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Utiversity of I await School of Pubhc I lcal h and I at-West (enter P'rogram on Population I lonolul u, 

|lawari, USA, 2Chul-dongk urn IhIniversity Institute of Population Studies Bangkok 1130, I hadand 

Abtract. We formulated a to-stage caual Iiodit horinlari sJr .tal and appied It itdatadrawn 
from the 19X7 Ihai )emiogra phitand I IeaIth Surey tierng ihftlatet 5.1174index children I lie fiitloIw

ig six variables were considercd as the explainator)r tariahlt,malernal age, In iternal Lducatiirr. birth 

order, preceding birth interval, surN,%al of thn.prueding Lhlld, and plateof rcsidenLe the analyis sug

gests that the birth interval not onl, dirertly allected the chiIe uL0 rlant surisal but it playedthe role (if 

(he filtering facror through whilh orter ,ariauhtc, mdliectI l)|prate on infant ni rialitv I he eltet of 
preceding chld's was strong. tire odd, rarirs lor the fll incmlant's death and shiirt birthdeath ,ery 
interval hoth cXLecding three 

INI RODLUI ION 

As individual data on reproductive history has 

become widely available through large-scale fertility 

surveys, such as World I-ertlity Surey and mitre 
recently l)emograpltIc ard I lealth Surveys, many 
researchers have ttempted to estabhsh the rela-

tionship between birthinterval and infant iand 

child mortality, especially ii developing areas 
Recent reports on thesubject include Ilocirmaand 
IiLcego (1992), Lant et al (1992), Koenig etal 

(1990), Retherford it a 1(1989), Park (1986), thub-

craft etal (1993), and olrtney and higgins 11984) 
The general finding is that a short birth interval, 
either preceding or subsequent, mrc csmortality 

of the infant 1he meThainsinsm thr ough which 

short birth interval adversele affects d child's 
health have been speculated to have both biological 
(eg,poor maternal recovery front pregnancy) and 
behavioral (eg, competlti)n for resources) 
origins 

While the length of birth interval is related to 

child survival, the former vanable is also associated 

with many biloglical and socioeconomic variables 
Somewhich are associated with infant mortality 

of thee latter variables may affect the chance of 

child survival only throigh birth interval, while 
others may do so directly and still others may exert 
both direct and indirect effects Then a two-tier 
causal meiel for infant mortalitv, akin to that for 

fertility (Bongaarts, 1979), may be lormulated, 
consdenng ,ocroconomic variables as batkground 

variables and birth interval ,isa proximate dari,tble 
Untortunately, Intant mortaiity studies based on 

this kind of conceptual framework are rare 

Mosley and (hen (19X4) have prorposed an 
elaborate analytical framework but its appicabilily 
appears tobe limited, hecause toa large extent of 
poor a,ailability tf data Iorfour ol the five groups 

of their prirximate determinant%whiLh intlude en

vironimental contammnatin, nutritional deficlency, 
and per,,onal illness, ontrol Park (1986) has pro
vided a more modest twi)-stage igistic recursive 

model suggesting birth interval is the intermediate 
variable and others ,isbakground variables and 
applied it toKorean data More recntly workers 
in Indonesia have followed this approach (titomo 

and Poedjastoeti, 1987, Achadi and Cotcllo, 
1991) Their findings uniformly indicate that 

while birth interval direcly aflcts infant mortality, 
other soctOeconomic and demographic variables, 
suth as maternal age, birth order, maternal educ.a
tion, arid plice of hrving, do so intdirectly thrrnu,'h 
irth interv luvivgrshipso the thrdail 

birth in i p f her,"ex e 

prceding child in infancy appear,. *o exert bot 
direct and indirec.t eftlects on child ,,urvrvarh, the 
former being especially strtng 

