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ABSTRACT 

A DURATION ANALYSIS OF FERTILITY BEHAVIOR OF MALAYSIAN WOMEN: PARTIAL 

LIKELIHOOD AND NONPARAMETRIC MAXIMUM LIKELIHQOD ESTIMATES 

In this paper, we estimate a multi-spell duration model of timing of 

marriage and timing and spacing of children by the Malaysian women. We 

compute the Heckman-Singer maximum likelihood estimates that control for 

unobserved heterogeneity nonparametrically, maximum likelihood estimates 

without correcting for heterogeneity and Cox's partial likelihood estimates. 

We find that parameter estimates are very sensitive to the estimation 

procedure. We use the goodness-of-fit test and Hausman type specification 

test to choose the appropriate estimates to draw inference about the old-age 

security hypothesis, replacement effect and sodsex preference hypothesis for 

the Malaysian families. We find strong evidence for old-age security 

hypothesis and replacement effect and weak evidence for the son preference 

hypothesis. 
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A DURATION ANALYSIS OF FERTILITY BEHAVIOR OF MALAYSIAN WOMEN: PARTIAL 

LIKELIHOOD AND NONPARAMETRIC MAXIMUM LIKELIHOOD ESTIMATES 

1 . INTRODUCTION 

In recent years there has been a lot of interest in the economic 

determinants of fertility in developing countries. Three controversial 

hypotheses in this regard are old age security hypothesis, son or sex 

preference hypothesis, and replacement effect. In the absence of well 

developed capital markets and publicly provided social security programs, 

parents would depend on their children for old-age support. Sex preference 

could be the result of old age insecurity of parents or it may simply be 

rooted in social norms or in tastes of the parents. The replacement effect, 

i.e., the responsiveness of fertility to infant and child mortality, arises 

when parents have a desired family size in mind which could again be the 

outcome of parents' old-age insecurity, or their deriving utility from family 

size. The presence of these effects will have consequences on population 

growth rate, savings rate, and income distribution of the subsequent 

generations. (See Raut [19861, Ben-Porath and Welch [19761, Heer119831 1. 

Much of the empirical investigation of these effects has been carried out 

on completed family size and found controversial estimates ( see Cain 119831 

Swidler l19831 1. Fertility decisions are made sequentially by a couple over 

their life-cycle and thus are affected by the changes in socio economic 

variables over the life-cycle. The perception about the degree of old-age 

insecurity, preference for soddaughter, and the occurrence of an infant or 

child death may depend at any time upon the number of surviving children, 

earnings profile of husband and wife, and stock of assets and therefore will 

vary over the life-cycle of a couple. Fertility decisions will also interact 

with the labor supply and savings decisions over the life-cycle of a couple. 



Empirical analyses that are based on completed fertility will not be able to 

capture these dynamic effects, and also will have cohort biases in the 

parameter estimates since the young women who have not completed their 

reproductive periods will be dropped out of the sample,and thus the sample 

will represent only those old women who survived until the survey date, i.e. 

only the women who are not right censored. Sequential econometric techniques 

are most appropriate in this situation. 

Empirical studies that have incorporated sequential nature of fertility 

decisions are Heckman and Willis 119761, Newman and McCulloch [19841, Olsen 

and Wolpin [19821, Wolpin [19851, and Hotz and Millar [19881, Ben-Porath 'and 

Welch [19761. The first two papers considered the hazard rate approach to 

fertility choice. In this framework, parents choose a contraception method in 

order to realize a feasible desired probability of live-birth in subsequent 

periods. I will follow this approach here. Hotz and Millar studied the 

interaction between fertility and savings decisions over the discrete time 

life-cycle periods using longitudinal household data on Panel Survey of Income 

Dynamics for the US. Wolpin formulated a simple life-cycle fertility 

decisions mechanism as a discrete time dynamic programming problem and 

estimated the structural parameters, and Olsen and Wolpin used waiting time 

regression framework to study the replacement effect. Both studies used the 

same data set as the one used in this paper. Ben-Porath and Welch used a 

regression analysis to estimate the effect of number of sons on subsequent 

birth intervals for Bangladesh families. While there have been a few attempts 

to study the replacement and sex preference hypotheses in a duration 

framework, no one has used this framework to test the old-age security 

hypothesis directly. This framework has the advantages that it takes into 

account the sequential nature of fertility decisions, the stochastic nature of 

the reproductive process, right censoring and the effects of time varying 



measured and unmeasured heterogeneity. I use a continuous time multi-spell 

duration framework to study these three hypotheses. 

Duration models face several econometric problems. If the unobserved 

heterogeneity among women that arises due to the differences in their nature's 

gift of fecundibility and omitted regressors are controlled for 

parametrically, the maximum likelihood (ML) estimates of the regressors as 

well as duration dependence parameters (i.e.. the parameters of the base-line 

hazard function) are generally sensitive to the particular parameterizations 

of the heterogeneity distribution (Heckman and Singer L19821 1. Heckman and 

Singer proposed a maximum likelihood estimation procedure in which the 
, 

unobserved heterogeneity could be controlled for nonparametrically (NPML). 

Trussel and Richard [l9851 found that NPML estimates for the regression 

coefficients are very sensitive to the specification of the base-line hazard 

function; however, when unobserved heterogeneity is ignored they found that 

the ML estimates are not sensitive to the base-line hazard specifications. 

This latter finding may suggest one to go ahead with the ML estimates ignoring 

heterogeneity until robust procedures are developed to control for unobserved 

heterogeneity. But, how parsimonious is this finding? In our analysis, we 

find that even when the unobserved heterogeneity is ignored, the ML estimates 

are sensitive to the base-line hazard specification, although less than the 

NPML estimates. As a most appropriate remedy, I use Cox's partial likelihood 

(PL) estimation procedure which is robust and consistent under any 

specification of the base-line hazard within the class of proportional hazard 

models without heterogeneity. 

The sensitivity of estimation procedures to base line hazard 

specifications suggests that to use the ML or NPML estimation procedure, a 

criterion for model selection, especially among the non-nested models is very 

important. Several suggestions appear in the duration literature. Heckman 



and Walker [l9871 use goodness-of-fit criterion. Sharma [l9871 uses a local 

specification testing based on LR tests in which a model is locally nested in 

a parameter space of higher dimension. In our empirical exercise, we find 

that two specifications accepted by the goodness-of-fi,t criterion produce very 

different ML estimates. 

