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Abstract

Unlike randomized trial, statistical strategies for inferring the unbiased causal relationship are required in
the observational studies. Recently, new methods for the causal inference in the observational studies have
been proposed such as the matching with the propensity score or the inverse probability treatment weighting.
They have focused on how to control the confounders and how to evaluate the effect of the treatment on
the result variable. However, these conventional methods are valid only when the treatment variable is
categorical and both of the treatment and the result variables are directly observable. Research on the
causal inference can be challenging in part because it may not be possible to directly observe the treatment
and/or the result variable. To address this difficulty, we propose a method for estimating the average causal
effect when both of the treatment and the result variables are latent. The latent class analysis has been
applied to calculate the propensity score for the latent treatment variable in order to estimate the causal
effect on the latent result variable. In this work, we investigate the causal effect of adolescents delinquency
on their substance use using data from the ‘National Longitudinal Study of Adolescent Health.’
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A& (inverse probability treatment weighting, IPTW)S}— = 23 (Robins 5, 2000)°]4 A
&7 4= (propensity score) & ©]83F &3l 7] (Rosenbaum, 2002)%0] A=l o] AFRE 3 Q) o2 3t
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F}H(outcome) ol B]2]= BEFE F7IsHE Rl 2F o ‘%ZOW A
VY B ST ARG B ORI 2 F S AU E kil S o
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Z7} FE A (substance use) ol U)X+ @12 G (causal effect)ol] 3l <
F9 Aous) WA FEUA ARLE S FE o, 23 5
ol Shel BasE Wk 24 o 3
3 F-AFH H]?SHEHEHE Hol: H4dS B
G Aace SEAS TR AQS B HEAE 9E UeS UAY
opment)S] &SRO sjellol 60}, |2 Sof, Uz® 258 H2e th §4, 274 S, 7
A4 FA, 283 UYIY F5& 2P 4H PsF = ol o]Folxnka defA glen
A FA Feh+= old GRS HALA ghetsoF strl= 21 o|th(Flay, 1993;
Leventhal3} Cleary, 1980; Mayhew 5, 2000). ©]2]3t o]&2] 7| A o= FEALE 339 ulet Z+ 7)
D5E AT BRE 5 ks A% DAL 52 500k olal 2] B I S HEAE 5
S| FHEE2 B Bl o) ol D ol SPUE 139 TS 2]
AP F317] fet o2 A HFE 3 (latent class analy51s, LCA)o] B AFoA AMSEH T
ALt LCA RS 7§29l W0l e TAUS ALE FA AU LA 18 4% T
£ (mixture model) 9] Hjole] 47 B2 B4 o LR AT AdBoA 74 95
9] AFAAAE Y3 3= E 3 o]th(Cloggs Goodman, 1984; Goodman, 1974).
AAA FFHoldt & AMAF o AAE L= Aol dof'd EIk(potential outcomes)52] Ao
FE2S ZAZ 32 At} (Rubin, 1974). A2 F4¥1e] Q132 & (Rubin’s causal model;
RCM)olgt AR ol2dt FIHS AXHL d}Ae7E APAS o] 7Hsd Ffolvt A
T e AE 22 Utk mepA B AFA s BFATA APA R SA4E + gle AAMF}
295 REE 24008 1 LCA B39 Mez RYSFoA BAUT 09 097 JT
2 2 RCM ©) & <lollA] ANS2A Bhek.

r I
o
o
o &
o 1
Me 4
o
fu

£& thest ol TATO] Utk 214elAE ROM} Zehdsz Ag B Alojalr] fi3to]
AREE Rl sl ARk, 2.2 7‘401]/\1% FAAA Ao} FAH AU F2S AT LCA B2

doll Az 2Al Azpaol oje ZAA o] A4 dFS 2P B A
AL, 3N 2370004 AL 9%0) o} HEAS] g A4 el AR FBRL
FE235l3 o]of )t A A3l AL AAISE Aot} ojuf] AF = w]=9] The National Longitudinal
Study of Adolescent Health A}85 o83l 47FoHE & =72 & 9 d79 RS 71« A

2. ZHIE CISIHzXI2 2MS o5t Q101K ofstad
2.1. MR 242 2l 19| QIR (RCM) Y et
2o FEATNAE oy R AFHE FAl FIFE 5= ¢l
oA BEE e AAuse 097 5
RCMe| F5dge o3 239 AUdS Z—VS Ela R =

Al (pseudo experimental design)ol] 273t 18]+ Zlojt}. RCME 4] AgS 935 a3 A
Aot A S AAH,E AR n‘{iJ AA A5E & 213 Zo] YRt

#2194 Tie iH1A 7HA7F AAR -2 A X E verdrt "ﬂ% % ) L-J 04]3]' 2ol o:]q_z]y} A2
Al FAad7) v o wet SFEARS] A= 7} thE Ao