Recently lhailand has been expcriencing a fast 
fertility decline, some even call tie situation a "re

productive revolution" (Knndel et al. 1987) 
Although a large -,)rtionof the decline appears to 

be due to termmnation of culdbearing rather than 
spacing (Chayovan etal. 1988), the average birth 
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interval may hav- also been lengthened A recLent merit of mother (I.), and place ol residenLe of the 
study (Tsuya et al. 1991) reports thait preious parent (I) I or simpluity, ,ill the variables were 
birth interval, breastleding and naternal eduation coisdered as hinary I he Ltegori/,ation of the 
are signilfcant I.Jors in mIart sur. sail the main oriables is shon in I able I 
purpose of this paper is to ,nalye the etlcis of 
prcemding hirth utersal ()thler SLCLICtd Maternl age, partly ,Od birth intersal haveUid tictor, 
on infant nlortalhty it Ihiland applinig ,I tvk long been thought to alhect the ,hance Of a child's 
stalge model deseloped hb, Park ( I'K61 I his ii survis al It is knion lhat there is .1 lo. assiOtition 

this pper we cnphasete the cLusal (rderiri, wilth Ili the surv ival ot iblings, SIoLe the seminal orks 

respect to Infant sursval,. e.,,ult direcL: ,ind in- of Ycrushalm and Iris assotiates (1941 1956) 
direct eIed', Of seleCted deternitsnnt When tile pret'diLrg clid dics Ill inlan.Ic, hrv ever, 

birth inter,al i% ,ko likei) to be Shortened owing 
to inevitable CesSiton of hredstlecdng and the

MAIl RIAI S ND I Il It(R)I"I "replienrent" eflt Maternal educLtiin is 

sonlthlICrs ciiridered to represent the general so-
Ihis stud) his utselddaa extratemd fron lie LIiecLiimnnlL baLkgrOund i1 tile ' mnnit Ilotralt 

1987 1hat lDtnrgr,iphlr ind Iledihmursc (I111 mlI tI I98)X) 1 lie nnodern/,ition process, whlLh is 
aInatironall, rLpres.lrraIse %mple alrex LonduLted losely relted in tetllhtilt arnd iiortality, Iray be 
dt rui MarLtl-Jlnt' I9X7 b fit' ( hlllilui'ori inro rapid Ii rban h"sing iL.n iii rural ],ing 
University Ituitimitc Of l opulation "Itthe s ilh I hesc armiables hisc been tselfdhor the lausal ana
the cLoperanltiin oil lie W" t"llnh)US IstiitL hor ,lsisoll Koreain imltat tniitility II'arl, I 986) 
Resourc l)eselopnecnt, 11A, inter' e rig 0,77S 

ever-inarried i irrnen agLd 15-4) scars )etails ol Although wce realtie hreastheeding arid larnly 
tile survey priLcedurc aind design drd ocrall I'ind pldinIrug ,ire inIplialnt Iactors in borth birih tnter
ings ire des,,rIbed elschere I( his oan, I al ",il mudn1ita11isurs',i], wse uLuldnriot include them 
199h) The I I)IIS dat, are grmeC ll bLmccd Il i Our atialnSIS, it) I )IS both sIts t mihtrmtat 
be excellent Ii qualit) adll rLh ll de(ro_,r,mptnrc nerc asked tor Ii the Lase tit births ,trILh occurred 
and S)LiOecLOninnL Itorinhatinnomaio 1 (11 inLA alter 1992 lie %"eI ,,irribles are c.ltegitral.I or t As ,ill 


interviewed, her pregria tic hyhort , ws ol llld eaLh hr Ig tn La teg.rres, ,r ri
- ',rss-.lissifred
 
asking tile datie of erch hirth arll 
 arelie tit delth tahe wi', e.rCitLdand log-lincir ,nasit,',ss vas applied 
if the ild died As to tIelausil Orderirg, wt LOInsdcrmld that Infant 

nsis,,l nas precei.ed b brih intersal w, hlh is s 
Tire index Lhildren oif this stud Lonsisted ofi iii turn preteded b, tOIL ret ot Ire live variables
 

5,074 'Ax-ond- ,irn higher- irrder births that Snu' liese hriv e dt
iocnrred otd is e s,,rhles niaN itre el~ecis 
during a I -year period between Januar I1

9 7
0 mi ti0r 	 child's stirs,,sal ii additiull 1t IindIrLt ClcLts 

and I ebruary 1986 As irur primtry purpose oii throrigh birth interal I Iris ordering is Linaterri 
the study wsas It) evahlate the elkLt ( 1 tire prened- nitIh tie LnLcepii I Ira ine, irk otf birth Intersal 
ing birth interval on the survival oit tlre hllomng being tie prroximate vmriaible arnd iothers being tire 
Infant, we excluded the first orer births I rot t lie hiLkgrOuid varibles Analrlltc I thris i equri,,a
index hildren I ior tie indv' children the mbseried lell tio 	 to-st ge lug-linear anlsi . lirst anilying 

