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Abstract

Life testing, Survival analysis and Reliability theory, although highly inter-
related, are fascinating areas of statistical research. Here, the random variable,
normally known as ‘Life Time’ of the equipment, is a duration variable which
takes only non-negative values. Some examples have been given in the study
to demonstrate the similarities between life testing and some demographic
phenomena. Several procedures exist for analysing the nature of demographic
duration variables such as life expectancy at birth, age at marriage, post-
partum amenorrhea, breastfeeding etc. The objective of the present paper
provides the procedure that how the mean of some demographic duration
variables (life expectancy at birth, age at marriage, postpartum amenorrhea,
breastfeeding etc.) can easily be obtained using distribution function? This
method is straightforward because the required data to compute the mean is
easily obtained without any misreporting, recall lapses or digit preferences
of durational variables. For this study, we have considered data from UN
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population division (Economic and Social Affairs) and national family health
survey (NFHS). Results indicate that the estimated expectancy of life at
birth, mean age at marriage, average duration of postpartum amenorrhea and
breastfeeding using mentioned procedure are close to observed value.

Keywords: Reliability, distribution function, life expectancy, postpartuma-
menorrhea, age at marriage, breastfeeding.

1 Introduction

Life testing, Survival analysis, and Reliability theory, although highly inter-
related, are fascinating areas of statistical research. The basic concept behind
the topic is to study various properties of a random variable X representing
the life time of an item or equipment or any object which is subjected to
failure. In most of the studies it is assumed that the item (equipment) will
definitely fail in a time X which is a random variable [1-5]. The random
variable X is normally known as ‘Life Time’ of the equipment. Obviously,
X 1is a duration variable which takes only non-negative values. Although,
it is usually assumed that the equipment will definitely fail after some time
but this assumption may be relaxed for some situations. Of course, under the
relaxed conditions, methods of analysis may require modifications.
In life testing or reliability theory, the major functions of interest are:

1. f(x), the probability density function of random variable X.

2. F(x), the distribution function of X, i.e. F'(z) = P[X < z].

3. 1 — F(z) = R(x), the survival function or reliability.

4. u(x), the hazard rate at = representing the conditional probability that
the equipment will fail in time interval (z, z+Az) as pu(z) Axz+O(Ax).

The results of reliability theory can also be extended to ‘Renewal Process’
and results of renewal theory can be extensively used to study the various
properties of the process [6]. As an example, suppose X represent the life
time of a bulb. The bulb is put for testing. After a random interval of time,
the bulb will fail. Put another similar bulb for testing. It will also fail after
some time. Then put another similar bulb for testing. It will also fail after
some random interval of time and repeat the experiment till time 7". Suppose
the consecutive intervals of failures are represented as X1, Xo, X3, ... then,
the process become a renewal process and we can study various properties of
X1, X9, X3, ... and we can also study the probability distribution of number
of renewals in (0, 7).
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Although, we have mentioned the four major functions of interest in study
of reliability theory but they are not independent. In fact, these are highly
related and knowing one, the other three can be easily obtained. For example,

1. If f(x) is known, then

L F(z) = [y f(t)dt
II. F(x) is known, then 1 — F'(z) can be easily computed.

IL p(r) = 5 g 1([?()1) which can be easily computed.

2. If F(z) is known
I. 1 — F(x) can be easily computed.
II. We know that %F(m) = f(x), hence f(x) can be easily obtained.

IL p(z) = 5 S gf()x 5 Which can be easily obtained.

3. 1= F(z) = S(z) is known
I. F'(x) can be easily found.
IL f(x) = %F () which can be easily obtained.

L pu(z) = 1 g g()x) which can be easily obtained.

4. p(x) is known.

I. 1 — F(z) = e Jo #(O)d which can be easily obtained.
II. 1 — F(z) is known, hence F'(x) can be easily obtained.
. f(z) = %F (x), which can be easily obtained.

We have mentioned different concepts of reliability theory. The men-
tioned results are very simple and widely known. However, we have men-
tioned these concepts and results only to demonstrate the similarities between
reliability theory and results of different demographic processes such as
mortality, morbidity and fertility.

