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ABSTRACT

A DURATION ANALYSIS OF FERTILITY BEHAVIOR OF MALAYSIAN WOMEN: PARTIAL

LIKELTHOOD 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 effecf and son/sex preferencé hypothesis for
the Malaysian families. We find strong evidence for old-age security
hypéthesis 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

LIKELTHOOD 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
preferencebhypothesis, 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 suppert. 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 [1986], Ben-Porath and Welch [1976], Heer[1983]).

Much of the empirical investigation of these effects has been carried out
on completed family size and found controversial estimatés ( see Cain {1983]
Swidler [1983] ). 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 son/daughter, 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.
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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 [1976], Newman and McCulloch [1984], Olsen
and Wolpin [1982], Wolpin [1985], and Hotz and Millar [1988], Ben-Porath and
Welch [1976]. The firét 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 effecF. 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 [1982] ). Heckman and
Singer proposed a maximum likelihood estimation procedure in which the
unobserved heterogeneity could be controlled for nonparametrically (NPML).
Trussel and Richard [1985] 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
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and Walker [1987] use goodness-of-fit criterion. Sharma [1987] 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-fit 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 [1985] and White [1987] 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 hetefpgeneity.

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 behavior has mostly been
carried out in the static household production framework that was pioneered by
Becker [1960]. Namboodiri [1972], and Moffit [1984] pointed out that .
fertility decisions are sequential decisioﬁs 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 {1975], Newman and McCulloch [1984], Hotz
and Millar [1988], and Wolpin [1984] 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 childreﬂ in a discrete time dynamic programming
framework. Newman and MpCulloch followed a similar approach in continuous
time to study the waiting time distributions. Hotz and Millar studied the
interaction betweén fertility decisions and female labor supply décisions over
the life-cycle énd how they are jointly affectéd-by earnings profiles of the
husband and wife. None of these mode}s could solve the decision rule
explicitly2 and instead they parameterized the reduced form decisions rules.
Wolpin, however, modeled fertility decisions as to have or not to haye 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

2 : s res . « s .
It is very difficult to derive the decision rules analytically. However,
Newman [1987] 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 bifthé. Denote the set of tﬁese instruments
by 1.

Each individual searches in the marriage market for a suitable partner
who can fulfill 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 or still birth, pregnancy resulting in a live-birth, sterility as
a result of menopause or death of husband.4 Our interest in this paper is,

however, to analyze the waiting time distributions between the states from the

3These 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 § = {marry, pregnancy leading to a live-birth, sterility}, while
controlling for her visits to other states that affect these waiting times.

Let (W,B,u) be the underlying probability space on which all the
following random variables are defined. o

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

To(w) age at marriage

Tl(w) duration between marriage and the first live-birth

Tz(w) = duration between the first live birth and the second live birth

Tk(w) duration between the last two live-births, where K(w) = k
Tk+1(w) = duration between the last birth and the beginning of sterility.

Let ﬁL = (TO, Tl’ e, Tk+1) be the random vector of waiting times.

Let the random variable C(w) denote the number of miscarriages and still
births that she may have in her life-cycle, and let 7M = (Ml’ MZ"" MC(w)) be

a random vector, where Mi is the age at which she had her i-th miscarriage, 1

=1, 2, ..., Clw).
Let us denote by
r
J (t) =(T,, T,, ..., T ), withr =k+1, ¥ T. =t, the history of all
L 0 1 r {=1
completed pregnancy durations up to her age t,
ﬂM(t) = (Ml’ M2, . MS), MS < 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.

t
I shall denote by CX(t) >t2 = {X(t) | t e [tl’ t2] }. Let the random
1

variable n, on (W, B, p) denote the woman’s gifts from nature such as luck,
level of intelligence, and beauty that determine her probability of finding a -
suitable partner in the marriage market. Let the random variable nj denote
her fecundibility given to her by nature when she is at risk of giving j-th

birth, j =1, 2, ..., K{w). Let 7 = (no, n, ). Note that 7 may

MK (w)

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
decisions < u(t) e o >;, and Q(t), assume that a couple chooses the hazard of
a birth or marriage (if not already married) as follows:

The hazard function for marriage:

t
0
ho[ ty | <u1(t)>o . alt), "o] dt

t
0
P[TO € (ty ty+dt) | <ﬁ1(t)>o L Mg Ty = to]

t
0

t
Note that hO is assumed to depend on <u(t)>oo.