H4719 HAEE Uehle e 2L ) A 8 -
Ao MBREQ: T, — 2, BER HARL T, — 3, A MBREQ: T, — 4). o 45 A3
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Table 2.1. Data with multinomial treatment and response variables

A FET P vi0) v.2) Y,3) Y,(d)
i=1 X1 1 Yi(1) Yi(2) Y1(3) Y1(4)
t=mn1 KXn,y 1 Yn, (1) Yo, (2) Yn, (3) Yo, (4)
i=mn1+1 Xny+1 2 Yny4+1(1) Yoy 4+1(2) Yni4+1(3) Yy 4+1(4)
i =mn2 Xngy 2 Yo, (1) Yn,(2) Yn,(3) Yn, (4)
t=nz+1 Kno+1 3 Yn2+1(1) Yn2+1(1) Yn2+1(3) Yn2+1(4)
i=mn3 Xng 3 Yoy (1) Yin3(2) Y3 (3) Yoz (4)
i=n3+1 Xnz+1 4 Yog+1(1) Yng+1(2) Yns+1(3) Yng+1(4)
i=n Xn 4 Ya(1) Yn(2) Yn(3) Yn(4)

*ny <ng <ng<n

A Vi) AR v £33 iAA JAd9 SFEARES Axolth FEARRSY FE A T
o Al 74 AFE e thE Wt ohAt (AREAL: Yi(t) = 1, Helst & 7‘}‘9“}} Yi(t) =2, 2
E FEARAL Yi(t) =3). oul, T T =1 °]¥ Yi(1) 2 IFHU Yi(2), Yi(3) 2 Vi(d) = Z&5¢
S & £t wEkA ofE| AMAdAME BE ¢ = 2,3,49 tisl Yi(t)2} Vi(1)2 A #HEE 5 9o
w olgjdt AAFEY A= 2559 A 7”" "ot 729 BAAE AAZE obd ARl o
Hgt EAE A 4st7] fste] AXgGE FHo] Sl AAATLE HR0] Y= A3Y W, & wdHy
£ a#stofof sith REF wRbASE THSHA] 9k A4S A He A-ee 994 4y FA4X
of o] WA At ANH YL AHHOE AFAH A 7] wjiel FAF AFHA FE
e mRTo e F7 9AA J3E (average causal effect; ACE)S £A3= WS o]&3ic). v
F AAHLZF CAY BF(t =1,...,C), BHAL7E SAAY WF(y = 1,...,9)F 7MY AU
A WA HE(y = 1)E 7|59 (basehne category) & ARZ-3ICHH Z}x]‘ﬂ—%—ﬂ— tdu AFEE yo] &
2+ o3 2ol ZojHrt
PlYi(t) =y
Oddsf% 1,...C, y=2,...,5

olmje] Odds= BRI BE A7 AAWS 5 & MRt = 1,...,0)0] £ o] Arpaso]
WA(y = 1)) SEF OFE WA = 2,...,9)] FEe] WS vepich. Ao 3 A

=
R = 1)B 1EUEE ASUY 0|5 BAE @ 2t B8} 2o] 7Y 4 Pon] oF ACEE 3
o %

PYi(t) =yl /P[Yi

B (
ACE = P[Y()—y}/Pmu):u’

2Rl &3k WAl 5 sk A A
ACE(t=1,...,0)8t 313tk A& &
o] 4] Hlﬁ“ﬂéT(t = 2)°ll &3 Fado]
ol opd 7]&F(t = 1)oll £YE
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ACE S ACE® R4S Aoe ZALS el xol o1 A9 118 K03 V(o
t=2,. — 19 O3] SHolgk= 2AF 599 71 o] ¥ 23l (Rosenbaum} Rubin, 1983) o]
7 7].14 x- u]u_s]._ 3%, 229 A3 229 A= (missing at random; MAR)2] 2748 &5
A Fth(Rubin, 1976). Rosenbaum™} Rubin (1983)2 A= S o|&3le ACEE 3
S UL ANSAT ARESE (0 ARG 2RSS W xi7h FolW A A it B
AAG W BER = 1,001 93l ma(x) = P(T = 1| x)2 A5 o] 4FA5E 2 A

Ao ddd dF= 4”]6}5} T2 A APAAE o] AT AT x o FTFE LA e
B2 1y = P(T;, = t)°] Aok AFEFE 17 45U B D (sub-poputlation) A ¢t = 1,...,CA
BnE n—roﬂ/ﬂ TLT HHE x 8 BEE T EE AP BE D}U“”z Aol o] ‘?/}‘_—’F—% a3
A TEo] Frkal & 5 QUh o3 AT S4S o8k #AY], T3 W A v g
€= AR AR S FHTRREY 52 ol§ste] ACE, ACE;: ¥ ]9]- add e=nE ST 5

