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C~OSS-S£C110~AL M~ThOD~ FO~ fSllMA11NG THl 

~EPLAC~WENT OF INFANT DeATHS 

'BY 

RANlU LL .J • OLSEN 

I. Introduction 

Demographic transition theory views a decline in 1nran1 

aortality as a precondition for a decline in ~ertllity. 

The transition is easily seen in time series data, but 

hypotheses about the nature. of thP. transition center on the 

behavior of individuals, so the Talidatlon of these 

hypotheses ls most direct using famlly level data. This 
.. 

paper describes some new methods which can be applied to 

cross~sectional data on ~amities to investiaate a central 

issue in transition theory--the replace•ent t.ypothesis. 

The term replacement is often used to describe the process 

by which higher aortallty ls transl.a.ted into higher 

fertility, at though there Is a variety of c hc.nne ts throuah 

which replacement •aY run. First, there J.s direct 

reptacernen't. This t-er111 ls used 'to describe a conscious 

action by a couple to increase the nusber o1 children born 

in response ~o ~be ac'tual death of one of t-heir children. 

In order for direct replaceaen't 'to exist-, ~he couple •ust-

have preferences over ~he number of children that aurvl~e 
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and the wlll and ability to alter the tlmlns and nuaber of 

births in order to move toward their fertility aoal. 

The second channel of replaceaP.nt ls hoardlna• Whereas 

direct replacement refers to actions taken ln respon~e •o 
actual deaths in furtherance of a couple's fertility aoals, 

hoardlns refers to action& taken ln response to anticipated 

deaths. ~hen I use the term hoard1n8 lt involves 

differential actions by couples respondln@ to the "different 

aorta\ity rates they ~ace. A third replacement channel 

related to boarding ls societal replaceaent. This refers to 

customs of a culture which_arlae In response to a coaaon 

For example, taboos against Intercourse 

during reliGious festivals •aT be practiced to enable the 

eociety to attain a level o~ fertility which aenerates a 

reasonably stable population. If this activity ls comaon to 

everyone in a &a•ple I will not be able to detect it with 

the cross-sectional aetbods I eaploy below. However, 

differential societal replacement exists at the vi1laae 

level, and •Y data contains lndJvlduats from aany villages, 

it may emerge as hoarding in my estlaates. 

Fourth, there ls biological replacment which arises 

because for physloloalcal reasons the death of a child 

shortens the interval to the next birth. If breastfeeding 

prolonas the period of sterillt7 a1ter birth, then when a 

nursling dies this period of sterility will be ebortened, 

aimicklng direct replaceaent. 

Th• objective of tble paper Is to aho• how th• e~~ecte 

. .,. - .: ~ •.. ,:._ ~ 
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o~ direct replace~ent, hoardlna, and biological replacement 

can be separated and then estimated. The focus will be on 

the •ethodolo&Y for doing this althoush data fro• Maylaysla 

•ill be used to illustrate the aethod. Some of th• aethods 

e•ployed use statlstJcal techniques more fully descrlbed 

elsewhere. Only a brle~ description ot these techniques 

will be provided here. The final estimate for the rate of 

replacement in the Maylaysian data ls somewhere above thirty 

to forty per cent, wlth the bioloalcal e'ftect Yla 

breastfeeding only accounting for about twel•e per cent. 

Replacement is ereatest for children who die soon after 

birth with the attempt ~o rep~ace beln~ concentrated early 

ln the birth interval. This timing of replacemant aakes it 

di'f~lcult to separate from the effects of breastfeeding. 

·There is also an indication Jn the data that breast'feedinM 

is used as a means pf contraception. 

II. Methods of Data Analysis 

In thJs paper I will consider analytical aethods which 

are applied to family level data. This ls a logical place 

~o start since aagrega~e cross country and tiae series 

apecl~ications should ~ollow froa the ~aally level 

specif icatlon. 

There are ~wo basic aethods used ~o lnvestlaa~e 

replacement with the £reat dlverslty in e•plrical work belna 
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generated by variations on thesP basic themes. 

First, there are the parity pro~ression •ethods which 

'take the data on births and deaths for a fawlly and seek to 

explain the tlmin~ and frequency of births ualn~ the ti•ina 

and frequency of deaths as well as other variables. Those 

who use the data in this way either focus on parity 

progression (closure o~ a birth interval) as Influenced by 

mortality, or on the leneth of birth intervals. Second, 

there are the methods which seek to explain the number of 

births in a ~amity as a ~unction of either the number of 

deaths or the death rate. No aatter •hat the basic approach 

'taken a number of complications await tbe empirical 

investigator, such ae: 1 ) How doea one separate the 

biological effect of breastfeeding from the behavioral 

direct replacement response? 2) How ls one's response to 1) 

affected lf breastfeedlng is- consciously used to control 

fertility? 3) Bow does one separate the direct response to 

a death (direct replace•e.nt) ~roa responses to anticipated 

deaths (fertility hoardlng)? 4) Fa•1lies that desire aore 

children tend to have more children but having aore children 

leaves the~ exposed to a greater probability of suffering an 

Infant death. Has this been taken into account? 5) Yhat 

about other observable biological or aocJo-econoalc 

determinants of fertility and aortallty? 6) Is it possible 

that unobserveable factors influence both mortality and 

desired ~ertlli~y giTln& rise to spurious relationships in 

the data? 

·~ 
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As the methods belo• are developed I •lll tr7 to point 

out their stren&ths and •eakneeses. I will exa•lne the 

Maylayslan data uain& one method ~ocusin& on tbe relation 

betaeen family size and mortality and a second aethod_usin& 

blrth interval analysis. 

A. Family Size Regressions 

Because the central Issue in the replacement 

literature Js the effect or the death of a. child on 

rertllity, it would see• the aost direct strateay would be 

to regress the nu•ber of births ln a 1amily on tbe number of 

deaths, that is, estl•ate the rearession equatlon 

n = a + rd + u
1 i i 

where is the number of births in family J , di is the 

nu$ber oi child deaths in the ~aml~7, and ls the 

unexplained error ln the regression. Un~ortunately, the 

coefficient on deaths, r will not approximate the true 

rate of replacement. 

The simple retiresslon of births on deaths above wl\l 

produce a misleading value of the coefficient r for two 

reasons. First, even 11 1aallies do not rollo• a 

replace•ent strate~y, families •ith •ore births will tend to 

have •ore dea~hs siaply because they have •ore children at 

risk • Thi& will produce a posltl•e coefficient on deaths 

... . . : . ~-. 



unrelated to replacement. Second, there is substantial 

varJatJon across families Jn the probability a child wlll be 

dead at the t1ae the survey ls conducted. the 

family's ln~ant •orta11ty rate tends to be correlated with 

lta fertility rate. This eecond factor Ja less •ell 

recognized, but must be taken Into account •hen studylna 

replacement. 