What is needed is a specification testing procedure that directly 

involves the parameter estimates. Therefore, Hausman specification testing is 

more appropriate in the duration context. When unobserved heterogeneity is 

absent, the standard Hausman test applies because the ML estimate provides the 

efficient estimate under a particular specification of a proportional hazard 

model such as Weibull or Gompertz and PL estimate provides a robust consistent 

estimate within the class of proportional hazard models. However, we run into 

the well known problem of estimating the dispersion matrix for the difference 

of these two estimates. I used the asymptotically equivalent m-tests 

criterion suggested by Newey 119851 and White 119871 to circumvent this 

problem; however, it requires us to assume that there is no censoring. 

Theoretical research is much needed to modify the test to handle censoring and 

unobserved heterogeneity. 

Section 2 considers the modeling of marriage and fertility decisions. 

Section 3 describes the NPML and PL estimation procedures. Section 4 reports 

on the data set, variables used, and the sensitivity of the empirical 

estimates to different specifications and estimation procedures. Section 5 

carries out the goodness-of-fit test and specification test. Section 6 

highlights our findings on old age security hypothesis, son preference 

hypothesis, and replacement effect for Malaysian families based on the 

estimates recommended by the analysis of section 5. Section 7 summarizes the 

results. 



2. A MODEL OF MARRIAGE AND FERTILITY DECISIONS 

Economic analysis of marriage and fertility behavlor has mostly been 

carried out in the static household production framework that was pioneered by 

Becker [19601. Namboodiri [19721, and Moffit [l9841 pointed out that 

fertility decisions are sequential decisions and interact with the evolution 

of various socio-economic variables over the life-cycle such as husband and 

wife's education, earnings profile of the household, together with other 

social norms. Heckman and Willis [19751, Newman and McCulloch [19841, Hotz 

and Millar [19881, and Wolpin [l9841 modeled fertility behavior in the 

life-cycle framework and estimated their models using data from different 

countries. Heckman and Willis treated the hazard or risk of birth as the 

choice variable and studied how they evolve over the life-cycle of a couple as 

a function of the cost of contraception, age, birth parity, the time profile 

of earnings, and the cost of children in a discrete time dynamic programming 

framework. Newman and McCulloch followed a similar approach in continuous 

time to study the waiting time distributions. Hotz and Millar studied the 

interaction between fertility decisions and female labor supply decisions over 

the life-cycle and how they are jointly affected by earnings profiles of the 

husband and wife. None of these models could solve the decision rule 

explicit ly2 and instead they parameter ized the reduced form decisions rules. 

Wolpin, however, modeled fertility decisions as to have or not to have a 

child in each discrete time over the life-cycle. He assumed that the number 

of surviving children yields utilities to parents, and then he estimated all 

'1t is very difficult to derive the decision rules analytically. However. 
Newman [l9871 solved the problem for a simplified model. 



the structural parameters of the dynamic model. This is computationally 

formidable. I follow the hazard rate approach of Heckman and Willis, and 

Newman and McCulloch. 

I consider only the family formation decisions of,the households, and 

all other decisions such as labor supply or savings are assumed to be 

exogenously given. The family formation decisions are timing of marriage and 

timing and spacing of births. No economic agent has full control over any of 

these timings, although they can have partial control over these by the 

choice of a mix of instruments. For instance, using such instruments as 

dowry, health and beauty care, efforts on scholastic performance, and 

establishing social connections a woman can partially control her timing of 

marriage. Similarly, using a mix of contraceptive methods such as complete 

abstinence, pills, abortions, breast feeding etc., a woman can partially 

control the timing of her giving births. Denote the set of these instruments 

by U. 

Each individual searches in the marriage market for a suitable partner 

who can fulfil1 his/her desired timing and spacing of family. Assume for 

simplicity of analysis that once married, the partners do not divorce and that 

there are no births outside marriage.3 I will treat the wife of the household 

as the decision maker. Over her life cycle a woman will visit the following 

biological states: susceptible to pregnancy, pregnancy, pregnancy resulting in 

miscarriage 

a result of 

however, to 
- * 

or still birth, pregnancy resulting in a live-birth, sterility as 

menopause or death of husband. Our interest in this paper is, 

analyze the waiting time distributions between the states from the 

3 These are consistent with the empirical facts of most traditional societies. 

I assume that there is no sterilization, and no abortions. Indeed, in our 
data set there are very few such incidence. 



set S = {marry, pregnancy leading to a live-birth, sterility), while 

controlling for her visits to other states that affect these waiting times. 

Let (W,FB,p)  be the underlying probability space on which all the 

following random variables are defined. < l  

K(w) = the number of live births over the life-cycle of the woman 

TO(u) = age at marriage 

T1(u) = duration between marriage and the first live-birth 

T (W) = duration between the first live birth and the second live birth 
2 

T (W) = duration between the last two live-births, where K(u) = k 
k 

Tk+ l 
(ol = duration between the last birth and the beginning of sterility. 

Let YL = (To, T1, . . . '  *k+l ) be the random vector of waiting times. 

Let the random variable C(u) denote the number of miscarriages and still 

births that she may have in her life-cycle, and let YM = (M1, M2,... MC(@)) be 

a random vector, where Mi is the age at which she had her i-th miscarriage, i 

Let us denote by 
r 

Y,(t) = (To, T1, . . . ,  T l ,  with r 5 k+l, C Ti 5 t, the history of all 
r 

i=l 

completed pregnancy durations up to her age t, 

YM(tl = (M1, M2, . . . ,  MS), MS 5 t, the history of miscarriages and still 

births up to her age t, 

M(t) = no of miscarriages and still birth up to her age t. 

I shall denote by < X(t) >t . Let the random 
1 

variable V on (W, 23, p) denote the woman's gifts from nature such as luck, 
0 

level of intelligence, and beauty that determine her probability of finding a 

suitable partner in the marriage market. Let the random variable q denote 
j 

her fecundibility given to her by nature when she is at risk of giving j-th 

birth, j = 1. 2, . . . , K(o). Let q = (no, ql, . . . , nK(o) . Note that q may 

be known to the couple, or the couple might learn over time using Bayesian or 



other learning mechanisms. However, I assume that it is unknown to us. 

