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Introduction 

ASSUMING that the distribution of fecundability follows a Beta distrib- 
ution, Potter and Parker (1964) derived expressions for the mean and 
variance of conceptive delays and correlation between successive delays in the 
same woman. They distinguished between conceptive delay and the time 
required to conceive; a conceptive delay is the exposure months preceding but 
not including the month of conception whereas the time required to conceive 
includes that month as well. They have also estimated the parameters of type 
I distribution from two sets of data and illustrated their results numerically 
by using the estimated value. 

Shops (1964) extended the work of Potter and Parker by assuming the fre- 
quency distribution of fecundability to assume virtually any shape. It may be 
a bimodal too. Sheps assumed a heterogeneous population as an aggregate of 
homogeneous sub-populations and used geometric distribution for the waiting 
time for conception for a homogeneous population. For heterogeneous popula- 
tion the geometric distribution is weighted by Beta distribution. Sheps, while 
deriving the expression for correlation also assumed that the kth moment of x 
(the waiting time for conception) in a heterogeneous population is the expect- 
ed value of the components of the kth moment of x in a homogeneous popula- 
tion. Under these assumptions the mean, variance, the correlation between 
successive conceptive delays were obtained. The present exercise is carried out 
under the same assumptions as Sheps (1964). A bivariate exponential for the 
joint distribution of the waiting time of the first and the second order of con- 
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ceptions, given that the first has occurred at some time origin, has been deve- 
loped under the same line as Freund (1961). Freund proposed a bivariate ex- 
tension of the exponential distribution for certain life-testing proplems in par- 
ticular to two component systems. la his model among the two components 
there is a chance for anyone to fail first whereas in our model one has to keep 
in view that the second conception can occur only after the first has occurred. 
In case of heterogeneous population fecundability is assumed to vary among 
couples following Pearson type III distribution and hence this exercise may be 
taken as an extension to Sheps. The model is developed under the following 
assumptions in accordance with Potter and Parker and Sheps : 

1.    Conception is a chance occurrence. 
2.    The fecundability of each couple in a population remains constant. 
3.    Fecundability varies between couples in the population. 
4.    The fecundability of each couple remains constant from month to month 

until pregnancy of any order. 

Development of the Model 
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The correlation between the two overlapping successive conceptive delays for 
heterogeneous population is thus 

08 (k + 1) 

 

It should be noted that the correlation for k > 2 is less than 0.5 and goes on 
decreasing as k increases, which is in accordance to Sheps. Shops has shown 
that the correlation between conceptive delays which arises due to heteroge- 
neity of population should never be greater than 0.5. This is exactly again in 
conformity with our findings, namely for the existence of the variance of the 
waiting time distributions (from marriage to first conception as well as from 
first to second conceptions) it is necessary that k>2. 

In the next place we evolve an alternative mathematical approach following 
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Sheps which uses a model of geometric distribution representing the waiting 
months for the conception (a discrete random variable) subject to the condi- 
tion that the waiting time varies from individual to individual. Following a 
Beta distribution, we employ a continuous time model given by negative expo- 
nential distribution subject to the condition that the intensity of conception 
varies from individual to individual following a gamma distribution which is 
the best prior distribution in the Baysian sense. Thus Shep's exercise and the 
present exercise has an important common approach of considering some 
suitable prior distribution of the parameter for the variation of fecundability. 
We have. 

 

The waiting time distribution for the first conception given by the exponential 
weighted by gamma distribution is 
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The correlation obtained directly as given by (2.14) differs from the one given 
by (2.24), because in the latter case, the technique of Palm Probability has 
been used to obtain the conditional waiting time distribution of the second 
conception given the time of the first conception. As shown in Biswas and 
Pachal (1985), the conditional probability distribution (Palm Probability) is 
obtained from the corresponding unconditional distribution by replacing 
k by k + 1. As such the mean waiting time under the set-up of Palm Probabi- 
lity is reduced frem a\k — 1 to a/k (k > 2). This may be apparently a reason 
for having the possibility of a negative correlation between the interconceptive 
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Application 

The parameters a and k are estimated on the basis of moments based on the 
primary data collected by Dey (1985). The motivation of her work was to 
study the demographic trend of the Ao Naga tribe. The field work was carri- 
ed out in some villages near Dimapur, Nagaland (India). The sampling design 
was simple random sampling. The questionnaire included social aspects such 
as living standard including food habits, yearly income, medical and sanitation 
facilities, marriage (within one's caste or intereaste), type of marriage (arrang- 
ed or otherwise), literacy level etc. The respondents included in the survey 
belong to the lower middle class earning about Rs. 12,000 to 24,000 per year. 
The questionnaire relating to reproduction performance included age of mother 
at different orders of parity, thus giving the time interval from marriage to first 
birth, first to second and so on. This particular portion of questions relating to 
fertility behaviour was asked of 50 females of different households. On the 
basis of the data giving interlive birth intervals the waiting time for successive 
conceptions was obtained under the assumption of one-to-one correspondence 
between conception and live birth. The correlation between the first two suc- 
cessive conceptive delays for the same woman was obtained from the bivariate 
table constructed from the survey data. 

The estimated correlation coefficient is 

Y = 0.57357 

Equating the sample estimates of time interval from marriage to first concep- 
tion and from first to second in years from Dey with the theoretical expres- 
sions. 

We have, 

 

delays too. It may further be seen that the correlation is negative if 
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Discussion 

As it has been noted that there is no significant difference between the 
observed correlation coefficient and the estimated one, we may conclude that 
the model developed for the bivariate distribution of the two successive con- 
ceptive delays is more or less justified even though the observed data from 
Dey (1985) are based on a sample of size 50 out of which only 44 could be 
used as only the same number of mothers had two or more births whereas the 
remaining six mothers had only single birth. Another limitation of this study 
it the assumption of one-to-one correspondence between conception and live 
birth which may not be always true due to the interruption of the waiting 
time interval by stillbirth or abortion, so that the actual waiting time for the 
first conceptions as well as between the consecutive conceptions should be less 
than the observed value which we have considered. Although the data collect- 
ed include the total number of foetal wastage during the reproductive period 
it was not known within which order of conception the pregnancy wastage 
occurred and hence the exact time interval for conception could not be obtain- 
ed. Nevertheless, as the purpose of the study is to estimate the correlation 
between successive conceptive delays overestimation of both the consecutive 
delays for reasons mentioned above may not subitantially vitiate the estimate 
of the correlation coefficient. 

It has been shown by Biswas and Pachal that the covariance between the 
waiting time for non-overlapping consecutive conceptions is correlated because 
of the weighting of the fecundability parameter A by a gamma distribution. In 
the case of a fixed A the correlation becomes zero which was shown in (2.5') 
in conformity with the finding of Shops. 

Following Sheps, we have maintained that correlation is zero in the case of 
a homogeneous population. On the other hand, the correlation arising because 
of heterogeneity in fecundability may often be encountered in practice due to 
sampling from a mixed population made up of subpopulations consisting of 
women with varying levels of fecundity with unequal probabilities of success. 
Within a subpopulation the correlation between the successive conceptive 
delays may be almost zero. But when these subpopulations are mixed up and 
considered as one population, the fecundity level does not remain fixed among 
the couples so that the probability of conceiving varies among the couples 
following a prior distribution and obviously giving rise to non-zero correla- 
tion. 
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