10.25 | 148 | 163 | 163
2 ) .91 | 170 | 180 | 165
3 7.28 | 151 | 163 | 163
4 ] 6.80 | 165 | 156 | 158
5| 18 6.70 | 155 | 176 | 145

43 7 0.38 | 160 | 172 | 158

44 | 33 0.30 | 160 | 172 | 157

45 | 23 0.22 | 159 | 169 | 154

46 | 35 0.17 | 160 | 170 | 158

47 1 0.10 | 159 | 170 | 155

D: Daughter; F: Father; M: Mother

£ ID 9 2RRUE 46 2 7L OERIEE, RiE
BEfTFIIE

Daughter Father Mother

Daughter  1.0000 0.1396  0.4220
Father 0.1360 1.0000  0.0387
Mother 0.4211 -0.0225 1.0000

ThHD, RFHEBEGRKT O BEAEZN.

47 92TV OBE LRI L TETNEBEET-
B AMSIETIIEEEE 9.951, p-fE 0.018 (df=3)
TEHZRN, B-8HTTINHREE 0.928, p-#
0.629 (df=2) TEEIN/L.

FRE HOTREFERE =03 Tfo/kz 0
& ZTRBE S R AERS - RABTTFIOHEEEIL
Mother
0.3992
0.0204
1.0000

Father

0.0995

1.0000
-0.0212

Daughter
1.0000
0.0996
0.3993

Daughter
Father
Mother

TH5H. Btz TIDY OEEET UK
WHHFEEED 2SR T 3.

5. BbUIC XAEBRC BT EBRHEESE
PIREL, ZO&EMWD robustness tuning pa-
rameter § & U TESAEEZMHEEREZBL TER
Lz, BEERRNUT7IVF—5ORITERL T,
RELEFERD b ORMEEERE L. 98, &
SNEETIVOMEERT O D OBEEEERE R
THORENRDHD.
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B EEBINEICDWNT

ALEERFRFER TRl HARER
tiERy HHRERTY— KH IEdL
1 3UsIC

BE, T/ LT —FPPOS T—Y DEIRERTT—I WML, TOLIBERITT — 5 OB Fik
DRLEEAMEL T3, —fRIZ, T—FENCBLT, F—YOBENBERTHEICR2IEE, FRER
EF-SANSMET S ZEAWEIC RS, 2T, FEET YN TRERLT — ¥ #BENR B LK
RITIORTTREN U, BRGEREZSIZFHTFEMEE <HEINTVS. HIZ, Fricdman and Tukey(1974)
12 &0 TIRE I NHEBINE (Projection Pursuit) 13, BEBREWEEIENSEATEMERDD LD
BT, BRRTHANOFETHS. FEEHNETIIRRES 2 HEL T5-00HEHFEN S DM
REINTHY, TOTRNTHRKFENEEZERSHOSBOENTWE0H EER L TERRATEN 28
RLTW3.

ZHUIHM LT, AR ENBRETIEREEBL T, TOELOHENSEH - EBHNTWA A ERT
NEFMERBT LHONEEMRE NN ZEMEE L TRETS. R EmEOMAE, Bko
HVWEBERDLEBEZONIEXRETORTVIERIC, TOEFOEREENL T [ HKEN | FHEFHE
ERETED LIS D. BT, ETF—YOBEITE, FRLHET—5OBMHNERSAICHD LRET
ERWBEDHEN. HBOBRETIEFEMTENTFOB T IR ZEBETIL, HAFEEBIED
FTHBHEERSD.

FHETIE, £, EROFEBIMELIGRL T, HMFEEMEZRETD L&, Z0OLDISLER
FRRS R BN HEEEL OB TRET S, i, HNFEBHEZ A LT -5 PET—F ~NER
L, BMETAREMSBEERETELNETEL, FOEHEIDOVTERT 3.

2 HEMSIREEE

MRETHT—FIIHLTBRETIELEZREL, TOEXOFHN S OHMNEEZRDH2HE
EEEREL, BrraEbeilsd. JOMCRETHHEERZ UBHENFRERLRY, Z0EE
VD HEBINEE AN HEEINESIER I LICT 3.
HM SRR DRER

KE TN HRER S L TR O Hall OFRIEREOE X 512# T/ Hall Type MFRIERZE
BRL, BT 5. Hall OEIEEREHOEROED 2 REH > TS, #-T, BINKRETIESE
Xii=1,-,nBHEXI Ml o TIRATEMIFELZEZOBEMEE fa(r) £ T2 &, 28 THA
L7z& D12, 1.R7TD Hall DRI

7= [ tata) - ole)yds
LB D ENTED, TANNBEEC RS, BRETIEALY, =1 &L, O
EHREART ML o T1LREEMICHE L EZOBEBRNE go(x) £THIE, 1KTO Hall Type FA 5
EHEEL N
He) = [ {fale) - sata)Vis
EEIZEMTES, Z2TC, HERZ M a THELLEEZOEEREEN RIEH, H—R)LERE
FRA A OBEERE L h— BRI A B THET 5 &, 15550 Hall Type A HEISER

(X,-X,)? m om AR

B 1 e 1 Ty
I{a) = Qﬁnzhfzze vt Qﬁwnghg;]z:le N

i=1j=1
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(X, -Y,)%

noom X,
ST
\/5 E e _)()(!?wgg«’)

annfh? + hy® i1 50 7
ET3B.

KIZ, 2KTTD Hall Type HMHEIREOREEEZD. BITHRETIEL X, i=1,-- . n 2HEAX
M aj, o T2RTEMICHELZEEDEEBEKE fo, 0(21,20), BRETIEAEY; j =1,
ERERT ML a), oy T2 RTEBMICHE L2 EEOBERBEE g4 0 (v, 22) ETHUL, 2K7TO Hall
Type HHMHEREIL

oo o0 ‘
Iar, o) = / / {for aa(@r, @2) -g,,,.l,uz(:vl,3:2)}2zll-lzi;z:2
B> SIEUESTe o}

TEIND. ZIT, FERT M o), a THELLEEOBERK f., 0 OEEICHNEND RIgEF
VL by, hy, ﬁggg&(ja, an OEFICHNDN Y RIBEFIFN b by &L, D—FRNVBERAETEREI D
FEEREL TH-RNEBEREEZTD L, 2.K5T Hall Type I HEHEEIIUTORXTREINS.

n n T Ty, )2
He,e) = 47m2h1iu Z};‘Xp < ‘.4;,101] X e Xi4;;:2 ) )
s (@Y - ") (") - 0"V
B 1 ) i(sxp (JalTXi-v o V)t (QQ'I‘X".-QQV-[%V) :
7r'nm\/(h,12 + 013 (he? + by =151 2(hy? + by?) 2(hs? + by?)

3 KBRS

BEHNREHERL . 1@@AEﬁﬁﬁN(1 L0.52) [ N(1.5,052) (2D 10 8 (21, ..., 210) DF —
5% 1000 RETS. ZOTF—FIHLTsin(z) + cos(zz) + 5 € ~ N(0,02%) DEZFHEL, -2 <
sin(z)) +cos(az) +¢ < 2 ZWLTEXOHLEROET. ZOBMOHLAEZBRFICHLT, BRETIEERS
LTOTF—YEREL, FRETRETIAMNNEEWELBAT . BT~ OBEOHMIL, £
21,2 CROIEEICBWIBRETIBEEOSHLIZRBIBREFD. ZOED 2,y TR M EHKH
TEIZDEFMEL, FUNEERT LA EFEROENTHD, TOFMEEL L TEONEHFZH & O EHHE
RED 2R R() ZHETS. EROERE, EHBEFRED 2 ROMED Rla)) = 0.998, R{az) = 0.998 &720,
HOREHMERHMTE:.

ZOEBRDIENMIET —F ~O#EAH & LT AAUP Faculty Salary Data ZF(B LR 2 ML, B
RODDERTHEFMERETESD Z BT

SEXH
Friedman, J.H.& Tukey, J.W.(1974). A projection pursuit algorithm for exploratory data analysis. IEEE
Trans. on Computer, ¢-23, No.9, 881-890.

Hall,P.(1989). On polynomial-based projection indices for exploratory projection pursuit. The Annals
of Statistics, Vol.17, No.2, 589-605.