' Infant mortality rate was 41 4 per I tOM births II on r 2 cruss-LIssicul table cOillIpsIig oer (tic 
may be added here that the ollc0il figures ontinfant srriable oIf nlaint surs sIal then on tie Itill 2' table 
mirtality are much loer, probably osing Ii it irenberg, 1940t 

under-reportng, ,i reporrt tothe Asin l)selinpment
 
Bank sh ons that in the 97(N tile rate nis in tile ( e r e mgel e 
 n tai is r ir e Irir 
twenties and in tile early I 1980% it "is in tire lesel te pp ipia termsd ofpres t ro I i) I e asa 
or Ion leens (Suntraj,irn and SudsikI]t1()19i.y relti ship itt terlns ii Irigstc legresinn is 

(lrcerlcrg., 190) 1lie "best" lit lhg-inear nodel 
As the exrlanatnry variables fir inlant mortlty hor the data %,is selc.ted is elhorated later, by 

IX), we selected the llolwing six ,arables n,iter- the standard step\iise poedure i re Iitial model 
nal age at birth ol the mdex Lhild (A), birth oirder was determned by the Brown screening te lnique 
of the index chid (II), survival status of the irmie- (Btrown, 1978) We Also ciOnsidered tlie Akatke In
diately preceding child in infancy I(), length of Irmation ('ritenrion (AIC) (Akaike, 1971, de ILecuw, 
the preceding birth interval (I)), educational ataina- 1992) in the selection procedure -1he multli-slage 
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Table I
 

Description of variables
 

Notation Variable 

Explanatory variables
 
A Maternal age 


B Both order of index child 

C Survival status of the 
preceding child 

D Preceding birth interval 

E Maternal edlcation 

F Place of residence 

Response variable
 
X Survival of the index 


child 


logistic analyst thus pcrfiirmed is analogous to 
the path analysis for qualitative data (Goodman, 
1973) 


RESULTS 

Univariate and bivariate analysis 
We first
examied the odds ratio offa given lac-

d of infant 

feor differene iitheodf infant eath btwrlng 
o diterne the death between 

the two categiine'. of the fator without oniriilhing 

other factors If the confiden.c interval of an odds 
ratio covers unity, there is no evidecle thai in 
mortality is diflerent by category of ilevariable 
The larger the deviation from unity in the ratio, 
the Stronger the asociation between mortality 
and the factor As slios in I able 2, aniong the 
six fai(irs. all but age of mother (A) yielded ,igni-

ficant findings 1-lhedireciions, of the significant 
odds ratios were plausible I spcLill,I Srong 

odd, ratio was asoiated with the Survival of tile 
previous child (C) ititdied rather than survivcd, 
there would he I NY"/,increase in the odds ofdeath 
of tie following infant The role of tlie prce iiig 
birth interval was also fairly strong if time Iter-
val were long, the ocldls ofdeath would be decre.ced 
by nearly half Fducation o mother and place of 

Category 

A, < 25 years of life 
A, 25 years and above 

B, Birth ordcr 2 
B2 3 and above 

Ci Survived through infancy 
C., Died in Infancy 

DI < 24 months 
D2 24 months and above 

El Elementary or lower 
E, Secondary or higher 

F, Rural area 
I-2 Urban area 

X, Survived through mfancy 
X, Died in infancy 

residenLe produLed a relatively weak enect 
Tue odds ratios withii a given category of 

birth interv ar slown in Table I When the 
variables-birth order, 

late of the preslOuS child, and education-presented 
birth interval was Short, thre,-

odds ratios ,,igilfiantly different from unity 
When the i/tersal was long, only one variable 
survival siaiu of ihe previius infaii shiwed 
i cdds,,gifItance I hus it appears that Many fators are 

'associated with birth interal and their effects on 
mtii 
infant mortahity largely di,ppear it t'e birth in

niort
 
aster
 

Selection (f the best fitcausal model 

Among tie many possille log-inear models 
for a multidinicisional table (I ienberg, l9XO), we 
need to S"elct thc mosI appropriate causal model 
iii ieriis i f pa rim onlousuies,. good iiess-of-lit, 

and anmount of information themodCl Lould ofler 
1o reach such a nodel for our data, we sequentially 

examined a series of ested models as listed in 
Iable 4 1he models conIsist 0t two or more letters 
ii brackets IaL letter ndttates the main effect 
(itthe variable as denoted i Iable I, oniuting the 
full interatton eflfet of the explanatory variables, 
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Table 2
 
Infant mortality for birth order 2 and above by selected factors, Thailand.
 