At any time t, let her information set Q(t) contain the history of her 

live births, miscarriages, etc. Given the history of family planning 
t 

decisions < u(t) E U )0, and Q( t), assume that a couplg chooses the hazard of 

a birth or marriage (if not already married) as follows: 

  he hazard function for marriage: -- 

0 
Note that h is assumed to depend on <U( t . 

0 

Parity and cause specific hazard functions for births 

After marriage and already having her j-th live birth, her next 

transition will be either to a live birth, the cause is denoted as C = 1, or 

to sterility, the cause is denoted as C = 0, for all j r 1. I assume that 

these are the only two causes for a transition. 

Parity j-l and cause C = c specific hazard function for her j-th 

transition is given by 

= h5[tj, ~~].~c(u(t . ) )  j Z 1, and c = 1, and 0 
J J 

(2.2) 

where g(.) measures the effectiveness of a contraceptive mix. For instance, 



1 if u(t) = abortion, g.(u(t)) = 0. 
J 

Children provide services as well as utility to their parents. Like 

many other developing countries, Malaysia does not have a public social 

security system. The employers in the organized sector contribute to their 

employees' old-age pension fund. While the parents working in the organized 

sector would generally have their own wealth or pension fund to support 

themselves in their old age, the unskilled and poor parents may not have such 

sources of old age support. So for such parents children provide old-age 

pension. These parents would then like to have more children and would space 

them closely in their early age. While children provide services and utility 

to parents, they also cost money and time. At any moment t and given Q(t), 

the woman would like to choose u(t) E U such that her expected life time 

utility is maximized subject to the above hazard functions and her budget 

constraints. I would not formulate her decision problem formally since it is 

difficult to solve analytically. 

I make the necessary assumptions about the specification of her decision 

rule U = r(Qt, s) and the composite function go* such that (2.1) and (2.2) t 

have the following proportional hazard representations: 

and for j = 1, 2, . . . J, and c = 0, and 1, 

0 j where X (t), and X (t) are the vector of time-varying covariates that include 

variables from Q and also information about all previous demographic t ' 

transitions. 



The above hazard rate specifications capture measured heterogeneity in 

the term q ( X ' / 3 ) ,  unmeasured heterogeneity in the term - ( v ) ,  and the 

duration dependence (i.e., the dependence of the probability of exit at any 

time t on the time spent in the birth interval) in the<term ho(t). Ao(t) 

could also be interpreted as the biological or natural hazard rate of a woman 

wi'th average level of fecundibility. The above proportional hazard 

specification presumes that measured and unmeasured heterogeneity shifts the 

natural hazard rate proportionally. 

Our main interest is to estimate the parameters of the hazard functions 

(2.3) and (2.4). While duration dependence is important from demographer's 

point of view, we are interested more in the 6' S .  For, these P' S will cast 

light on old-age security motive for having children, and replacement effects, 

i.e. whether an infant or child death induces a couple to have the next birth 

earlier. A strong replacement effect for higher parities will also be an 

evidence for old-age security motive. 

3. ESTIMATION PROCEDURES 

Typically for each household we have data on: to, tl, . . . ,  tr, tr+l, 

%+l'  
and <~(t)>:, where r is the number of children, t = the age at 

0 

marriage, t = duration between marriage and first live-birth, . . . ,  - 1 tr - 
duration between r-l and the r-th, i.e., last live-birth, and t = duration 

r+l 

of the last event, which may be either her being censored in which case 6 
r+l 

= 0, or her attaining menopause in which case 6 = 1, t being her age on 
r+l 

the survey date. The likelihood of such an observation can be constructed as 

follows: Denote the combined hazard function by 

l 



The corresponding survival function is given by 

= probability of no live-birth or sterility for a period t after 

her j-1st live-birth. 

The subdensity function of the j-th transition due to cause c is 

fc(t I . ) = Probability that there is no transition before t due to either 
J 

cause and there is a transition within an infinitesimally small 

interval of time after t due to cause c. 

Note that 

The probability of her getting married at age to is given by 

l I fo to l ( X ( t ~ > ~ ,  vol. Similarly, given t 0' the probabilityof (tl,C= l), 

i.e., the probability of her neither giving a live-birth nor becoming sterile 

for a period of time tl after her marriage and then giving a live-birth in the 

period (t t +dt) is given by f 1' 1 t o  <X( t ql]. The process continues 

until she reaches her final transition due to menopause or she is censored. 

The likelihood of such an observation is 



0 5 
where h,(. l .  0 . 

Since I am going to use Heckman's CTM package (see Yil19881 for details 

of the package), I shall specialize the base-line hazard functions of 

(2.3) and (2.4) to the the Box-Cox family: 

The Box-Cox family includes many well known distributions. I use the following 

three: 

(11 h i j  = 0,  a;j = 0 :Weibull base-line hazard distribution 

( 2 )  hC = l ,  aC = O  
1 j 2J 

:Gompertz base-line hazard distribution 

(31 hc = 1, hZj = 2 
1 j 

:Quadratic base-line hazard distribution 

Note that Gompertz distribution is nested in quadratic distribution. 

Weibull and Gompertz distributions are widely used for duration analysis in 

statistics and econometrics. Note that both models presume rapidly growing or 

decaying natural hazard rates -- Weibull at the polynomial rate, and Gompertz 

at the exponential rate. A quadratic model can, however, generate an 

- W  intermediate shape for the natural hazard rate. The use of quadratic hazard 

is also motivated by evidence for such a shape in other fertility studies 

5 ~ h e  implicit assumption here is that a woman does not know before marriage 
if she has already attained her sterility. 

14 



(see, for instance, Trussel and Richard 119851, Tuma and Michael [19861). 

Most applications of duration models use maximum likelihood estimation 

procedure ignoring the unobserved heterogeneity. Even in this simpler case, 

would 6 estimates be sensitive to specifications of h ft)? Trussel and 
0 

Richard [l9851 find insensitivity of the maximum likelihood estimates of f3 to 

the above base-line specifications. However, our empirical results show that 

p estimates are sensitive (see table 1). This motivates us to consider Cox's 

partial likelihood estimation procedure. 