Mizuta,M.(2002). Relative projection pursuit. Data Analysis, Classification, and Related Methods,
(Edited by Andrzej Sokotowski and Krzysztof Jajuga) Cracow University of Economics, 131.
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WERLERT — 5 S ICHT 3 ERDEOERH

BER

IR 8

KRR KRB ARFE 7R

0. FUBHIC FEEBEEIZHBNTA S HOUES)
RERIT 2 OICHREZ BB CHHIREIC
ST, ERBEITM S 0 OYULE 2 i UL ERTE
OEHEOE(L /Y — 2B THET L0
HHEIXLE - HREEDTH 50 5/ 558
T—HRAEIZE<HVWLNTNS. FICERR K
HIRE WS L), BRI ELER (MIEH D) &
WH 4 DOFEEEDFERER VD 2 X 2 381E
HENRLEMYTHAD.
EEHEICIE, ZOFHA B0 TiE
Sohr—a il Lo TUBRMENME-> T
BHHIZNTWABERIIEEGANOER E WD B%
NEEED, ZL T, HHEREDS ETEOR
WikE UTES BN NEDTHS.
AREZTITNENALBER T —FITBNTHE
BB CABHNRNZETHHEBICDONWTES
T8, F-HETHEROERERNRELDHE
DIHSEDHTP, BB EA B OBEIRT
FINCEBIERIC DN THIBRS.

1. £OBAHICLDERDEOAE LITIC,
HAEOIC Lo TERRIRZREL /- ETUE
HREBRFTHIENARETH D ZEERRD.

MBRMEDEEZEZTERZ X, Y ELTOT—
YREMBEZUTOLICTS HFAFELTE
BETHNIL (e), HEEHTHIUL (o) ZAHNT
n5.

Yie) = tivie) + Ble)(Xe — Hx(e)) + €(e)
Y(c) = py(c) T ﬁ(c)(Xc - MX(C)) €

ZZC FR2EOREMPHEL. RED) LT
MLBHED (FF 2 —3a > Dinny) &5 —
Y TOMBFENRHTELY] EVWOREERE
< &

px = Er(X()) = Er(X(q)
py(e) = Er(Ye), piv(e) = Er{Y(q)

EEBEISH. T, ERBIIBITL X =2 itH
FDIERIRE( TX =2 0BT 20LBME +
(X =2 ZPTBHEDR] + X =z 2B
LERRIRE )

py(e) T Byl —px) —x

EREBEICBITS X =2 XBIF B AERIRE
(TX =z iTBT2HEYR] + (X =z iZBWT
LEIERIR] )X

Ky (e) + /3((;)(‘1: - :“'X) -

EETD. FLTEFOE( X =z BT HUE
BhE )i

(1)
ERD, TNHAIKEEBEESRS. 5, A NDOEH

THRINL X ITROMEL X ~G(#F) &
BAET—IDHRNBEEINDETEH. IDEE,

(ly(e) = By (o) + (Be) — By — px)

Eq(Yiey = Y) = Hy(e) — by(o
+B(e)(Ec(X(e)) — px)
~Be)(Ea(X () — px)

pye) ~ by = Eel¥ie —Y)

":B(e)(EG(X(e)) - P‘X)
+Be)(Ea(X () — ux)

nE () IRATSE

(1) = EG(Y(E) - Y(c)) - B(e)(EG(X(e)) - N‘X)
+B(0)(Ea(X(e)) — 1x)
+(Biey — Boy)x — px)

= [Eg(Y{e)) + Biey(x — Ea(X()))]
—[Ba(Y{¢) + By — Ea(X(c)))]

&8s,
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ZOEE, REl) LT MIEREZLEE

CER LS 2 OERERAEHTELLY &0 |
SARTEMRR O D7 5 IHEE BE (D) ity —

by(c): TLTEDEE

(1) = (EG(Y(e))”’EG'(Y(c)))
~ B(Ec(X(e) — Ea(X(g))

El, X 2B B E LRSS TIZEST
EREIRZFARL - ETUBHRZRATES.
ziEL, NlE#EzLBERECERLZEED
EIRREMNERHETE L] EWIRE i) I35
BOHTIC B2 —BNRRETH D, ZOREMN
RO o TWARTIIEIR R EHEBETE RN
END T EEERLERW.

2. BFEBOBZEBE0NE LEATLER
T— BT D ESESTITB N T, HEEHK
RIEBEREY ICUTHABRMBEEY —2i2LT
HEIIHEEZICETAEEERIEDS . 4
BRIBREERRERET O/ BINOET IV
it

Y—z=a+0z+e¢
EEBTAIN, ElDxEBTTHE
Y=a+({1+0)z+e¢

ERD,MBEBREY 2HEBERICTSHE LN
N5 EAERBORENRGREN L BT 2ETT
BMZICBEAL TN, DED, 2RERI
BNTUBHEEIEEEZEZTOTEI-DH
EIHE (V1) ~EZ2ET U7 L TnWA T
EiZies. 2o, HRMRZHRET DI
BEZETY 7T NEINENIRATER
e, BEEN2BETIIARSIBA 4KAD
SN ENEEEHEZ, BDFOT—FIZ[5
INOBEBMNYTIIE > TV ABEEIZIIERSR
ERETLIFERELT BEHFERTETY T
(Structural Equation Modeling) |7 & % & F i
BRETFTINNBEYTHEEEZLSNS.

B 1iZ 3R T—4 TEE#EE S U TERN
UTIEE->TWEBAICH T HEBEHET T
DERKTHS. THF & HEEZ) NEEEE
ELTEZLNTHY, FNFNA Tgroup(F) )

. pre | ‘ mid end
~
dp \1 ! 2 d1
R A
\.'" UH ey RS /

group{
X 1: EREIREZFETS-DDOBEHRET I

MBNRAEZIT TS, [group) 1353 —F%
THO, HHl#EE 0, ERME 1 REETHEN
ZBRBIIHEEO R 2R T I &Ik D,

FLTC BRODEELAL YK 7o TEE)
NRAZBNTNSEENSZET, 2552 &
IZ&o T, PIHE (U1F) Amn &% E (EZ)
KELEBEND &, ThbbERBSREET
UL TWB I ERRDFNERABLELT
BEEZZRNTHIENTE . BRZT 8]
- MHE] ODNXAOBEEHICE>TRETSZ
EMTED. ZH5LTHBE, THE] & U]
ET#E) T THEE 2REBERETZ2ERRBT
T ->THY, YIHE (Y1) oREBERD
BRuE BT, BRZEERE LTS SN D EBRN
ONDRTNTHAD.

HBEAA, HENYTIEE->TWAEEE, 1Y)
1 s TLROMBEE ] 72100 T< BROEE)
ARG &I > TEROERE E%E H
BIHIENTE, TOLTHROPRZRFTS
ZEMNTES.

3. L& HERBERELZ L TUEZRE
BET T DITIEIEPEOMNENTHDEEZS
N5 ZOSHIIHNT, BDEIEMAEETL
BEMED (FZ 27— 3 Dln) 2EROHFE
ENBELUZNERTHEENWDI ZETHS. &
DIREFFTLEHDT—INNT o r—a>
DHBT—FDHDBERFENARFRETHS. L
72T, TORENLDIL > TNBENE DN
DWTITEERNENRERNLETHSD.
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Multi-indicator growth model for ordinal variable with missing observations

University of lllinois at Chicago Eisuke Segawa

1. Introduction

Growth of a scale score is usually analyzed in two steps, first creating a scale
score at each time point by summing items (measurement step), then analyzing its growth
over time (growth analysis step). Multi-indicator models for growth (growth of factor
models or second order latent growth models) combine these two steps. Using modern
SEM software the models can analyze data, with both item- and time-level missing, in a
straightforward manner when observed variables are normal. Additionally, they can
decompose variance into error and trait and investigate the measurement invariance
property.

Despite such advantages, appropriate software is not yet available when data with
missing observations are binary or ordinal. In order to analyze such data, we formulated
special three-level hierarchical generalized linear models. They are special because they
include a factor analytic model for the first and second nested data structures. Our models
can analyze, not only data with item- and time-level missing observations, but also data
whose time points are freely specified over subjects. Further, we implemented
“autoregressive error degree one” structure for the trait residuals. Our approach is
Bayesian and a Markov Chain and Monte Carlo computational method is used for its
computation. Qur sampling strategy is more efficient because we do not sample missing
observations. The models can be seen as a combination of existing simpler models with
some constraints.