Now, we give some examples to demonstrate the similarities between life
testing and some demographic phenomena. The first example is the study of
‘Life Table’ in demography and life time distribution in life testing. In fact,
in life testing mostly we try to find the average life time of an equipment,
in demography we want to find the average life time of a person (human
being) [7]. The average life time of a person is usually called as expectation
of life at birth generally denoted by 68 [8]. It is to be mentioned that there
are some dissimilarities also between study of life time distribution in life
testing and human life table study in demography. Generally, in life testing the
random variable X is considered to be continuous and its probability density
function f(x) is assumed to be known (with unknown parameter(s)) [7].
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In the context of life table, although the life time of a person (human)
is definitely continuous but normally the p.d.f. of X is not available in
explicit functional form. Similarly, the value of p(z) is also not available
in any explicit functional form. As a result, instead of considering X to be
continuous, we consider it discrete, X taking values 0,1,2,...,w™. In this
context, [, is analogues to 1 — F'(x), (when [, = 1, since [, is arbitrary, hence
we can also takes the value as [, in that case = 1 — F(x)) while ¢, is
analogues to u(z). E(X) are analogues to e) [9]. We will discuss later on
that how F(X) is obtained using the concept of Prevalence/Incidence?

The concept of life table is also useful in studying the distribution of time
of first conception from marriage (or start of sexual union) [10]. The concept
of both the situations are same. In case of life testing, the event of interest
is the occurrence of failures of the equipment/item while in the second case,
the event of interest is the occurrence of first conception [4]. In the context of
morbidity, one may be interested in the study of time of cure from the time of
occurrence of a particular disease. Here the concepts of life table are useful
in the estimation of average duration of cure. In case of repeated occurrence
of disease, the concept of renewal theory can be applied. In, the context of
fertility studies, repeated occurrences of birth to a female may be considered
analogues to repeated renewals. One can study about the number of births
in a given time interval or study about the time between consecutive births
(renewals), i.e. birth intervals [11].

To obtain some specific objective(s) of a study, we need appropriate
methodology. So, researchers have developed appropriate methodologies for
different situations. Generally, any research which mainly deals with devel-
opment of appropriate methodology comes under the purview of theoretical
research while any methodology applied to real data to obtain specific results,
comes under the purview of applied research. However, it is to be emphasised
that it is very difficult to draw a specific line between theoretical and applied
research. Whether the theoretical or applied research, the methodologies are
so developed that the data requirements are easy as well as data are reasonably
reliable. This is truer for the case of applied research.

It is to be mentioned that for attaining an objective, different method-
ologies can be used where data needs are different. We may prefer that
methodology where data requirement is simple such that reliable data can
easily be obtained.

Let us consider a simple example in the context of Bernoulli trials. We
want to estimate the value of p, representing the probability of success in
a trial. There are two well-known approaches for estimation of p. In one
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case, we may note the number of successes in n trials (n fixed). Repeat the
experiment N times, note the number of successes in N experiments. Find
X = X1+X2+)]§3+"'+XN , equating it to its theoretical value np so that the

estimate of p say p is obtained as p = %

Alternatively, suppose X represents the number of trials required for get-
ting first success. Obviously, X has a geometric distribution with probability
mass function (pmf)

PIX =x]=p¢* Y 2=1,23...; q=1-p.
obviously, E(X) = %.

Thus, if we have a random sample of size n (repeating the experiment
n times) and we get the value of X, then estimate of p say p is obtained as
p = <. Thus, the estimate of p can be obtained from both the approaches
but the data requirements in both cases are entirely of different nature. In one
case, the number of trials is fixed and number of successes is random variable
while in the other case, the number of success (i.e. first success) is fixed
while number of trials required is random variable. In simple hypothetical
trials such as coin tossing, it is almost immaterial whether we use the first
approach or second approach, but in the context of real situations such as in
demography, the two approaches are analogous to number of births in a given
time interval and the birth intervals between consecutive births. Obviously,
data needs of the two approaches are entirely different. Researchers have
developed appropriate methodologies for both the approaches according to
availability of data, especially for secondary data. We may know that collect-
ing data on number of births in a given interval of time, is perhaps easier than
to collect data on birth intervals. However, both the approaches have their
own advantages and disadvantages and the researchers use any one of them
according to the objective of study.

2 Methodology
2.1 Estimation of Mean of Random Variable
The mean of a random variable is usually defined as
B(X) :/ of (2)da )

where f(x) denotes the probability density function of the random variable
X. This is true if the random variable is continuous (absolutely continuous).
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However, if the random variable is discrete, then the F/(X) is defined as

B(X) =Y af(x)dx )

provided the expectation exists.