In an earlier article (Oleen{l980)) I showed · bow one 

can correct the least squares coefficient of deaths Jn the 

regression above so as to remove the bias caused by these 

two factors. The method was further refined in Trussell and 

Olsen (1981) to allow ~or the possibility of •arlatlon Jn 

the rate of replacement across faallies. The accuracy of 

the method was checked usin~ simulation data fro• known 

aodets. The bias in the ordinary least squares. coefficient 

r is usually la~ee enou&h so that even in the absence of 

replacement the value of •111 be about one in the 

typical family size re~resslon before the corrections are 

•ade. 

The corrected least squares apprcach provides a rtrst 

step toward measuring replacement. Its estimates of the 

rate of replacement wlll be reasonably accurate so lon£ a& 

the true rate of replacement ls not close to one. (The 

•ethod ls exact If the true rate of replaceaent la zero.) 

However, corrected least squares does not lnfor• us about 

all the aspects o1 replacement, leavina two points 

unaddressed. the rate of ~eplaceaent it 81Tes 
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co•bines the e~fec'ts direct replace ae nt and 

breastfeeding. Second, only the effect 01 direct plus 

blolo~lcal (I.e. due 1:0 brea~tteeding) replace•ent 1• 

estimated; there le no inforaatlon on fertlllt~ hoardlne 

alven by the •ethod. When corrected least equaree 1• 

applied to the MaylaysJan data the e&tl~ated rate o1 direct 

rep lace men t (lnclud.ina 1:be breastfeed in@ efi"ect) 1& 

estimated to be 0.21 • Yhen studying replaceaent it ls 

very important to take into account 1:he correlation between 

aortality rates and fertility rates across couples. 11 this 

correlation were lanored in the Maylaysian data, the 

corrected least squares estimate of replacement would be 

0.62 demonstratlna the importance of exaalnin& th.is 

correlation. Virtually every other study ot replaceaent 

ignores this correlation which aay const.itute a serious 

omission. 

It is possible that part of the positive correlation 

between the Incidence of mortality and fertllJt7 in the 

Ma7layslan data is due to fertility hoardln£• 11 so, part 

of the difference between 0.62 an~ Oe2l would be due to 

hoarding rather than spurious contawlnation from an unknown 

source. 

In order to estimate the 1ertillty hoardin& coaponent 

of replacement in cross sectional data it will be necessary 

~o relate V•riations Jn fertility across taailles to 

variations ln tbe child mor~allty rate across 1aa11ies. The 

true child •ortality rate Lor a 1a•lly 1& not observable, 
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the best we can do ~~ to observe the realized child 

•ortallty rate for a ~a•lly, which only measures th• true 

rate •1th error. In addition, the child mortality rate& ~or 

families may d111er because o~ actions taken by the ~aally. 

For example, 11 a ~amity allocates •ore parental tl•e to 

child care one •ould expect It would have a to•er •ortallty 

rate. I:f conscious actions concernin~ inputs of tlae to 

child care are correlated with conscious actions . to have 

children, the 1amily1 s observed mortality rate •ay be 

related to :fertility not because of hoardin&t but because 

parents who desire •ore children also like to spend •ore 

time with them and so suffer a lower rate of child 

•orta 1.1 ty. To avoid this source of contaainatJon it le 

neceEsary to calculate the family aortality rate net of 

those :factors which a:f~ect child survival and are possibly 

subject to parental _.choice. To do 'thl.s I es'tl&&te a •ode\ 

of the waitlna 'tl•e to the death of a child over the ~lra~ 

'ten years of life 1or each child in the :fa•ily. The •etbod 

of estimating this waiting tl•e·model ls described in Olsen 

and Wolpin [19St], although a brie1 description la gi•en in 

the next sec'tlon. The aethod involves the estimation of a 

reeresslon equation •Ith the length of life of a child as 

the dependent •arlable. The regressors include •arlables 

describin& the physical surroundinQs of the household 

( aani ta ti on, aource of drinkln& water, etc.>, •arlablee 

aeasuring the allocation of tl•e to child care, the number 

and aaes of other elblinge, eez aod blrth•eiaht of the 

.•. 
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child, breast1eedin~, and ~Jna\ly a faml\7 specl~Jc fixed 

ef~ect. (See the Appendix and Table A). ~his last variable 

captures variations in the child mortality rate which are 

due to factors •hlch do not chanae durln~ the tiae the 

1aaily•s children are being raised, such as the background& 

of the parents. If all the inputs of ti•e and MOOds •hicb 

contribute to child survival are included, tbe fixed effect 

captures the cross-faMJly variation ln biolo8Jc~l (and 

ecologicAl) factors ln~luenclne child survival. So lona as 

these factors are known to the family their effect on 

fertility should reveal the e1fect of exogenous chanaes in 

the child survival rate. Once I have estimated the fa•ily 

speci~Jc child •orta\ity rate, that rate can be e-ntered into 

tbe regression equation 1or the ~umber of births. Ky family 

Eize resression will now be 

+ hp 
1 

+ u 
i 

where "i is the number of births, ~i the nu•ber of dea'ths 

and Pi the famlly epecl~lc child mortality co•ponent. Once 

the spurious correlation be't•een di and u 1 is estiaated 

using the corrected least squares approach, 'the aboye 

~ertllity re~resslon can be readily estimated. When this is 

done the Ta\ue of r , the direct replacement component, ls 

estlmated to be 0.17 and the Yalue o~ h , the hoarding 

response to •ortalJty- rate varJation, is o.so. The 

contribution of the hoardin~ effect to total replace•ent 

.... · .: .... 
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can be approxiNated by dlvldina b by aean ~asl\y •lze 

