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Abstract

Structural equation modeling (SEM) is a widely used in social sciences such as education, business adminis-
tration, and psychology. In SEM, the latent variable score is the estimate of the latent variable which cannot
be observed directly. This study uses stagewise structural equation modeling(stagewise SEM; SSEM) by par-
titioning the whole model into several stages. The traditional estimation method minimizes the discrepancy
function using the variance-covariance of all observed variables. This method can lead to inappropriate
situations where exogenous latent variables may be affected by endogenous latent variables. The SSEM
approach can avoid such situations and reduce the complexity of the whole SEM in estimating parameters.
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Figure 1.1. Example of a path diagram

TEA ZYS olslske 183 WHEE 2= (path diagram) 7} Stk o] 22 RE Wl @A,
A 2H] AT dAE =45 e 230 728 o woll shelr] ok ARRe] FAHLLE A
HEY dne HeolA Were] HAAE vehln, e sdas F s 2 AaaAE
uebdch ol vehd W Ao, ﬂ*@ﬂxﬁ Fo WA s FEdnh A
€ o Wl E R E WA B AT (2 27]5 3, WA st o] A
HEE e SR E Ue FAUTEAN g2 471%‘/} WA A7 A ol eJsl A= Al
Fote FES TEAE Aostal (2 Ushiin, A FAkgEA ¢, TEAR] #A
Tk p2 2719 SARANS G olA WARANS g 28] AHEAE HEhlE ATE 1 =,
WA R ol WA 20 HHaAE vdehle Alee iy Aol 2 Ao A
WA ol HAbe S5, F HA o H A SHWEsE UERdnh

Figure 1.1 FA2& 9] 3t 7}A] o o]t}. ]’ ?§°ﬂ UEhd W4 S oy, A HSe A5
T o2, AN ASHTE y "t S ES zofl S SHAE 5, ASHSF yol
‘;Hfﬂ' SHL A= e 22 F7)3HH, o] é’gﬁ’—_}%-ﬂ EA-FRARE 42 05, 0. 2= sttt A

T &l FEHE 20 ARAEAE YER= AlSE i 2, UARAIES nolA 35S 2
9] A[BAE Uefll= AldE Ay & E7I8E 24 Al F HA] ol iR 58S, Al AR of
WA= EHHSE u| 3} (Joreskog®l Sorbom, 1999). o] uf, B3 o] A= 7] A= 7 A
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Figure 1.2. Example of a path diagram with parameters

S AT E RN e} St webA AR oA WARAETE T AR

of A¥AR} HHAR T2, AR HsE AFWAATANRTE FH1 HHWATAHSE
= ok oE £, Figure 1.1914 &014 maZ 7He AR Fofl LolA AR w2 7k i E 3
AR GBI LollA g A naE e F NS SRR UehEs A2 AR sdEich
Z nNY JARARS € = (&4,6,..., &) mA] WARARE 0 = (n, 02, 0m) T 2 A
TREF] ot FRAL o} 22 A4 or mdHL)

U ) O{N

i

n=Bn+T¢+¢, 1.1)

AN Bixm ¥ Coxne AFBEelL, ¢ = ((1,¢, .., ¢m)" & TR2AE UehdLh o] o, B
L 47) 0(zero) ]2, I — B+ A & (non-singular) 3 & O]OiO]: st} QARG € = (61,80, ...,
6 )T‘/] J’]’ 1——T X = (l’l,mQ, 7'/L‘q)T‘ﬂ— LH/\@X]-ZH = (77177]23"'377771)T"] :ﬂ’—é\iﬂ_jll y =
(Y1,y2, -, yp) ol B EAHRFHL )23} 2 /dﬁé-@]:rq/-‘lﬁi Eddch

y=Ayn+e,

x = Ax§ + 4, (1.2)
AT1A Ayprem T Angun & ASBLOITL, € = (e1,20,.. 6079 6 = (61,0n,...,50) "= 247} x5}
vel 242 AT Uehdch. of 1) SARANS £ = (1,6, ... 60)7 2] BA-FRAYUL &, 7297
€= (GG G S RALBRAHYL T, ¥8) SARA €= (100 5) 1S BT
FHL O, x9 SHLA§ = (61,02,...,0,)" & FA-FEIPHL ©5% E7]3}