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 causé.is denoted as C = 1, or
to sterility, the cause is denoted as C = 0, for all j =z 1. I assume that
these are the only two causes for a transition.

Parity j-1 and cause C = ¢ specific hazard function for her j-th

transition is given by

t.
c J
hj[ ty | <u(t)>tj_1, att,), "j] dt

t,
= Pt e(t ,t +dt), C =c| <ut)>,? ,act.), 0., T.Zt-]
( 35 | ty g (b5 myp T3t

c c
= A.lt., J.g8:(u(t))) j=1, and ¢ = 1, d o 2.2
J[ 3 nJ] 8J j J an ( )
where g(.) measures the effectiveness of a contraceptive mix. For instance,
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if u(t) = abortion, gﬁ(u(t)) = 0.

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) € 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, = W(Qt, 7) and the composite function go¥ such that (2.1) and (2.2)

t

have the following proportional hazard representations:

t
1 0 0 1 0 ’ 1
ho['ro € (ty,to+dt) 1 (D7, ”o] = Ag(ty) eacp[X (ty) By *+ eo"o] (2.3)
and for j =1, 2, ... J, and ¢c = 0, and 1,

£

c 3 c J e c
hel t. t . on.] = aSct. xJ(t.) BS + 650, (2.4
J[ ;| < )>tj_1 nJ] () eacp[ ;) 85 JnJ) )

where XO(t), and XJ(t) are the vector of time-varying covariates that include

variables from Q and also information about all previous demographic

t)

transitions.
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The above hazard rate specifications capture measured heterogeneity in
the term exp(X’B), unmeasured heterogeneity in the term exp{(7m), 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
with 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 B’s. For, these B’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 replacemeht effect for higher parities will also be an

evidence for old-age security motive.

3. ESTIMATION PROCEDURES

t, t

Typically for each household we have data on: t tl’ ceen b

O,
. T .- .
3 and <X(t)>0, where r is the number of children, to = the age at

r+1’

r+1’

marriage, t1= duration between marriage and first live-birth, ..., t =
duration between r-1 and the r-th, i.e., last live-birth, and tr+1 = duration
of the last event, which may be either her being censored in which case 6r+1
= 0, or her attaining menopause in which case 6r+1 = 1, T being her age on

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

follows: Denote the combined hazard function by

1
h(t,] .)= St .
3 J| ) cZohJ( JI )
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The corresponding survival function is given by

t
S/t 1) =P =t].) = emp[ - JO ho(ul ) du].

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

f?(t } .) = Probability that there is no transition before t due to either

cause and there is a transition within an infinitesimally small

interval of time after t due to cause c.

Note that

1

£t | . S.(t] .).hS .
J( ) J( | ) J(tl )

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

t .
f1 (S ) ? n.|. Similarly, given t., the probability of (t,,C = 1),
010 0’ 0 0 1
i.e., the probability of her neither giving a live-birth nor becoming sterile

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

1

t
period (tl’ t,+dt) is given by fi[to | <X(t)> 1, nl]. The process continues
. 0

1
until she reaches her final transition due to menopause or she is censored.