( rou~hly 5.85 in the Naylaysian data). Boardln8 accounts 

~or replacement of 0.14 ' and eo the total rate ot 

replacement is estimated to be 0.31 , which includes the 

effect of shortened breastfeedlnM arlsina fro• tbe death, 

direct replacement of dead children and hoarding. Note that 

•hen the :family specific component of •ortalJty was included 

in the regression I aade the explicit assumption° that the 

:family was aware of lts fixed effect. This assu•ptlon le 

certainly ~atse, so while the family aay adjust fertility ln 

response 'to lts anticipated exoae~ous component o~ 

mortality, the exoKenous component used here (the estimated 

~lxed ef~eot) measures the couple's anticipated co•ponent 

with error. In add1 ti on, ~he estimated 1ixed e:f:fect 

measures the true fixed ef1ect with error. The presence ot 

measurement error in the estimated mortall'ty rate variab~e 

implies the hoarding coeffJclent ls biased towards zero 

wbile the bias ln the direct replacement coe111clent ls 

uncertain a priori. At this point I have an estiaate o:f 

replacemen't due to hoardln@ o~ 0.14 ' •hicb ls an 

underestimate due to mea~urement error in tbe child 

aortality rate. The estimate o~ replaceaent net of hoardina 

ls 0.17 ' which is now subject to an uncertain dearee o:f 

bias because the estlaated child mortality rate was entered 

into the re&resslon. Moreover, the estimate of replacement 

does not separate behavlora \ (i.e. direct). replacement :froil 

biological (J.e. due to breastfeedina> replace•ent. In 

'':."• 
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addition, the famJly size regressions proYide no clue as to 

the timing o~ replacement. The slapleat ~a•ily •ize 

rearession requires only data on the nuaber o~ deathe and 

births for each family In the sample. In order to obtain 

aore detailed·infor~at1on about replacement it is necessary 

only more detailed data but also aore complex 

aethods of analysis. The next section will involve both of 

these. 

B. Conception Interval Analyals 

While the corrected least squares aethod ls •ery 

informative about the extent of replacement, lt tells us 

rather little about the details of the dynaaic fertility 

process and its determinants. The Maylaysian data has 

detailed informatipn on birth lnt~rvals, breastfeedlna and 

mortality which can be exploited to 

understanding o~ replacement. 

a Ive • better 

If we are to understand the nature o1 the replace•ent 

process we must allow Lor factors which chanae tbrouKh time 

since the most important explanatory variables are of this 

type. For example, breastfeeding may be viewed as a dumay 

~arlabte. which chanaes froM one to zero when a child ls 

•eaned (or dies). Likewise, when •e seek to •~plain the 

Jmpact of ~he death of a child lt le necessary to take Joto 

account when the chlld dies. As an exa•ple of the 

difficulties which can arise •hen one does not have the 
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dates of birth and ·death, consider the study by 

Ben.:-Porath[ 1978). Bis method of checkina 1or replacement 

•as to examine whether the death of one of the couple'• 

1lrst 

•ould 

k children influenced the probability the couple 

have the k.+ls't child. Unfortunate\7 1 ~e did not 

have access to the dates of the births and deaths. To the 

extent that one of the first k children died after the 

•other's menopause, the lmportan~e of a death In proaotin& 

aore births would be understated since such a death could 

not possibly influence the k+tst birth. 

A dlf~erent problem arises when one studies the lenath 

ot birth Intervals as a function of the aurviYal of the 

child whose birth starts the 1nterval. It ls o1ten observed 

that, on averaae, the death of a child at an early aae 

shortens the ln'terval considerably. Less clear ls whether 

this reflects replacement or the effect of mortality 

shorienlng ~he dur&t!cn o1 breastfeedins which in turn 

shortens t~e period of sterility rollowing a birth. Dea the 

of children after age one shorten the interval to the next 

birth far less. This •ay seem to indicate that the observed 

shortening ~or early deaths is •ostty an amenorrhea effect 

since after a year breastfeedlna bas a smaller e1fect upon 

1ecundabi li ty. Bowe•er, auch a conclusJon is not warranted. 

When an older chl\d dies the Interval to the next conception 

•aY alrea~y be closed, so even Yieorous replace•ent behavior 

ln such a case would have no effect on the length of 

interval the birth o~ the child •ho followed the dead 
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child. Even a small dlf~erence in the •ean blrtb Interval 

for deaths a1ter age one versus no death ••7 be evidence 

auch couples are pursuing a replacement strat•aY• 

One of the •ain objectives of thls paper ls to &eJ>llrate 

the biological effects o~ breastfeedina from the behaYloral 

effects of replacement. There ls room for disaareeaent over 

the issue whether couples choose the extent of breastfeedlna 

in part to limit births. If they do, part of the biolo~ical 

effect of breastfeeding must be counted as behavioral. This 

point has been made by Schultz[ 1976 ]. Even if couples do 

not choose breastfeeding to control 1ertil1ty1 there ls 

still a problem in estimating the l•pact of breastfeedJna on 

1ertllity. The difficulty arises because the death of a 

nursling marks the end of the contraceptiYe effect of 

breastfeeding as well as the possl ble beaJ nnina of 

replacement behavJ()r-~ Most child deaths occur early ln life 

•hen there will be substantial uncertainty o~er over whether 

the child bad been weaned. Since most data aets do not 

include detailed data on how long·iodlTiduat cblldren are 

breastfed 9 one cannot determine 

breastfeeding and which didn't• 

which deaths interrupted 

It Yill be easy to confound 

the effects of breastfeeding and replacement, so to estimate 

either ef1ect requires both to be accurately estiaated. It 

Js on this rock that •ost studies of replacement and/or the 

contraceptive effect& of breast1eedina ~ounder• Because 

they did not have data on the duration o~ breastfeedin&t 

Knode1[1968] and Chowdhury •t• at.[1P78) tried to ln~•r the. 
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effect of mortality by examining th~ interval between birth 

1 and birth 1+1 as a runctlon of the deaths of children 

at parity i-1 and earlier. They viewed the abortenln& of 

the Interval 1rom i to i+l followlna the death o~ the 

1th child as beina hopelessly con·ta.•i na ted by 

breast:feedlnc 

conservAtlve, 

et-feet. Theil" stra'teay ls certainl.y 

but it (as appears to be the caae below) the 

behavlorat replaceNent response ls Immediate and etrona in 

'the current Interval and only very •ild In subsequent 

intervals, this approach will eli•lnate all but the Cheshire 

cat's smite froa 'the data. 

It should be pointed out that the waiting 'tl•e fro• 

aarrl age 'to the first conception ls i•portant lnfor•atlon 

since this interval reflects 1ecundabillty In the absence of 

breast feeding. Because most •others In Waylaysia breastfeed 

their children for at least a 1ew •ontbs, the interval to 

the first birth provldes the best lnforaatJon abou't 

fecundability in the absence o~ breastfeedina• A natural 

question in this connection is whether couples have lower 

fecundability immediately ~ollowlng marria~e since the woaan 

ls likely to be youna. A comparatively lon~ ~iret lnter•al 

alah't rei' lee t adolescent subfecundity rat~er ~ban a saall 

ability of breastfeedlna to len~then birth intervals. 