Factors No of 
interval births 

Total 5,074 

Maternal age (A)
 
- 25 yrs (AI) 1,673 


25 yrs+ (A2) 3,401 


Iirth order (B)
 
Order 2 (BI) 2,083 

Order 3 (132) 2.991 


Survival status ot previous child (Cj
 
Survi> 12m (CI) 4,813 

Died - 12 mo (C2) 261 


Previous birth intcrval (D)
 
f24 mo (Dl) 1,619 

.- 24 mo (1)2) 3,455 


Education of mother (E) 
Elemen (1.1) 4,308 

Scond (L:2) '66 

Place of residence (F) 
Rural (F1) 3,697 
Urban (-2) 1,377 

as it must be included anywa) by theory Our initial 
model in the ,elction pr(cess for the best fit mo-
del included all the effects hut that ol plae o resi-
dence (Model I). as the latter effect was not ,ignif-
ilant either by partial oi marginal issaO.iation, 
while others were I he importance of ,an effect in 
the model w.s evaluated by examining the difference 
in the likelihood ratio chl-square values (W) 
between the two models, one including the effect 
and the other excluding it If the (i under exami-
nation is sgnificant, the effect is t0 large to ignore 

Our trategy was to repeat the procedure until 
we reached the model that no more individual 
effects could be eliminated As shown in Table 4 
we could ignore t-e effect of IBbut not others In 
terms of AIC, however. Model I, which included 
the effect of B, presented the smallest value 
among the models tested and its goodness of fit 
was excellent Under the circumstances, we decided 
to accept Model I as the best fit model for the first 
stage of causation, although it is less parsimonious 

Vol 25 No I March 1994 

No of Infant Odds 95% 
infants mortality ratio confidence 
died (per 1,000) interval 

210 41 4 

69 41 2 
141 41 4 1.00 075- 1.35 

70 33.6 
140 468 1.39 1.04 - 1.86 

184 382 
26 996 261 1.70-4.00 

99 61 1 
III 321 052 0.40-0.69 

190 44 I
 
20 26 1 059 037 -094
 

168 454
 
42 305 067 048 -095
 

than Model 2 By undergoing asimilar procedure 
for the second Stage, we selected the model (B, C, 
D) Combing these two stages the overall causal 
interpretation is that maternal age and education 
are indirettly affecting the survival chance of the 
subsequent infant through birth interval, but birth 
order and the fate of the last chld exert both direct 
and indirect effects on infant survival Birth inter
val is not only directly affocting the chance of infant 
survival but all the indirect effects of the other 
variables operate through it 

Strength of effects 
the logit parameter is useful in evaluating the 

strength and direction of a determinant As our 
logit models are denved from the log - linear models, 
the parameter represents the deviate from the 
mean logit owing to the case belonging to the first 
category of the factor Then the odds ratio of a 
determinant is measured by the exponential of 
twice its logit parameter (ltosmer and Lemeshow, 

/
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Table 3
 

Infant mortality by factors within a given birth interval
 

Factors 

Short interval (:5 24 mo)
 
Total 


Maternal age (A) 
<25 yrs (AI) 
25 yrs+ (A2) 

Birth order (B) 
Order 2 (BI) 
Order 3 (B2) 

Survival status of previous child (C) 
Survil 12 m (CI) 
)ied< 12 mo (C2) 

Fducation of mother (E) 
! Elemen (El) 

Second + (1:2) 

Place of residence (F) 
Rural (F 1l) 
Urban (:2) 

Long interval ( >24 mo) 
Total 

Matcrnal age (A) 
< 25 yrs (AI) 
25 yrs + (A2) 

Birth order (B) 
Order 2 (11) 
Order I (B2) 

Survival status of previous child (C) 
Survi> 12m (C) 
Died!< 12 mo (C2) 

Education of mother (E) 
SElemen (EI) 
Second 4 (E2) 

Place of residence (F) 
Rural (FI) 
Urban (F2) 

No of 
births 

1,619 

770 
849 

774 
838 

1,463 
156 

1,339 
280 

1,173 
446 

3,455 

903 
2,552 

1,302 
2,153 

3,350 
105 

2,969 
486 

2,524 
931 

No of 
infants 

died 

99 

47 
52 

37 
62 

83 
16 

91 
8 

78 
21 

II1 

22 
89 

33 
78 

101 
10 

99 
12 

90 
21 

Infant 
mortality 

(per 1,0(X)) 