The likelihood of such an observation is
r r+1

T
f[to, tl s Bt | 8 _4ps <X(t)>o. n]

st 1ntce0].s e ofn? e ) °r+1
J jl' J J 77 T+l 41 r+1 r+1|'

T ‘3 J 1 J
=] exp| - h j- . .hijt, J, M.
LN [ Jo J[u | X (t(j-1)+u), nJ] du] hJ[tJ 4 (tJ) nJ]

x eap|- Itr+1h R DCRRTCTeS PR Neun oot f PN P PR s TR °re1
exp 0 r+1 Tiriru ’nj Y P re1] fret r+1”" Tr+t
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nife. 1xJ(t ) NP VL A OIS °re1
JUJ j° nj “1r+1| r+1 r+1°’ [N

e |

0

o

1 t . t .
X TI'O ea:p[— foj hj[u lXJ(r(j—1)+u),nj]]€mp[- fo”lhl‘f+1(u er+1(r(r)+u),nj]]
c=

..... (3.1)

where hg(.l.) = 05.

Since I am going to use Heckman’s CTM package (see Yi[1988] 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:
AC (o}
o} C tle -1 c tJ -1 c c c
= - S A < .
Aj(tj) exp { AOj + - '713' + - 723. } Alj Azj (3' 2)
Al A
1j 2] :

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

three:
(1) A;j = 0, 7§J = 0 :Weibull base-line hazard distribution
(2) A;j = 1, sz = 0 :Gompertz base-line hazard distribution
(3) A;j f 1,‘A§j =2 :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
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

5The implicit assumption here is that a woman does not know before marriage
if she has already attained her sterility.
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(see, for instance, Trussel and Richard [1985], Tuma and Michael [1986]).
Most applications of duration models use maximum likelihood estimation
procedure ignoring the unobserved heterogeneity. Even in this simpler case,
would B estimates be sensitive to specifications of Aoft)? Trussel and
Richard [1985] find insensitivity of the maximum likelihood estimates of B to
the above base-line specifications. However, our empirical results show that
B 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[1972] 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

t<,

{tc.., 5., x. >4 1 3=01, ...E ¢c=0,1;i=1,2, ... n.}

Ji Ji Ji tj—li J
where aij =1 if i-th observa?ion completed the the j-th event, and aij = 0 if
the observation is censored; censored observations will have superscript 0.
Define the risk set Rj(t) at t = 0 by

Rj(t) = the set of women who after completing their (j-1)-st event have

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.
= { i t?. zt ,c=0, 1}.
Ji
The Cox’s partial likelihood method maximizes the product of the conditional
probabilities that the i-th person actually exits due to cause ¢ at t?i, given
that it could have been anybody from the risk set Rj(tji) over all observed
points tji’ with 6j1= 1. Using a commonly advocated adjustment procedure for

ties in duration times, the method maximizes the following:
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c ' ,C
exp [ Sji(t") Bj ]

c
E 1 "e Jji
e®)=TT T TT 3 (3.3)
j=0 c=0 i=1 c ,’',C Ji
[X te R (£S,) <P [Xje(tji’ B ]]
J Ji
where, Sji = X qu, summation is taken over { q: t§q =Sf§i}, and dji is the

number of such ties. where n? = number of uncensored observations for the
j-th transition. Note that maximizing £ with respect to all Bg, c =0,1 and j
=1, 2, ..., C is equivalent to maximizing (3.3) with respect to Bj separately
for each c and j. It has been shown (see Wong [1986] for an account) that

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

6210g$(8) ’

), where I(B) = —————— and the score vector U(B) = 3logf(B)/8B, is
3B 8B’

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

1(g) "

(See Kalbfleisch and Prentice [1980, 71-76], or Lawless [1981, 354-359]).

BIAS AND INSTABILITY OF PARAMETER ESTIMATES DUE TO OMITTED VARIABLES OR

UNCONTROLLED HETEROGENEITY

I have given only a structural interpretation for m, 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 estimateé of the includea varia£les would suffer from
omitted variables bias unless they are orthogonal to the omitted variables
(Keifer [1988, 672-673]). 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

6
I developed a GAUSS program on IBMPC that can compute the above partial

likelihood estimates for time varying covariates.
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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 B-estimates in such situations will be both biased
and inconsistent. Controlling for unobserved heterogeneity can correct some
of these biases and inconsistency (Chamberlain [1985]). In the next section I
empirically examine how sensitive the regressor estimates are when some of the
significant regressors are dropped.