Cox's Partial likelihood Estimation (PLE) procedure: 

Cox[19721 in a path breaking paper suggested a robust estimation 

procedure for regression coefficients which is not sensitive to the base-line 

hazard function. Suppose that we have data of the following type 

where 8 = 1 if i-th observation completed the the j-th event, and aij = 0 if 
ij 

the observation is censored; censored observations will have superscript 0 .  

Define the risk set ??.(t) at t 2 0 by 
J 

R.(t) 8 the set of women who after completing their (j-l)-st event have 
J 

waited,for at least a period of time t for the occurence of the 

next event which is either a live-birth not leading to infant 

death or her sterility. 

The Cox's partial likelihood method maximizes the product of the conditional 

probabilities that the i-th person actually exits due to cause c at t;i, given 

that it could have been anybody from the risk set X.(tC 1 over all observed 
J ji 

points tC with 8 ..= 1. Using a commonly advocated adjustment procedure for ji' J 1 

ties in duration times, the method maximizes the following: 



C 
where, S.. = 1 Xjq summation is taken over { q: tC = t . .  and dji is the 

J 1 jq ~1 
C 

number of such ties. where n = number of uncensored observations for the 
j 

C 
j-th transition. Note that maximizing !t with respect to all 6 c = 0,l and j 

j' 
C 

= 1, 2, . . . ,  C is equivalent to maximizing (3.3) with respect to ,C3 separately 
j 

for each c and j. It has been shown (see Wong 119861 for an account) that 

partial likelihood estimates of 6 is asymptotically distributed as N(6, 

a2iog!t (6) 
. 

I(~)-~I, where I(,C3) = and the score vector U(P) = alogZ(P)/a/3, is 
a6 86' 

asymptotically normally distributed with mean 0 and covariance matrix I(6). 
6 

(See Kalbfleisch and Prentice [1980, 71-76], or Lawless 11981, 354-3591). 

BIAS AND INSTABILITY PARAMETER ESTIMATES DUE TO OMITTED VARIABLES -- 

UNCONTROLLED HETEROGENEITY 

I have given only a structural interpretation for v ,  namely as 

heterogeneity among couples in biological endowments such as fecundibility 

that is observed by the couple but not by the econometricians. Heterogeneity 

can also arise statistically as a result of omitted regressors. In such a 

case, the parameter estimates of the included variables would suffer from 

omitted variables bias unless they are orthogonal to the omitted variables 

(Keifer 11988, 672-6731). The second way in which heterogeneity can arise is 

when some of the included covariates have measurement errors. For instance, 

the degree of old-age security that is perceived by a couple at any time 

I developed a GAUSS program on IBMPC that can compute the above partial 
likelihood estimates for time varying covariates. 



could not be directly observed and is to be instrumented by other variables 

in our empirical analysis. That means some of our covariates will involve 

measurement errors. The @-estimates in such situations will be both biased 

and inconsistent. Controlling for unobserved heterogeneity can correct some 

of these biases and inconsistency (Chamberlain 119851). In the next section I 

empirically examine how sensitive the regressor estimates are when some of the 

significant regressors are dropped. 

Heckman-Sinner procedure for Controlling Unobserved heterogeneity 

To control for unobserved heterogeneity in maximizing the likelihood 

function (3.11, several problems arise. The unobserved heterogeneity 

parameter could be treated as an individual and parity specific fixed effect 

or as a parity specific random effect. The main advantage of treating q as 

fixed effect is that one can avoid making any specific distributional 

assumptions about it. However, due to lack of enough data on individuals, the 

parameter estimates under fixed effect assumption will suffer from the 

well-known Neyman-Scott inconsistency syndrome. Chamberlain [l9851 suggested 

a method of maximizing likelihood conditional on a sufficient statistics for q 

for multiple spells duration models within the exponential family of hazard 

f U& t ions; however, the procedure assumes that each individual has mu1 t iple 

spells and the heterogeneity is constant across spells. ( For a criticism of 

the method, see Heckman and Singer [ 1985, pp. l01 l 1. 

The other approach for controlling heterogeneity assumes that q is 

random. Many of the random effect duration models in the literature specify a 

parametric mixing distribution h for q, where the distribution of q is known 

except for a finite number of parameters p ;  and then integrating out q in 

(3.1) (numerically when analytical integration is difficult to calculate) one 

gets the marginal empirical distribution of the multiple spell durations as 



where < is a vector of parameters from the hazard functions; one then 
maximizes this marginal likelihood with respect to the parameters C and p. 

Heckman and Singer [l9821 found that the above procedure is too restrictive 

due to the assumption of a specific distribution of q to which the parameter 

estimates will be very sensitive (see their l19821 Table 2 for empirical 

7 
evidence) . They suggested a nonparametric maximum likelihood estimation 

(NPMLE) procedure to control for unobserved heterogeneity; the procedure in 

our context is described as follows: 

Assume that sterility is not observable, i.e., the cause C = 0 is 

non-observable. So I can drop the superscript c now on. Suppose q = c.9, j r 
J J  

0 ,  where c is the spell specific factor loading, and 8 is a mixing random 
j 

variable on ( W , B , p )  with the probability measure n. Note that this 

.specification allows the unobserved heterogeneity to be correlated across 

spells. (3.4) now becomes 

+pL=l. where, L is the number of supports, pI 2 0 ,  I = 1, . . . , L, and p +. . . 

The NPML procedure starts with L = 1, and increases the number of supports 

7~iefer [1988, pp.6761 points out that this sensitivity might be due to their 
choice of Weibul model. 



until the likelihood ceases to increase. The procedure estimates the 

parameters c,  and p 'S and 0 'S simultaneously. e e 
Although the procedure is quite general, it runs into few problems. 

First, since the likelihood function is not globally cpncave, the iteration 

procedure may not always converge, and when convergence obtains, it may not 

provide a global maximum. Secondly, asymptotic distribution for the 

estimates could not be derived when the the number of supports are not fixed 

a priori. 

Following Heckman and Walker[19871, I also specialize the above 

non-parametric maximum likelihood procedure to a mover-stayer specification 

for heterogeneity (NPMS) which is simpler and does not have the above 

problems. The mover-stayer specification assumes that q takes only two 
j 

values--sterile or fertile-- a proportion n of women during the j-th spell 
j 

are sterile, and estimates n non-parametrically. The procedure is simpler, 
j 

requires maximization of the likelihoods for each event separately, and it 

converges faster. In the following section I report NPMS estimates for 

Gompertz, Quadratic and Weibull models in table 2 and NPML estimates for 

Gompertz and Weibull specifications in table 5. 

