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[5289] o] ZdAe ke olF 9 &3E sWse ol 3X=
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e AT tigks AAGE ol fal oAl THRE =Ygt AA, derE
o]F 9l A B3I ARHZ 2SI oo W3 QE|(Otte 1985)9F A
(Eells 1987)9] =A< AESTE o] AEE olF A &l ht ojafel 1
o B =9 3=, 7LER}O|E(Cartwright 1979, 1989, 1995), d2(Eells
1991, 1995)¢] o]2&< Hlu, Hriske FHIZEF Itk &4, 7+x A4 239
AA T &l FRbslo, d1X|Fo] A U BH F I, & &
oF 84 595 AUtk AlA, olF 9 E7E dWsle d JtEEC|EY
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49l
Hgehd ot ok theel 7

3

5 1 7S-olvk ek p
o Adiste] w7 24 K9 7t iolA 8% X' 89 YY 3483,
HAZA, $92 82o] Itk 1 4%+ v 2ok Pr(Y | X

Ki) > < =Pr(Y | -X & Kj). Yol Q1352 Ad=T X Q17
Hog =9 BE Q98] Wi 24 KiZ2 39 18y Y



=2
-0,
A=
_lN
(o
il
H,
T
A
A,
=
>
=2
ro,
&
)
M
Ao
[N
)
ro,
S
o
=}
%
>

gt Jukstd X > W — YE dAA4HE o3 2 (transitive) ¢
o] Ao W7t Yo Q@ ow AHHT X9 Ayt He &
AAE, W7F IAETHA X7F Yol sl Zi= A9 F32 gle A

o2 Yehtr] wEoltk

3k 89lo] T g2 29le] Yelo] He AZe vt B}
tf 3 Q9lo] I T @29l ¢9lo] Hrja & wj ojwl R
w3 HA 20e F AR 8o FAA (T TE, zs)
) 99 8392 ZAvt = gE Az uzd 2 (4] T,
o) 99 E9E 7HE 4 9tk T3 3 A=A A WA 29l
& F WA 29lo) (Sl o uiA) 291= glo]) FAHAA ¥
B2 M F AR E OE AZAME vfEHE 2908 F5
Ak HE golo) ol g= e 7HHZCl 99 a9E v}
F Uk oA TS HE BT

g & ek o] ARt 3 38 olge
T B 2w ek AP 99 vl AL, He
)

o2

=

Ol

O

£

o

ko

(-40

s

&

kv

ru [
¢

ro O 2 MY o X

k)
oE M o o Ho

o 0] He BAS AP PA ABAY 1
ashe] AolE, WAsE 919 Udlo] B 8e WY 2o
2 1gste] YA TS T AGHE U9 AT HH

=

ol W FHAste] 31X F(Hitchcock 2001a) U2l 3=
e e WHS AR SIXFE 1 W o} Qe o
3!

rot

b5 o]E3 zpEET Eoh SXFL, X WHY =Y
(structural equation model)ol|A] A%l EHS F 74A| F& - F
G Ntotal effect)} A -7Hd & FKdirect and indirect effect) -



Z3TE SIS ol T dFe Wol, W Ak net effect) 2}
84 EIcomponent effect) S T-E3tal o]y xolE AAIgH
SIS A9 Aol diF ol F o] T QY BRE

s A

3l g acle] = t& 8l tial zt= dQl &HE,
o

B o] =olA F 7HA 9l &) Wit s|X|=9 FAgo]
AA ZAEH HolAwk AAZ 71E9] Aol et FE o]
ATFR EFsith= As o FAth 53], A=Y 84
B2 3 Q919 o]F ol @zl r|oldh QU AT LS
Hd F glde Ae EoF3H vt
2lo] shte] ARoMe FAHE W §J}§— Ho|x|vh & th&
2ol $9% Tt 294 20 o
5 A8elth 231 X7 D2 a%lst A T ol 82 vo) o
A P Y A ol Y Aol e 2 4
Bge EAY U e HAET Wik olF A waje] 1
2 93} A=Z7)F AAF(disjunctive) 0|2k AMEF 2 v 23
o] A a3 moderate effect)E -5-83F, 2L vF AAH %
AozA 8218 olg3le, A3k A A4l Astol U 48
A YA Eed F UeAE BAFAT:

o) oA BAel e, nte) olaye] EA Y A
2 He SAFAA AFY oo it = ofe|HolE =
B oole) dol o i3t 3xF9 o228 B £ Y& A
olt}, w3t FZ W2 By B3t HP(Pearl 2000)] T &
& o|&, SGS <1 E3¥ o]E(Spirtes, Glymour, Scheines, 1983),
32| (Hitchcock 2001b)e] ¥ RIS A|st= © 719 Ao
GomE A2 P FREE A9 22 B4 23 shi 7x