This theoretical value of mean can be obtained only if the p.d.f. of random
variable or p.m.f. of random variable (as the case may be) is known. In
case, the p.d.f. is not available, then although the theoretical mean cannot be
obtained but mean can be obtained on the basis of observed data represented
by a frequency distribution of the given data.

However, if a random variable takes only non-negative values, then /(X))
can also be obtained as

E(X) = /OOO [1— F(z)|dz 3)

where F'(z) is the distribution function of the random variable i.e. P[X < z].

This result is true whether the random variable is continuous or discrete
[12, 13]. They clearly specify that the above result is true for non-negative
continuous as well as for discrete random variables.

This is also true when X is discrete and X takes values at unequal
intervals [14]. It is a known fact that the duration variables especially in
demography and reliability theory the random variables take only non-
negative values. So, the above result can be easily applied for the estimation
of mean of a given duration variable. It is to mentioned that, many times, it is
easier to obtain data on [1 — F'(x)] rather than the data on f(x). It is also true
that the data on 1 — F'(z) are likely to be more reliable than data on f(z).

The objective of the present article is to provide some examples that
demonstrate how the mean of a duration random variable can be easily
determined using the concept of [ [1 — F(z)]dz = E(X)? We now give
examples one by one from different topic of demography and try to provide
the mean of considered demographic duration variables.

2.2 Data

The data for this has been taken from the fifth round of the National Fam-
ily Health Survey (NFHS-5) and UN Population Division, Department of
Economic and Social Affairs (DESA). The fifth round of National Family
Health Survey was conducted between 2019 and 2021 under the auspices
of the Ministry of Health and Family Welfare (MoHFW), Government of
India and International Institute of Population Sciences (IIPS) in Mumbai.
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The National Family Health Survey (NFHS) is a multi-round, large-scale
survey conducted in a nationally representative sample of households. The
survey collected data on birth history of women, infant and child mortality,
fertility, breastfeeding, postpartum amenorrhea, age at marriage, maternal
and child health, reproductive health, anaemia, nutrition and family planning
at the national, state and district levels in India [18]. The dataset is publicly
available at https://dhsprogram.com/data/.

The United Nations Population Division, Department of Economic and
Social Affairs (DESA), provide data on fertility, mortality, migration and
urbanization at the global, regional and national levels. The essential data
for computation of expectation of life at birth of women of India is obtained
from World Population Prospects 2022, UN Population Division, Dept. of
Economic and Social Affairs [17].

2.3 Estimation of Mean of Some Demographic Duration Random
Variable

2.3.1 Expectation of life at birth (eg) in Life Table (An important
topic in Demography)

In fact, the expectation of life at birth in the life table essentially defines the

average life time of a person. It is analogous to average life time of equipment

in life testing or reliability theory.

As mentioned earlier, although the life time X is definitely continuous
but because of the non-availability of the values of p(x) (Hazard Rate) or
[l — F(z)] i.e. survival function, hence for practical purposes X is taken as
discrete random variable. Normally, in complete life table, the age = denotes
the age in completed years or age at last birthday which normaly takes values
0,1,2,3,...,w" [9]. In the context of abridged life table, age class intervals
are more than one year. In the present case we will assume that the ages are
given in completed years i.e. X takes values 0, 1,2, .. ..

In fact, for complete life table, €J i.e. expectation of life at birth is
defined as

S

ed === 4)
lo
Lo+ Li+L L i
e €)= ottt l20+.”+ W whereTO:z:Lﬂj 3)
z=0

where T, is the total number of years lived by the cohort (/,,) at birth and [,
is the total number of births.
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In fact, the pivotal column of the life table is the g, column which
represents the conditional probability that a person who has reached age =
(exact age x) will die before reaching age x + 1 (exact age (x + 1)) [15]. This
is almost analogous the hazard rate at age x treating X to be continuous. pi,
is normally known as the force of mortality at age x. In mathematical terms,
q. 18 defined as,