Heckman-Singer procedure for Controlling Unobserved heterogeneity

To control for unobserved heterogeneity in maximizing the likelihood
function (3.1), 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 7m 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 [1985] suggested
a method of maximizing likelihood conditional on a sufficient statistics for 7
for multiple spells duration models within the exponential family of hazard
Afdﬁbtions; however, the procedure assumes that each individual has multiple
spells and the heterogeneity is constant across spells. ( For a criticism of
the method, see Heckman and Singer [1985, pp.101}).

The other approach for controlling heterogeneity assumes that 7 is
random. Many of the random effect duration models in the literature specify a
parametric mixing distribution A for 7, where the distribution of 7 is known . -
except for a finite number of parameters p; and then integrating out 7w in
(3.1) (numerically when analytical integration is difficult to calculate) one

gets the marginal empirical distribution of the multiple spell durations as
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T
g[to, t ceen by 18 L <X(t)>0]

T
- Jf[to, tyr eees to 18, <X(t)>0 , £, n} dx(m) (3.4)

@

where £ is a vector of parameters from the hazard functions; one then
maximizes this marginal likelihood with respect to the parameters £ and p.
Heckman and Singer [1982] found that the above procedure is too restrictive
due to the assumption of a specific distribution of 1 to which the parameter
estimates will be very sensitive (see their [1982] Table 2 for empirical
evidence)7. They suggested a nonparametric maximum likelihood estimation
(NPMLE) procedure to contrél 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 nj = cje, j=
0, where cJ is the spell specific factor loading, and 6 is a mixing random
variable on (W, B,u) with the probability measure m. Note that this

. specification allows the unobserved heterogeneity to be correlated across

spells. (3.4) now becomes

g[td, tyo ees b 1S L <X(t)>; ]
T
= jf[to, trr sty 18 L, <X(t)>0, £, cp8 - cr+16] dn(8)
L T
=£Zlf[to, P SR I TIPS (C3) AN A °r+1°e] p, (3.5)
where, L is the number of supports, P, z0,¢=1, ..., L, and p1+...+pL = 1.

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

7., . : . . . .
Kiefer [1988, pp.676] points out that this sensitivity might be due to their
choice of Weibul model.
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until the likelihood ceases to increase. The procedure estimates the

parameters &€, and pe’s and Be’s simultaneously.

Although the procedure is quite general, it runs into few problems.
First, since the likelihood fﬁnction is not globally cpncave, the iteration
procedure may not always converge, and when convergence obtains, it may not
provide a global maximum. Secondly, asymptotic distributioh for the
estimates could not be derived when the the number of supports are not fixed
a priori.

Following Heckman and Walker[1987], I also specialize the above
non-parametric maximum likelihood procedure to a mover-stayer specification
for heterogeneity (NPHS) which is simpler and does not have the above
problems. The mover-stayer specification assumes that nj takes only two
values--sterile or fertile-- a proportion nj of women during the j-th spell
are sterile, and estimates "j non-parametrically. The procedure is simpler,
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 spebifications 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 [1981]). Malaysian

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

19



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 béfore 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-time varying, and
the rest are time varying. In the demographic literature, sﬁch 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 B 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

20



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

for other parents.

EMPIRICAL FINDINGS:

i

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 heterégeneity (MSMLE)}. Table 3 shows the partial likelihood
estimates (PLE). Several interesting observations can be drawn from these
estimates
<1> 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 spécification 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
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(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 partial 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 shqw 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.

<B> 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.

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

<3> 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.

<g> 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
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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 NPML 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,
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1-2, 2-3, and 3—48. 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 sign)that
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.

8 We also tried to estimate the quadratic model. The convergence did not
obtain easily. So we dropped it.
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Summarizing the above empirical findings, it is clear that

<1> when uncbserved 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;

<2> the omitted variables can affect the magnitude as well as the precision
of the estimates; |

<3> controlling for heterogeneity nonparametrically may change the signs and

significance of parameter estimates of a model when estimated ignoring

heterogeneity;

<4> MSMLEs are less sensitive to the base-line hazard specification than
NPMLEs, and MSMLEs are comparable to PLEs;

<5> 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

model.