2 tHRosenbaum, 2002; Robins 5, 2000).
FAre A ol ol ER By Foto] FAstojof BFH] o] AFollAe AAd7F thahd
W S sl

N,

2 2ALY HARNL AEFH] 2T
2|t

Ark BE A7 CRY A
2 A%, oA TRl 43 A 7

2
leus 2448 9 =9% 54 244
AA ol i3 2] mYe) At weku

T
2 o
T

lo

F

&

>

A (2.1)9 Fu(xi)= BFHTEAN BT 5 AL, o]
QA xi = (@i, ..., xip) 7F ATH

—
[\]
—

~—

o rIEHFAd =1 el
019]' 2ol 9 g F2L S8 4 AxEF £ 4FAeT FAEY, 4 HEL AT,
A(overlap)s ZIsof gt} wheF A XA 7F AFH,e] 27 AR Fethd 7 Hol &35
< 7H ASol vxetA] gdrhe A Ausing JFATE ARt 74 Ao Soke HAlEE 729
2 g2 AAY Ho|v & A3 o] Erbs3ith wetA Zxpigel dish Ao A1
RTFY FES T S Aoty AAEFE B ATFHT] B2 AA e AL AT 5 dvid, I
HEE Qg AFE Alojetr] f8l AFATY A8 7HEAE T 78S ARSstoiof gttt A3E
T 958 AR S PHS 5 AXEF £ 7t E2(AFH =2) A %
Fe EAFI, TR A AAUF £ JhsA o] B2 (AFRTT ) MASY 9FL =oE
= AHollA A BEZALNA 7HEA] ARSsHE 213 o]zt vttt o]e)t o] AT E o
43 7oA 2L B v AFHTE e MAEL ofF el SRl FAIRle] ol&°
Zte a@HY SAZE FAH TE ¢ A Aolth. AFASTE o|8d TEXE & F, AXE
F 0 AASE Bxo #0] o|FoREAE Bl ok &t ol 47k AAHE TF B 7t
A5 F7] A7 To] xF3}H FHF o] (standardized mean difference; SMD)E Ao 24 3
71k 4= ik, dutd o g SMDe| AUgte] 0.25 |X] koW #Ho| o|FofFrtal ¥ 71gtrh(Cohen,

Jo] o]Fo)XA] ko Ao it B nEE Fg FIlEAY, 1A FE
F7V5he 5o S 5ol 73S B of 3tk o] A4 v} FEARE o9} o] M)
vl 7o) WRE Zhe A9, 2R AAC et 37 403 JFH(ACE)T A AHF tof] &3k Al
Sof tigt B 9AA AFH(ACE:, t = 1,2,3,4)0] R = 71X+ % 2.29) 2t}
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Table 2.2. Weights for ACE estimation

AAHSE 1 A 2 A A HF 3 A M 4
ACE 1/71(%4) 1/7i2(%4) 1/7i3(x:) 1/7ia(%4)
ACE; 1 i1 (%) /a2 (%) i1 (%4) /733 (%4) i1 (%) /Tria(xq)
ACE> Tria(xs) /i1 (%q) 1 i2(X4) /73 (%4) Tria (X)) /Tia(xq)
ACE;3 i3 (Xq) /i1 (x4) i3 (Xq) /a2 (x;) 1 i3 (Xq) /ia(x;)
ACE4 ria(Xq) /i1 (Xq) Tia(Xq) /a2 (i) i (Xq) /733 (%4) 1

2.2. ZRIHAIS 9 MAYZDIHLE 915t SIUZFOH (LCA)

e BTN ARG WA ohleh 0] JE AL AAUE Sy B2ALE G S
A57] olele A7k ek Fl oo A9, AANE 4] MAFEE GA vAREE Kol
£ @i %A}woz Rgsjolof Bk AW o2 Shie] BEASEE B S oleld
Hade) ujae] BAT o] ZHASE o] 83 FLIES 159 uPAE] e} BAL WrE B
7 Stolof & Zolth. AWMAQ FBALGS AP EF Shpe] BEUSTE FEAS FEo] E f
AADOE BHT 4+ QOB oFEAEY B e ZHUSE ol gsie] ERsloio} Btk o
A OlEAT Aol BAL A9 2 G5o) Wgol et THAS) A9E 5 Yo LR

LCA B3L #3 758 454 U4S Aole] BAE 44 B3 + 9t 2 A9 FAuze 413
szt sHe 24 wolth Wk 7k O FAWFE T At ANWSE SFFAA M
o CRFEFS A8 LCA Y-S TEATHT 714 o}x} T O FARFE e AR A Aol
W MAS) BFEF U = (Ur,..., Un) S FAAARS TS SR04 A58 AXBSW5olth A

o
LSS U i1 7HAS] ASFE w = (Uil,-~~7ui]\/l) olgtx ul] m¥AA| Ee] iHA] FHZX
uim® 7Fs ¥ SHRTE wim = 1,...,rm O|2HL kAL o, A AW ToF HAASAF U 4