61 1 

61 0 
61 2 

47.8
 
740 


567 
1026 

680 
286 

665 
47.1 

32 1 

24.4 
34.9 

25.3
 
362 


30.1 
952 

33 3 
247 

356 
22.6 

Odds 95% 
ratio confidence 

interval 

1.00 0.67- 1.51 

1.55 1.02-2.35 

1.81 1.03- 3.16 

0.42 0.20- 0.88 

0.71 0.43 - 1.16 

1.43 0.89-2.30 

1.43 0.94 -2.16 

3.16 160-622 

0.74 040- I36 

063 039- I 02 

1989) F-or instane, the odds of Infant survival interval would be I,.U 55 = I 81 These odds ratios 
21 also shown in Table 5o2..=0 55, ifbirth inter- are 

val were shorter rather than long, or conversely, In the first stage of causation, the effect of 
the odds ratio of long interval relative to short mortality status of the previous child was very 

would be decreased by e 
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Table 4 

Selection of log-linear models 

Model Effect under test 

G2No descnption df p AIC effect df G2 

First stage of causation
 
I (A, B,C, E)# 27 228 069 -31.2
 
2 (A. C, F) 28 250 063 -310 B I 2.16
 
3 (A,C) 29 331 027 -249 E I 8 11*
 
4 (C, D) 29 2354 000 1774 A I 21041*
 
Second stage of causation
 
I (A, t,C, D, E, F) 57 500 073 -64)
 
2 (A. 11,C, 1, E) 58 500 076 -660 F I 0.03
 
3 (A B. C, D) 59 509 076 -671 E I 0.09
 
4 (B,C, D)# 60 510 079 -690 A I 0.00
 
5 ((, )) 61 557 067 -66.3 B I 4.724
 

df degrees of fitedon
 
(," hkehh(d raitio Lhi-square
 
p probability
 
AI(' Akaike Information Critenron
 
# the best fit model

* p'<OOl

5 

Table 5 

Fstimates of the loiit parameters and odds ratios for the effect%in the best fit causal models for the Thai 
infant survival data. 

Logit Odds
 
Determinant parameter ratio
 

First stage-effect, on birth interval (short rather than long) 
Maternal age (young n old) 0460 2 51
 
Birth order (low i%high) 0050 1.10
 
Prey child (survived vsdied) -0.578 0.31
 
Education (low vv high) -0.120 079
 

Second stage-effects on infant survival (survive rather than die) 
Birth order (low vv old) 0 150 1.35 
Prey child (survived v%died) 0.596 3.29 
Birth interval (short v%long) -0.296 055 

strong If the preceding child survived through m- birth order effect on birth interval was relatively 
fancy, the odds of having the short birth interval meager The direction of the education effect 
rather than the long one would be reduced to less should be noted; if lowly educated, the odds of 
than one-third The effect of maternal age was short birth interval would be decreased by 20% It 
also strong, the odds ratio exceeding 2 5 The is reported that the age of first birth isclosely and 
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positively associated with education in Tables 3, 5 
(Chayovan et al, 1988) If the highly educated also 
end childbearing earlier than the lowly educated, 
our finding seems to suggest a short but intense 
childbearing period among the highly eduLated 
The place of residence did not play any role in our 

causal system 

In the second stage of causation, the direct effect
 
of the survival status of the previous child on the
 
following child's survival chance was remarkably
 
strong If the previous infant survived, the odds (f
 
survival of the following child would be increased
 
more than three times The birth order effect was 

moderate, its odds ratio being 1 35 The birth in
terval effect appears to be fairly strong, short 

interval would reduce the odds of suivival of an 

index child by nearly half
 

As there are no significant interaction1 effects in 
our models, the combined effect of two or more 
variables on the response variable may be estimated 
by the sum of the respecuive logit parameters For 
example, the odds of infant survival would be in-
creased,e0 596-1 296 = 244 times, iftheprcviouschild 
survived through infancy and birth interval were 
long If the situation were reversed, re, the previous 
child died and birth interval were short,0 the odds 
of infant survival would be increased, c 5960296