2. Model

We model responses of Vi assuming its underlying latent variable, y;k , by
using the threshold parameter, ¢, . Let ¢, denote a threshold parameter of the upper
limit of category ¢ of item k. Then the model is,

Tif o<y, <04y

2 if o<y, <a,
Y = k= iy k2 1)

Cif 0 qSpu <G
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where y,, denotes a response to the k-th item at the j -th time point in subject I, for
i=1...N, j=1...N,,and k=1...K . The category of item K is denoted as ¢,

¢=1...C. The variable y;jk distributes normally with mean 1, and variance 1. We

assume that the responses are independent, given the vector of probabilities of response

of a subject i at j -th time point to item % . A linear relationship between my, and 0,
the trait latent variable of interest, is assumed,
ny = B+ :BU:H:]‘ ‘ 2
where ﬁok and ﬂu are intercept and slope parameters respectively. To identify my, . the
By is fixed at 0. The growth model of ), is
Htj =tu, +gav ' 3)

t

,j] and u; =[um Uy - u,.P] . The j -th time point for

where tij =|:t; t;.

subject 7 is 1, . We specify either i.i.d. or ART1 for residuals of traits. Subject-level

variation is modeled using a normal linear regression,

u=Wv+g, and g ~N(0,Z,), (4)
where \M is a subject level covariate matrix and gu,- is independent for all i . Finally, we

assume that all disturbance terms, £ *ijk (error term for y;jk ), Eglj »and £, , are mutually

independent. We use uniform and conjugate priors for & and other parameters
respectively.
3. Data Analysis Resuit

We analyzed a simulated data set with no missing observation using both our
own and Mplus programs. The differences in estimates and standard errors between the
two programs are quite small. Estimates from both programs are close to the specified
parameter values for the simulated data set as well. Our program also successfully

analyzed real data with missing observations.
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INT > A B E BB B

IMEE ) (BT ER K F 2 F AR
REEERE 5B (BTSN B W A7)

BNS 2 RER BT EHEOHERNE

Heider(1958) ® 8T > ZBi&id, 3 DORAH RN ED LI BEBTHIEINTLNIERENTH D0, 2K
| DEDWEHTD, M1 THE EUREMT, RZ 71« TREGE [+ T » AT« Ti2ERE [ ) TRE
LTWw3, leider DERNREEIT, ARBA INS D REEREY BN RBEREFD, LWOIHDOTH
b, Thbb. N7 2 ASNREICITIEL AZEEE (ension) &2 VI3 T 2 A1ZRA D 77 (foree 5B 1
i3 pressure) 2 U S ETHOBRIOEBOBEFTHD. ST.HIZHDLHRTIVERIT THEL TR
BT&%, EERBEGEERL ZTAICHL T, ABRNEREOER%L 5 X - D1 Abelson and Rosenberg(1958)
THod, HHld, EEMOBBROY Y b EEEER (positive, LAF p &BFAS). BHFEM (negative, A< n &
Blﬁl‘%‘ﬂ)\ AEY (ambivalent, FU < a), R (uull, AU < o) DMEEE L, JOMDOITICHL THE, #

. MR, SEEAZ EORBSEEAFERL . FO% Phillips(1967) 13, Abelson-Rosenberg &5 )L %
fk&ﬁ’]lﬁﬁl ETHRL, BEREEL TOLE HEEARERILE.

ZOERFERVELE RERETIE. ARICHTAEMEVLEDONRY ML E ELTERTIUL, NT >
ZOWNEREEE FEARY ML EERRELEERESNAEFTHTHS, LLIILNTES. N
EEWVRANE, BERTFIRDEASNZEEL., INNRVEDDORT MV ELLBZREORICERTEN
W, FRENT D AR TNBEEWD T EIIRD, JHUTE - kRE E5317FIRIZHT2ERMEBET
HN., EFEENY ML, IZEEEONKE L TEHRTE D,

BT, RIT 4 TRERE +1, FHATLTRHDE - EEFL T EROBHRIETHNELTNTI A1 >~
N2 ABREE, 3x3DITFRTERTSE L, NI 2 AREBOBEAHM {3.0,0), 1> NF > AREOEH{E
12,2~} 72D, 1ONT P ARBIEBWTEEFENZD2H DLW i, COBRRBTAZERTSO
KED2OF—FRTABBELE NI I ETHD, N7 ARBIFHEL, OEDOBEHEETTHLING, XT 2
ZBEBESRATHDICIIVEDDRT, —HOTF—F T TLLIENbMd, TRrOS, HERHEBGREZNS
WEETHEATHEHEIRIEL, BETNFNIHTZ2-HOFME MOBIZ%RATHD] EWdXIa0
B aEXAPEL ToNE, LANICERSEREEILTES, ZOZEMRTIIC, N7 > ARE7.

+//% + ® - -~ ’QD - -})9 +
(a} (b) (3} (d)
Q) X0 ® X
(e} (f) (g) (h)

1 Heider ® POX TF)b. PIIfEMELBA, OME X IMRLAZEATHS. @015 AN
F2ARE, () 5 MRS INTARBEERIND.
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HReEOBREERL TEATVSNAREDZETH D,

TIHhSBIC. TARBMNEELEERDZ) LWOIBBLELEICLE, KVBRNBNS VY REROESE
REINDEAS, BITHERELEIIT, NI AREIE2EFELLT TdnwdD) ELTRASNS., ZHid.
NT L ZRECHNE, BORTIEEL TEIREFEEND R TTE, TROBLENEFNDLVWNET
BO, DICE>THROICAREZIBEBETED (L0 KETHDLINBNETHS D, ZDLIRBEXH
I3, BRELLESZICBWTRIC TRHEREE] SMEENDD. NT 2 DREBIET NS 2 ARKEL 0 HRAM
BEERBVWOTH S,

BAMBEANGRT 5 & Z0FEMIFEORE

DEoBHRNS, BEEHENR Yy NT—VIBTANT O AOBEEZRIAL TWD IENEREaNE, L
AUABBRIZBLWTIR, COBFEEOZEAFETTIIMETERWERENH S, TAbE, AZAIEBE
ADTENFERDIC, BEAUTA SADT ENEL, EWIIEMHBEIRTH D, ARBIRIZE LTI IERFR
FREEFESFET A e RThERL RN,

T, JExEF MDS O—F & Td 5. HFM(Hermitian Form Model; F8,1997) £ AW T, ER TR O3
&2 %5, HFM Ti3, kD MDS REFHHO LI I, BEEMSENATHREZ. BEEICHETEEAN
7 PV SEOBXMHEMRERER T EMRTED. bEAALDPRVRTTHATE 2450, FROE
BENMNBWEWABEASD,

BEHENT -5 ~OILBAEL T, MY A A M) vy F—5% HIM THHiL, B—ERECHZEZR
ONE2 THD, FEENERLNDICHEBR T M5, BRFIMICERNER SN, BANERNER
ENTRL &, TROBNS P ANENIREBITE > TW S LTS END.

085

075

065 * =
-— "

035 o

045

035 —
025
1st 2nd and 4th 5th
——Gl 0.45 042 0.60 078 0.78
——G2 0.59 055 . 067 072 0.72
|—A—a3 031 044 067 065
—B-a4 0.42 0.46 0.62 074 0.65

B2 HWEY AR Yy 77— % HAM THRLEZBRO, B—EHEOFEROHKS

LtoggEzAVE, ZOLITERBBRICHONT > ABREHRET D ENTURTH D, JOMICH,
NG AERERENEEORENSEZ D EHRBEN L3S0, AL HAEICEEZS BRI £2ED
E3RBOELTEINEV I &R, RERBETH D, £k, HIM ICL 2EERICH —HIZERE S
AB &I, WRENLE-RESROBENLETH S,

B35 AxEk

Abelson,R.P. & Rosenberg,M.J.1958. Symbolic Psyho-Logic:A model of attitudinal cognition. Behavioral
Science3,1-13. /FEHE(Z. 1997. TENHLSRTREBREI BHAKFEHRL  HeiderF 1958. The
psychology of interpersonal relations. New York: John Wiley and Sons. =1978. K{BEX (FR) M ABEFRO.LE
2] WMEFE. / Phillips,J.L. 1967. A model for cognitive balance. Psychological Review.74.481-495.
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EMS - EHEHEE - HBESHOR/N _RESE & FFFRMRE
VA FH BRI ST