- l:r — lx+1 dz

=" or = (©6)

where d, denotes the number of deaths between exact ages x and x + 1 in the
life table. In fact, ) = % has been obtained by using the concept of person
years lived by the cohort divided by the radix [y. As we know, [, denotes
the number of survivors till exact age x out of [y births. If we take X to
be continuous then é—g denotes nothing but 1 — F'(x) i.e. the probability of
surviving from birth to age x or P[X > z]. Thus,

s 1 P )
lo

In fact, %0 is nothing but [~ [1 — F(z)]dz because, %0 may be con-

sidered as [;* %£dx. Thus, 72 is nothing but [ [I — F(x)]dx. Thus, e is
nothing but [~ [1 — F(z)]dz = Mean. In this context, it is to be mentioned
that, L, column of the life table gives the age distribution of the life table
population (stationary population) [16]. The stationary population has the
property that its rate of growth is zero and age structure remains constant
over time implying that birth rate is equal to death rate.

In fact, in life table population, every year [y births take place while the
total population is Tp. Thus, the birth rate in life table population (stationary
population) is nothing but ZT—OO which is reciprocal of € i.e. birth rate = é

Since the rate of growth is zero, this implies as the death rate is also e%
0

In the context of prevalence and incidence, 7Ty represents the preva-
lence while [y represents the incidence rate per unit of time. So, in fact,
% is nothing but prevalence/incidence and in this context the preva-
lence/incidence become the mean of X which is commonly known as the

prevalence/incidence mean [14].

2.3.2 Mean age at marriage (first marriage)
The concept of mean = [ [1 — F(x)]dx can also be applied for estimation
of mean age at first marriage (we do not consider the case of repeated
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marriages to avoid the complexity in the computation of 1 — F'(z)). In fact, if
we consider the number of persons of age x as n, in a population out of which
Ny, are married while n,, = are unmarried. If X denotes the random variable

as age at marriage then, ”’”—:‘ gives an estimate of F'(x) because here age at

n
marriages is below x years i.e. X < x. Similarly, the proportion "2% gives
the estimate of [1 — F'(x)]. But nfl% is nothing but proportion of unmarried
among persons aged x.

So, if we have data on proportions of unmarried at different ages, which
give the values of [1 — F'(z)] for different values of z, then [ [1 — F(x)]dx
gives the mean age at marriage. We illustrate the use of the methodologies
using data of NFHS-5. Fortunately, the data on age at marriage of females
between age group 15-49 are available in this survey. So, we can use this
methodology for computing mean age at marriages of females who are
currently in the age group 15-49 years.

Since the data are not available for females below age 15 years so we
assume that the incidence of marriage at below age 15 years is zero (almost
zero). Although X is a continuous random variable but data are only available
at discrete ages. It is known fact that the number of females at each age is
not equal. Hence, theoretically, the concept of prevalence/Incidence equal to
mean cannot be applied. However, in practice, there is not much variation in
the number of females at different ages in the age group 15-49 years. So,
we can get, at least an approximate estimate of mean age at marriage by the
method of prevalence/ Incidence. The incidence may be taken as the average
number of females per year in the age group 15-49 years.

2.3.3 Average duration of postpartum amenorrhea (PPA)
Based on similar approach, the method has also been used for estimation of
mean postpartum amenorrhea (PPA). In NFHS-5, apart from other informa-
tion; data are available related to PPA status for births occurring during the
last 36 months from the date of survey [18]. In this context, data are available
on the number of births in each month and the number of females who are
still amenorrhoeic at the date of survey out of the births in each month.

If we consider the number of women whose current age of child is x as
n, in a population out of which n,,  are those women whose period is not
return i.e. still amenorrhoeic at the time of survey while n,, are those women
whose period is return before the survey date. Although X is a continuous
random variable but data are only available at discrete ages.

Suppose the random variable X represents the PPA period. Obviously X
can take only nonnegative values. Suppose a female has given birth x period
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before the survey point and she is in PPA period at the survey point, then
this implies that for her X > z, since P[X > z| = 1 — F(x) then the
proportion —% (proportion of women continued for PPA of duration x) gives
the estimate of [1 — F(x)] for different values of x, then [, [1 — F(z)]dx
gives the mean postpartum amenorrhea.

2.3.4 Average duration of breastfeeding

The concept of mean = [;° [1 — F(x)]dx can also be applied for estimation
of mean duration of breastfeeding. Now, if we consider the number of
mothers whose current age of child is x as n, in a population out of which
ng, are those mothers who are continue to breastfeeding while n_, are those
who stopped breastfeeding.