PT=tU=u) = P(T=t)P(U=u, |T=t)

= )HP(U7n:ui7n|T:t)
m=1

Tm

= H [T o™ (2:2)
m=1k=1

2l (2.2)04 FAR AFEEFre FAAARTY £88 v = P(T = t)7 FF3HILE (item-
response probability) Q1 ppp = P(Un =k | T =t) =9 F22 Y & 3
A Pk X‘ZHZV]“* toll 3%l HAZE m WA AXAS EF el s A
< s, A (2.2)0As FAAAET t7F G AE AAASHSE SHolgke A543 (local
independence) ] 7}3E &1 922 & 4 AUtk
ghok R E prfAle] A X WZIE FE2RsE0, 4] (2.2)9] R4l TRPEIFRERHS o] 83te] 44
FAE 7 deov 2 HAY FAAAY T B57F50HA e ‘ % o

—|>r
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LCA 289) $Eg4E 4] (2.3)3 2o] FojAit).

Li(treatment) = P(U = ul)

I
ME
g
S
I
c
I
£

C M rm
=D H H phGtim=r). (2.3)

Al (2.3)0NA =23 FAAARTE T 4 (2.4)9 AFFEE (posterior probability) ol wet zF 7
Ao AEA A FFSF o met FAA R 25 Al tis) FAA T E FATozH 7A
33 5 AUk

git = P( :t|U:ui)
I(uim=F)
'Vth L2 1 Pkt
I(ulmfk)'
Zt 1’ViHm iy P Pkt

AAWSel vhATb 2 A =3 ZﬂjﬂrXOI 0%?4 FAIFAILE ek 217} €
%Xﬂ%’%% M3 Qe AESE 543

TR Yy = 1,...,C70e] R ‘?ﬁé e ﬂxﬁauraa olm M e tHHEF W =
(Wh,...,Wap)& FAATES YE SH307 AHgE 2AaSuSolct. oju), 2AASHS Y
P9 A BAUEE wi = (.. wan) AL B A —‘zrfz}sq AR BFEA win o) 75
SRUFE wi = 1, sl o2k B EQ, 91o) AAAA NS £AS 945) AHST LOA B oA
F449 iR A ?:}xﬁﬂiltﬁ"/f—% ti, t; = 1,...,C2kL skAL O]HH, Le A (24)9 52 2 A
oA RojB FAA Ttk FAAX NS ¢; 7} FolFL W) FAAIES Vo AAASHS W
APVEFE o3} o] Fol Atk

PY =y|ti)P(W=w; | Y =y)
M’

PY =y |t:;) [[ PWim =wim | Y =y)

m=1

M T,
=y (t:) [T [T miseim=". (2.5)

m=1k=1
4 (22)9 2o 4 (25)INE BRLERSE FAAIRFE 28E 7, (1) = P(Y =y | )%} 28
SHIAER gy = PWon = k| Y = )°] B2 UEhl 5 Slom AT 17} FolAd 23
BEHSE Yol AASHY A G0 UL % Ak FHLHIEY ny & A

y

£33l AMAZE mAR] ARAS A Bl sl kA IFE G FE5S Yv|ditt =
3 (Agresti, 2002)< ©]-&3to] thaa Zo] 4] (2.6)° <3 ¢ “WH A7 A AIES yol
?f’é Q%—% FA3% 4 9tk (Dayton®}t Macready, 1988).
exp(z:'B,)
Zf:l exp(z,-’ﬂc).
2 (2.6)Y zi= (AR A FAAEFE ‘JrF/PH% Hu A (dummy variable) 4 Zo]7t C —
19 AE ol 2AAcE FAAIEZ y=1,...,5— 19 thal B, = (Boy, Bry,-- -, Bs-1,) 2 BH
W Ao 7)1ERFA S o A T ,35 = 0% pleei=

'Yy(ti) = ’Yy(zi) = (2~6)
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2.3. ZINZBHS0N CHSH BRI BI40] Q1K el F2

o] Aol Ax shollA 71&d uie} o] Aot Ayt BFE AT A2 E 2 7
TS 3k X WL ACE B ACE(t =1...,0)8 3L 3 7449 24 AAE A

Al
gtk 1EAs) 28707} 2 & 35pe) AFHEO T} AAES Qo1 shtel AT l J
o AL N9l aEai) TR 6EAZAE sTelA SR NAje] AAWE ApRe] 2tz
Ol LSBT, olBA F4T NS AAA FTES F5o] B AN WRo] GE b2

Abgol th3k vide] ACE @ ACE(t=1...,C)% 72/ 23] 248 5 it}

L WaAd
WA A0 AHE WeES Adgsfof drh & AFelAE s, FAAAEFE A5
A% ANTZAS L PAZARTE A A ARBSUS S A