o]t}. Figure 1.2¢] Yeld 27)
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5 Yoz A WA AeE 12 sl
m| [0 0o 0o o0o0]][m 1 0 G
12 0O 0 0O 00O 72 Y21 Y22 ¢ G2
ms|=|Bn 0 0 00| |m|+]0 0 £1+<3, (1-3)
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N4 0 Bs2 0O 0 O N4 0 742 Ca
5 | | 0 Bsz Bss Bsa 0] | 5 0 o0 G
fy ] (=1 0 0 0 0 ] [ &1 ]
Y2 /\y21 0 0 0 0 E2
ys 0 Am(=1) 0 0 0 e
Y4 0 Ay 0 0 0 ex
vs 0 0 Aps(=1) 0 0 n &
72
Yo | _ 0 0 Y63 0 0 ns | + €6 ’ (1.4)
yr 0 0 0 )\y74(: 1) 0 [Srd
ys 0 0 0 )\ys4 0 " €8
Yo 0 0 0 Avos 0 ' e
Y10 0 0 0 0 Ayio,s (=1 €10
Y11 0 0 0 0 Ayu,s €11
_y12 L 0 0 0 0 )‘y12,5 | _512_
[ ] [Aep, (=1) 0 i [ 61 ]
X2 Azﬂ 0 (52
T _ | A 0 Sul | % (1.5)
T4 0 Ay (=1) | [ &2 04
5 0 )\yQQ 65
L Z6 L 0 /\yaz J d6 J
ol wf FAW & A5 EA-FEANEY ALHE @,¥,05,0.,B, T, A, A, & 724 BFo|A
FRoF & B 0t B, SAWUT x, y=9 EA-FREANE L B 00 o3l thaat 2ol &
HAHrk
s [Sv B | _ [AATEIT + 9)ATAT +6. A ATBAT o)
| Byx B | A ®TTATAT Ax®AT + 65 '
o714 A =(I-B) 'o|t}
HESHS x,yY FEEALFEAIE S
S — Syy Sxy (1.7)
Syx Sxx
gt & uj, Soll 71 7M7ke B7F H Al shs 24 09 e Aldkete] 99 27 §og AAs, o] B
5 3242 0= (8,¥,6;,6.,B,1'A,,A,)S 724 239 3|2 At o] o] S9} £ Fke A
T & =H317] f15te] &L gk (discrepancy function)E o]-&3h=d], o) ELX] g0 ulel F
=% (maximum likelihood; ML), dwts} 2 2431 (generalized least squares; GLS), B]7}5
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A2 A3 1 (unweighted least squares; ULS) 5©] 9lom Z} sbHo A Aol BEL ] g+ v &
t} (Joreskog, 1967, 1972).

Fur =log [B] + tr (SE£71) —log[S| — (p+ q),

Fars = %tr [( -S” 12) ]

Furs = 5t [(8 - ). (1.8)

TzA 23 BAMo E3E AzEYe zra@og LISREL, AMOS, EQS S°] gon, RejA
% OpenMix, sem, lavaan 59 3|72 & ’éil?'f‘ 35 724 BEE 9T 5 ry. SASAAME
TCALIS®} CALIS ZZA|AE o] &3le] L24 B3 BAo] 7153T)

—

2. A+ H4(Latent Variable Score; LVS)

T4 Bgo] TS o §H WA A3 B4 Yeje] By BAlo] 975 T NS he] BAES
A% A ANSE AR S/ Atk oleld AT Fole gAwse 2RA RS
< (latent variable score)E ©]&3l= Wi o] At FAHS A4E= AFAHA SHo| By FA)