The well known rapid rise Jn natality rates •ovin& ~ro• 

•omen under 20 ~o •o•en 20-24 le either el1ainated or 

reversed when one looks at age sp•ci~lc natality ~or aarried 

women (see United Natlons[t976]t. The aharpneas of the rlae 
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in certain developed countries certainly su~gests this •&Y 

be due to pregnancy inducin& •arriage. Such induced 

•arrlages reduce the aean interval fro• the date of •arrlaae 

to the first birth. ThJs will lead to an overstate•ent of 

the ability of lactation to reduce birth intervals and, 

conc~•ltantly, to·an understatement of the ef1ect of direct 

replacement. To prevent extremely young women troe entering 

the sample, no first interval was beaun before •Ee ~lfteene 

To facilitate the empirical work I will deal with the 

interval between a birth and the next conception leading to 

a birth rather than the Interval between births. Let t be 

the length of tiae for the Jth aother bet•een birth i-1 and 

the date of conception for the Ith child, where i:f 1-1 

equals zero the date of marriaee ls used as the start of the 

interval. The probability density ~unction for the length 

of the interval ls assumed to be 

t < t ij t = ~j e + :z ij < t ij > + v j ( 1) 

z1j<tij) represents exogenous variables •hoPe values 

change thrcugh time with the J subscript lndexin~ couples 

and "the i subscrip-t indexing intervals. The are 

variables •hose vatues do not chanae through time, 

ls a fixed effect specific to the couple. 'lhe particular 

for• of the probability density function in (1) ls chosen 

because it allows ~ixed eff~cts in •aitlna tl•e •odels to be 

estimated. The full details of the •ethod can be found in 



Olsen and ~olpln[ 1981). The epeciflcation in (1) generates 

a tractable re~ressJon model which, bealdes allowlna tiae 

varylna ~xplanatory variables and ~1xed effects, also takes 

Into account that in the analysis below the lenQth of the 

intervals Js .subject to a fixed upper ll•it. The aethod 

used ~voids the coe111clent bias which results by usins 

ordinary least squares when the dependent ~arlable ls 

truncated (Pearson and Lee [1908]). Both open and closed 

birth Intervals aay be present In the data, so virtually a~l 

the most dl~ficult complications of waltln& tlae eodela can 

be taken into account •·!th a frac-tion ot 'the comput:atlonal 

effort •hlch maximum likelihood imposes. 

Unless one of the regressors •hlch changes over tiae la 

elapsed time, the specification in (I) implies that the 

probability density ~unction ls uniform over time. The 

implicit assumptio~. of a uniform densit7 can be relaxed by 

using elapsed time as an explanator7 variable in ( l ,. 

Table 1 gives ~he saaple relati•e fre~uencles 1o~ the ~enath 

of birth intervals •hen the potential lenath ~f the birth 

interval is ~lve years or loneer. I onl~ consider the 

woman's r~productlve history up to a~e 45 or the date of 

the survey, so the potential length o1 some intervals ls 

restricted. For the 1lrst ~wo years ~he assuaption of a 

•eve\ density function ls ~alrly aood, so below I anal7ze 

the data h~ conslderin& the 1lrst t•enty-1our aonths of each 

interval with the woaan beJna considered sterile 1or the 

f'lrst t•o aonths 'following a live birth. All 



~· . 

-11-

intervals which are longer than twenty-four months are used 

in the second step of the analysis which looks at the 

elapsed ti•e fro• the twenty-~ourth •onth of the interval to 

a birth. Only the second twenty four •onthe are considered 

in the second step so that only replacement behavior during 

the first four yeArs of an Interval wlll be studied. While 

this may result 1n an understate•ent of the true replacement 

e~~ect, Table l shows 22.4~ of alt spells are longer than 

1our years. 

average, 

interv~ls. 

under 8~. 

Since there are s.ss births per family on 

14.6~ of the intervals will he final open 

There~ore fertility after four years ls a little 

One of the advanta£eS of the speciflcatJon in (1) ls 

that it has a family specific fixed e~fect •hich ls assuaed 

to affect the probability density function for •aitlna tiae 

for a particular ~ouple in the same way ~or all intervals. 

This is an important modification eince it allows the 

lnvesti~atior ~o control for differences in both the 

observed and unobserved cbaracterlstlcs of the ~amity which 

are flxed through tl•e• The fixed effect •ay capture auch 

of the vari~tion in fecundabill~y and desired fertlllty 

across couples. In addition, ~he fixed effect •llt capture 

variation in the family specific •ortality rates which will 

ellainate the effect of boardln& on the len&tt of the birth 

interval. 

In Table 2 I show the e~fect of the aortallt7 

varlables alone on the p~obabllJty of a blrtt wltbln the two 
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sets of intervals. The first mortality variable •bicb wilt 

be used ls the number of deaths which occurred prior to the 

birth which started the Interval ("Prior Deaths")• The 

second ~ortality variable ls the number of deaths within the 

interval of children who were born no later than the birth 

which started the Interval· ("Interv•l Death"). Th le 

variable changes over tlMe since a death can occur anytime 

in the interval, and the effect of such a death on the 

length of the interval depends upon when the death occurs. 

For example, lt • child In ~he 1a•il7 dies durln& the two 

month period ot. sterl\lty fotlowlna a birth, then that 

causes the interval death variable to be one over the nezt 

46 .. onths. If, ln addition to this death, other deaths of 

children born at or before the beginning ot. the lnterTal 

occur, then. the interval death variable ls lncre•ented by 

one at these times. Fi~re l plots the Interval death 

variable when death occurs at ~onthe one, eiaht and 

thirty-six of the 1nterTal. In the first panel the variable 

starts at one (note the anatysls beains after the tirst two. 

•onths tollowin& a birth) and Jumps to two at month eight. 

It no birth occurs by month twenty~tour then the second 

waltin& time rearesslon examines the elapsed. time ~ro• month 

twenty-four to a blrth and the Interval death variable 

starts out at two and Jumps to three at month thirty-aix. 

The specitlcatlon in (t) implies that tbe earlier a death 

occurs in an interval, the laraer it• i•pact on the 1aean 

waltlna tlme to a birth over the first two years of that 
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Jnterval. 

