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ABSTRACT

An attempt has been made in this paper to apply some simple

probability models to birth intervals under the assumption of constant

fecundability and varying fecundability among woman. The parameters

of the probability models are estimated by using the method of moments

and the method of maximum likelihood.

INTRODUCTION

Gini (1924) first considered birth intervals as waiting time problems

dependent on fecundability. His work deals with pregnancies and births of

first order under constant fecundability. As fecundability, the probability

of conception varies from woman to woman, the fecundability parameter is

assumed to follow a certain distribution. The assumption of a beta

distribution for the probability of conception was originally proposed by

Henry {1958). For women of constant fecundability, a geometric distribution is

used for the waiting time from marriage till conception while for women of

heterogeneous fecundability the resulting distribution for the waiting time till

conception is beta geometric. Srinivasan (1966) developed this simple probability

model describing the distribution of birth intervals between successive parities

and applied the model to data on birth intervals of Indian women.

Singh (1964) developed a probability model of waiting time of the first

conception by using the exponential distribution with a fecundability parameter

following Pearson type-Ill distribution. Brass (1958) initially suggested

the fecundability parameters to follow the same distribution.

Biswas and Shreshta (1986) extended Singh's model by truncating the

distribution at a fixed point and obtained a probability model for the second

conception given that the first has occurred at a certain time origin by using

the technique of the Palm probability. Sheps (1964) also used the geometric

distribution describing the process of conception in a homogenous population

and in case of a heterogenous population, compound geometric distribution was

used. Sheps (1964) also obtained a correlation between successive conceptive

delays in the same woman.

The assumptions underlying the probability models are the following:

i) conception is a random occurrence;

ii) there is one to one correspondence between conception and live birth;

iii) the completed months of pregnancy associated with a live birth are nine

months.
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APPLICATION OF THE MODEL

The probability model of waiting time from marriage till conception

with constant fecundability among women is given by

h(t) = P(T = t)

The probability of conceiving in the first month is thus

h(l) - P(T = 1)

(1)
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Let H(l) = 6, where 6 denotes the probability of conception

for a woman in a susceptible period that is in a state in which the woman is

neither under gestation period nor under the period of post-partum amenorrhea.

The probability that the conception does not occur in the first month but in the

t month is

h(t) = d-e)11"^ 1,2,... (2)

which is the probability density function of a geometric distribution.

density function of the random variable T is obviously proper since

The

P(T = t) 1

Another interesting function of the probability model is the survival

function S(t) defined by P(T > t) for t >, 0. In the survival function

for the waiting time, the distribution following the geometric law is thus given by

S(t) = (l-ef

since T > t if and only if the conception does not occur in the first t

months. The mean and variance of the geometric distribution are

E(T)

Var(T)

1

1 -

(3)

(4)

In this paper, the simple geometric probability model is applied to data used by

Srinivasan (1966) far the parity of the first order under the assumption of the

constant fecundabillty. The only parameter 8 is estimated by using the method

of maximum likelihood.

From Srinivasan's data which were collected in a fertility survey conducted

by the Institute of Rural Health and Family Planning Gandhigram, India, the observed

time interval from marriage till conception is

x - 35.86-9

= 26.86 months

from which we get & = 0.03723. To estimate 6 using the method of maximum

likelihood based on Srinivasan's data we proceed as follows:
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The likelihood function is

- C[i (5)

where j * rn+2( r • 1,2,..., 6* n

the frequency of conceptions in different age groups•

12> r)rl-6» c a constant and n. is

- O

(63

By using the method of successive iteration, we get

D.9586

0.0414

It has been seen that the estimates 6 and 6 are approximately equal.

In case of heterogeneous fecundability two probability models for the

waiting time for the first conception are used. In the first case, a geometric

distribution with a fecundability parameter weighted by the beta distribution

is used whereas in the second case, the exponential distribution with a

fecundability parameter weighted by the Pearson type-Ill distribution is used.

In the first case, we take 8 as a random variable,say i\>. As in the

previous case of homogeneous fecundability T is a random variable representing

the waiting time from marriag till conception. Given that 9 = I|I the

conditional probability density function of T is

f(tje) = P(T = t(v = e) .

Since the p.d.f. in (7) is the geometric distribution

f(t|e) = efi-e)1'1 .