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

‘GOODNESS-QE—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 [1987]). Note that while LR test aids to choose
between two competing models, none of which couid 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
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which are arbitrary, and it may accept two models with different B 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 cfiterion (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 B 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.

- éPL’ where éML is the maximum likelihood estimates under

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

let 4 = BML

partial likelihood estimates. It is known, at least for non-time varying
covariates, that the éPL are consistent when the base-line hazard function is
completely unknown although under the null specification it might be less
efficient than éML' Note that if the model is correctly specified, CHISQ =

d'v’'d is distributed as xz with k degrees of freedom, where k is the
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dimension of d, and V = VML-VPL’ where VML’

dispersion matrices of B,, and B, respectively (Hausman [1978]). 1In our
P ML PL

and vPL are the asymptotic

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: B = éML' The CHISQ values then become 25.81,
14.33, and 15.97 respectively, in which case all three models are rejected at
5% level (x%z(.OS) = 21.0) and Gompertz and quadratic are accepted at 1% level
(xfz(.01) = 26.2). 1 also carry out this testing for the NPML estimates for
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 [1985]). However, since
pargial 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 [1985] and White [1987], let ;i(éML) and ;i(éML) be
respectively the the vector of maximum likelihood score and the partial

~

likelihood score at B = BML’ the m.l.e. The test statistic is nR2 ~ xi, where

n = number of observations, R2 is the non centered R-square statistics from
regression of 1 on [mi(BML)’ ni(BML)]. I computed this statistic for
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
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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 specifications 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
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. 1In the literature there has been some dispute as
to whether infant/child mortality is exogenous or it depends on number of
children. More children in a family may cause a higher infant/child mortality
as due to sharing limited resourcéé (see Heer [1983] 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 [1984]
finding for weak replacement effect on the same data set. However, his

estimation procedure is completely different.
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A closer loock 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:

0ld-age Security Effect:

In the absence of publicly provided social security program, whether
barents 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.parénts’ response only at the survey date. Moreover, as pointed
out .earlier, this response may not be free from measurgment errors, and
endogeneity problem. To circumvent these problems, I estimated the following
logit model restricting the sample to the survey date observations

Prob(OLDAGE = 1) = exp (XB)/[1+exp(XB)]
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.
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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 thersame 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 subsequént children are the ordinary least
square analyses of Ben-Porath and Welch using Bangladesh data, De Tray [1984]
using Pakistan data and Leung {1987] 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 incdmplete.birth intervals.
These studies do not control for important determinants such as infant death,
and child death. They find the effec£ 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
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.

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

Effect of Age 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 mothér, the higher is.the probability
of her having a child earlier and this is significant up to her fourth

/

child.
7. CONCLUSIONS

The following are the summary of our findings:

<1> 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
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<3>

<4>

<5>

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. :
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.
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:

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.
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<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 of Weibul and Gompertz models with and without controlling Heterogeneity those with PLE