1. LI
RIED2 @& 3EHTIE, BRMLSLEEMRTEOEMERE.
JELEHAE, LH=Y [ {HE/INSAS - T—& x THENS AL 1° (1)
BIN_REE, 1S= |F—% - BENSTAY x BRINTAS |I? 2)

WARBT 2 ZEICE2 T, ERDAIPCA), EHEMBIZHT(CCA). ZLEMIEHT(MCA)ZS
CERET, (WbRNREBOHBIIHEINDZENHEN. (HEQDIEEZ4EHT
il FEEMEELEMEDOBEDLDZSEHTHED. 2B, (1)& meetloss. (2)% join-loss
EMER Z &M H B (Gifi, 1990; Meulman, 1986),

2. REDEREEEDRR

EEXEBOT—51751% X (nXK) = [X1,..Xal TET., 2T X6 = 1,....,miT K ED
EREEEDI nXK,OFHTH D, QX/XQ = nl, &725 & DI X; ZE LML)
TETHQEREAS. RODDHBNEEERZA DT E FnXp) . BROBSTEFTE A=[A/),...AnT
ERT, 220, FF=al, £ T3, JEEIE PCA(GIfi, 1990)D—R{L D7z 8. de Leeuw & van
Rijckevorsel (1988)8 K O £(1999)id. ZH-E4U1), UM IRT 5 BB

LH,(F,W) = ZHF X,QA, = ZHF X,W| (3)

(4)

LS,F.A) = Y|X,Q; -
=1

FRRELTWVS, ZZT Z=[XiQu..., XuQulTH D . W=[W/,. W, TEEK~DY 1
bW, =QAZXLDETFITHS, Qﬂ&?ﬁ%ﬂ&bf%a iﬂé’rd)ﬁ@%ﬁ}zér)\ Wk,
1999). TN —fR{LIEEHR PCA TH 5., UT T, ¢=K. Q=n"(X/X)"?&LBET 2,

3. IE#E4HPY - £S5 - SEIE A

(—f)cCAlE, X Z2FIFMEEN/THIEL T, FFR=n, Db ETA3), (4Z2BR/MET 5

HEE R E D, SVDIZLD n L OB p % n P22 KA L, EET & F, W, AN

F=n'"’K,, A= LA, W= QA (5)
DEE. QY bIT@EEB/MEENS, T I T, Q=blockdiag(Qy,....Qum) TH 2, (3)DE/N
&L TD CCA DERALITMFH(1994) TR 5N B,

FROERIDOFTK =1(=1,.,m&TIUL, PCABENNS(FEIR, 1995). L.
D PCA L. £HEFF=1, BLY, ZEEEHOTIIEIRD M5, HEETHN S EM
L ERDERDD PCA TH5B, LhELD, PCA % CCADEBERI—ALTHRADTED
MN@IZEBLT, k=1 ERELARN CCA %2 IEROBSESX)NTERLSNET —
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Htw b ZIZPCAZBERTDHI L], IHIVWRIE TEARNTOERLDIER, CCAITE
HESHOBEBREZETERDSEZME TS EWIL A~V TCCAREADIEDBTES,
MCA 13, X, WMEEX 3T TV —DF I —ERITHTH 2 212, Q) ELZ@ER/NMNIT
BEAEZDT7 F EATIV—RATT7 W,2RDDHDTH D, ZIT. X)X, lZ&HFIY
—DEERNABRELEMATINCRD. F7—F XM IEHESHNTERLSN

T3] x5, 7P, MCA Tid. X, i3FHROEITHITId sy,

4. FFEEOUR L EREOFEN

LS & LH OEELEWVWL, LS, BATHBOANIEBESTEGERS NS EEOR/IME)N

INEW, DED, LS,(F,A)<LS, (F,A) THBDICHLT, LHIZL

LH,(F,W)2 LH, (F, W) (6)
ERHST, BEOMHFOEEESERBELIMICIRIHLTH . OITROIDICHEHSN
B, £9. NOBIEREG I BEEE)EN EETE LH,FW)=nimp -3 3 ) EHEE5,
IITp=1&,FBELHFW)=nm-23)20 BBSH, THNEETD m2A 20, %A
WT. LH,(F,W)=LH,2(F,W)=n(m-3%,)2 0 AikEh 3,

I LH, LS EHIZEXERICET 3 RAEHEMHD, 510 LSIKDVTA, |z-M|' %
B/INCT DS p DITHIM=FA'ZRHD I L E(4)EHR A, %#F F'F = nl, %6 2 | L diag(F'F)
=nl, DX ITEHNL, LS ERLZEEEFE TS, LHIZHFELRN,

5 EFRUBELEROMDY

F,W,X,O&T%&., ThEN. &, wy,x,/ ERT &, LHIE L E Wix, OB&/Z D 2 @HER O
CREMTEBZL T, Wx(=1L. mOERE [ ICENS LS ET57 TO0—F E0nzx 5,
MCAIZBRET 2L, x;, DEFE xu\dBE i 0T T —k ~NOEH 1-0TEY 2 EEHKT
HO, QIROLIICEZHBRZ SN 5,

LH,(F,W) = ZZZx,,kllf —wal (7)

i=l j=! ksl
BEDH T I —~OFEDOF EATEE OFERL - IFBRUTIHE DT~y R IEE T —
& LR (MIT-ZIBELUE X BEREZ B/ T 5 1, wy 23R D MDS(ERE) D — B
BLE 4%, M, 1993) &R, ZORFNS & w, OmEEREL TN Oy bT3
TEMWERIND, L. RE 25— MDS Tid. LS = S(JEHEEIE-FERE)? % BB
ETHIEMNEL, ZHEMNMERZEORES 20,

X it

de Leeuw, J., & van Rijckevorsel, J. L. A. (1988). Beyond homogeneity analysis. In J. L. A. van Rijckevorsel & J. de
Leeuw (Eds.), Component and correspondence analysis. Chichester, UK: Wiley.

Gifi, A. (1990). Nonlinear multivariate analysis. Chichester, UK: Wiley.

BOAIER (1993) BE(L. SHAEE.

Meulmann, 1.J. (1986). 4 distance approach to nonlinear multivariate analysis. Leiden, Netherlands: DSWO Press.

L B (1999). BFITVAHN - FT—FDOERDHOCHEEBRHFE. EK 10 FEERBRFERER
&&.

ERGHE (1995) MDD EEMO ST SRBE.

IR (1994). Z2ERT Y RNE PAEE.
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BENZRICLDNDERONH—HEDLSER - FRICAIITT

BHFRAELSRFE THEC

(M)
DHEEDHREORE T, NERFAOH ABRICET 2MBNT — 50 S ARBGROER - &
BTREEMTTEHER, INETREERINTNLS,

Chino and Nakagawa (1990) &, #EEE > 4< b w7 2 L CEBODBSENHE, &0
O MDS ZIEHL. SSIIEFEONERDERERE VDI NEROBRRADER (singularity
theory) &EFIEHER (bifurcation theory) ZFIA L. MAMEERICLINET L2 5020
KEEOLENEMOEEBEOEENRY (FRAOEE, BELOPEDONY—2) %, F—
FISHEET 2 HE DYNASCAL (Dynamical System Scaling) Z32% L 7z,

Z I T, £9 DYNASCAL OB EZFORRBICANS, D&, HARERZIEL S0
IEEERTEHENDENIDOWTIEND, ZNEHETHDIIY T - NTAR— VY —DFERE
(Young & Houscholder, 1938) &% - BA OEE (Chino & Shiraiwa, 1993) 28ML. 05
ATHEBENFROERBOBN L 20N AMERROH TSR EEEICAN S, BRIC. 22
TR 24 ANHEERAIZBET AR ONDOEFILORENE & /85 A — S HEFIEOFEIZ DT
BT 5,

(DYNASCAL &£EDRF)

DYNASCAL Tid, fEE»/ AT M) v 208 2128 LT Ramsay @ MULTISCALE #
ML, BoNEMEORED 2KE1—2 1) v RABEE 2B AN BRRBEFEO /Oy 5
ATFAERICEDEEREL TWE, BEROBEMETOMEICH LT, 2RTIEGEFHMS HEk
FREREL. LRTERV2RTATT1 P BEEICE DMYERCERRTE EONRT ML (R,
BO—RM5) 2HEL. HEROBRELOER (singularity theory) R OGS REM (structural
stability) DE@mz RV T, ERAOMSHERRXRICLVERINSHOE (N7 MILE) OEK
B (NT PVBORREEZ I TORERNMEEE) 2HEL Vo 710/,