4. EMPIRICAL RESULTS 

THE DATA SET 

The 1976-77 Malaysian Family Life Survey data are used for the analysis. 

This data set contains the event history data on 1262 households drawn 

randomly from private households consisting of at least one married woman of 

age less than fifty. These households represent quite well all the 

socio-economic strata in the country, and the data set has passed many 

consistency checks (On data reliability, see Haaga [19811). Malaysian 

population consists of three racial groups - Malay, Chinese, and Indians - 



Malays make up about 50% of the total population. Since government policies, 

customs, cultures, and social norms vary across racial groups, and also to 

keep computations task to a reasonable level, I carry out my investigation 

only on Malays. I choose the following variables for (my preliminary analysis. 

We must note that because of the sampling scheme, the parameter estimates 

of the marriage event may have choice-based sampling biases. 

Choice of variables -- 

I will have the following variables: 

RURAL = 1 if the household is in the rural sector, and = 0 otherwise 

ED-LEVEL = level of education of the mother in number of years divided by 10 

MISCRG = number of miscarriages up to the present time 

CHLDTH = number of children died after six months old 

INFNTDTH = number of children died before six months old 

MON-SEP = effective number of months the couples were geographically 

separated divided by 10 

DOWRY = amount of dowry paid during marriage divided by 100 

AGE-LBT = age in months at last effective live birth divided by 100 OLDAGE 

= 1 if the couple expect old-age support from their children and 

= 0 otherwise. 

RURAL, ED-LEVEL, DOWRY, AGE-LBT, and OLDAGE are non-t ime varying, and 

the rest are time varying. In the demographic literature, such observed 

heterogeneity as MISCRG and MON-SEP are generally not controlled for. If the 

oldage security motive is dominant among the Malays, we would expect a 

positive /3 for OLDAGE. However, this variable is an attitude variable and 

recorded only during the survey period; so the variable can have severe 

measurement errors when projected to earlier years. Moreover, the parents 

who do not have many children may report dependence on children for old-age 



support as a matter of grievances and thus bias the effect of old-age motive 

for other parents. 

EMPIRICAL FINDINGS: 

A Comparison of Partial Likelihood estimates with Maximum Likelihood - 

estimates with and without unobserved heterogeneity controlled for. 

For Weibull, Gompertz, and quadratic models table 1 shows the maximum 

likelihood estimates without controlling for unobserved heterogeneity (MLE) 

and table 2 shows the nonparametric maximum likelihood estimates with 

mover-stayer heterogeneity (MSMLE). Table 3 shows the partial likelihood 

estimates (PLE). Several interesting observations can be drawn from these 

estimates 

<l> Whenever significant, the Weibul estimates in table 1 have in general 

higher absolute values than the estimates for the other two 

specifications. The exceptions to this pattern are the variables 

INFNTDTH, and RURAL. As is clear from table 2, when unobserved 

heterogeneity is controlled for, we do not observe the above systematic 

pattern for the Weibull model. A comparison of estimates from tables 1 

and 2 reveal that for each model controlling for heterogeneity using 

mover-stayer specification does not change the estimates for age at 

marriage and first few birth intervals; the estimates are more 

sensitive for higher order birth intervals. 

<2> Although I find that the maximum likelihood estimates without controlling 

for heterogeneity for all the three models often agree with respect to 

sign and significance, they are not too close to each other. However, 

they are closer to each other than the corresponding NPML estimates. 

<3> The common pattern shown by these estimates is that 



(a) from tables 1 and 2 it is clear that the age at marriage is related 

positively with ED-LEVEL, RURAL AND OLDAGE. DOWRY has no effect on the 

age at marriage. Note that except for the effect of ED-LEVEL, all other 

effects are counter-intuitive. However, the partfial likelihood 

estimates in table 3 show that the effect of ED-LEVEL is significantly 

positive, the effects of RURAL and OLDAGE are insignificant, and the 

effect of DOWRY is significantly negative on the age at marriage. The 

partial likelihood estimates for the marriage event seem more reasonable 

than the maximum likelihood estimates. However, this might be due to 

the choice-based sampling problems noted earlier. 
. 

(b) The relationships between the birth intervals and regressors are as 

follows: 

<a> tables 1 and 2 show that the duration between marriage and first 

live-child is significantly negatively related to ED-LEVEL, MISCRG, 

CHLDTH, INFNTDTH and age at marriage and the other variables are not 

significant. The partial likelihood estimates are also similar to the 

maximum likelihood estimates, with the notable differences that the 

partial likelihood estimates for MON-SEP and RURAL are significant, and 

that the partial likelihood estimates for MISCRG, CHLDTH, and INFNTDTH 

are generally higher than the maximum likelihood estimates. 

<p> The maximum likelihood estimate of the effect of RURAL variable from 

tables 1 and 2 is significantly positive for durations 1-2, 3-4, 5-6, 

and 6-7. This is again counter-intuitive. However, the partial 

likelihood estimates for these parameters are not significant 

<@ All estimation procedures show that ED-LEVEL has significantly 

negative effects on durations 0-1, 1-2, 2-3; all these estimates have 

comparable magnitudes. However, tables 1 and 2 show that it has no 

significant effect on birth intervals after the third, while the partial 



likelihood estimates are significant for the durations 5-6 and 6-7. 

G> Tables 1 and 2 establish that having their significantly negative 

effects on the duration between marriage and first live-birth, i.e., 

duration 0-1, MISCRG has significantly positive effect on all, INFNTDTH 

has significantly positive effect in almost all subsequent birth 

intervals, CHLDTH retains its negative impact on subsequent birth 

intervals up to the fifth child, and thereafter has no effect and 

MONSEP seem to have no effect on any duration. The partial likelihood 

estimates from table 3 more or less depict the same picture, with the 

notable differences that MISCRG is significant only up to the fourth , 

live-birth instead of all births in the other two tables; when 

significant INFNTDTH has negative effect up to the fourth birth interval 

and thereafter it has positive effect. This finding about replacement 

effect is Olsen's findings on the same data set.MON-SEP has 

significantly negative impact on durations 0-1, 2-3, and 5-6. 