(7)
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Thus the unconditional distribution of T is

where

-\ )
s» ' t_ , r,

The probability density function of T in terms of a and

for different values of t. Thus

(8)

can be obtained

K '.' )

o
e- 1

^

By using the recursion relationship, it follows that

-1

The survival function is obtained as follows
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(9)

and

The expected value and variance of T are obtained as

{
provided a > 2 (Mode, 1985)

The estimates of the parameters a- and

(Mode, 1985) are

(10)

(11)

(12)

0 by using the method of moments

(13)

(U)

Given T and s^, the observed sample mean and variance from Srinivasan's data,

the moment estimates of a and (3 were obtained b

in (13) and (14). From Srinivasan's data, we get

2 2
the moment estimates of a and p were obtained by putting <J = s and T - y
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• '4 ".!%• it

T =

s2 =

A

% =

26.86

812.1

13.82

331.525

and the mean fecundability is thus

(15)

In the second case of heterogeneous fecundability, where the fecundability

parameter 8 follows Pearson type-Ill, the conditional waiting time distribution

from marriage till conception,given 6, is

The distribution truncated at T = T1 is given by

- g • f
V T

(17)

The distribution of 0 is

o,

(Brass, 1958)

The unconditional density function of the waiting time till conception is then

given by

(19)

(Biswas and Shrestha, 1986)

(20)

_, \- (21)

By using the method of moments the parameters k and a were estimated which

are obtaineds as

£ = 2.01 and a" = 39.62

These estimates are also based on Srinivasan's (LQn6) data.

The survival function in this case is then given by

The probabilities of conceiving in different time intervals as given in

Srinivasan's data have been computed by truncating the distribution at T = 85

months in all the three different probability models used here. The maximum

time exposure for conceiving for a woman is assumed to be 85 months in this case,

for sake of simplicity. This is also reasonable since most of the women conceive

within seven years of their marriage.

The theoretical frequencies were then computed and compared with the

observed ones. The x i" each case was found to be significant showing that

the expected frequencies are not consistent with the observed ones and the models

do not fit for the waiting time distribution for conception of first order. The

observed frequencies and expected frequencies obtained, based on different

probability models, are presented in Table 1.



Srinivasan (1966) fitted the model for the parity of second and third

orders by using the beta geometric distribution and estimated the parameters by

using the probability generating function. In his study the expected frequencies

were found to be consistent with the observed frequencies showing the validity

of the model.

The survival functions for the the probability model of constant

fecundability based on 8 and 9 as well as for the probability models of

heterogeneous fecundability with beta geometric and gamma exponential (Pareto)

distributions for the first twelve months were computed and presented in Table 2.

It has been seen that the values of the survival function based on

8 are slightly higher than those based on 8 and beta geometric. The

survival function based on the Pareto distribution is even smaller. Jain (1969)

used some data collected in a fertility survey conducted in Taichung, Taiwan

towards the end of 1962 to study the distribution of the waiting time till

conception and applied the beta geometric distribution in analyzing the data

and estimated the parameters a and g by using the method of moments.

Jain (1969) also computed the survival function based on the empirical data,

8, 8 and beta geometric. While comparing our result with Jain's,it has been

found that the estimates of the survival function of the present study are higher

than those of Jain (1969). Jain's estimates also decrease with the increase

in time interval for conception rather faster than those of the present study.

Among the three models discussed above, the models with varying

fecundability obviously explain more than the one with constant fecundability as

fecundability varies from woman to woman. Even though with all the three models

X is significant showing that the models do not fit under the considered

assumptionsi the x values are approximately the same as in the probability models

of heterogeneous fecundability.
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TABLE 1
TABLE 2

Observed and expexcted frequencies of waiting time distribution

of conception of first order Survival function based on different probability models

Time interval
in months

1-13

14-25

26-37

38-49

50-61

62-73

74-85

Total

x2

Observed
frequency *

121

90

43

13

18

11

19

315

El
(geometric)
based on 8

136.97

74.39

44.79

26.97

16.23

9.77

5.89

315

41.96

E2
(beta function)

134.53

72.88

44.59

27.74

17.59

11.17

6.59

315

36.56

E3
(Pareto)

152.14

66.93

37.96

23.57

15.63

10.90

7.89

315

35.71

* Source; Srinivasan (1966)

Month

1

2

3

4

5

6

7

8

9

10

11

12

Survival of

e e

0.96277

0.92692

0.89241

0.85919

0.82720

0.79640

0.76675

0.73821

0.71072

0.68426

0.65879

0.63426

0.95860

0.91891

0.88087

0.84440

0.80944

0.77593

0.74380

0.71301

0.68349

0.65520

0.62807

0.60207

function based on

Beta geometric

0,95998

0.92167

0.88500

0.84989

0.81626

0.78406

0.75322

0.72368

0.69537

0.66825

0.64226

0.61736

Pareto

0.95113

0.90575

0.86354

0.82421

0.78750

0.75319

0.72107

0.69095

0.66268

0.63611

0.61111

0.58754

-11-

-12-