i
e
ofN
o
rg
kot'
K
[
e
L oox fo |d Fov

%“L’
b
o
rr
ol
o
o



W4 mgo] <o) tig HetE o]EeM A& A FAIAE
w7 2 Aol
o] Z& e} gol AR, 24, Aol Y BE of

Zoll tgh w2 AAHRAAT o] 5ol 13} Hmo] tekdyt Bt
Ae diiske Holl AF =9FHe tiEAR] AlIE ATt
I AtEle Y 8ol sk Aduke 9l &l #g A9
d, ¢13tel] tigk 24 =9olM FES WA | AVl dEET
(Hesslow 1976)2 AHAEd itk o] Allel] tisk 2H|(Otte
1985)9F AX(Eells 1987) =4S HAES AL o] =4 W3+ HE
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A&t Yt B89 Ak o]F(dual) Y9l EHE, U
7ol g9 AR Eshe Al figk g oY HE
AABATE o] AR9E ##Est] QE|(Otte 1985)€ 7HEERIO|E
(Cartwright 1979)¢] WPE< wigsta, tigte s <Qlajdl] st &
o] FAE FdHd A dEE AXNZT TIEZIEY WS

= ™, Yalo] EgE oA oféoﬂ/‘i Halo] W‘*ﬁ‘ﬂ

lm

50| gopx]= A, 3 WA FZoA J4° o Fgo

sgo] ol AL Ea] Hr. A7 Tt Bgo

o] A golo] x| &A
O_:]l Z

A, de Y(simple cause) =
of 28a I AT Xt= Yo we el He
A= g 2oh Pr(Y | At & Xt) >, <, = Pr(Y | At & -Xt).
Ate X9 XE A (Yo 4o s #ds) Be 8919 o
A(conjunction) |t} o]Ao] QH9] UAH, F 7HA] 2o|E A<
P Qo] itk ghg o] 7| E¥H A tE=A 4ot A
HA ztol=, X&F A B0l s A3 7} FrtEs Aotk + ¥
A ztole, agshk= A3e 815 AS AA TS Al S
9 oz weldc med Aze fde 0w ook oS A
SOl 2gjal I Aol X< YY 3487% 99 88lo] He )
73S e 2ok Xe YY U 1L°]74‘/} A D7F e
b X= D9 s ¥<lo]il D= E9 ©e Aot

QH9 o] YFE &=L Al (2™ 1]o] AEshA FAk
o] E-go] zt= F 7HA] A olF Al B3} YA =



T8y A2yEells 1987, 240)= Q2] A2)7t $-g]o] o] o
A Foe HollA Ui it #AE AZ gt kst 2H|
© Eli s o, ‘A EE A9l X7t YE sk, 1 X
g YSE Y= A 2 Aol7] WEelth oE S0 oW Algo]
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vhe Zah 958 Ew, o At Inze) WS e Ao}
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S|EAE 7FEE O] E(Cartwright 1989, 1995)= Yzl 23]H
A8} S vtk 7HERIEE, A9 &3E sfiEse Hlol
A4 FE2AES 15k A 5 g gigt & o|lgo =2
d QEIAH JNEA EY At d8site T
+ A 2 QIS aHse AR QE 9 tE
ot 7lEzgte|E9] up Azt s A2x(Eells 1991, 1995)= &4
A Ft Fehol] gt s Aol o HAJMAE v HoE
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d|xFo] 84 BHE FYekY olF BHE of9A sfHEs=A,
A 5AoME d1AFY I ol 29 WH Hd 5E
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Aot gl digh s|A[=e] o2 W mIet 94 g}
3] X|Z(Hitchcock 2001, pp. 372-374)2 & &3} 94 @39
o2 Uk AHE BASE A HERo], dXFe W =
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Z Al total effect)} A1H - 71 FINdirect effect and indirect
effect)«] TN FEFS e Aotk o Al [2™ 1]s EH
TEe @A olsld & Atk Flof o] dATY TES
bﬁ:olf 3 WA AZE A9 Eojelz, T} %ol PIEL
F old wt X% WAEC] WoAle F WA BE= Y &
golth, e o|F ¥ Aze] EAE I A F Espolrk
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- P +
X — T Y
\ X* /+7
[18 3]

—Yol izl 7 ¥ a9E sk W ddd Fdst 89l

S X*¢} pElal 7PgSkAl X*<9F po] BE A9 291 Wi =4
BZ 1gsk= ® w7 X B o] AlldAe oAdE0°] Hok
X*9Jr P7} X9 &AL FA| o]e]e] thE <l UHTOH e S