2. & A| (multiple imputation)
ol dal SEUASh 22 1ME sk 2 29, B shte) mebwaol ohalA
ol S AN QAT SYIE S} 230 A ol g 2 el
HRONAE ek 7] whmo] EESI AR s

#2 5 gk addze 45 . o s o i M@_u}. 01 Wsﬂ e A
<) 7§ kel

N

e AN Iy
_IZL

i

J% o r

0

0

b 1o >
o
(14
r]I
ﬁi
r3
4
i_!“
td
o |
ok
=2
x|
]-J
_LL4
rﬂ
-
et}
o,
XL

o

o

tlo 2
2
N
td
o G
o
9
oo
ok
o
-0,
2
EL
Tr‘
o

>
=
N
kY

FEES ST é%‘](ﬂ] B Al 55
A9 28 271302 o

&t =2 3 jo i o 1o gy

=i
Fel
=2
R
&
Y,
Ay
fu
ox
ox
ok
32
&
>
o
rht
[
k]
Au)
IN
rlo
Ni
=
—{O ol
k
-{N'
- O.u

=
(o]
o
oft
S
=)
O
(e}
3
rE
Iz
o
=)
v
(ol

18 2713 (data augmentation)

N
il
it
rﬂ
i
32
_E,

S o
4>
]
A

ol O}i
o,
N
do
:IOI:',‘
2
)
rh
P
A
rE
4>

o
)

$3te] AR Mol hH

ol AT 48 AR Aol WS F2@H, LCAY F5 2

¢lot AICS) BICE o] §3ke] )

AARAEFE 57 BAHH, 4 (2.4)°
2 skel PAAARTE B

(i
o
ok
Tood o N
imﬂgw
x 3
>
o
o L
2
_Ig UE
N
Y o
Y
to
’ ff
O
N
% 334.
mSL'
%>

2
Y
_‘>~_4,
o
i
K
Rl
o
3
k)
&

N

N
>
=
X
1'] ]



1084 Gayoung Park, Hwan Chung

DTHFE QS AEFS 23] Y5 & 2.28) Zo] 74 Hw AAA JFH(ACE) Hig 7+
FAE AR ACEE 23317 913 715X A /A7 B tol] S8k 3% 1/7u(xi)
S Hodih =3 BE ¢t =1,...,C0 gt ACE,S F7317] 93t 715+ ¥8F to)] &3k=
AL A 1S FoJsta, t7F obd HF ()l S A fie(xs)/Fu (x:) S Foigdozn n
TS EAo] AF tof] Sk MAEY S BB ES ThEo] Frh. & 2.29) Zo]
7V X7 AAEE AXHE bl TeAE F7] A T wEse 323518 g atolE Al
Abste] vty 7R AE £ Fol a@HsEe FAAAHS 2+ 223E B 2bolo 2
©] 0.2(Cohen, 1988)X.t} 22 ¢ FFo] & o|Fojztial & 4 glon, ol 7IeA&E Ho

g ;o] TR FANPL B} fAS Fdrkn 27+ glek

j=4 L.)‘\:]I

2437 913 19A AdE ARASASE
A Asol e LCA B8 43
Aze] 28 ARsE Aol 2 BAlh 3RAL] AR WS £
£ AR ¥, sl ANE A%
g A ERe] @ HujWes Fusor 129 LCA
AL 4 (26)014 Fol AAALE] FAR o)L, ol tha] A%

2 el ezuE ANTe A ATE A A4 4 o

L)

Lo

B NW wEse] 42 N AAASS EEOAE £He] 73 (Rubin's
FRTHRubin, 2004). 7 FAAS ANAA FHAL BROZ AN T, T
Foae] 24AL BID ANAF DelA Bt AAWE 3 B AE FozA 248

_s
=N
2
o
offt
_‘olLl‘;
ofX

o THAE FHE] Al o 22 BA HAAC ARRE AT WA AEA ] giS e tiAlE
F3317] 9Jf SAS 9.3 o] PROC MI ZEA|AE AMS3Ilth 283 A X W59} Aapasol gt 3
AHFEEAL £83517] 98] PROC LCA(Lanza 5, 2007; Lanza 5, 2013)& AM23le] LCA 23
< Aoy, vixEte g 2X~H IARYE B AFHFE FH37] 8ke] SAS 9.3 PROC
LOGISTICS AH&-33ith.