In calcu\atlna the replaceaent e1fects or deaths on 

•ater birth Intervals, I assume each death le followed on 

average by three more intervals. When I calculate the 

biological replacement erfect which results because a death 

interrupts breastfeeding, I assume each death reduces 

breastfeeding by nine months, •hlch ls s1Jahtly above the 

•ean duration of breastfeedins durln~ tbe 1irst t•enty-rour 

•onths In the Maylaysian sample. I assume breastfeedina has 

no effect upon fecundability after twenty-1our aonthse One 

disadvantage o1 the birth interval method is that the e11ect 

of a death on intervals must be trans1oraed Jnto a 

replacement rate. Re~ressions of births on deaths directly 

estimate the replacement rate, even tbouah that rate 

represents an average over couples with different 

preferences, fecundabllitJes and In dl1ferent stages o~ the 

liLe cycle. 

Tables 2-4 present the results from estimating a 

•alting time to conception •ode\. The top hat~ of each 

table shows results based upon equation (1). Yhe ~irst 

column ~ho•s the effect o~ each explanatory variable upon 

the probability o1 a conception 1ead1n~ to a live birth 

anytime fro• sixty days to twenty-four •onths a~ter a birth• 

For exaMple, in Table 2 If a child dies durina tbe ~lrst 

sixty days of its life, the probability a conception occurs 

1rom eJxty days to two years after Its birth rises by 0.495. 

If the child died at aonth thirteen the rise would be balf 

··~ I 
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as larae since the family's exposure to an lnter•al death 

would be half as ereat. By way of contrast, 11 the ~1rst 

child dies before the second child Js born, that represent• 

a prior death which only increases the probabilit7 the third 

child will be conceived within twenty-tour aonths o1 the 

second birth by ·o.036. The constant tera in Table 2 shows 

in the absence of any deaths the probability of another 

conception within two years is 0.411. The nuabefs beneath 

the coe11Jcients are t-statistlcs. 

The second colufttn e.lves 'the same results 1or all 

intervals lasting over two years, troa month twenty-tour 

through forty-elaht. For example, a neonatal death raises 

the probability of a successful conception between months 

twenty-tour and ~orty-eight by 0.033 alven no conception 

occurs .. itbin the first 'two years t~llowina a blrtb. 

Finally, the third column combines the results of the 

1irst two and shows the effect of 'the explanatory variables 

on 'the wal·'tina time 'to concept ion subject to a · ~orty-elsht 

aonth upper limit. 

The bottom half of the tables calculates "the 

replacement rates using flrst the Increases in the 

probability o~ a conception within the first four 7eara and 

second, by dlvidinM the chanses in birth inter•ala by the 

•ean closed birth interval (25 months). 

The aost s'trikln& reeult in Table 2 1• 

reptaceaent is stron~ and imaediate with ra'ther little 

replacement type behavJor occurring after the first two 
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years In a birth Jnterval. Since •ost infant deaths occur 

ln the first &lxty days, it appears that children that die 

after livlna for two or more years tend not to be replaced. 

I~ child deaths are aore likely to occur when the couple is 

older, dlvidin& by the aean birth lnter•al will overstate 

replacement since the added time at rlak to natality •111 

come •hen birth intervals are loneer. Tbe dei!ree of 

overstate~ent depends upon the timing of deaths and the rate 

at which birth intervals lengthen with age 1or bJoloalcal 

reasons. 

The other explanatory variables used are "Aae", which 

ls the mother's age in months at the start of the interYal, 

and "Husband Present" which is a tl•e varyinM variable •hlch 

takes on the value zero when the husband is absent troa tbe 

household and one otherwise. The e~fects sbo•n are ~or the 

husband always present versus never present in the interval, 

the latter event being rare in the sa•ple. The "Parl ty" 

variable (the parlty o~ the child which would close the 

interval) must be used with care 1or it Js essentially a 

laaged dependent variable. A couple's 1ecundability or 

deslred fertility will be. captured by parity since if a 

woman of a partlcular age has more children than averaae, 

her previous blrth intervals are likely to have been short. 

For such a wom~n the best guess ls that the current interval 

•ill also be short lf the high parity reflects a desire or 

~endency to have aany cblldren. To avoid con1oundina the 

interpretation of parity, I will only use tbis variable in 

-- --- -- -------~--,._,,..._,.. 



the flxPd effects reares~lons where desired fertility and 

woman specJ~ic ~ecundabllity haYe been (presuNabl7) captured 

by the 'lxed e1fect. Yben fixed et~ects are used the parity 

coeff lclent indicates higher order birth Interval• are 

~onger, whereas without fixed .e~fects the parity coefficient 

Jndlcates the higher order intervals are shorter. ~his ls 

the sort of pattern one would expect when parity le 

positively correlated with desired fertility, since hlah 

parity children will tend to be in families that desire many 

children, and the 11xed effect captures desired fertility. 

Tbe same problem can also arise for the breastfeedln~ aod 

husband present variables. If couples use breastfeeding or 

separation as •eans or llaitln@ family size, then couples 

using these measures •aY also be practlcina other unobserved 

•ethods of contraception. As a result, the tendency of 

breastfeeding to reduce fertility could be overstated 

because tends occur concurrent\7 with other 

contraceptive actions. The ~lxed et1ect aetbod provides the 

beet opportunity 1or isolating the true bloloaical effect o1 

breast1eedin~ on 1ert1llty. 

In Table 3 the birth lnterTal analysis is repeated, 

this time addina breastfeedine and other explanatory 

variables. The overall rate of rep~aceaent 1& •er~ sl•llar 

~o what •as 1ound in Table 2 •ith the ebortenl~a of 

b~eastteedlng accounting 1or a rate of replaceaent around 

The hiMh rates of replacement calculated ln Tables 2 

and 3 aay Jn part be traced to two complications• First, 
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once •ore the explanatory varlables aay be conta•inated by 

fecundability and desired fertility. A& •as the case with 

parity, the number o~ deaths which have occured prior to the 

interval ls probably correlated with fertility slnce.woaen 

that have experienced •an7 ln:fant deatbs likely baTe bad 

•any births (and short intervals) and •&7 be expected to 

a&aln experience a shorter interval. Likewise, there ••Y be 

a correlation between :fertilJty and •ortAl.ity rat·es which 

•ould tend to •ove the coefficient on Interval Death upward. 

Yhls correlation could be connected to fertility hoardln& in 

which case the mortality variables c~uld be capturina both 

hoarding and direct replacement. Unfortunatel>'t 'thie 

correlation could also be due to spurious ecoloelcal effects 

unrelated to replacement behavior. Those faaillar •ith 

Olsen[1980] may recall that the presence of such a spurious 

correlation •as tbe.·•ost: serious co"'plication the.re as well. 