\1 %82 &S 5 vl 7PYskAL A& , X*9} P X
7F BASE t= IHTE QA AJA-oA dE oﬂ*é"% St o]m] &
AT g Aok 2HGH X*9} pe AR FHE wilekA| &
A9k (A 3l XEHE JIFHoE =yE) Yo JIHHoe=w #
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of gt} webx v X2 B= oA Ml 71| FJaeg FEF F
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T 90E Bell (TA] 3l Ul 7l Fell) 145t = BollA] (THA]
23 o] 7 AY WY 8AE X*, PAlA) Y7 AE S Qe o)
F gl weh Xo} 9] = oE 5 9l

7FEEFO|E(Cartwright 1989, p. 100)= IYeFo] 71 F 71A
ke Q91 A FEHA &3 3 Aold o] At U9l
a3t Baskd 5 Qi wiEd ME A Al 59 & 2 S
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2 o Az Wel oz Yol 3
AAE g & ok K19 AEAE F l‘f—-‘f Kie 2di2
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g 4 AW BE drE K0} K3 EE K42 D) 93E
928 4 9ok okt K2, K3, Kéol Qe Hﬂé ASAA= w1t
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At oM™ 7 B Hee] AEAEe] dete SEs ooH
&5 gYfohe A AFe B AR 2doE ¥

K1: [X* P1&] 7= i3,

X7F FARTE Kol &39S Aolth X7 FAR T K29
319 Flolt,

X7F FARTE K3 &3I9S Aolth X7 FAR T K49
&39S Ao}

— M=
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(X&K D[ K1, (X&K1)[I— K2,
(X&K 1) K3, (X&K1)[J— K4.9

ol AT Zg Q91 A E 111, 112, 113, 1148} 3=k

I1: (X&KDH— K1, 112: (X&K1)[1— K2,
113: (X&K1)[J— K3, 114: (X&K1)[J— K4.9)

o5 Ul 7 A7 Ki9) AEAEe] T 7
Porg S wleld(mutually exclusive)©]al, ]
g 4 A= AFtotally exhaustive)t). 2+ Fde] JEAlE] o=
W A A% % Bolog A9EAE AdHt. He oS ¥
AR Z2A0E BHE 298 A A 7Rl

11 g KI: [X*P]

X & KI:[X* P] R 1T mK2: [—X*P]

N Bty FEs] fEHd,
(X&[X*&P])[J— X*&P, (X&[X*&P])[— -X*&P,
(X&[X*&P])[J— X*&-P, (X&[X*&P])[]— -X*&-P.

8 Hr} FAHo 2 FIsHA,
Pr((X&[X*&P])[J— X*&P), Pr((X&[X*&P])[ ] -X*&P),
Pr((X&[X*&P])[J— X*&-P), Pr((X&[X*&P])[ ] -X*&-P).



o5 A AFe AAZ(disjunctive)olZFe o] FEIAL ok
sk K19] /R8RSl K1~K49] 3 Hlgow A& 29 A
g 7 Flde] o\ AAe ZHHA @) gEolh o5 I
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o uE o5 7 4t F5Lee -s-m 7 Al
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.

Pr(Y | X & (I11VII2VII3VII4) >, =, < Pr(Y | -X & (I11V
112 V113 V114))

—|

% e T 2o] e 4 Aok PBS WA 1

Pr(Y | X & (I11VII2VII3VIl4))

= Pr(I11 | X & (I11VII2VII3VII4)) Pr(Y | 111 & X & (11
VII2 VI3 VI4))

+ Pr(112 | X & (I11VII2VII3VIl4) Pr(Y | 112 & X & (I11
VII2 VI3 VI4))

+ Pr(I13 | X & (I11VII2VII3VII4)) Pr(Y | 113 & X & (111
VII2 VI3 VI4))

+ Pr(I14 | X & (I11VI12VII3VII4) Pr(Y | 114 & X & (111
VII2VII3VI14)).9



1119 @3= vE 78S o 283 1112 111 VIR VI3 VII4E
=gZow =32z Pr(lll | X & (I11VII2VII3VII4)S
Pr(I11)3} 2tk vzZRRAIZ Pr(Y | 111 & X & (I11VII2VII3V
[14)olA 111 & X & (I11VIRVII3VI4HE 1113 gorzg o}
ZA Pr(Y | 111 & X & (I11VII2VII3VII4)= Pr(Y | I11)o] ¥
ok 22 Ao R v v Ares AHE Aesh,

Pr(Y | X & (I11VII2VII3VII4) =

Pr(I11)Pr(Y | 111) + Pr(I12)Pr(Y | 112) + Pr(I13)Pr(Y | 113) +
Pr(114)Pr(Y | 114).

ojHo= L8 WS HAL

(111 VII2VII3 VIl4)olXe, X7} FoIRA] o=
2 (M1VI2VII3VII4)E KI~K4 22 O AATe =z 3HE,
X*&P, -X*&P, X*&-P, -X*&-P*& ZH|Z 11, 12, 13, 148} kAL
w2},