Oll

3. FZALBON THSH H47|0| Hl38e| Q1K ot

(o B oy

)

3.1. A=

Nl

Had719) wlgel tiak A ANWEA A5 FEAgel FARFl e 294 JPHL F
Asl7] Y&l vj=2e Had 98 P59 thx: A QA ZAF The National Longitudinal Study of Ado-
lescent Health(Udry, 2003) &) X185 ARSI o] 2A] BE2 AF, A4, StufE, stuf
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Table 3.1. Manifest items for adolescent delinquency

7% s us
AR Z 1=ARAZ 3 4 32 2=ARAL 3 A &
247} =312 A4 ge =32 A 98
oxl =235 48 A = 2=7485 93l A A
as 1=%2 4 g8 =2 4 98
AE< $50 1=%3 A 95 2=33 4 Id&
A 29 1=7bge A Qe 2=7hge 4 sl
Table 3.2. Manifest items for substance abuse
7% 9 ux
= =998 4 92 =% 4 98 AZE ey 9
& 1=upA R A e dmulA R A 9e 3=tko] u4
vhel i} 1=519)% A 98 239 A 918 3=AFE 9T AL
71¥} vher =83 A gle 2= 8¢ 4 318 B=AZE ASTT

i o
o o
[o

o
%
H -l)jl
fi
oh
38
&
—_
_>;1_:{
N
>,
rlr
—_
[V}
©
=~
'g
'L
=2
ofy
£
El

A )

£ Aol tiek AR o] 1994-950] AJE 13} ZAMA] AojR Hlo]
oh A oFE ARGl the AT 1996 doll Al E 24F ZAfoll A &
3

A o fo @ T rlx

O}i [N
o
N
o
=0
S
o
i
i)
[
A
Ay
¢
4
ot
I
I~ rlo

. o
o
e
o
oy
N
o
ol

ofr
O
1
il
O
oM
o
N
N
N

G AR 3 A, Lol 2A 22E A
WA 2 25, 1|3} $50 o] stell S
= 1=gl&’ 2% 13| 9

N
=
ot
1o

1]

o ﬂﬂi
o
ki
1o
fu
o,
e
it
]

NN
=
o
)
o
>
k]

U

r_‘fr_}
i
o
s

flo

h=7)
=
Lo

O ot ox ofl rlu T

i=] =2 O
SR A Qeror, H2 302 B W AW o4 e A4S
o whelsiibel Zet nhepol thalA
83 2ol B G5l AelAE & d
o] W Ao} ke F AR B $HL wigoR, R 7 ¢
R AL 9ot AT 147 thal 2 o] £ Tl Aol gl A9 2 = AR nhal, A2 oAl
2 o] g) &2 B Woleh= Al A5 3 = ‘Bro] nH 0= oSt

3.2. 4y}

o Aol At v]%e] Add Healtho] A42% ol §3te] okEAlg slgo] vjat vla fae] A4 F%e



1086 Gayoung Park, Hwan Chung

Table 3.3. Goodness-of-fit for model selection

AAZAE T 5 FR3" 29 - =H] A= AIC BIC =
2 13 573.40 50 599.40 678.51 —9383.36
3 20 133.26 43 173.26 294.96 —9163.29
4 27 48.64 36 102.64 266.94 —9120.98
5 34 33.04 29 101.04 307.94 —9113.18
6 41 22.22 22 104.22 353.72 —9107.78

Table 3.4. Item response probabilities for adolescent delinquency
FAAAH S

B+ 1) W 2) W 3) A=+ 4)
u] ] A4 453 A3
Eia= Aad v Jad Hg Fad v e Fad
AR 0.35 0.86 0.78 0.89
(0.02) (0.04) (0.03) (0.04)
AR} 0.22 0.83 0.59 0.99
(0.02) (0.04) (0.05) (0.04)
A 0.01 0.26 0.22 0.84
(0.01) (0.03) (0.04) (0.12)
A 0.02 0.04 0.95 0.89
(0.01) (0.06) (0.04) (0.06)
AE < $50 0.00 0.04 0.73 0.89
(0.00) (0.03) (0.07) (0.05)
At =9 0.05 0.31 0.22 0.62
(0.01) (0.03) (0.04) (0.07)
£d& 0.51 0.25 0.17 0.07
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Figure 3.2. Standardized mean difference for ACE

Table 3.5. Frequencies for the best latent class models with weights

AlIC BIC

2 3 4 5 6 2 3 4 5 6

ACE 0 0 0 75 25 0 95 5 0 0

ACE; 0 0 0 72 28 0 100 0 0 0

ACE» 0 0 0 63 37 0 100 5 0 0

ACEs3 0 0 0 56 44 0 89 11 0 0

ACE;y 0 0 0 90 10 0 100 0 0 0
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Table 3.6. Item response probabilities for substance abuse from LCA for ACE