This same ~ype of contaMinatlon was revealed ln the work of 

Ben-Porathf 1978) when he used a ~lxed effects •odel of a 

dl1.ferent ~)'pee 

Because the 1ixed effect results in Table 4 control 

for unobservable couple speclf ic differences in desired 

fertility and ~ecundability they are probably the •oat 

reliable results of the three birth interval analyses. 

Investigators have often pointed out tbe iaportance of 

unobservable factor& which dif~er across couple• as a 

possibly confoundinM influence in reptaceaent etudle•• It 

Js certainly worth e•phisizln8 that the use o~ a couple 
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speci~ic ~ixed effect ~oes about as far as it ls possible to 

ao In the direction of accountlna for beteroaenelty of a 

very £enera\ sort across couples. The 11xed effect aethod 

bas eliminated the fertility hoardlnQ effect due to ~ouple 

epeci11c •ortallty rates. The results in Yable 4 are aost 

comparable to the family size regressions In section 11-A 

which corrected for hoarding by includina tbe couple 

specific mortality component as an additional regreesor. 

The estimated replacement effect in Table 4 (about 0.27) is 

larger than the direct replacement e~fect obtained by the 

final corrected family size regression (0e17). ·Note, 

however, that the corrected fa•ily size results also contain 

possibly nonbehavioral breastfeeding effect which 

amounts to about 12S according to Table 4 • Appl~in& this 

breas-t feeding ef-fec'l to the corrected least squares 

regression we obtai~ a 2~ behavioral reptaceaent effect as 

opposed to about 15S Jn Table 4. Yo obtain tbe total rate 

of replaceaent 1or Table 4 we aust add in the hoardina 

effect, which was found ~o be about 0.14 in Section II-A. 

The reader has no doUbt noticed that I obtain different 

replacement ~stiaates depending upon whether they are based 

on the len5th of the interval ~o the next conception, or on 

tbe probability of birth during the first four years. As I 

noted above, the replacement rates based upon birth 

intervals •ill tend to be too larae since some child deaths 

occur when the aother is older and ber birth intervals tend 

to be longer. 

.. 
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When we compare the bloloalcal effect of breastfeedlne 

Jn Tables 3 and 4 we eee a s~aller effect when •e control 

for desired fertility via the fixed effect. As aentioned 

above 9 this indicates •hen family specific co•ponents are 

not taken into account the bioloalcal breaat1eedin1 effect 

becomes confounded with contraceptive measures •hick are 

employed at the ti~e a child is nursed. This sugaests •hat 

perhaps breast1eedin~ is used Jn part as a contraceptive 

111e tbod • The ef:fect iveness ot breastfeeding •• a 

contraceptive ls not great. Without takin& into account 

family specific effects, nine •onths of breaetfe-edlna 

lengthens the birth interval by about 4.7 •ontbs acco.rdln& 

to Table 3, presuaably reflecting the aaenorrbea ef1ect. 

When 1ixed effects are taken into account a better est•aate 

of the effect ls about 3.8 •ontbs. In a study o1 T111rklab 

women, Pisek a~.[1981] estimated the effect of 

breastfeeding on amenorrhea, although without uslna 1lxed 

and 'their ~!nd!ngs pred!ct 

breastfeeding should lengthen postpartum amenorrhea (and 

hence the birth interval) by about 4.5 aontbs, a result 

surprJsingly close to Table 3. A ~r~at many investigations 

Into the effect o~ breast~eedin~ on amenorrhea have been 

•ade; I cite the Flsek study because lt e•ploys re~resslon 

analysis and readily generate& predictions. 

While the Kaylayslan data has detailed data on 

breast1eedlna, tbe conception interval analysis described 

above could be per:foraed on reconstruc:ted 1aail.y histories. 



Such histories have th~ date of •arrlaae and the datea o1 

birth and death ~or the children, but not the date of 

l'f there is ln~ormatlon froa another source on 

breastfeeding practices, a roueh atteapt can be aade to 

separate the e:ffects of breastfeedlna and direct 

replacement. 11 the •ean duration of breastfeeding is 

1ifteen months, then the date of weanin& for each child in 

the retrospective survey could be set at the earlier of aae 

1lfteen •onths or the age at death. The presence of a first 

interval followin& aarrlaae during which breast1eedlna was 

absent wilt supply sufficient sample variation ln 

breastfeeding to approxl•ately decompose the effect& o1 

breastfe.ll'lding and direct replacement. Thia ae'thod ls 

subject to (unavoidable) bias because of the obvious error 

Jn the weaning date, but it doe~ provide a systematic wa7 of 

co•blnlng •ithln a sln@le framework reconstructed ~a•lly 

histories with Jnfor•atlon 

practices. 

on regional breastfeedlna 

c. Parl'ty Progression and Birth Interval Anal7sis 

The analysis o~ replacement ln Tables 2 centered 

on the effect o1 a death on the probabJlity of havine a 

birth Jn either •onths two throu~h twenty-1our or •onths 

twenty-four through 1orty-eleht. Those result& ahowed a 

death had its areatest e1fect in produclne a birth ln the 

1irst t•o years of the Interval. Another •a7 of lookin& at 
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~he pregnancy history data l~ to la no re tbe waitin£ tl•e 

between blrths and focus onl7 on the ef~ect of aortallt7 on 

a couple's progression from parlty to parity. It la useful 

to consider the properties of the parity proMresslon ratio 

(PPR) aethod in replaceaent studies. 

PPR methods are subject to two opposlnQ sources of 

error. As I ehowed ln Tables 3 and •, the inclusion of a 

couple specif.le fixed effec't areatl7 reduced the 

coefficients on the •ortallty variables. This &UM@ests the 

couples with blah desired fertility and/or hl&h 

fecundabllJty have both high aortality and blah mortallt7 

rates. Since PPR studies do not take tills co•plicatlon 

into account their observed replacement effects could well 

be larger than the ~rue effects. 

The second source of error arises in the interpretation 

of PPR results. As Rutsteln and Medica[ 1978) bave pointed 

out, at low parities the dif£erences ln the PPR for 

couples wlth one death versus those with no deaths should be 

amal.l. since •ost faall.ies would desire •ore children 

reaardless o~ the nuaber of deaths. Rather than estimate 

replacement as of a particular parlt~ as the proportional 

dif~erence in PPRs between couples •lth and without an 

infant death It would be better to use the proportional 

difference in 

1'a.milies at 

PP Rs divided by the proportion of all 

that parity whose desired 1a•lly aize is at or 

below ~hat parity. The use of ~he proportional difference 

in 'the PPR across all parities, as ln Vallin and 

.•.. 
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Lery[ 1978], ls likely to understate replaceaent, althou5h 

the degree of understate~ent would be d11ficult to estlaate 

Jn the absence of data both on desired fa~ily alze by couple 

and the correlation o1 fertility and •ortallty. Since •e 

cannot kno• which of these two opposite errors is larger, it 

ls difficult to interpre~ PPR reautta. 