If X denotes the random variable as duration of breastfeeding then it can
take only non-negative values. Suppose a female has given birth z period
before the survey point and she is continue for breastfeeding at the survey
point, then this implies that for her X > =z, since P[X > z] = 1 — F(x)
then the proportion —~t (proportion of mothers still breastfeeding of dura-
tion 33) gives the estimate of [l — F(x)] for different Values of z, then
fo )]dx gives the mean breastfeeding. Obviously, ;b gives an
estimate of F ( ) because here duration of breastfeeding is before  months
ire. X <.

3 Results and Discussion

Table 1 represents the exact age of women, the number of women (survivors)
till exact age = and proportion of survivors from birth to exact age x has given
in third column of this table. The last column of table shows the smoothed
of proportion of survivors from birth to exact age . For finding the integral
fo [1— )]dz we may use an appropriate quadrature formula. For the
given 51tuat10n the quadrature formula, which is the simplest, seems to be
appropriate so we make use of Trapezoidal rule to find the above integral.
The life expectancy at birth has been determined to be 68.89 years using
the trapezoidal rule to calculate the integral fooo é—gdm, which is equivalent
o [i°1 )]dx. Since [;°[1 — F(x)]dx represents the mean of the
random Variable X denoting the age of survivors. This calculated value
(68.89 years) is remarkably close to the observed life expectancy at birth
for Indian women, which is reported as 68.9 years in the World Population
Prospects, 2022 [19].
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Table 2 provides essential data for computing the mean age at marriage
for women in India. This data is taken from the fifth round of National
Family Health Survey. The table shows the proportion of unmarried women
and the smoothed proportion of unmarried women at different ages. Now
the integral [;° [1 — F(x)]dz = [; [1 — F(z)]dx only for such value of c,
where [1 — F'(c)] = 0. In case of women age at marriage (regarding fertility
phenomenon), the value of ¢ = 49 years seems to be quite reasonable because
the probability that age at marriage will be more than 49 years is almost zero.
The value of [ [1 — F(z)]dx has been determined to 22.02 by trapezoidal
rule approximation by taking F'(z) = 0 for x < 15. Thus, employing the
data from NFHS-5 and utilizing the proposed method, the estimate of mean
age at marriage for Indian women has been precisely calculated to be 22.02
years.

Table 3 provides essential data for Computation of Average Duration of
Postpartum Amenorrhea (NFHS-5). This table represent the proportion of
women whose period not return till survey date and having child of age z
months before survey. Through the results, it is found that out of 3653 women
surveyed, 133 women are still being in PPA period after 36 months of given
the last birth before the survey date. This is perhaps due to miss-reporting in
PPA data.

Now the integral [;° [1 — F(x)]dx is equivalent to [ [1 — F(x)]dx only
for such value of ¢, where [1 — F(¢)] = 0. If we assume that the maximum
possible value of X is 36 months, the value of ¢ = 36 months seems to
be quite reasonable because the probability that PPA will be more than 36
months is almost zero. The value of [; [1 — F(x)]dx has been calculated to
6.24 months by trapezoidal rule approximation. Thus, employing the data
from NFHS-5 and utilizing the proposed method, the estimate of mean PPA
for Indian women has been calculated to be 6.2 months which is very close
to reported mean PPA as 6.9 months in NFHS-5 report [18].

We illustrate the use of given methodologies for breastfeeding, using
NFHS-5 data. Table 4 provide the relevant data for computation of mean
breastfeeding. This table represent the proportion of women continue to
breastfeeding till survey date and having child of age « months before survey.
Through the results, it is found that out of 3653 women, 239 women are
still being for breastfeeding after 60 months of given the last birth before the
survey date. This anomaly is likely due to misreporting in the breastfeeding
data.

Now the integral [;° [1 — F(x)]dx is equivalent to [ [1 — F(x)]dx only
for such value of ¢, where [1 — F(¢)] = 0. Here, we assume that the
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maximum possible value of X is 60 months, the value of ¢ = 60 months
seems to be quite reasonable because the probability that breastfeeding will
be more than 60 months is almost zero. The value of foc [1 — F(x)]dx has
been calculated to 31.84 months by trapezoidal rule approximation. Thus,
employing the data from NFHS-5 and utilizing the proposed method, the
estimate of mean breastfeeding for Indian women has been calculated to be
31.8 months which is very close to observed value of median breastfeeding
as 32.1 months reported in NFHS-5 report [18].