T FAHAE FHFE UERd 3o 2 ZAHSs B4E Aee W22+ Anderson¥ Rubin
(1956) o] Aotk W, Lawley 2} Maxwell (1962)©] Ao+t Wi, Bartholomewﬁ} Knott (1999)°] A
orst Wk 5 o8] 7FA17) itk ©] 5 Anderson¥} Rubino| A ¥HH-2 715 # 443 H (weighted
least squares; WLS) 2.2, AA| A Al A3 EA-ZEA JHS 2h= A A4S dg ¢
Ath= A o] 9o, Joreskog (2000)& o] YHE 53 AT 45 4 4 9= = LISREL 8.8
HARE ZZAAE AlFsta itk
A Ae= gz Q9 B (explanatory factor analysis)2] 291 Z<4>(factor score)?} F-AFSE
Fejolm, o]& o]&st] Aol thgt 7 Alo]2o] £AE WIIAY A JADeE #R/E 7HESt
o} =3k o Rwaet FAAS Abolo] ABBAE FFIAY AW o nAFBAE A5E

AL a1 Bxof tist Aoz &85 4= 9t} (Joreskog, 2000; Joreskog -, 2006).

AT AeE ke 3FS 298t thad 2ok 4 (1.1)9] #2EHET 4 (1.2)8 SHARIS

Zte 724 RS udsal. SHEY ] et 4] (1.2)5 FEs o8af ofefe} Zo] 28T 4 Qlrt
Y o (A O fm), e (1.9)
X O Ax 13 é

o X = (y ,x>T, A= 2] & =meT 8 = (e.8) e 3 2 (L9) thEw ol ohAl

x" = AE" +67, (1.10)
A7)1M B(E") = k", Cov(€") =", Cov(x") =0 L o], E=¢£ — k", X =x" — Ax", A = "2} 511
2] (1.10)2 ofele) v ffgmw oz maH.

X =AE+A. (1.11)
3717} nQd X FERE Xl,Xg,..,, 2 S AATIT A (1/n) Y7, EET = & el AR A o

A ZHE LAk AlET YL (Xi - AZ) O (X — AR:)& Hadtehs EE F0H vt 2
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Figure 2.1. Example of an inappropriate case where the exogenous latent variable is affected by the endogenous

latent variable

o] At}
g = (ATG*’1A+L) ATe X, (1.12)
714 L Y EE] — n®* o) sgehs etasA] Solth o3 MR A S Aegsla i
A AL FAT A-E A,
&=k + (ATe**1A+L)71ATe**1xi (1.13)

o} 2t} (Joreskog, 2000).
AA ol E o]&3to] LISRELCIA 4] (1.13)9] FAMs H4E A S uolle 2219 728
e o) 724 wel A2g 49T Fol theel W Fobslok Ak,

LSFfile <filename.lsf>,

o714 <filename.lsf>+ H|o|EHE E2|o= ‘35 3 ] /\}_&H LSF d|olE] staws Zasjok st} o
9] LISREL Z g7 o th3 7|22l Hi-e LISREL Z&1% AlZYAQ Scientific Soft-
ware International 3| ]| (http://Www.ssmentral.com/lisrel/examples.html)% Zustd o) 2
48 Zo9 TR AWHT E doly el Y SUT Ero] mewzhe wolzt £/
<filenamenew.lsf>2t= A2 FUo] AAE =], o] FUo= 7]1& dolE S} T AHs A7)
wpAet . 2715 o) ek,

AR o] A S Ao EY AAZA AT 7 WA ] A5 yo e w5
itk olgjet AAZ ddH o BetA] g2 97t e, Figure 2.18 53 2% o & AT
4 9t} Figure 2.1 ﬂoi = 20 3 1Qol o3 #5F F RO Aol A Aol ¥
U]x]“ FEE vehd 724 2yoltt. o] wl, 2hq9| AeE F5T= U F '3}‘4'01 A ¢ sk
E7h o] st IQ°ﬂ «]5]1 ojn] 24d F x| Aso dFe F=

A0 FAF Y Figure 2.19) AR50l sFsle 4 (1.8)9] 244 &
STt SoF B FFE T, St a1, w2 B obUet g,y b 23 B} 3RS R FAdE0
=LA FFE HAhE v9] F2 olE FER Y ol IVIZE y1, 4200 =

| 47 F24 AA 23S DAY (stagewise) £ BUIHo] BATH: BHS Bal WARANGY B
W7t Aol TS vA= BE A LA} Sgich 24 2Y AAES Tl 24
= 7]22] WS WSEM(Whole Structural Equation Modeling) ©]2} 3}z, o 7]ol| A A|tshe= o