111. Summary 

In concludlng, there are three Major results in this 

paper. The first point which should be eapt.ialzed la the 

importance of takln~ into account the presence of a spurious 

correlation between :fertility and •or ta lit)'• It ls 

interesting to note that In the. family alze reeresslons the 

:failure to allow :for. a correlation between fertility and 

mortality led to the replacement rate belna overstated by 

about 0.40. Once :family specific 1ixed effects are 

introduced, which presuaably control :for :fa•ily sp~clflc 

aortality, the estimated rate of replaceaent uslna the birth 

interval analysis drops by roughly the same aaount• 

Second, 1bere appears to be a aoderate aaoun1 of 

replacement in the .Maylayslan data. Replace•ent due to 

fertllJty hoardln& Js somewhere above ~ourteen percent. The 

biological l•pact o~ a d~ath via lactat•on adds about twelve 

percent to the rate of replacement. Vothers aay breast~eed 

in part because it has a contraceptive elde effect, ao ao•e 

of this blolo~lcal effect aay reflect beha~lor &Ince tbe 

.•. 
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length o~ breastfeedJng ls ~ubject 'to cho lee. Finally, 

direct behavioral replacement Js somewhere bet•een five and 

~!~teen percent which leaves the lo•er bound ror the total 

extent of replacement somewhere between thirty and 1orty 

percent. Some of the ef1ect I ascribe ~o breastteedlne aay 

Jn ~act be due to direct replaceaent. This blas arises with 

my Method because, as I noted above, pre-marital 

pregnancies increase the estimated tendency of brea~tteedln~ 

•o prolong birth intervals and hence decrease the estimated 

effect of direct replacement. 

Third, the interval regressions sua@est that the 

behavioral response to a death ls fairly lamediate. When a 

death occurs, the monthly probability of a blrtb rises by 

about 0.0035 after accounting for the effects of lactation 

on amenorrhea. The effect of a death is confined to the 

J.ntervat in which ;it occurs; subsequent Intervals see• 

li "tt-1.e a:ffect-ed. The effect of a child death also 

dlmlnisbes the 1urtber Into the Interval the death occurs. 

Thus it appears children who- die soon a1t-er birth are 

replaced to a greater extent than older children who die. 

Apparently replacement is •ore co,.plex than Just a sl111pl_e 

attempt ~o achieve a ~oal ~or live children. This result 

6eems to suggest that as a chJld ages the parent-a view a new 

baby as a proaresslvely •orse 

should It die. 

substitute for that child 

It is very danaerous to aenerallze across cultures, but 

this apparent concentration of rep\ace•ent behavior early in 
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a birth interval su~gests ao•e of the replacement which 

demo&raphers have attributed to the effect& o1 lactation on 

aaenorrhea may Jnstead be direct behavioral replacement. 

There are sources 1or such con1usion. 

replacement occurs during that part o1 the birth lnterva~ 

when breast~eedin& Js •ost common\7 ~racticed. This •akes 

lt exeeedin~ly easy to attribute direct replacement to 
. 

breast1eeding in the absence o1 the. data •hich la necessary 

to separat~ the two. Second, because the apparent 

blotoslca\ impact of breastfeedlna ls reduced when we 

control 1or 1amlty spec11Jc ~actors, lt appears those 

couples that desire aany children breastfeed les•• This 

amounts to indirect evidence that breastfeedln• ls used as a 

contraceptive (see Lithel\[1981),. 
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Table A gives the results for the model of lenjitb of 

lite for children. The first column ~Ives the coefficients 

when a fa~ily specific fixed effect is used, the second 

column shows the same speclflcatlon without fixed effects. 

The modet is estimated over the first ten years of lite tor 

ea.ch child, or the potential age at the time of the 

interview, whichever is smaller. As ls well known, moat 

deaths ln this a~e range occur very early in \lfe which 

means that the probability density function for length of 

life over the first ten years of llfe ls not uniform but 

rather declines sharply with aje• In order to deal with 

this I transformed the measure of ti•e so that after the 

transformation the empirical histogram tor lenath of life ls 

nearly uniform up to ~ge ten. It ls not unusual for waltlna 

tiae studies to transform the measure of time, aost often so 

that the resultin& data more nearl7 conform• to the 

exponential dlstrlbutlon. The simplest way to interpret the 

coef1iclents in T4ble A le to multiply by 120 to 1iet the 

effect of a unit change In the v~riable over the first ten 

years of lite on the probability o1 dyln&• One must be 

cautious when doing this sine~ children are not breastfed 

1or ten ~ears, nor will they always ha•• eiblinas in certain 

aae brackets. The transformation to near unlfor•lt7 I ba•e 

e~ployed implies the ef~ects o1 the explanatory variables 



and fixed effects are ~tr~naPr at earlier a@es •here •oat of 

the deaths arr., so that an additive aodel Jn transtor•ed 

tlae becomes more nearly a aultipllcative aodel In natural 

time units. SJnce the fixed effects are the ele•enta of 

interest, Table A ls provided only to alve the reader soae 

idea of •hJch varlables are Important in determ1nin8 chlld 

survival in Maylayslae 

In the presence of replacement the coefficients on the 

sibling varlab\es will be biased because a dea~h will lead a 

1a•ily to have aore children. Since the siblin8 variables 

are essentially the average number of other children ~n 

particular age brackets durlna a cblld 1 s potential llfetlwe, 

replacement generates causation runnln• 1ro• deaths to the 

sibling variables. This confounds the interpretation of the 

sibling coefficients as lndicatin8 the effect of coapetlne 

clai•s on ~amily r•sources. Fortunatel7, the fixed effects 

are stochastlcally independent of the other coefficlents so 

tbls bias is not transmitted to the ~lxed effect•• 



Figure 1 

An Example of the "Interval Death" Variable 

... 

.. 

6 12 18 24 
Elapsed time in conception interval~ 

24 30 36 42 48 

Elapsed time in conception interval _,. 