<c> All the three estimation procedures show that the effect of AGE-LBT is 

significantly negative for the first birth, not significant on the second 

birth, and thereafter it has significantly positive effects. However a 

. closer look at these tables will show that maximum likelihood estimates 

with unobserved heterogeneity not controlled for are higher than both the 

maximum likelihood estimates with unobserved heterogeneity controlled for 

and the partial likelihood estimates. Moreover, while the coefficient 

estimates of AGE-LBT for all birth intervals are close to each other in 

each model when heterogeneity is not controlled for, they differ 

substantially especially for higher order birth intervals and even 

become insignificant when unobserved heterogeneity is controlled for. 

<+> The effect of OLDAGE is most anomalous. Table 1 shows that it is 

significantly negative only for duration 5-6, and for 3-4 the effect is 



significantly positive and otherwise not significant. Partial likelihood 

estimates show significantly negative effects for durations 5-6 and 5-7, 

although the effect on 3-4 is still positive. The estimates from table 2 

show that OLDAGE has no significant effect on any,,birth interval except 

for negative impact on duration 4-5 with the Weibull model, and duration 

5-6 with the quadratic model. 

Omitted Variable Bias 

Table 4 shows the maximum likelihood estimates for two specifications of 

the Weibull model--one including all the regressors (the estimates are in the 

first column for each event), and the other one excluding MISCRG, CHLDTH, 

INFNDTH, and MON-SEP (the estimates are in the second column for each event). 

These excluded variables are presumably distributed identically across 

individuals and independent of the included regressors. The empirical 

findings of this exercise seem to point out the importance of heterogeneity 

arising from omitted variables. For note that a significant effect in the 

full model may become insignificant in the omitted variables model; compare, 

.for example, the effect of RURAL on durations 3-4, 5-6, and 6-7. 

Sensitivity of Heckman-Singer'= estimates to Base-line hazard 

specifications 

Earlier I have compared the sensitivity of the NPMS estimates to 

different base-line hazard specifications. Now I report the estimates for 

NPML procedure. Only the Gompertz and Weibull models were estimated with 

covariates RURAL, ED-LEVEL, AGE-LBT, OLDAGE, and only for four events, 0-1, 



8 
1-2, 2-3, and 3-4 . The reason for dropping the time-varying covariates is 

that the partial likelihood estimates (PLEs) are consistent for models with 

non-time varying covariates and thus I can compare NPMLEs with PLEs. Table 6 

presents the estimates for both models with and without heterogeneity 

controlled for. For comparison, I also present the maximum likelihood 

estimates for quadratic model without heterogeneity and the partial likelihood 

estimates in the same table. 

The table shows that for these two models while some of the significant 

maximum likelihood estimates that are close to each other when heterogeneity 

is ignored, may cease to do so when heterogeneity is controlled for. For, 

note that out of the ML estimates RURAL in duration 1-2, ED-LEVEL in 0-1, AGE 

in 0-1, 2-3, 3-4, and OLDAGE in duration 3-4 (with a wrong expected signlthat 

are comparable when heterogeneity is ignored, the NPML estimates for RURAL in 

1-2, and AGE in 2-3 diverge. However the opposite phenomenon is observed for 

RURAL in 2-3, and OLDAGE in 3-4. 

When compared with the PL estimates, I find that while for some 

parameters the NPML corrects an estimate toward PLE as for instance, RURAL in 

2-3, OLDAGE 3-4 in Weibull model, for other parameters the NPML estimates 

deviate from both PLE and each other, (for instance, ED-LEVEL in 1-2, 2-3, AGE 

in 1-2, 2-3, OLDAGE in 1-2). 

As regards to duration dependence, we observe that after the 

heterogeneity is controlled for non-parametrically, the shape of the baseline 

hazard function changes significantly for each specification. For event 1-2, 

figure 1 shows the base-line hazard functions for Gompertz and figure 2 for 

Weibull. Dotted curves correspond to NPMLE and continuous curves to MLE. 

* We also tried to estimate the quadratic model. The convergence did not 
obtain easily. So we dropped it. 



Summarizing the above empirical findings, it is clear that 

when unobserved heterogeneity is ignored, the maximum likelihood 

estimates of the regression coefficients for all three models most 

frequently agree with each other and with the partial likelihood 

estimates; 

the omitted variables can affect the magnitude as well as the precision 

of the estimates; 

controlling for heterogeneity nonparametrically may change the signs and 

significance of parameter estimates of a model when estimated ignoring 

heterogeneity; 

MSMLEs are less sensitive to the base-line hazard specification than 

NPMLEs, and MSMLEs are comparable to PLEs; 

Inference about duration dependence depends on its parameterization 

regardless of which estimation procedure is followed and is thus least 

dependable. 

Therefore it is clear that specification diagnostics are necessary to choose a 

mode l. 

5. GOODNESS-OF-FIT TEST, AND SPECIFICATION TEST FOR MODEL SELECTION 

GOODNESS-OF-FIT-TESTING: 

The issue of how to choose a model is perhaps most important in the 

duration context. The likelihood ratio (LR) test procedure for nested 

specifications, and goodness-of-fit test procedure for non-nested 

specifications have been advocated for in the econometric duration analysis 

(see Heckman and Walker [19871). Note that while LR test aids to choose 

between two competing models, none of which could be the true data generating 

process, the goodness-of-fit test is an absolute test against any alternative. 

However, the goodness-of-fit test could be sensitive to the choice of cells 



which are arbitrary, and it may accept two models with different f3 estimates, 

as we see in our empirical findings below. 

Table 6 shows the results on goodness-of-fit tests for different models. 

It is clear that the quadratic model is accepted more frequently than the 

other two specifications, and general heterogeneity specifications are also 

more often accepted. A closer look at table 6 reveals that choices of cells 

and the truncation period can lead to opposite test results for the same 

specification and the same parameter estimates. Note that for the covariate 

group 1, the Weibull model with a general heterogeneity specification and the 

quadratic model without controlling for heterogeneity are both accepted by the 

goodness-of-fit criterion (indeed for both models the cell probabilities are 

pretty close to each other for all truncation periods and cell divisions). 

However, their beta estimates (table 5 WB-NPML and QUAD columns) differ quite 

significantly, e.g., estimates of AGE for 1-2, 2-3, and of OLDAGE for 1-2. 