A AT

(Hx1) a2 (A= 3)
T= SHHS FE mAE 22 FE AR
el e q 3 0.74 0.18 0.12
(0.21) (0.11) (0.23)
o A s 0.08 0.16 0.07
(0.02) (0.04) (0.06)
A A= 0.18 0.65 0.82
(0.21) (0.11) (0.23)
= updl A gl 0.60 0.13 0.09
(0.17) (0.05) (0.23)
oAl A Qe 0.19 0.19 0.07
(0.04) (0.05) (0.09)
ol up4l 0.21 0.68 0.84
(0.19) (0.08) (0.26)
utE] st e 4 s 0.88 0.40 0.10
(0.26) (0.15) (0.28)
o A s 0.05 0.29 0.03
(0.07) (0.07) (0.10)
A A= 0.07 0.31 0.87
(0.20) (0.13) (0.30)
7)€} mfok AHEsHA Qe 0.96 0.92 0.31
(0.12) (0.06) (0.32)
AHES A AS 0.01 0.06 0.20
(0.05) (0.04) (0.15)
AF AHE 0.03 0.02 0.49
(0.07) (0.04) (0.26)
£9E 0.47 0.41 0.12
4. 22 9 £9|
E =FAE AxAee} A3pis 25 FAEEY 4 LCA BYE o] §3to] U4 43 FE
5—}_\5 Hol— ] -z
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Table 3.7. Item response probabilities for substance abuse from LCAs for ACE; and ACE»>

ACE; ACE;
=1 wE2) (B3 3) A1) (32 (HF3)
= SHHES OFE mANE FEl+ES OE AR FE UAME G+ OE AME

chl e A Qe 0.74 0.18 0.12 0.65 0.18 0.16

(0.17) (0.09) (0.18) (0.23) (0.12) (0.25)

e A 9L 0.08 0.17 0.05 0.10 0.13 0.03

(0.02) (0.04) (0.05) (0.03) (0.03) (0.03)

22 3L 0.17 0.66 0.86 0.24 0.69 0.81

(0.16) (0.10) (0.19) (0.24) (0.13) (0.27)

= npAl A Q2 0.60 0.13 0.09 0.53 0.13 0.14

(0.14) (0.05) (0.18) (0.18) (0.06) (0.27)

oAl A Qe 0.19 0.20 0.06 0.17 0.20 0.03

(0.04) (0.05) (0.07) (0.05) (0.06) (0.05)

o] npAl 0.20 0.67 0.87 0.30 0.68 0.83

(0.15) (0.07) (0.22) (0.21) (0.09) (0.29)

sy I A gl 0.91 0.41 0.07 0.83 0.40 0.15

(0.21) (0.14) (0.22) (0.29) (0.18) (0.30)

e A QL 0.04 0.30 0.03 0.05 0.25 0.02

(0.05) (0.07) (0.09) (0.08) (0.08) (0.07)

AZ 9e 0.06 0.30 0.90 0.12 0.14 0.83

(0.16) (0.12) (0.24) (0.22) (0.12) (0.30)

71eF upek A3 A 9l 0.97 0.91 0.34 0.94 0.90 0.29

(0.10) (0.05) (0.28) (0.16) (0.57) (0.31)

AHgst A 9L 0.01 0.07 0.15 0.02 0.09 0.12

(0.04) (0.04) (0.11) (0.07) (0.06) (0.10)

A F A& 0.02 0.02 0.50 0.04 0.01 0.60

(0.06) (0.03) (0.24) (0.10) (0.01) (0.29)

£9E 0.46 0.41 0.13 0.46 0.41 0.13
$ oAy SAUSE ol g3t ZF &Y whgo) et TA4YY ¢FRE T2 JdeE BRI A 7
s SR Fo Ul LCA BE S AME 4= Qth LCA 232 I35 753t iy A4
Aold BAE AR BEE S G R AL FANFR AEetn} s BAPPo A, FAHAEF
7} G A A A x| 23S o]gste] 7t

SULE SR AATAY 19 S0 ek =T 2
MF) 53

71»—@}@

23 A% A7, ol P m%% aﬂ
W Asasel 9% 1r41 '

2348 % J
SR asl A5 8B W} 2 A S3H MEE Rolsit BARE 94 e
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Table 3.8. Item response probabilities for substance abuse from LCAs for ACE3 and ACE4