4 Conclusion

Several procedures exist for analysing the nature of demographic dura-
tion variables such as for estimation of expectation of life at birth, Asaria
et al. [20] used a ‘life table technique’ to estimate life expectancy at birth
but in this procedure, they required additional information on survival ratio,
mortality rate and average size of cohort etc. whereas the proposed method
require information on only proportion of survivors. For estimation of mean
age at first marriage, Singh et al. [21] used ‘semi-parametric’ and ‘non-
parametric’ technique but this procedure may contain some error related to
recall bias which leads to age misreporting and digit preference, especially
among older and less educated respondents whereas in the proposed proce-
dure for estimation of mean age at first marriage, such type of errors may not
exist. For estimation of PPA, the present methodology requires data only on
proportion of women whose periods do not return whereas the methodologies
proposed by Srinivasan [22] and Yadava and Bhattacharya [23] require data
on open as well as closed birth intervals. In this study, we have estimated
mean duration of such as life expectancy at birth, age at first marriage,
postpartum amenorrhea and breastfeeding. The proposed methods differ in
their data requirements and in regard to the objective of this analysis. If
one is interested only in the mean of such demographic variables, a very
simple method, as proposed by the author, can be used. This method is
straightforward because the required data to compute the mean is easily
obtained without any misreporting or recall lapses or digit preference in
durational variables. In contrast, earlier approaches are based on durational
data that often contain errors due to misreporting and recall lapses.
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Appendix

Table 1 Computation of expectation of life at birth
No. of Survivors  Proportion of Survivors ~ Smoothed Proportion of

Age (x) at Age x From Birth to Age x Survivors From Birth
0 100000 1.00000 0.99061
1 97418 0.97418 0.98274
2 97117 0.97117 0.97660
3 97006 0.97006 0.97196
4 96922 0.96922 0.96864
5 96837 0.96837 0.96644
6 96755 0.96755 0.96515
7 96685 0.96685 0.96458
8 96626 0.96626 0.96452
9 96580 0.96580 0.96477
10 96542 0.96542 0.96513
11 96507 0.96507 0.96541
12 96470 0.96470 0.96543
13 96428 0.96428 0.96520
14 96378 0.96378 0.96473
15 96316 0.96316 0.96406
16 96240 0.96240 0.96321
17 96153 0.96153 0.96221
18 96056 0.96056 0.96109
19 95953 0.95953 0.95988
20 95845 0.95845 0.95860
21 95733 0.95733 0.95728
22 95616 0.95616 0.95596
23 95496 0.95496 0.95464
24 95374 0.95374 0.95334
25 95248 0.95248 0.95203
26 95119 0.95119 0.95072
27 94986 0.94986 0.94940
28 94849 0.94849 0.94806
29 94706 0.94706 0.94670
30 94559 0.94559 0.94530
31 94407 0.94407 0.94385

(Continued)
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Table1 Continued
No. of Survivors  Proportion of Survivors ~ Smoothed Proportion of

Age (x) at Age x From Birth to Age x Survivors From Birth
32 94251 0.94251 0.94236
33 94090 0.94090 0.94081
34 93923 0.93923 0.93919
35 93747 0.93747 0.93749
36 93559 0.93559 0.93568
37 93354 0.93354 0.93373
38 93130 0.93130 0.93163
39 92883 0.92883 0.92934
40 92613 0.92613 0.92686
41 92324 0.92324 0.92415
42 92018 0.92018 0.92119
43 91700 0.91700 0.91796
44 91369 0.91369 0.91444
45 91021 0.91021 0.91059
46 90651 0.90651 0.90638
47 90246 0.90246 0.90177
48 89794 0.89794 0.89671
49 89279 0.89279 0.89115
50 88686 0.88686 0.88506
51 88004 0.88004 0.87838
52 87231 0.87231 0.87108
53 86372 0.86372 0.86311
54 85434 0.85434 0.85442
55 84424 0.84424 0.84498
56 83348 0.83348 0.83473
57 82213 0.82213 0.82364
58 81020 0.81020 0.81166
59 79757 0.79757 0.79875
60 78410 0.78410 0.78487
61 76963 0.76963 0.76997
62 75403 0.75403 0.75401
63 73722 0.73722 0.73696
64 71917 0.71917 0.71876
65 69983 0.69983 0.69937
66 67924 0.67924 0.67876