SPECIFICATION TESTING: 

It is clear from the above results that a goodness-of-fit test cannot say 

much about the f3 estimates. One needs to carry out specification testing that 

directly involves the B estimates. Hausman type test is more appropriate and 

the test directly applies to the proportional hazard models without unobserved 

heterogeneity. 
A A 

Let d = pm - PPL, where pm is the maximum likelihood estimates under 
A 

the null specification of the base-line hazard function, and PpL is the 

partial likelihood estimates. It is known, at least for non-time varying 
A 

covariates, that the PpL are consistent when the base-line hazard function is 

completely unknown although under the null specification it might be less 
A 

efficient than Pm. Note that if the model is correctly specified, CHISQ = 

d1v-ld is distributed as yZ with k degrees of freedom, where k is the 



dimension of d, and V = V ML-~PL* where V 
and VpL are the asymptotic 

ML' 

dispersion matrices of /3 m and BpL respectively (Hausman [19781). In our 

case, V turns out to be not positive definite. So with some statistical 

abuse, I use V = VpL which could, however, be justified'as if we are testing 

the null hypothesis that Ho: p = pm. The CHISQ values then become 25.81, 

14.33, and 15.97 respectively, in which case all three models are rejected at 

L 
5% level (x12(.05) = 21.0) and Gompertz and quadratic are accepted at 1% level 

2 
( X  (.01) = 26.2). I also carry out this testing for the NPML estimates for 

12 

the events 0-1, 1-2, and 2-3, for Gompertz and Weibull models. The CHISQ 

statistics are 17.84 for Gompertz and 108.04 for Weibull. So the Weibull' 

model is again rejected. 

To get around the problem of non positive definiteness of V, I also 

follow the Newey-Tauchen m-testing framework which has been shown to be 

asymptotically equivalent to the Hausman test (Newey [19851). However, since 

partial likelihood is defined only for non-censored observations, the method 

does not apply directly if censoring is present. So in order to apply the 

m-test, I deleted the censored observations from our sample to compute the 

following scores. This may, however,bias our inference 

Following Newey [l9851 and White [19871, let m.(p 1 and n.(p 1 be 
1 M, 1 ML 

respectively the the vector of maximum likelihood score and the partial 
A 

likelihood score at = pm, the m.1.e. The test statistic is nR X:, where 

2 n = number of observations, R is the non centered R-square statistics from 
A A A A 

regression of 1 on ~.(#3~)1. I computed this statistic for 
1 1 

Gompertz, Weibull, and quadratic model for each transition, 0-1, 1-2, and 2-3, 

separately and all three jointly, they were all larger than 200. So all three 

specifications are rejected. Such unbelievably high values would make us 

suspect the validity of this test or the sensitivity of this test to the 

restriction of non-censored observations only. Theoretical investigations are 



much needed in this area. 

IN SUM, Our goodness-of-fit test results reveal that the quadratic model 

without unobserved heterogeneity has performed as good as the Weibull and 

Gompertz models with nonparametric heterogeneity specif'ications and better 

than the Weibull and Gompertz models without unobserved heterogeneity. Our 

specification test accepts the quadratic and Gompertz (which is nested in 

quadratic) specifications. Nonparametric evidence from other studies suggests 

a quadratic shape for the natural hazard rate for fertility events. On the 

basis of these, therefore, I present the NPMS estimates for the 

quadratic or quadratic-like models and the partial likelihood estimates 
i 

in the next section to draw inferences about old-age security hypothesis, 

replacement effect, and sex-preference hypothesis. 

6. PARAMETER ESTIMATES: OLD-AGE SECURITY, SON PREFERENCE, AND REPLACEMENT 
EFFECTS 

Replacement Effect: 

Replacement effect measures the responsiveness of the fertility decisions 

to an infant or child death. In the literature there has been some dispute as 

to whether infant/child mortality is exogenous or it depends on number of 

ch'i'ldren. More children in a family may cause a higher infant/child mortality 

as due to sharing limited resources (see Heer [l9831 on the controversy). Our 

hazard rate approach provides the percentage increase in the probability of 

having a child when there is an infant/child death for each parity. So our 

estimates do not suffer from this problem. QUAD columns of table 2 provides 

MSML estimates for quadratic model and table 3 provides the partial likelihood - 

estimates. Estimates for CHLDTH and INFNTDTH reveal a strong evidence for 

replacement effect. This should be contrasted with the Wolpin's 119841 

finding for weak replacement effect on the same data set. However, his 

estimation procedure is completely different. 



A closer look at the estimates will reveal that CHLDTH has stronger 

effect than the INFNTDTH. Both are highest during the first birth interval, 

and then they decline during the higher birth intervals. For instance, during 

the first birth interval if there is an infant death then that will increase 

the probability of having a child at any time after that period by 60%(QUAD) 

to 80%(PLE); if there is a child death during the second birth interval then 

probability of having a child at any time afterwards will be increased by 

23%(QUAD) to 54%(PLE). The combined effect of INFNTDTH and CHLDTH are 

positive up to the fifth birth interval. This implies that there is a demand 

for large family and thus the possibility of old-age security motive among 

Malays for having children. 

Old-age Security Effect: 

In the absence of publicly provided social security program, whether 

parents have to depend on children will depend upon their expected level of 

old-age wealth and pension fund. The degree of oldage insecurity felt by 

parents at different stages of their life-cycle is an attitudinal variable and 

' is best measured by direct responses of the individuals. However, our sample 

recorded the parents' response only at the survey date. Moreover, as pointed 

out.earlier, this response may not be free from measurement errors, and 

endogeneity problem. To circumvent these problems, I estimated the following 

logit model restricting the sample to the survey date observations 

Prob(0LDAGE = 1) = exp (Xf?)/[l+exp(X/3)1 

then use the estimated model to predict the time varying probabilities for all 

time periods. This variable is denoted as POLDAGE. I took the regressors as 

wife' S earnings, age, education, race, and number of surviving sons, and 

husband's earnings. A higher POLDAGE in our terminology means a higher 

expected dependency on children for old-age support 



For the model specifications with POLDAGE, I did not try to get NPML 

estimates using Heckman's CTM package nor PL estimates using my partial 

likelihood package as they are very time intensive. However, using SAS, I 

estimated the Weibull and Log-logistic models with the(same set of regressors 

as in table 3 but replacing the OLDAGE variable by POLDAGE. I used data on 

all three races. The parameter estimates for only POLDAGE variable are shown 

in table 7. It is clear that for both models the POLDAGE estimates are 

significantly positive in all parities. For instance, out of any two women, 

if one of them has one percent higher expected dependency on children would 

increase the probability of having early marriage by 20%, first birth by 14%, 

second birth by 8% and so on. This reflects how expected old-age dependency 

on children affect the timing of marriage and timing and spacing of children. 