ACEs ACEy
=1 wE2) (B3 3) A1) (qF2) (HE+3
= SHHES OFE mANE FEl+ES OE AR FE UAME G+ OE AME
chl e A Qe 0.66 0.22 0.21 0.75 0.19 0.10
(0.30) (0.14) (0.33) (0.21) (0.16) (0.22)
e & JS 0.08 0.17 0.07 0.08 0.17 0.08
(0.03) (0.04) (0.05) (0.03) (0.04) (0.07)
22 3L 0.26 0.61 0.72 0.17 0.64 0.82
(0.30) (0.15) (0.32) (0.20) (0.17) (0.23)
= npAl A ¢l 0.54 0.14 0.18 0.61 0.14 0.07
(0.24) (0.06) (0.33) (0.18) (0.09) (0.22)
oAl A Qe 0.17 0.21 0.07 0.19 0.18 0.10
(0.06) (0.06) (0.08) (0.04) (0.05) (0.12)
o] npAl 0.29 0.65 0.75 0.20 0.68 0.83
(0.28) (0.10) (0.36) (0.20) (0.12) (0.26)
sy I A gl 0.78 0.47 0.20 0.88 0.40 0.08
(0.37) (0.19) (0.39) (0.26) (0.20) (0.26)
e A QL 0.66 0.27 0.04 0.05 0.30 0.03
(0.12) (0.09) (0.08) (0.09) (0.08) (0.11)
22 3L 0.16 0.26 0.77 0.06 0.30 0.90
(0.31) (0.12) (0.38) (0.20) (0.17) (0.29)
7)€t upek AR A ¢l 0.91 0.94 0.41 0.96 0.93 0.27
(0.19) (0.04) (0.36) (0.10) (0.05) (0.39)
A4 A 9 0.04 0.05 0.18 0.01 0.05 0.24
(0.08) (0.04) (0.15) (0.05) (0.03) (0.18)
A F AHE 0.05 0.01 0.41 0.02 0.01 0.49
(0.12) (0.01) (0.28) (0.06) (0.03) (0.29)
£9E 0.42 0.42 0.16 0.48 0.40 0.12
7HA19] A& N H53to] FAH N FAXE F919 2o wef SFALCZHN P 494
AFEL 24T 5 Aok
OJAHE & =golHe AXHse AAsT R FAEEA 48 994 9 gFE FE2E 98] AAH
Sol g A NFE FPolo] ATl i AU JFHG FAse FHL N9l wHEslo] £
3L glek ol v WARE Aol Atte] BAFst FAo] ME AGE v oAU wY
ZAREEGANN S A F vt A4 FAER £8 Adske Add, FALAGE 4
AR JFe] Al me}, 227 B4 AAE N9 Bl wel 7 288 FAERe $7) e
45 Qemg, Noj £8 Akt glojA ofggol g £ Ark 2T B =golA At B
HY A A Ao s AR gl Aol ASE £ o] B0 Yong o] BE & =F
9] stAIAolet B 4= rt. o] ;MAY] s Ax<} AHE AN 1t T E TE B3t
o B4E A 2o &% JdgFojor & AT FAVE 2 £ AL Aoty RS Fo AU 4F
HE FET A, AA ) st BRI dA ojof st Mol EF gt B A4ks vHEA
o7 35A ghole Hmg GgAol Fod Aot
28 AF7A A 4o} AT BE FAEREA 49 497 9L R Yol A
H vt glthes ZolA 2 =82 g7t don, B =3 Tt FA o= tggFst FAES o5



Estimating Average Causal Effect in Latent Class Analysis 1093

Table 3.9. Average causal effect of adolescent delinquency to substance abuse and their 95% confidence interval

A AR

(W= 2) 3)
il %2 OFE AHE

=r < A A A 2t 2=u  95% AFHEI} S=u]  95% AFHF7

p—— AojA wy Fad 1.886  [0.948,3.752] 1.619 [0.475,5.518]

= = A=y vy Jad 2.499  [0.759,8.231] 4.455  [0.516,38.441]

(ACE) ZANkA vjsg Jad 4.586  [0.640, 32.888] 8.751 [0.277,276.123]

o WA Rad "%Oi?i Hl?:@ :‘ikﬂ 2.031  [0.995,4.148] 1.605 [0.407,6.332]

(ACE,) A= Hlf_%‘ féihj 2.740  [0.763,9.835] 4.886  [0.560,42.675]

AurA v Fad 5.239  [0.465, 58.964] 11.124  [0.329, 376.505]

ol A Ha Aad OJOP‘%J Hl?_‘%‘ féﬁhj 1.617 [0.628, 4.165) 1.350 [0.297,6.145]

Aed vy Jad 1.917  [0.388,9.466] 2.900  [0.152,55.178]

(ACE2) AvkA v Jad 2.815  [0.240,32.951] 4.316 [0.044,427.273]

e e Aay AojA wy P4 1.849  [0.977,3.500] 1.758 [0.549, 5.630]

Te e e Ay v Jad 2.505  [0.942,6.665] 4.665  [0.792,27.467]

(ACEs) A v Fad 4.483  [0.879,22.852] 8.376  [0.550,127.658]

A w# gad Odcﬂ%i Hlfg fé.@d 1.571  [0.426,5.793] 1.536 [0.261,9.028]

Ay uad Fod 1.717  [0.345,8.556] 3.286  [0.237,45.578]

(ACEs) AR ud Jad 2.560  [0.268,24.501] 5.218  [0.190, 143.796]
TAAAAEZY 71E8FE (BF 1) ‘] Wy F2d 9.

CAAASETY Vel TE (B 1) ‘e wAS 9

£ o §8317 29 4 ek o8 Sof thelol= selo] 42 AEll WAL AAF 9, mx A
A7t kB A Bl T S FESHILA S ATATNA B o] AdsHe B4

7]
Hol o] g Aot
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