. J]N. o
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& N4
(a) A path diagram before their stages are as- (b) A path diagram after their stages are assigned
signed

Figure 2.2. Example of stage-allocation using the path diagram
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B2 (24) AF WA BA (229 (2-3)S WEAT)

Figure 2.3 Figure 2.2(b)olAl @A 7} &dd A | AAE Axpel whet 2e A
sk Aojt}t. 19A o] T ARHS £,69 & ZWE 111, 212, 139 E9 DS}

£ BESHS 001,222,223 08 F5A QABXL AT RS AT FAMS B5 &, fz =S
Foel 10 ARG A2 AT, 2600 B UL st o] AL B30
Y11, Y12, 201 51]1:1-—5].__ HSHE yor, 2L 1A A é% ARg-sto Figure 2.39] +
AR 283 22 2nHA 24
o Sial wpAT 4aAA P24 B AL BAR,

3. AlE2dold 24

o] AojAlx WSEMZ} SSEM T 7}x] BA e E3) 23Y Az A4Sn 2A 25
£ vWlasteat @k o] uf SSEM< é‘% of RkeA] Fe g 3 AW daee AA

I-ﬂl g
P I b

4 ol bl o
B2 e >

E7Fs T golrz, AlE el tlolEE AR Agste] 74 AN Fghe 7SN, o
WSEM3} SSEMlA #8 248 g vjaste] F 24 LS g7hstast sigich. &

[}
A 23] 24 9 A A 4 Alake 1.2804 A WHE ©]83Fe] LISREL(9.1 M, student

edition) ol A =33} T}

o

3.1. AIZd0|M Tl0|E] A4

Z 29L Figure 3.13} Zo] A3t} Figure 3.10] Uehd o] Jghe 4oz Aeshd A

Azl = Ay1 = Ay = 1,
Ae2 = 1.7, Az =Aya =05, Ay2 =08
051 =053 =2, Os2 =01 =0:4=4, 0:2=0.3=3
v1 =13, =05 g=07
6=2, P1=5, w2 =35 (3.1)
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Figure 3.1. Path diagram of the SSEM used in simulation with given parameters

o] ReAe et 2ol TS BEWE xT = (Yus, y2i, Uz, Yai, T1i, Toi, 3:) | 9k 3] FAPAS
& = (i, &) 7F o ofge) #ER _§3i EdHT)

Yti = AyeMi + €1, t=1,2,

Yti = AyeN2i + €, L= 3,4,

Thi = Aok + 0k, k=1,2,3. (3.2)

ol wl, ey (t = 1,2,3,4), drs (k =1,2,3) 42 SHZH2Z N(0,051), N(0,0or)= WEH &2 =
Folek. o] Bao) 3] ARG &7 = (n1i,m2, &) ol HE 2R kg3t 2ok

M = v1& + Ci4,

M2i = Bn1s + v2&i + (o4, (3.3)

N(0,¢)E W23, (i (k = 1,2)2 242 SHHCZ N(0,¢%)E W2 §oF (i (k

3.2. &y}

A g o)A HolEE BT
2] WSEM¢$} SSEM &4
Wz EAFG

Table 3.16] Ueht 25 Selsh A7), T 74 W BF 58377 ol ol weh 2447}
Aol AANAE 4B Bolrh. EBEAY)7 4 A4S, WSEMe] H)s] SSEMe] kel 77he 5
AA% 2AH7} 22 7% ek 2eiuh SSEMo] o) g 9] Az co B 2AAsh o A Al

l-El

) A 2o} gt FHAE Hlw e 2= Table 3.1} 2tk Z¢
Aol tiske] 479 mRI7E FAA F gl 7 24T e w2 2

3:3
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Table 3.1. Estimates of parameters by WSEM and SSEM