Son Preference Hypothesis: 

The empirical literature found controversial evidence on sex preference 

(see Ben-Porath and Welch on this). Only studies that relate the effect of 

number of son (N-SON) on the subsequent children are the ordinary least 

square analyses of Ben-Porath and Welch using Bangladesh data, De Tray l19841 

using Pakistan data and Leung l19871 using Chinese sample of the same 

Malaysian data as mine. All these are based on closed birth intervals and 

thus have sampling bias of throwing away the incomplete birth intervals. 

These studies do not control for important determinants such as infant death, 

and child death. They find the effect of N-SON on subsequent birth intervals 

are weak but positive up to five children. 

We apply hazard rate approach to the problem. We obtained the maximum 

likelihood estimates for Weibul and Log-Logistic models with the same 

regressors as in table 3 using data for all three races. The parameter 

estimates of N-SON only are given in table 7. The estimates are 

significantly negative for first five children with the exception of 2-3. We 



get a bit stronger support for the son preference hypothesis compared to the 

previous studies. 

Effect of &e on fecundibility of women: -- 

Our PL estimates in table 3 and MSML estimates for quadratic model in 

the QUAD column of table 2 show that the women who get married older get 

their first child earlier. During the second birth interval, age at the 

first live-birth does not matter. For the higher order birth intervals, the 

older women take longer period to conceive, and this age effect is stronger, 

the higher is the parity. 

IN SUM, we find strong evidence for oldage security hypothesis, 

and son preference hypothesis, and strong replacement effect up to the fifth 

child in the fertility behaviors of Malay population. We also find that 

older women take longer time to conceive except for the first two births. The 

higher is the level of education of the mother, the higher is the probability 

of her having a child earlier and this is significant up to her fourth 

child. 

7. CONCLUS IONS 

The following are the summary of our findings: 

<l> Unlike the Trussel and Richard findings, the maximum likelihood estimates 

(MLE) of the regressors are sensitive to base-line hazard specifications 

even when unobserved heterogeneity is ignored. However, MLEs are less 

sensitive than maximum likelihood estimates with a mover-stayer mixing 

distribution for heterogeneity (MSMLE), and MSMLEs are less sensitive 

than maximum likelihood estimates with a nonparametric general mixing 

distribution for heterogeneity (NPMLE). Therefore, specification testing 

is essential for choosing a model that can provide reliable inference and 

policy analysis. 

<2> Goodness-of-fit test as a criterion for model selection examines only the 



predictive power of a model, and can be insensitive to the parameter 

estimates. We find empirical evidence for this. Therefore, a Hausman 

type specification test that directly involves the parameter estimates is 

more appropriate. , 

<3> Newey's m-test for specification diagnostics which is asymptotically 

equivalent to Hausman's specification test yields very large chisquare 

values for all specifications (larger than 200) .  However, when we used 

the dispersion matrix of the partial likelihood estimates in the Hausman 

test, Weibul model was rejected and Gompertz and quadratic model were 

accepted. Theoretical work is needed to modify the Hausman test to be 

applicable in duration context. 

<4> Results from Hausman type specification test and goodness-of-fit test 

reveal that a quadratic model ignoring heterogeneity performs as good as 

Weibul and Gompertz models with nonparametric mixing distributions for 

heterogeneity. 

Therefore, to test our hypotheses we use the partial likelihood 

estimates, MSMLEs for a quadratic model, and MLEs for two Log-Logistic 

models. ( A  Log-Logistic model can generate a quadratic shape for base 

line hazard function. This specification was chosen so that we could use 

the standard SAS package to estimate the MLEs). The following are our 

policy conclusions: 

<5> While the expectations about the extent of oldage insecurity may change 

over the course of life-cycle, a couple anticipating higher degree of 

oldage insecurity gets married earlier, and space their children earlier 

and closer. This negative impact of oldage insecurity on the subsequent 

birth intervals is true for all parities although the strength of the 

effect gets weaker for higher parities. Thus a significant part of the 

Malaysian households have larger families resulted from pension motive. 



<6> A significant number of households would like to have their next birth 

early if there is either a child death or an infant death in the family 

This effect is generally found to be stronger for a child death than an 

infant death and the combined effect is significant up to the fifth 

child. 

<7> The effect of number of sons on subsequent birth intervals is 

significantly negative up to the fifth child. Thus the Malaysian 

families 

exhibit son preference. However, the son preference effects are found to 

be weaker in terms of t-statistics than the old-age security effects or . 
replacement effects. 
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TABLE 5: Comparing Parameter Estimates o f  Weibul and G o m p e r t c  models with and without controlling Heterogeneity those w i t h  PLE 
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-----------------------------------------------F 2 1  

T a b l e  5 continuer in the next page. Absolute t-values are in brackets. 
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TABLE 7: Parameter Estimates for POLDAGE2 and N-SON for Weibull and Log-logintic Models 

VARIABLES m r  g mr g 0-1 

W L  LLOG WBL 

POLDAGE2 20.19 16.37 14.21 

(42.1) (37.5) (30.6 

0- 1 1-2 

L L O G  W 3 L  
- - - - - - - - - - - - - - - -  

N S O N  - 

1 - 2 2 - 3 
LLOG W B L  

- - - - - - - - - - - - - - - -  
13.56 8.60 7.33 6.61 

) (33.7) (30.3) (23.6) (25.1 

3-4 3-4 

WBL L L O G  

5.98 5.78 4.66 

) (26.3) (24.5) (23.2) 

N SON -.011 * .001 * .008 * - 
(2.23) (a2'-') (1.88) 

t-rtatinticr in bracketr 
* => convergence did not obtain in 50 iterations. 

WBL => Weibuull distribution 

L L O G  => Log-logistic distribution 
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