| 0-1 | 1-2 [
| I l
VARIABLES | WB M. WB NPML MM, MNPML QUAD PLE | WB M., WB NPML GM ML GM NPML WB M. PLE i
----------- R e e i i R
CONSTANT | 0.565 -.430 0.310 -9.253 0.201 -1.453 | 0.532 -3.189  0.412 -0.872 0.809 -0.191 |
| (2.58) (1.99) (1.10) (8.98) (0.47) (6.02) | (2.50) (1.99) (1.38) (0.90) (2.94) (0.868) |
| I : |
RURAL | 0.094 0.082 0.097 009 0.141 145 | -0.245 -0.434 0.218 -0.227 -0.285 -0.138 |
] (0.86) (0.74) (0.72) (0.06) (1.27) (1.34) | (2.82) (3.43) (1.78) (1.73) (2.78) (1.12) )
I l I
ED LEVEL | 0.606 0.594 0.459  0.472 0.553 0.470 | 0.335 0.142 0.061 -0.011 0.145 0.411 |
! (4.08) (4.24) (2.52) (2.59) (3.59) (3.29) ) (2.44) (0.82) (0.34) (0.06) (1.05) (2.77) |
I | |
AGE | 0.543 0.665 0.463 0.811 0.525 0.632 | 0.180 0.518 0.048 0.190 0.004 0.081 |
| (6.49) (9.08) (4.39) (5.30) (6.01) (5.94) | (2.06) (4.32) (0.40) (1.14) {0.04) (0.73) |
| | |
OLDAGE?2 | -0.116 -.062 -.109  -.284 -0.157 -0.169 | 0.211 0.386 0.161 0.180 0.154 0.146 |
| (0.37) (0.23) (0.42) (1.12) (0.73) (0.85) | (0.99) (1.64) (0.63) (0.63) (0.85) (0.70) |
[ I |
GAMA 1 | 0.241 0.343 0.008 6.342 1.954 -- ] 0.156 0.920 -0.467 -0.452 4.865 -- |
| (7.48) (7.82) (0.08) (11.85) (6.81) -- | (3.04)(10.69) (4.12) (3.92) {11.81) -- |
! I !
GAMA 2 | -3.236 -- | -8.265 -- |
| (3.64) -- (15.19) -~
I | |

Table 5 continues in the pext page. Absolute t-values are in brackets.



*839)0WIq UI 2I® §3N[RA-) IIN[OEQY

[2PON 3319dwon : 1 09)
[opow [nqiapM : M
sajemriea pooytiayl] [eijied s, x0p : HIJ
Aj1®d11yoweredaou J0] pa[[oXjuod Ay1auaBorasaq Yyim sajew[3ea pooyl[ayl]| wnwWIXUN : PAIN
K115uafolajay Jo) FUI[[0I4U0D }NOYYIM $3)9WE38d PoOYI |3yl ] wmmiXepy : N 930N
5 | I
-- (zo°%1) [ -- (90°61) |
-- L09°9T1- ] -- Z¥2°21- | VYD
_ , |
-- (sz11) (89-0) (6L°0) (66°6) (s6°%) | -- (s9-g1) (ze-z) (Ly'z) (vo-11) (98°¢) |
-- Z6¥°8 10T°0- SIT°0- 8¥9°'T T€8°0 | -- 989°9 S8€°0- £¥£°0- ¥SE°T  1¢z°0 | TVAYD
. | |
{rL2°2) {61°2) {sz-z) {og-z) (19°1) (s¢°¥%) i (g1-0) (e¥0) (6¥°0) (og'0) (9z:0) (s6-0) |
169°0- 825°0- €8S - LZS°0- 995°0- 008°0- | #go0'0 Q010 Z8T°0 LLI'0 290°0- 29Z2°0 | ZEOVAIO
{ |
{90°¢) (o1°¢g) (cg-¢) (vo'%) (g9:2) (90°9) | (z6-z) (91°%) {oz'g) (¥s-g) (e0°0) (g0°9) |
ege-0- 919°0- ££9°0- 615°0- 90S°0- ¥89°0- | ¥zg'0- sIg°0- 6ZF¥°0- SL¥°0- 910°0 9S9°0- | TV
J [
(06-0) {0L°0) (11°0) (91r-0) (s¢-1) (85°0) | (9v-g) (sg-1) {t6-0) (zo'1) (90°1) (st°g) |
181°0 ZLI 0- €20°0- 8¥0°0- 2Z6§£°0- O0F¥1°0 | 1680 5LZ°0 861°0 SIZ°0 12%°'0 S8%°0 | TIAWI QX
[ J
(so0-1) (60°1) (1¥-0) (z%-0) (69°1) (o0r-0) A4 (91°0) (zZ°0) (e6-0) (1670) (60°1) (22°8) |
L¥10- 8%1°0- 990°0- $2ZL°0- ZTE'0- ¥80°0- | 6100 ¥20°0 8IT°0 FIT°0 S¥TI°0- ¥#2Z2°'0 | VIS
| _
{9g-8) (19-g) (o6-1) (o0z-g) (¥8'%) (z1°'8) I (9z°%) (12°%) (z6°0) (98°%) (er-9) (zo-e) |
LI 808°1 £2€°¢  9L8°CT  ¥8T°T¥- L0Z°¢ | o6zt 80¥° 1 916°0 §£9°1  090°8T- L80°Z | JINVLISNOO
.......................... P
a1d avmd AN WO N O TN 8 TN EM | 91d avd PUN O AN WIN 84 N 8 | ST1avIuvA
_ [
¥-¢ _ £-2 |