(Continued)
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Table1 Continued
No. of Survivors  Proportion of Survivors ~ Smoothed Proportion of

Age (x) at Age x From Birth to Age x Survivors From Birth
67 65744 0.65744 0.65689
68 63449 0.63449 0.63383
69 61042 0.61042 0.60966
70 58523 0.58523 0.58445
71 55893 0.55893 0.55828
72 53158 0.53158 0.53122
73 50326 0.50326 0.50336
74 47414 0.47414 0.47478
75 44444 0.44444 0.44554
76 41435 0.41435 0.41574
77 38409 0.38409 0.38544
78 35385 0.35385 0.35476
79 32370 0.32370 0.32394
80 29369 0.29369 0.29327
81 26400 0.26400 0.26302
82 23483 0.23483 0.23348
83 20649 0.20649 0.20493
84 17902 0.17902 0.17765
85 15260 0.15260 0.15192
86 12781 0.12781 0.12803
87 10532 0.10532 0.10624
88 8569 0.08569 0.08685
89 6899 0.06899 0.07005
90 5492 0.05492 0.05571
91 4319 0.04319 0.04364
92 3352 0.03352 0.03362
93 2563 0.02563 0.02546
94 1929 0.01929 0.01893
95 1428 0.01428 0.01384
96 1040 0.01040 0.00997
97 745 0.00745 0.00713
98 523 0.00523 0.00511
99 361 0.00361 0.00369

100 & above 244 0.00244 0.00268
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Table 2 Computation of mean age at marriage (NFHSS5)

No. of No. of Proportion of Smoothed Proportion of
Age (x) Women Unmarried Women Unmarried Women Unmarried Women
15 25005 24794 0.99156 0.98800
16 24714 24126 0.97621 0.99233
17 23580 22124 0.93825 0.92261
18 26631 21935 0.82366 0.81581
19 22550 15741 0.69805 0.70334
20 26061 15123 0.58029 0.59429
21 21876 10915 0.49895 0.49218
22 24912 9821 0.39423 0.40052
23 22976 7577 0.32978 0.32201
24 22875 6068 0.26527 0.25609
25 28402 5438 0.19147 0.20138
26 23254 3690 0.15868 0.15651
27 22134 2660 0.12018 0.12017
28 25502 2173 0.08521 0.09141
29 19087 1437 0.07529 0.06937
30 29221 1467 0.05020 0.05318
31 15512 705 0.04545 0.04189
32 22612 774 0.03423 0.03426
33 16716 444 0.02656 0.02896
34 16988 416 0.02449 0.02485
35 27805 626 0.02251 0.02161
36 18233 357 0.01958 0.01912
37 16073 312 0.01941 0.01725
38 21121 271 0.01283 0.01588
39 14836 195 0.01314 0.01492
40 24912 439 0.01762 0.01425
41 12227 168 0.01374 0.01379
42 17459 227 0.01300 0.01344
43 14091 161 0.01143 0.01311
44 12691 176 0.01387 0.01271
45 24333 315 0.01295 0.01215
46 13982 153 0.01094 0.01138
47 13928 132 0.00948 0.01055
48 17797 196 0.01101 0.00987
49 14019 129 0.00920 0.00954




Use of Distribution Function in Estimation 205

Table 3 Computation of average duration of postpartum amenorrhea (NFHS5)