0 41 times Then, in this contrast of C and 1)com-
bination C Il)jC2D, the odds ratio was about six 
(2444) 41) (This is a first-order odds ,ratio,as it is 
also obtained by the ratio of the two odds ratios 
pertaining to the two factors shown in Table 5, e, 
3 29/0 55 = 6 0) In the same two-factor combina-
tion there is another contrast CI[)1/C21) whiLh 
yielded an odds ratio of I 8 These high order 
odds ratios are presented in Table 6, listing the 
contrst that showed the largest ratio for a given 
combination of factors in the left side and all the 
other contrasts in the right side 

Depending on the contrast, the magnitude of a 
multifactor odds ratio can be very large In the 
first stage of causation the combination of mater-
nal age (A) and the previous child's survival (C) 
could cause large changes in the odds of birth in-
terval Ihe odds ratio ol AIC2 v%A2C was eight, 
and if E2 vv El were added to the contrast, the 
odds ratio exceeded 10 However, when the con- 
t.ast included AC, the odds ratios deviated only 
moderately h nm unity, their constituent effects 
canceling each other In the second stage of causa-
tion, there was an eight-fold difference in the odds 

MED PUBLIC HEALtlh 

Q" 

, .. 

Fig I 	 Path diagram for infant survival births in 
1976-81, Thailand 

of child survival if all three significant factors B, 
C,and D took favorable categories 

Our two-stage causal model of infant mortality 
is schematically shown in Fig I, akin ta the path 
diagram In the figures the arrow shows the causal 
relationship between the two connected variables, 
and the numbers by an arrow show the pertaining 
odds ratio, corresponding to the path coefficient 
in a path diagram. 

DISCUSSION 

In this paper we foriulated a two-tier causal 
model for infant survival in Tha,'and using 1987 
TDIIS data Among the six explanatory variables 
selected for the survival ofat index chili, we con
sidered the preceding birth interval as the proxi
mate variable and the other five variables, inter
nal age, birth order, survival status of the preced
ing child in infancy, maternal education, and 
place of living as the background variables This 
causal ordering should be reasonable, as the pre
ceding birth interval is temporarily prior to the 
birth of the subsequent child and the other expla
natory variables are prior to birth interval, although 
in case of the survivorship of the previous child 
the ordering can be problematic It can be both 
prior and posterior to birth interval If a young 
child dies, the following child is likely to be born 
sooner owing to physiological and behavioral rca
sons, but it is also possible that if the current birth 
interval isshort, the earlier child may have a higher 
risk of dying owing to the competition for resources 
with the following child However, our reference 
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Table 6
 

High order odds ratios for combinations of factors.
 

Contrast 

of factors 


First stage (short birth interval v 
A, Ill/A211, 

AIC/AiC 
AE/A 2 Ei 
BIC2/B2C1 

C2E/Ci E, 

A BIC 2/A 2B2C, 


AIB 1 Ez/A 2B2E, 

AIC 2E/A 2CIEl 

BIC 2EOI,2 CEi 

A, BIC 2E,/A 2B2C, E2 

Second stage (survival vsdeath) 
B1C,/B 2C2 
BI)/B 2 Cj 
Cil)/CzD 

BICI DY,3 2C2 D 

Odds 
ratio 

long interval) 
2 77 
797 
3 19 
3 51 
404 
8.81 

352 

10 18 

446 

II 20 

444 
244 
5.95 

804 

For notation, of variables. seeTable I 

period for survival is limited to 12months, Then it 
may be reasonable to assume that birth interval is 

temporarily preceded by survival status of thepre-
viouh child, a%the birth intrval is necessarily 
longer than nine months 

This causal formulation is directly taken from 
Park (1986) which was applied to Korean data 
Conceptually, it is analogous to the Ilongaarts' 
model (1978) for fertlity in that a two-tier causa-
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Contrast Odds 
of factors ratio 