ZTOFER. DYNASCAL TIRV/NEFIOF A - REBRICET2EREVWERPESNIMN, K
H., UTFToki72Em BR) 565

1. 7075 25 AR OERIEIICZ L,

2. &V IAT M v I AZERHIZENMND 5T, DYNASCAL TIIBKAICIZHRIZZ—
)y RZERMIIZME DT 515,

3. 2RI FEARERETEOT, BREADEZLDYU I v M A 7L (limit cycles)
BHETEZ 2N, BERTERRRAPHEOBRRM, A4+ 3@ a s,

(Young-Householder DFEIZE K Chino-Shiraiwa DEIE)

WE oG L. HBT 5,

EENZROEROFBEEEN) SHENE MDS OEBERTHEY .V - NI AF—)L ¥ —
DEBE, TOFEMHADS O L DORBEREEZSNETEH -  AFEERETUL. Vi
AT w7 AREQHEMKRT—FTHITIE, 1 DOBRELNSEOEABEFEOEMERDZHIC
BUBENERPEEL, 201240 (FERATER AN NERMTHD T L0hns,

COBBOXETHOMME) A< M) v 7 ZEFICL T, AEMOLEEREFEOR -
EEBEEERLAEOFRELLENTZ2ETINEEZ DM, EEORETIERNERETIVER
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ETB L, ERAFROEREANATE D WRERENENDRT, NRVBEERZT D LEERH
(I 5ICIFREBZEM) LU TEREMEBA S ILDA Y v MIREVWEEZ D,
— DIRBE T I,

[ N
i1 = Zjt 2 3 D F ™ ke — 2ia). F= 120N 1
m=1 k#j

EF)ILOFEMIZ. Chino (2002, 2003a) &SRO &,

IT, LREFNCLBREOHFHZIIDNT., ERNZROHERELHT 2RHEEICIDVWTE
Fa3:Ns, X 2AO—ROFEFERETIV T, KkKidl. EFVORE m 32, HDOH
E¥IZ2THBELED. ZOBE. RE I RUKE 2 DA n TOBREBZIEIC 2, 2, &
B3 R 20 = Ploin) = a2d, + cizin + 0 DEIICETS, 22T a=wl),, o=
L—wly), — 2w 2an, 2 = w200 + w3, 23, ZORDE, BLKE 2 OEEEEETIL.
BRE1D n+1BETOMEIL. RE1EED n BETOMBOER RBEKIC/Z->TWD, #
ZT. RE2 DNEBENEESNTNSERELAEREORE 1 DBENEDLS IR NE, B
FEHFEROERZEZHWTONL, KB OBZOEEMBSEEET S Z&0skL D, £ &
DORE2ODNBEEABE. REL1OBEFIZIEIRINIDNTH, RRICERNIEIOER
NEZ LD,

REKEILEICLABED, ARRBRETIIENTELD. £ RERIZHNDS T,
BREILKTHERBEAZRTEIZ,. RECERDIHWITIEIE 2R TIEREMI HERTIREASNAR
WHATF 4 I REENEROERICADTL 3., LEDIIBLATOEENZRTIE. BES
REMEDEBETORDERDFENE, B P(z,) O—RELS THBRERT (the multiplier) I
L DRHTES (Milnor, 2000). —7H. ZRITCOBHIIER Y IETHAERNTTE I LIXRB3 D,

(EFIOREORYFNENRS A—SIHRDOHE)

HEOHRES L. ABET S, #F#Mid Chino (2003b) #BRO Z &,

51 AR

Chino, N. (2002). Complex space models for the analysis of asymmetry. In $S. Nishisato, Y.
Baba, H. Bozdogan, & K. Kanefuji (Eds.) Measurement and Multivariate Analysis, Tokyo:
Springer. pp.107-114.

Chino, N. (2003a). Complex difference system models for the analysis of asymetry. In H.
Yanai, A. Okada, K. Shigemasu, Y. Kano, & J. J. Meulman (Eds.) New Developments in
Psychometrics, Tokyo: Springer. pp.479-486.

Chino, N. (2003b). Fitting complex difference system models to longitudinal asymmetric proxim-
ity matrices. Paper presented at the 15th International Meeting of the Psychometric Society,
Cagliari, Italy

Chino, N., & Nakagawa, M. (1990). A bifurcation model of change in group structure. The
Japanese Journal of Experimental Social Psychology, 29, No.3, 25-38.

Chino, N., & Shiraiwa, K. (1993). Geometrical structures of some non-distance models for
asymmetric MDS. Behaviormetrika, 20, 35-47.

Milnor, J. (2000). Dynamics in One Complex Variable. 2nd edition. Wiesbaden:Vieweg & Sohn.

Young, G., & Householder, A. S. (1938). Discussion of a set of points in terms of their mutual

distances. Psychometrika, 3, 19-22.
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RENIES RS . LEBRT —VBITORLE

W RERZEGREE > AT LB H¥HK

N
BREEREIATLILEH
F RET

—RHRZERET — 5 ORBEENE, Tabb MBS, BT, Tabb
HEREADEELL THWBS I LCERT2EOBE S BRIEEMORRERT
THATN2EOEBELMRELTVWS. #2T, EROBRBENERT TS
TARANETY 2 TEZTTE, COBEETHBMARTTIITEMT S Z &1
HLW., TITRFAMTENABITOREL KD BBETT IV ENNITT—
SIEENCHBE T —ANEL S, A%, JOBOBERZRETLIED
DERDEDII = INVIEWLIE INDERENT 5.

1) BInRfTH & RmiEEOBAMAKTH (B KT5)

2) HEEHETOY b (R (RFEE) + KB+ EE (RRES))

3) EFHHTERRET —5 ORTFHIT (BOETFH)

4) BFETINCLERETTNERMLELEZET VNS DS AP EIE
ZIT, REEEE, HE3EBDNSENUANDOETOEROEEEZREIFIZELD
BIRETRETH 5.

i, SFTOFMRICED 2 BROEEECANEDREEEHRRT 20T —

5 FERT DHIENERME TTT S
R I, 7Y IEETIRTHEEBEARRKIIDVWTOE R 2 HIT
HICH X5,

EEE2) 13, EEOHBERETIREOIRS HROAZ ) =Ty M EEIC
EEEEZWEICTHETERDOT, ABFERORTEEZRD D ZENTEEZD
EOFRIED, BEOHFEIDRESBBEICH TN FHEEELRB UL
HELR-> TS, 5T, MNEREBFEODDERDZERET L I L THER
BEZEZRRTHIENTES. Bz, BROBEBEIIRIDY, REEEESRE
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THRFAMEZEMBLUBEEEZTAE, EEBEICDOVWTOHIRERRKT 2 &
HLARETHY, INN3) TEOERTFHNEMALZHIETHS..
ERARESBEELZRRE T2 HEE LTI, NABITIIBIT 5 FRWARE
ELTO, ZEBRETIVIIHMT DA ELT L1 Oy 7 FIBOERH D NI,
T5T74NETI O TIIBITEESBEERO XD ICHEYREET NS D
NAWEFIENEETLEERNTHD. INEEBRLEDON4L) ThHa. BH,
BRORTFET ) (RXEE) 2REMRFETIVICERL, BFRICEREIE
FeRELEZEREETINEBETHIEBESENELLSLLED, RER
MELBZENZN. FOR, ERFORETTINESHEN (NHEEE)
D5, THEHREBTHEINOLEN, AHEAE LOME, Thbst, K
FHOBEET IVENOEEDFET A REEIIEETE RN, 22T, #HH
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1. Assumptions and notation
Let

X = ZAf‘Hl,COV(f) ®, E(x)=p_

i=l

8
L=X0)=D ADPA (pxp),
i=1

A =A), 8=(0"9"(gx]),
q*—l*+m*, i 3

m(m +1)/2,

¢=(¢,"0,") -(V'((Pl) V(@)
s=V(S) and & =6(8)=v(X(0)).

It is

also assumed that possibly

nonnormally distributed f and

fj,(i # ) are mutually independent (not

just  uncorrelated) and  that  the
nonduplicated elements of @, are
mathematically  independent or free
parameters.