WSEM 74 2] SSEM 7% ]
a2 (227 (E2 2
n=50 n=200 n=1000 n = 2000 n=>50 n=200 n=1000 n = 2000
€5 m 13 1.462 1.584 1.377 1.335 1.196 1.233 1.209 1.160
(0.378) (0.226) (0.088)  (0.065)  (0.340) (0.150)  (0.067)  (0.049)
€ m 05 0.149 0.865 0.396 0.376 0.400 0.479 0.510 0.560
(0.376) (0.279)  (0.109)  (0.076)  (0.265) (0.072) (0.033)  (0.024)
0.956 0.542 0.731 0.767 0.830 0.872 0.751 0.689
mm 0T 6 08) (0114)  (0.058)  (0.040)  (0.131) (0.154)  (0.067)  (0.048)
319 1.759 1.593 1.577 1.671 1.629 1.392 1.674 1.716
Az 7T LT 0316) (0.198) (0.087)  (0.069)  (0.334) (0.318) (0.141)  (0.109)
€ s 05 0.593 0.434 0.493 0.509 0.641 0.418 0.507 0.524
(0.132) (0.090) (0.382)  (0.030)  (0.137) (0.101) (0.043)  (0.033)
0.766 0.758 0.779 0.785 0.858 0.761 0.790 0.784
me 086 110) (0.061)  (0.032)  (0.023)  (0.192) (0.079) (0.043)  (0.031)
0.354 0.537 0.533 0.521 0.348 0.541 0.532 0.537
s 05 g 070y (0.070)  (0.020)  (0.021)  (0.075) (0.073) (0.031)  (0.022)
B & 20 2.985 1.910 2.233 2.103 3.084 2.171 2.104 2.037
(0.987) (0.374) (0.191)  (0.133)  (1.040) (0.576) (0.229)  (0.164)
8.046 5.324 4.582 4.858 8.481 6.778 5.620 5.870
mo %0 o807y (1.017)  (0.431)  (0.308)  (2.943) (1.119) (0.477)  (0.350)
1.867 2.544 2.511 3.258 4.953 3.850 4.367 4.811
35 o969) (1.038)  (0415)  (0.333)  (2497) (1.109) (0.474)  (0.356)
2.027 1.733 1.850 1.903 1.928 1.472 1.979 1.969
x1 2.0
(0.565) (0.260) (0.130)  (0.094)  (0.629) (0.494) (0.187)  (0.136)
o 40 2.743 3.723 4.219 4.251 3.797 4.360 3.877 4.121
T (1.284) (0.613) (0.312)  (0.240)  (1.522) (L.013) (0.493)  (0.379)
Lt 1.394 1.957 1.862 2.169 1.177 1.937 1.863 2.155
2a " 20 a1y (0206)  (0.091)  (0.074)  (0.312) (0.211)  (0.094)  (0.076)
7.768 2.906 3.708 3.840 9.304 2.948 3.828 3.833
Y1 4.0
(1.996) (0.673) (0.317)  (0.222)  (3.041) (0.937) (0.440)  (0.321)
2.273 2.406 3.343 2.912 1.264 2.382 3.269 2.916
vz 30 0865) (0423) (0.222)  (0.147)  (L786) (0.567) (0.202)  (0.205)
3.227 4.813 3.643 2.949 2.941 4.885 3.636 3.250
vs 309 115) (1098)  (0.415)  (0.316)  (2.366) (1.149) (0.461)  (0.337)
» 40 2.889 4.828 3.749 4.120 2.924 4.807 3.750 4.036

(0.630) (0.561)  (0.200)  (0.154)  (0.647) (0.569) (0.208)  (0.158)

2

BAEL Fgtoll vis| o F4
wzt FAGA 7 solv E =
7)o A@gle]l WSEM, SSEM 2% 3]A A4
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% (- -

(a) A case with single indicator (b) A case with two indicators

Figure 4.1. Path diagram of the under-identified model in the 1st stage

vt oz nlwsiid AA 2ge 3 Wl aeste] wE HolH dollx &3kl SSEM< #8313

< o, WSEMe] vlsl M3 FXAA ¢b= A3 vehlileh. 2 329 AojdQl 2 vjast

e wols 2382 WSEMEG gkl o 243 2345 Hol7|= s3ltt. ol= st *l“ ol
£

dlolelo] b Astoln2 o) Zitko 2 SSEMe] 227k WSEMS] 24410} of virkw Julse 4
£ o SSEMO] A E A 2] BAE Awsket] F83] on) gl = o %Zéila}i
ek

AR SE o] 83t B 09 & AT w BE B4l tisto F
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