A IB/A, 1 , 2.27 
A1 Ci/AC, 0.79 
AE 1 /A2 -2 I 97 
BC,/I 2C2 035 
C, EvC 21E, 0.40 
A,1 1C/A 2132C2 087 
A, B'C/A 2B 0.711 C2 
A, B2C,/A 2BC 1 7.21 
A, B,E /A, BE 2 2.18 
AB 2E,/A 2 BE 2 1.79 
AIB 2E/A 2 BIEI 289 
AICIE,/A 2 C2E, 1.00 
AIC 2EI/A 2 CIE2 6.27 
AiCi E/A2C2E 2 0.62 
B1 C2El/B 2C1 E, 276 
BC 1 E1 /B2C 2E2 027 
BIiCIE0bC 2E, 044 
A1 BiC 2E1/A2B2CE 2 6.93 
A1 BC j E1/A 2B2C 2E2 069 
AIBiCiE/A,1 2C:Ei I1 
A1 B2C1 EI/A 2BC2E2 0.56 
Ai B2Ci E2/A,BIC 2E, 0.91 
A, B2C2 E1/A ,C 1E:2 5.67 
Aj B2C2 E/A IC 1 ., 9.17 

B1C2vB 2C, 0.41 
B,DI/B 21)2 0.75 
C, D/C 2 D: 1.82 

B1C21) 1/B 2CI 1)' 0.23 
BIICi I)/BTC 2 D2 246 
BIC 2I)Yb2C, D, 074 

tion is considered Although the framework is alsocoepulyimlrwttht(fMsyan 
coneptully similar witl that of Mosley andmiChen(1984), ours is not only simple but the order
ing of variables is not always consistent with 
theirs [hey regard, for instanUc, age of mother 
and birth order as proximate variables for infant 

mortality We considered these as background 
variables affecting inlant mortality through birth 
interval The result of the present analysis appears 
to be consistent with our model 
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The present study and earlier works which 
used the same analytical model (Park, 1986, Utomo 
and Poedjastoedi, 1987, Achadi and Costello, 
1991) uniformly suggest that (a) the previous birth 
interval not only directly affects the chance of infant 
survival but it plays the role of a filtering factor 
through which many other variables indirectly 

operate on child survival and (b) mortality of the 
previous child exerts very strong direct and indirect 
effects on the survival of the following infant It 
should be noted that these studies are applied to 
three countries cultur.ally and geographically 
widely apart On the other hand, they are ,ill un-
dergoing fast transition of fertility pattern through 
acceptance of government sponsored family plan-
ning servics 

I here are, however, some minor differences in 
the causal structure among the countries Unlike 
the situation of early Korea or Indonesia, in tlis 
study we found that plate of residenLe wAs in 
dependent of birth interval If urban living aff.ts 
the level of contraceptive use wlhu.h in urn affects 
the length of birth interval this is a ieasonable 
finding With a near 70%/ contraceptive use nation-
wide in Thailand (Chayavon et al, 1988, Table 4, 
6), little difference in the use was found between 
urban and rural areas Elsewhere we (Park e al, 
1993) found that all the background variables af-
fected birth interval thrcough breastleeding aind 
amenortlieic period, while educatiin and place of 
residence did so weakly through family planning 
The direct effect ol birth order on child survival 
was not observed in the Korean study However, 
in the latter the coding of birth order was done in 
conjunction with maternal ige Mosley and Chen 
(1984) treat birth order as i proxmate variable 

Survivorshup of the previous child was, as in 
the earlier studies, unique in that both direLt and 
indirect effects on child survval were strongly 

operating While it is hard to consider that the 
death of the previou,, child literally "causes" the 
death of the following child, the risk factors to the 
previous child, such as nutrition, sanitary conditions, 
disease fro.a common agents, and others may 
remain to act on the index child as well In this 
sense, the survival of the previous child would 
represent certun components of proximate vanables 
which Mosley and Chen (1984) have suggested 

While the model appears to work well, there 
are several inherent problems in using multi-stage 

MftD PUBLIC IILAItH 

logistic analysis which deals with categorical van
ab!es exclusively (Fienberg, 1980) We dichoto
mired all the variables but when an explanatory 
variable has multiple categories, the analysis 
neccssa:ily leads to multiple logat parameters or 
odds ratios, unlike the path model that estimatesa 
single coefficient per variable Multiple parameters 

for a variable are inconvenient for illustrating the 
causal modei in a path diagram, while they allow 
a nonlinear ctaus if relationship which path analy
sis does not assume We had to use odds ratios to 
describe the strength of an effett, as the logistic 
approach has no calculus of path coeflicients As 
such. the strength of indirect effects cannot be 
presented If all the variables are continuous, use 
of regular path analysis should be contemplated 
But when the dependent variable is a rare event, 

as in our case, and independent variables are cate
gormcial, multistage logistic analyss is the method 
if choice It must be also pointed out that our 

model lacks sone crucial variables, such as breast
feeding 
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