(-+++ sanuijumo> ¢ apqer)



23vd 3xauw a2qj) ul §3nUIjUOD g A[qE]

_ -- | 6807 ¢6°1¥ €1°29 | €9°¥F  S6°2¢ IS°LS 68°0L | 08°L8 69 L¥  L9°LF  90°9¢ | 3eis-g juiofl
! £e9° | sg9° 19" 8¥9° | Lz9- 189" ¥¥9°  e8s: | zz9- 6L5" 9¢9° €85 | +g =€
| 8sT" | 9¥I" 8FT" 6sT° | gst- 10Z° 651 612" | o9tr" 881" 8¢T" 861" | z=10
[ 90z | 8LT" 691" vt | oste LT ost-  e¥1° | 111° 61" 891" zLr | I=10
_ €00 | 1%0° 150" t¥o' | 1vo- 150" L¥0°  L¥0°- | T1VO" AN 8%0 " Lvo" | 0=t
| | | | |*1ew-yye- sah9T
_ ! ! | |
_ -- | 8s-¢g  ¥e-se gL 1¢ | SL°0OF  8Z°8§9  90°FS SI08 | ST'9¢ ZF'9F 66°€F 9I°¢S | 31wis-g juiol
| 09s | 88g" 196" 6sg° | szg- 99¥% " ¥Le  ss¥r | tze- L8%" g9g " 88¥%° | +¢ = U
| 861" | 01g" 2t 6zz° | sze” 892" 112" 162 | 9zz” 782" 902" orz" | z=u
[ 9ez" | 161" £81" 91 | voz- LT L91° 0% | 112" 8ez” 6L1" szz° | I=2a
| 100" | 1%0° 150" %0 | 1¥%0° 170" 8¥0° 8%0° | z¥0° £¥0° 080" 6¥0° | o==¢
_ N _ | | |rasm-33e-sa4yT
_ _ [ : | _
| -- | %L1z  ¥z-z2 29°0% | 99°2Z €1°S¥ Z0O°SE I¥°SS | L18°¥Z  LS°TI§ 9€°T§ OI'SE | 3wis-g suiof
_ zov: | 768" 768" esg” | 1s¢” ozg" ZI¥° 608" |  wse” yie: ST¥b” g1 | +§ = 0
| 00" | £18" 1 AEN 6z¢° | 128" gie” 60e° gzg°- | zsze $92° £€82° | IX A z=u
[ z82° | 152" 6¥%° ez | stz 0zg" 9zz°  v1ge | zsze ote" ¥RZC g6z | IT=mu
_ 910" | ¥0-° S¥0 " 10" | s¥o" S¥0° £€90° zso" |  1¢0" 280" 890" 680" | 0 =1
] | | | | r1eurryye-e14g
_ _ ! | _
| -- | £€8°¢ gL°g ot-z | og'0or 80°%Z Ze'8 ¥9'62 | ¥s'cz g8 ¥e  L9°8T  9T1°LS | ywys-g juiof
| 1zz | 123" 122° 91z | 661" 961" 0zz* 681" | 09z° 192" £92° 99z | +g = ¢
| 1ze” | z9¢" 0s¢g"* 9¢g° |  osg” AEN L9g°  gig" |  gez: gLz’ 0zg’ Lz | z=1u
| 188" | z9¢" £9¢° 19¢° | 68s° 153 e¥e"  8z¥° | oL’ $8¢” o¥g” zLe” | I=1¢
! s¥o: | 650" 850" 990" | z90° 190° 690"  1L0° | sLo0° SL0° 180° ¢80° | 0=1
| | _ _ | *aewyje-vadg
_ _ ! [ !
| -- | 69°91 1L°91 66°0Z | 60°8T 09°2¢ SI'9T $9°8¢ | ¥6°1S 0F°€9 #9°Z8 #L°0L | 1v3ie-g sutof
[ ¥s0° | L10° 6L0° €10 | 190" 080" 6¥0°  9L0° | ¥z1- ovL” 880° 8eT” | +g =@
| 128" | 192" 892" €9z | 192" 9¢z" z8z" sgz° | zer I3 %A 912" s¥z° | z =1
[ 9g¢" | zgg” 188" ogs* | L¥e- gg¢- 0gs"  9¥s" | 6r¥: sLy” z8¥%” os¥y" | IT=u
_ 060° | ¥21° 44N set- | ost 0s1- 861" 9¥T" | g¥1” A% ¥ST- 8sT” | 0 =1
_ | | _ | -avurryju-sidy
| _