(111 VII2VII3VI14))
= Pr(Y | -X & (I VI2VI3 VI4))

= Pr(Il | -X & (IIVI2VI3VI4) Pr(Y |11 & -X & (I1VI2V
13V 14))

9 o] WA= FEY V& HASEH HASY =4 A ditoloads
%%‘ st A & A
% &E HZF(the law of total probability)o] WEFA, Pr(Y) = Pr(X)Pr(Y | X)
Pr(-X Pr(YI X).
IAS S 83, Pr(Y | X) = PrZ)Pr(Y | X&Z) + Pr(-Z)Pr(Y | X&-Z).
WML Pr(Y | X&K) = Pr(Z | X&K)PH(Y | X&K&Z) + Pr(-Z | X&K)Pr(Y
| X&K&-Z).
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+ Pr(12 | -X & (I1VI2VI3VI4)) Pr(Y |12 & -X & (I1VI2V
13V 14))
+ Pr(I3 | -X & (I1VI2VI3VI4) Pr(Y | I3 & -X & (I1VI2V
13 V14))
+ Pr(14 | -X & (I1VI2VI3VI4)) Pr(Y |14 & -X & (I1VI2V
13 V14)).

Pr(Il | -X & (1VI2VI3VI4)7} Yujshks vk Pr(I)3 2ot 11

L IIVIRRVIBBVI4)S =g3o=g =311l Xv FoRA] &to
22 PrY |11 & -X & (I1VI2VI3VI4)E Pr(Y | 11)9} 2o} w)
ZHA],

(I11VII2VII3VI14))

= Pr(Y | -X & (I1VI2VI3VI4))

= Pr(IDPr(Y | 11) + Pr(I2)Pr(Y | 12) + Pr(I3)Pr(Y | I13) +
Pr(14)Pr(Y | 14).

K2, K3, K49l thsiM= K19 gt A4S we} 22 oz A
& o Utk Klo| Fid =24 a3+ ol 280 E HYE
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Pr(Y | X & (I11VII2VII3VII4) =

Pr(I11)Pr(Y | 111) + Pr(I112)Pr(Y | 112) + Pr(I13)Pr(Y | I13) +
Pr(114)Pr(Y | 114) >

& (I11VII2VII3VII4) = Pr(IDHPr(Y | 11) +
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Pr(Y | X & (I31V312VI33VI34))

Pr(I31)Pr(Y | I31) + Pr(I32)Pr(Y | 132) + Pr(I33)Pr(Y | I33) +
Pr(I34)Pr(Y | 134) < e =

Pr(Y | -X & (I31VI32VI33VI34)) = Pr(IDPr(Y | I1) +
Pr(I2)Pr(Y | 12) + Pr(I3)Pr(Y | I3) + Pr(14)Pr(Y | 14).
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Causal Effects Along Transitive Causal Routes:

Reconsidering Two Concepts of Effects Founded on Structural Equation
Model

Kim, Joonsung

In this paper, I pose a problem for Hitchcock's arguments for
two concepts of effects that are intended to explicate double
causal effects, and put forth a theory that is intended not just to
meet the problem but also to accommodate Hitchcock's theory and
Eells' theory both. First, I introduce an example of dual causal
effects, and examine the accounts of Otte(1985) and Eells(1987)
on how to explicate the dual effects. I show that their accounts
of the dual effects help us understand the problem of dual effects
and see how different it is for Cartwright(1979, 1989, 1995),
Eells(1991, 1995), and Hitchcock(2001a) to meet the problem.
Second, I introduce two concepts of effects on Hitchcock(2001a),
that is, net effect and component effect that are allegedly
analogous to two effects of structural equation model. Third, I
reveal the significance of homogeneous subpopulation and causal
interaction regarding the problem of dual effects while examining
Cartwright's theory and Elles' theory. Fourth, I critically examine
the two concepts of effects on Hitchcock and argue against
Hitchcock's criticism of Eells' theory. Fifth, I take a moderator
variable of structural equation model and a moderator effect into

the probabilistic theory of causality, and formally generalize causal



interaction due to the dual effects in terms of disjunctive relation
and counterfactual conditionals. I expect my account of disjunctive
relation and counterfactual conditionals to contribute not just to
several problems the received theories of causal modelling
confront but also to the structural equation models many people

exploit as a promising statistical methodology.

Key Words: Causal Effect, Causal Significance, Component
Effect, Counterfactual Conditional, Disjunctive
Relation, Moderator  Variable, Net  Effect,
Population,  Structural ~ Equation, Transitivity,
Cartwright, Eells, Hitchcock, Otte