Then, it is known that

nacov(s) =TI

=D’ {2(Z®E)+i(Ai ®A,)

i=l

«D, C/D (A, '®A,)|D}’
+ & * ! +
=D} 2(Z®Z)+Z—;A¢’_CiA¢i D!
=2D}(E®E)D! +A,C'A,",

where € is the
cumulant matrix of f,’s.

m' xm  forth-order

2. Main result
Let Fi=(1/2)(s-06)'V(s—o0)

with V= V(s).
Theorem 1.

Then, we have
The NT asymptotic
ab].'SNT (BLS,‘ )9 (l = 19'--9 Q)y with the

associated assumptions are asymptotically
robust against the violation of normality.

biases,

Proof. It is  known that
— + + 1 . .
[y =2D,(E®X)D," . Using this
result and
%0, AHTA'V),
do,00,  do,
M gy H‘[OA V+A'5V]
co, do,, do,, )|
={-H'— oA VAH'A'V -H'A'—— ov AH'A'V
0o, O
—uav A goay e A oV ,
O 90, %0 ),
=(A D U=lo,gsp2zazbzlipzc2d2zl),

we have after some algebra

abis(6,,) — abisr (O,5,)

-1
= S (A T =T

2 azh czd
L OA,
= —Z AV——=CA,
c2d O-"d icd
Z—LZ(H—IA'V)M/
2 exf ,
q g 52
* 2, 2. e gy a@
=0, (i = ,...,q),
azoef 820'ef
where 06,00, a¢k—1‘a¢j-l‘
(k,j=0+1,..,q¢;p2e>f=>1)
with 6, =(0),,(e=1,...,m") s used.
Q.ED.
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3. An illustration randomly  generated by independent
A simulation was carried out using  chi-square distributions for factors. The

normal and nonnormal data for a factor  results are in line with our theory.

analysis model. The nonnormal data were

Table . Theoretical and simulated biases of the raw-varimax solutions of
Emmett’s (1949) data (N=211) for unstandardized variables (Number of
replications = 1,000,000)

Biasx10* Nonnormal (df)

Parameter Normal (10) 3) ¢))
value Th. Sim. Th. Sim. Th. Sim. Th. Sim.
1 46 -54 253 -54 .53 -54 54 -54  -55
2 46 -54  -55 -54  -51 -54 54 -54  -53
3 .67 =77 -78 =77 -5 17 77 =77 19
4 .19 -30 -32 -30 -32 -30 -3l -30  -31
Y 5 41 -46  -44 -46  -41 -46  -44 -46  -46
6 22 34 35 -34 35 -34 35 -34 235
7 40 -49  -49 -49 48 -49  -50 -49 49
8 .74 -85 -85 -85  -82 -85 -84 -85 -85
9 22 -33 -33 -33 -33 -33 33 33 -34
1 .32 -8 -8 -11 -10 -18  -17 -38 35
2 38 -10 -10 -13 -13 21 20 -44 -39
3 .20 -3 -3 -5 -5 -9 -9 23 -20
4 85 -11 -10 -17  -15 -32 30 75 71
I 5 74 -10 -13 -6 -21 29 31 -66  -65
6 .85 -9  -10 -16 15 31 -29 -73  -69
7 27 -7 -6 -9 -9 -16  -15 -34 29
8 .18 -2 -2 -4 -3 -8 -5 20 -17
9 32 -10 -10 -13 -13 20 -19 -42  -37
1 .66 -13 -14 -18 =20 -29  -31 -61  -60
2 .63 -4 -13 -18  -18 <29 30 -59 60
3 54 -10 -10 -4 -14 23 24 -49 48
4 29 -11 -12 -14  -14 -19 20 -34 33
nm 5 2i -6 -4 -7 -5 -11 -9 22 221
6 23 -9 -8 -10 -12 -15 -15 27 -26
7 .73 -13 -13 -18  -18 -30 -31 -65  -64
8 47 -8 -9 -2 11 -20 21 -43 41
9 82 -14  -14 20 -19 -34  -35 -74 71

Note. Th.=theoretical (asymptotic) values, Sim.=simulated values,
I=loadings of Factor [, II=loadings of Factor II.
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Maximum Propensity Score Weighted Likelihood Estimation
and Its application to Structural Equation Modeling

Takahiro Hoshino  Kazuo Shigemasu
Department of Cognitive and Behavioral Science,
The University of Tokyo

Estimation of differences between groups in observational studies often suffers from bias due
to differences in distributions of observed covariates.For estimation of average treatment effects
when the treatment variable is binary, Rosenbaum & Rubin (1983) defined propensity score and
proposed an adjustment method for pre-treatment variables based on propeusity score. Our aims
in this study are to proposc an extension of Horvitz-Thompson type propensity score adjustment
method that can deal with complex models and to show asymptotic behavior of estimators.

THE MODEL AND THE ASSUMPTION

We assume that the number of treatments is J. Each unit (or individual/respoudent) has theoret-
ically J potential outcomes, but only one observation is obtained for one unit.

Let y;; be the potential outcome of the i-th unit when the ¢-th unit is assigned to the j-th
treatment (or the i-th unit is belongs to the j-th subpopulation). The missing indicator for the
i-th unit of the j-th treatment is denoted by 2z;; (i =1---N, j=1---J +1) (s.t.,z; = 1 if the
i-th unit is assigned to the j-th treatment, z;; = 0 otherwise). For each unit, z is equal to one only
for a certain treatment (i.c., Z]H'll zij = 1).

Let also the marginal distribution of y;; is p(y:;16;,0.) (¢ =1---N), where §; is the parameter
vector unique to the j-th treatment and 8, is commnon to every treatment.

For simplification of notation, we define 6§ = (61,---,6,,6.). Let 6° = (69,---69,6°) be the
true value of 6.

We employ the “weak unconfoundedness” assumption proposed by Imbens (2000):

zj Lyjlwi{z) forall j (1)

where w;(x) = Pr(Z; = 1|z) is the generalized propeusity score for the j-th treatment. The usual
maximum likelihood estimation using the observed portion of data weuld fail to find the true values
of parameters except when y; and z are mutually independent.

ASYMPTOTIC DISTRIBUTION OF MAXIMUM PROPENSITY SCORE
WEIGHTED LIKELTHOOD ESTIMATORS

In this section we rewrite the sampling probability w;; as wij(a;) by regarding w;; as a function
of the unknown parameter a;.
Let the joint distribution of z = (211, -, 245, - - 2ng) be Hj=1 I_[fv=l wij (o) (1—wyj ()=
Let o° be the true value of o = (a1, -, ay).
We define the propensity score weighted log likelihood L% (y|6, a):

J N
LN o’ =33 =2 oy o8P 161,0) (2)

j=11i=1
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Let 6(c®) denote MWLE with the true value of & given.

We usually do not know the true value a®, so we calculate the maximum likelihood estimator
of aj, d; and substitute & for a®.

We define (&) that maximize the following function of 6:

N

(yl6, &) = iz

Jj=11i=1

lng y21|€]a€ ) (3)

and call it “the maximum propeusity score weighted likelthood estimator (MPWLE)” with MLE
of o given.

Theorem 1 5(&) is consistent and asymptotically normal with variance-covariance matrix
1T N -
'17171(00) 1[23’:1 Ij (90) Zi:l w—l’,.j”(eo) !
Proof Expanding LY (y|6(a?),a?)/86 = 0 about 8° yields

VN(H(a® VNP 160, 00) L LY (416°, 0°) + 0,(1). ()

06

Differentiating with respect to « yields

8 -~ 17 — 8 r
VN 5=0(a%) = ~VR(L (416°,0%)) ™ 5o LI (416°,0%) + 0p(1). %)

The asymptotic distribution of 6(&) follows from the Taylor approximation:
VN(6(&) - 6°) = VN(8(a®) — 6°) + fﬁ%e’(a")(@ —a®) + op(1). (6)

As N increases,

1, 92 0 1< zij Owu( 0) 0
w (o LN WI6°, e NZ%;E sl wLal)  oa; 06 log P(:3105, 8c)]
J N
1 Zi 8'11)1] o ) 6
Ea ” L) Bgo [ = log p(13510;, O (7)
ZZ 0[()) aaj ] (% [89 21Y2 )]

.
—

J=l

Because 5(&0) is consistent and & is asymptotically efficient, these two random variables are
asymptotically independent (see e.g., Pierce, 1982). Then we get Theorem 1. [J

It should be noted that the asymptotic distribution of 6(&) is equal to §(a?), indicating that
the variation of the estimator of o does not influence that of 6 asymptotically.