[s213111qRqoad | SN ™ TAIN wW|l W W TNIN MW W W AN TN |siurod go-3n>

| 1122 (e3oy | ZAOD ZA0O TACO TAOD |}  ZAOD TAOD TA0O TACO | ZAOD ZACD 1A0D IACD | uwazagip ui
| f 213vipend _ [Inquapm | 23 12 duon | sus11q Jo -oN

93[nsa1 3833 3§-Jo-852uUpood puw g[apow jumaiagip o) sa13r[iqeqoid [[22 PajdIpaid 9 HIAVL



-1sqjafoy pajood [ = u puw g = U Y)im S[[9D 2y} 03 puodsdIIOD SMOI Inoj Iwaqy

88" 0g* 8¢z | ¥8- ¥e'6 92°1 69°8T | 6S° 99701 01" 99°8 | 1wys-g suiol
_ _ ARSI PAREEPEY
* _ _

88" ¥e°z ze't | 18'¢ ¥0°8% 8F°% 68°68 | 9L°F 98791 88  §F°FT | 1v3s-g juiof
— | |"aem-93e-01h1Y
| . _ _

1H 69" ge'z | se9  96°¢3 L¥'1 99'82° | ge¥ 9Lzl 18" ZF'6 | 1v3s-4 juiof
| .| | -awm-yje-sidg
[ _ [

62°1 091 08°1T | 09°L Le°%2 9¢° L9°¥Z | 08'9T §L°8Z ¥I'L  ¥6°¢Z | 3eys-g juiof
| _ |

civm- y3ec 8149

(sanagjuo> g a[qus)



TABLE 7: Parameter Estimates for POLDAGE2 and N _SON for Weibull and Log-logistic Models

VARIABLES mrg mrg 0-1 0-1 1-2 1-2 2.3 2.3 -4 3-4
WBL LLOG  WBL LLOG WBL  LLOG WBL LLOG  WBL LLOG
POLDAGE?2 20.19 16.37 14.21 13.56  8.60  7.33  6.61 5.98  5.78  4.66

(42.1) (37.5) (30.6) (33.7) (30.3) (23.6) (25.1) (26.3) (24.5) (23.2)

N_SON -.017  -.001  .002 * -.007 *
(2.12)  (.04) (.30) (1.30)
VARIABLES 4-5 4-5 5-6 5-6 6-7 6-7
WBL LLOG WBL  LLOG WBL LLOG
POLDAGE? 3.10  3.37  3.41 2.94 2.93  2.46

(14.7) (18.0) (18.4) (15.2) (16.7) (.91)

N SON -.011 * .001 * .008 *
(2.28) (.20) (1.88)

t-statistics in brackets

* =—> convergence did pot obtain in 50 igerationc.

WBL ==> Weibull distribution

LLOG => Log-logistic distribution
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