Tal>le 1 

Relative. 7requency of Illtenals to Conception 

with Potential Length of five. or More Tears 

Length .:ln Months J.telative 1'requencz 

2-6 .129 
6-12 .128 

12-18 .159 
18-24 .133 
24-30 .100 
30-36 .058 
36-42 .041 
42-48 .028 
48-54 .022 
.54-60 .029 
cwe.r 60 .173 



TABLE 2 

Conception Interval Analysis - Mortality Variables Only 

Variable 

Constant 

Prior death 

Interval death 

1.eplaeement over first 
four years 

Jte.placement next three 
intervals 

Total Replacement 

, Probability of Probability of Length of 
Conception Wit'fdn Conception Within Interval for 

Montbs 2-24 Months 24-48 

0.411 0.660 
(28.5) (25.2) 

0.036 0.025 
(l.82) (0.69) 

0.495 0.033 
0.34) {0.35) 

1eplacement :Based on 
Pro'baoility of Conception 
During Pint 48 'Months 

o.so 

0.15 

0.65 

7i-rst 48 Y.£Onths 

25.60 

1.56 

-17.72 

Replacement Bast>..d on 
Length of Interval 
to Next Conception 

0.71 

0.19 

0.90 



Variable 

Constant 

Prior death 

Interval death 

llre.a.stf eeding 
(9 months) 

Age Mother 

Husband llme 

~lacement ovu 
first four years 

kplacement next 
tbre.e intervals 

Total Behavioral 
ieplacment 

TABLE 3 

Conception Interval Analysis - Other Regressors 

· Probability of Probability of Length of 
Conception Within Conception Within Interval for 

Months 2-24 Months 24-48 l'irst 48 Months 

0.486 -0.185 33.21 
(2.27) (0.19) 

o.oso 0.0382 -2.21. 
(2.421 (0.95} 

0.328 0.0390 -ll.95 
(4.791 (0.41) 

-0.113 4.69 
l8.47l 

0.0000585 -0.000239 .000821 
{0.331 

0.0903 0.921 -14.21 
(0.42) (0.92) 

Replacement Based on 
Probability of Conception 
During First 48 Months 

Replacement Based on 
Length of Interval 
to Next Conception 

0.34 0.48 

0.21 0.27 

o.ss 0.75 

Total replacement 
including breastfeeding 0~66 0.93 



Variable 

?rior death 

Interval death 

Breastf eediDg 
(9 months) 

Age Mother 

Husband Bame 

Parity 

b.plac:.ement over 
first four years 

Replacement next 
three intervals 

Total khavioral 
lteplacement 

TABLE 4 

Conception Inte.rval An.Al.yd.a - 7ixed !ff ecu 

Probability of 
Conception Within 

Months 2-24 

0.00365 
(0.14) 

0.0947 
(1.53} 

-0.0911 
0.82) 

0.00570 
(15.9) 

1.03 
(3.26) 

-0.234 
.07.31 

Probability of 
Conception Within 

Months 24-48 

-0.0109 
(0.21) 

0.0678 
(1.19) 

0.00230 
(4.61) 

-0.657 
(2.69) 

-0.153 
(5.75) 

Length of 
Interval for 

first 48 Months 

.00305 

-4.13 

3.78 

-0.23 

-28.17 

10.03 

h.place:ment :Based on. 
Probability of r.onception 
During first 48 Months 

hplacement :S-aP" on 
Length of Interval 
to Next Conception 

0.13. 0.17 

-0.001 o.oo 

0.12 0.17 

Total replacement 
including breastfeeding 0.21 0.32 



Table A 

Probability Density Function for Length of Life in Maylaysia 

Over Pirst Ten Years of Potential Lifetime 

Variable Fixed Effects No Fixed Effects 

Constant 0.004273 
(l.56) 

Birth Weight -0.00008773 0.0002476 
(2.64) (S. 79) 

Sex {Male • 1, -.0001599 . -0. 0002171 
Female • 2) (2.25) (2.26) 

Interval to Previous 0.000003739 -0.00001254 
Child (1.24) (2.38) 

First Born 0.001395 -0.00005097 
(5.17) ( 0.18) 

Second Born 0.0008561 0.00004377 
(5.23) (0.25) 

Third Born 0.0005702 0.0003950 
(4.33) (2.43) 

Birth Weight if 0.00003364 0.0002022 
Approximate (0.83) (5.08) 

Age Mother at Birth -o.ooo 4177 -o.oo 1057 
under 25 tn_Q1) (1.61) ,_ ... __ * 

Age Mother at Birth -0.0005466 -0.001254 
25-30 (l.30) (1.93) 

Age Mother at Birth -0.0005443 -0.0007242 
30-35 (1.37) (1.15) 

Age Mother at Birth -0.0006826 -0.001398 
35-40 (l.69) (2.09) 

Number Live Siblings 0.00!460 0.003857 
Under 1 (6.59) (4.89) 

Number Live Siblings 0.0004645 0.00008664 
1-5 (5.10) (0.86) 

Number Live Siblings 0.0002077 -0.00007161 
S-10 (3.19) (0.74) 

Number Live Siblings 0.00005470 0.0001425 
10-15 (0.72) (1.40) 



Table A Page 2 

Variable JPixed !f fects No Fixed Effects 

Number Relatives Present -0.00008681 ' -0. 00009025 
Under Age 10 (1.14) (2.54) 

Number Relatives Present 0.0001094 0.00007252 
Over Age 10 '(1.04) (0.95) 

Number of Grandparents -0.0000ll47 0.00004058 
Present (0.15) (O. 77) 

Child Care by Siblings 0.0004438 -0.00003019 
(0.67) (0.03) 

Child Care by Grandparents -0.001188 -0.0001366 
(2.50) (0.28) 

Child Care by Other -0.0009798 -0.003359 
Persons (2.10) (3.03) 

Electricity -0.0002749 . -0.001849 
(1.45) (6.45) 

Access to Piped Water -0.00007635 0.00034i3 
(0.36) (1.62) 

Access to Toilet 0.0003231 0.00008547 
Facilities (l.30) (0.91) .· 

Number of Sleeping 0.00003040 -0.00005408 
Roans (0.51) (0.99) 

Dwelling with 0.00007144 -0.0005400 
Modern Walls (0.31) (2.79) 

Time of Mother at Home -0.0001091 0.0004223 
and not working (0.18) (l.99) 

Time of Mother at Home -0.001089 -0.00006972 
and working (l.22) (0.17) 

Time of Father at Home 0.0004696 -0.00006781 
{1.15) (0.39) 

Breastf eed.ing -0.004153 -0.004144 
(18. 7) (12.4) 

Dummy for Fir•t 0.00528 0.002601 
Year of Life (2.29) (0.97) 

Note: }lultiply coefficients by -120 for effect on probability of death dur;lng 
first ten years or by -7200 for effect on length of life. For many of 
the time varying variables this aay constitute an extrapolation consid-
erably outside the range of observed variation. 