We can also show that the weighted lkelihood ratio test statistic is distributed asymptotically
as a weighted sum of independent x? random variables, also arise from pseudo-maximum likelihood
estimation (Liang & Self, 1996).

References

Imbens, G.W. (2000). The role of the propensity score in estimating dose-response functions.
Biometrika, 87, 706~710.

Liang, K-Y., & Self, S.G. (1996). On the Asymptotic Behavior of the Pseudolikelihood Ratio Test
Statistic. Journal of the Royal Statistical Society, series B, 58, 785-796.

Rosenbaum, P.R., and Rubin, D.B. (1983). The central role of the propensity score in observa-
tional studies for causal effects. Biometrika, 70, 41-55.

—360—



FHEAR T ET I

REART > & — R - RREERECEIER
HSE AR

1 EA

HWH OE T4 (factor analysis, FA) 7L, HHKTOBEB/ROEINNSISTH, MOEES
HOEMNETIUL, SWEEBEZEZLMNTES. ZOMEEREBEATOMICHERGRNH B IR
ZERT L. ZOBERTORMOBERFRIE, STUBRILENEELHSH/EAS. ZOLI RHER
MEHRAELT, AETHE, BERTOMICEMEEIRAERIL L THaL, WbITEERERIC IR/
OEFEDPSHRFANET N ERETD.

2 FMERFIMETIN
BEOFATTI (HEFAETIL) I
_ o'y 1, , 2 a'y 1 , )
h(z|0) :mexp[«»é—{a (6 -p3- ’yar)}z] = \/é;oxp[v—§(0 B —yx) A6 -3 - 'W:)] (1)

DEIRETES. ZIT, o, B, YEMEREXV MILTHS. £/2, A= THDH. FTXNM
DIEFTTH A D mn BEE apa, E7E>TVS. KIZAOFHFAEEEZ 0 LEL. T5&, (1) R

!

5'(2l6) -S| 5a® (6~ B2} {aw (0~ 8- 1)}

o'y 1 . 5
= < -z b — j‘m = YmL 2
\/2~7;C‘<pl> Qzam( k. VL) ( )

Lz, INEEHERTONETIVE L TRETS (|1)). ZOETINOFREM ZBEOMFEIL, Figure
103270, —HOBERENSES THHAIH D -EOLIATEHBIZAED. BVBEZRIDIC
I3, 2 TOEBEFENENIENEFINS. £, ZOXLEKT, IEREE, »5WIKHEHERE
FRABZIELTESZ! 4B, WEORTAHTETINOLEEMNZEEOMEHHEIL Figure 6 DL DI27/25.

HWEETILEEFHEETILEZSTEHDOE, AIZBNT, EMAERELEIANENEND ZENE
BBl 7O —LLT, BEEFNEATF S FrYw P 7 FOd—, EREETIIG
H—F I~ -7FOd—& L THANTETHS ([2). &b, TBRICEMBENRCLLTWSRE T,
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Figure 4: d=0.6 Figure 5: d=0.8 Figure 6: % @ FA(d=1.0)

5 &

EHETIE, FRERTOHTETNVEZERL, Y% ETINLOEEZ2BEORFLFETILO LR
ZELTHRNE. 22T, —FORTFHANKENEE, I —FORFEENE LS TCHEATHOMEMN
KELRERWN., ZOXIREFIVE, BEBERICHEBBENRIILINTHAIZL ONHEEETE

< NS D, e, BEELWSIHOZEAL, BEFKMOHHBRZERNICIET S5
ENFEETH D Z AR E N

3k
(1] EHEZER (2003) EWMERTFHTET) FHR - THEL (&) FEEpRES RO L [EERE
FEHBLOEZE D) #BIETHE pp.160-168.
(2] HEEEER (2003 4 11 A 5 B) FHERTHNETI BEREES RO L THEBRE ¥R
DEFEE DR BRER (B KRA%)

—362—



DEF TR A

BE RN
KRERARFEAR R ARIRHEPIER

LU0 MW7 (independent component,
analysis: [CA) B4, B O OIS 7 il £ 4 508,
TOMBRTELTRMEND E0SRED FE, #il
T=Me THNHEORAL] &0 WEOBIZ L > Tt
DWEEBER LT D 2 L2 FTE LT FLTH B
(Comon, 1994). Z4UZ & LT LR & 0 T2843 0
BToofnTELH, TETIRMRBIEIZST B I
BARRAT R, i B O F 47— & DT (Kiviluoto &
Qja, 1998) 72, I FXERPH TN iLA ST
WEH, L L, DHPFFORETIE, K POER BN
EVo TSRO SN D ST, WS T A g
NI 7= Bl b e, ABFETHE, MRS 90
BLEET— 2N T A BOMNLE SR, ENSs ol
WA EDEIBEZANGEKIBON, FLEDLHIZL
L OhE NS L EERNT A EEFINELT
W ELUE, IR EHET 28 S TOMNIRI M
EFNAIDNT, OB ATETTIRRL, MaT i
BT A0 Ol ik A R8T 5. FHEEETA
MRS TV, N ISR o L T
DHETNEMETH S, NN FONFETFIL TIdi%
MPEIC DO T DRI ARG IR BB, 0T, N o
JEEBIFEOBGED FT, N ETROWIN M EF IO
HEsis & o[BI 95 ik RE L.

2. MIUASHET I L0 n B ROBERX
TR s = (s1,e, 80T BARBIOBENMG pls) 126
THEY, FHSIHEEE ¢ =1.2.... icBLTENEN
BELHIRMEERS, bbb s 2HEBNTS 2 &
NTET, TOBEBRATHS

x(t) = As(t) (1)

EULTOHKMBMAEETS, JO&E, TR
N DFEESHT S D) W THD) Thbb,
])(S) =N (51) o 'Pn(-“"n) E ”)Tﬁ‘?lﬂf:”émb\'ﬁ ﬁé?ﬂﬂ’\i
DRN XSO s BRAT DI ENMTEDHTOH
WTHD., BHEBIARMTIE, A D nxn OF A1)

DEEZTHH, ZOHBG
y =Wx (2)
E LTRSS EEA, ¥ = (.. )" o#

R HVZINIIZ 2B L W R SRIM &4
3. ZO&E W B0 r— )b LR OARENEZE R
RG] A ORTHIOREERER>THO,

W =PDA™! (3)

EHTIENTES, 22T, D3y ORSDAT—)
TS NAMMTH, P BROEFEZRETS
I ATH D, — iz, Ar— T A ARENEZ
[BETBHIZIE s OaEE 1 ET5R E0HRMEMMS.
ERRSH T & SRS, BFIC T A RERIIDOL
TS ENEBINAWEAENN, HEE, BETH
A DHIRYG MO 7V 5%, HNEETHBMATEDHEE

% Kolmogorov Smirnov 8z # i iio & - TIBFD A8
BIRAD kB, IN6ONEMEERLLEES, v
WO ACDOTIE EISEDD LI TERNWENLS
SUTIRIEEE T S (Comon, 1994),

3. DEZF—& WSO ZL MO TED
% < AR i & LT ORI ENFRD S Bz L T
BOIH LT, NS TSR PR 2y & Rl
L&HETB, kD hiEIR2B8HE2HABLOT
B0, FRORT—FMTTIEE L TRAWIZE&EN D D
HLOTHD. UL, MRS & LT B )
WHLE DD D THRNERR AR 5N TEL SV D155
HH D, LHFERT— 283 B ICH L Th < DM
LB NAH5. AR O & LTI,