Smoothed
Women Whose Proportion of Proportion of

Child’s Women Period Not Women Whose Women Whose
Current Agein ~ Having Child Return, Having Period Not Period Not
Months (x) of Age x Child of Age x Return Return
0 3653 2883 0.78921 0.79228
1 3963 2886 0.72824 0.72145
2 4081 2582 0.63269 0.63543
3 4027 2206 0.54780 0.54911
4 4185 1979 0.47288 0.47444
5 3792 1567 0.41324 0.41169
6 3974 1458 0.36688 0.35824
7 3695 1091 0.29526 0.31144
8 3525 957 0.27149 0.26909
9 3696 879 0.23782 0.23082
10 3602 728 0.20211 0.19670
11 3739 602 0.16101 0.16679
12 4048 566 0.13982 0.14113
13 3989 475 0.11908 0.11961
14 3736 365 0.09770 0.10208
15 3537 330 0.09330 0.08840
16 3726 300 0.08052 0.07831
17 3525 245 0.06950 0.07116
18 3571 238 0.06665 0.06617
19 3252 201 0.06181 0.06258
20 3194 188 0.05886 0.05973
21 3109 174 0.05597 0.05739
22 3227 178 0.05516 0.05544
23 3024 185 0.06118 0.05377
24 3245 172 0.05300 0.05228
25 3415 155 0.04539 0.05091
26 3078 132 0.04288 0.04967
27 3118 158 0.05067 0.04853
28 3092 158 0.05110 0.04747
29 3007 146 0.04855 0.04650
30 2844 145 0.05098 0.04561
31 2793 121 0.04332 0.04481
32 2652 93 0.03507 0.04436
33 2422 105 0.04335 0.04557
34 2533 152 0.06001 0.05001

35 2389 133 0.05567 0.05922
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Table 4 Computation of average duration of breastfeeding

Women Still Smoothed
Child’s Women Breastfeeding, Proportion of Proportion of
Current Agein  Having Child  Having Child of Women Still Women Still
Months (x) of Age x Age x Breastfeeding Breastfeeding
0 3653 3383 0.92609 0.92613
1 3963 3658 0.92304 0.92004
2 4081 3744 0.91742 0.91728
3 4027 3702 0.91929 0.91662
4 4185 3802 0.90848 0.91684
5 3792 3490 0.92036 0.91670
6 3974 3607 0.90765 0.91499
7 3695 3333 0.90203 0.91075
8 3525 3187 0.90411 0.90416
9 3696 3340 0.90368 0.89570
10 3602 3245 0.90089 0.88582
11 3739 3311 0.88553 0.87500
12 4048 3468 0.85672 0.86368
13 3989 3388 0.84934 0.85235
14 3736 3115 0.83378 0.84127
15 3537 2952 0.83461 0.83004
16 3726 3052 0.81911 0.81805
17 3525 2774 0.78695 0.80471
18 3571 2805 0.78549 0.78942
19 3252 2509 0.77153 0.77157
20 3194 2393 0.74922 0.75083
21 3109 2290 0.73657 0.72783
22 3227 2334 0.72327 0.70349
23 3024 2089 0.69081 0.67869
24 3245 2090 0.64407 0.65435
25 3415 2124 0.62196 0.63136
26 3078 1892 0.61468 0.61062
27 3118 1794 0.57537 0.59268
28 3092 1810 0.58538 0.57671
29 3007 1622 0.53941 0.56150
30 2844 1590 0.55907 0.54588
31 2793 1449 0.51880 0.52864
32 2652 1405 0.52979 0.50861
33 2422 1213 0.50083 0.48499
34 2533 1214 0.47927 0.45865

(Continued)
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Table 4 Continued

Women Still Smoothed
Child’s Women Breastfeeding, Proportion of Proportion of
Current Agein ~ Having Child ~ Having Child of Women Still Women Still
Months (x) of Age x Age x Breastfeeding  Breastfeeding
35 2389 1030 0.43114 0.43086
36 2691 981 0.36455 0.40289
37 2487 874 0.35143 0.37600
38 2662 909 0.34147 0.35147
39 2535 852 0.33609 0.33057
40 2384 765 0.32089 0.31413
41 2619 833 0.31806 0.30121
42 2362 718 0.30398 0.29046
43 2419 705 0.29144 0.28051
44 2153 595 0.27636 0.26999
45 2180 528 0.24220 0.25753
46 2094 512 0.24451 0.24220
47 2041 465 0.22783 0.22474
48 2270 421 0.18546 0.20633
49 2192 400 0.18248 0.18815
50 2205 373 0.16916 0.17138
51 2155 316 0.14664 0.15720
52 2331 363 0.15573 0.14678
53 2322 345 0.14858 0.14082
54 2234 334 0.14951 0.13808
55 2161 316 0.14623 0.13682
56 1992 274 0.13755 0.13531
57 1962 226 0.11519 0.13184
58 1945 231 0.11877 0.12467
59 2023 239 0.11814 0.11207
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