Fo B DEEAA A LN E U

MRl OEEEZTCT 0
Wit RMDBLEN T END
HNTHR D TR HNEETH D

Lol MBIFonaiEzs. Zhsld, #FLBIH0
AN 2T, 2EAE, T DkEAT 14X
ANEE, 8T A= FHEE I DWW TR OB B T
LHEEZHND. FOB, SHTHEROMBIMIE 20,
PRI IR BHES Z LY, EhodRBLIZHRS
&, Fo, ALK T, MRS E MRS
B ENANIEWRZEICk->TLES. Z2HUEHE
W26 LT, Hyvérinen ot al. (1999) 13/ MEAF—&12D
WTI BRI L B AALE TR LR B E H S m
OIL THL ZET, WEHOMMEEENRT 2 HiLEERE
HLTWB, LHL, I5LEHEL, EREEDRNE
FILOBGIE D EL0LH, LT -7 TREFDLSD
REEEL I EINETHAIEELONDB. F, BH
PEDHEFTIE, Zh o OBt T OMEEICETFT 2
BOTH-0, EMED FIRAII (FEH) s %
BT EEMPNDIENENLED, HEOERLE
MO INTOWRVWODBEIRTHS, ZFUIHLT, O
HERR T AT A A BRI EEHINEOT, bk
OEHBEER L2 s, LERT -4 T, &<
JEEBIA M4BTIV (EBEEZ DM RS MTET
) BT, BT A 2HEETHEVLITEESR
irtugi o,

MR EFIABRIC RS2 R 080G, §
b,

x =As+e, e~ N(0,0%1) (4)
FEADHEZINE, BTAMEFINEOEVEEDN S 5.
L, WP TIEE, AR TICIER SRS, M
SRS ST & 136l T & R IKIR F DR BN L7z,
ZOEFIVIREFERHTMTETIL, Thbb, fHBERTF
DIEERMR A LEE S O EEELERT AR ET
NELTRADZEMNTES, I, BlliciREELD
BAOMSIEDN T TIE, S LORE (/4 X) D74
W) TEBIRoEE, BEOROMIIES STET
WESTIZDD LW FEMNESNDE. EKREAT—F

—363—



DEHGT— Y EHONDEBUHOHETIE, LR 1
ZOWBMNASNERS>TNSEDIC, #HRBHT LY
RBRET)ARERETBENIEENEYTHSD. Lol
ZOFBEERREODEN NN EIWESIEAIT
BB, TS5 LERREBREOT -y TiddbEoRI0R
BABOTHSB. £, F—INERSHFICLENDSHE,
ERRAS AT IER IR KRR E H A BN, FEHT—
TR E 2 T ERBHRERT. Ldto
T, BESBOKZ ZITDNTOHEHAROIRE TLEY
F—HFRIOHEEERATEZLATERL,

FIT, BEOETFHFICL > THMEMVH SN LD
HWETED &I, BTOF 2L E LTS RITH
EEIEL, BERLOMRBRIANET VCREIED L
WA HENEBNS. =L, Ledermann OBER; 72 &
DBEEORT T ETNDRITBHEFNIMEIND. K
W, MRS TIEEARKROBHO WS,
ST RRS DBV EE £ BRI WA, figkE & LT
FRFEHVBZ ENBELEA>TLEIDTHS

Attias (1999) i, JEIEHKN TFOMET I E -RELE
FITUZLAELT, MK F40 47 (independent factor
analysis; IFA)] 24BRLTWS. Ziud, JEERRA T (O
SERRSY) O RESIERSATIELL, EM 7)Y X
ATNITA—IREEBIRIENDIBDOTHSE. ZOE
FOATIER I ER NN, T2 & ZNEHIT RS D446
2N DOEMMMOBRE TIERTRENE V0T, FHilz
REEEEAMTIEICRS, HBRELT, HEETERE
NS A= NEL 250, BEHOMMEs 2K I3
EEbLES B EELONS.

ZRITH LT, Akuzawa (2000) 134 AD7OAF 2l
SO REREWELTRAVWDI ET, EHMADEEEZT
oW 2RDBFNIT)XLAZBELTNS. UL,
BEENHI RS OBED BEVEEITE, BATTH A
Z—RBIIEDDENTERVEVWIREND D, FIT,
Z T T3 Akuzawa (2000) O¥T 70 AF 20T 2k
&4 TOHEEHIEE B, TEOMIIEAROETINTS
BET AL SREEEMABD I EERMLE. ETEANT
FiELTmxn {75 A2EXE&, ANERRES
79 (m=n) 25, A=W itk A F—ZICHE
THIENNETHD., ZITERBTFIANM>n D
BEITE, BACEgO mx (m—n) f75 B & m—n
RORY SIS RBEERIER Bt #MA5Z&T, 14
BEHTBIEDAETH D, ThabSG,

x =x+Bt=As+ Bt +e

:mmﬁkw (5)

LThiE, [ABl =W ickb, AEFOREEEZRT
ERIZ—BICEE S, t &L T sin B E OB BN LRE
BEBANE, BTSN MRS R S BB BTG
THALDERBIEETDHIENAETHD. ZOEE,
751 [A Bl BERITRITNIZESBOWOT, BEEST
5| B IZRADESTTI A E—kRBERSRVWEDITE
REBUERHD. 2L — 3 EROER, HbThH
REBAEIREIC R SRWAREENEE 5 & MM/
HERVESZENDASTNS. 25 LAEENE -
FREEE, B#E(S2F010) BUETH, EFIILOM
VURAOEKEERNTILHEND B.

4. FLHERE MIRAHIIE, MR AL £
HELEBAERETIVO -OTH5. ERMHHEME

B, SMEREARLEE R, BRI TIEE LT
THD.

F# 7 A ZHUEHET B 6 & TOMNIRDI T ET NS
WT, EROEIETTRS, BaIHE /2 /3T ARy
SN HEE T AR HIERRRLE. ZOETILEN T
WM R BEL R T EFILEMETH D, (i
RN T ET I CB W TIEAEIPEIS D W THIRIM 72 %
BB BN, I TRETD ik, SneETARVN
MFETFIN OHEE, IRTOMESRMO FThEIZT 5.

DEFETIE, o0 %RMAM (B0, K &
Ho TF—42HD 2 ENEH W, IR 7 Hiz BRI A
L BEERZRNAD D ENTENL, RBO XD e
VRS OB BOWTHETHBEEZSND. LALE
BB T, AR OTIEE D L2 Sl WA b
RUTHEHNTEZTHETHDEWIFHEO N TIHIEEN
TERFED, EREHE AN LT T O—FI2 LA 0
THN, SEBBEMNL TOLilEnsH 5.

AT T TIE, RMATRZER D=, WAD 2K
BT SK rOEF M REICHLT, £0%<L
OWEWET—INSRAIND I ENTES. LHL, Ik
OIFREHEIZ OV TIE, ZOHEKRSTWLWEMKNT S Z &
PRHETHD I EHWETHSD. £, ZHETOMIN
DAFOWNTIL, BT IO HEE A O #irE % i
B EFEEHEOED RIFoNTZ b o7z M0k
DHERRT DICH, WIHEIEELR BT TO DM (e
Roberts, 1998) 1200 ORERTHSD. L LTI
72T, Himberg & Hyviinen (2003) 75 & ORFYEMN T —
RARS Y THERTIAY) 2 TE O TH TS DT
OEEFS R AL LD EidBTH O, HEMaEn DD
HbB.

BEXH

Akuzawa, T. (2000). Extended quasi-Newton method
for the ICA, Proceedings of the International Work-
shop on Independent Component Analysis and Blind
Signal Separation: H21-525.

Attias, H. (1999). Independent factor analysis. Newral
Computation, 11(4): 803-851.

Comon, P. (1994). Independent component analysis, A
new concept? Signal Processing, 36(3): 287 314.
Friedman, J. H. & Tukey, J. W. 1974 A projection
persuit algorithin for exploratry data analysis. IEEE

Transactions on Computers,C—23: 881-890.

Himberg, J. & Hyviinen, A. (2003) lcasso: Software
for investigating the reliability of ICA estimates by
clustering and visualization. A conference paper
Newral Networks for Signal Processing (NNSP2003).

Hyvirinen, A., Sdreld, J. & Vigario, R. 1999 Spikes and
bumps: Artefacts generated by independent compo-
nent analysis with insufficient sample size. In Proc.
Int. Workshop on Independent Component Analysis
and Signal Separation (ICA’99): 425-429.

Kiviluoto, K. & Oja, E. (1998). Independent com-
ponent analysis for parallel financial time series.
Proc. Int. Conf. on Neural Information Processing
ICONIP'Y8, pp. 895--8Y8.

Roberts, S. J. (1998). Independent component analy-
sis: Source assessment & separation, a bayesian ap-
proach. IEE Proceedings on Vision, Signal & Image
Processing 145(3), pp. 149-154.

—364—



