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Introduction

Introduction: Estimating the First Birth Interval (FBI) from cross-sectional data often presents challenges
related to truncation effects. These challenges stem from the data’s inability to capture the enough exposure
for an event, resulting in potential biases and inaccuracies in FBI estimates. Recognizing and addressing
truncation effects is essential for obtaining more precise and meaningful fertility parameter estimates in a
cross-sectional survey.

This study seeks to mitigate truncation effects in the estimation of the FBI by utilizing the Current Status Data
technique. This approach focuses on women with specific marital durations, providing a means to counteract
the bias caused by truncation and thereby yielding more accurate and reliable FBI estimates.

Methods: Data from the National Family Health Survey (NFHS-IV) are employed for this study. The Current
Status Data Technique is applied to the dataset, considering exclusively those women with marital durations
less than 120 months. This methodology enables the adjustment of truncation effects and facilitates a more
precise estimation of the FBI. Statistical analysis is conducted to determine the FBI distribution and ascertain
the necessary sample size.

Results: The estimated First Birth Interval (FBI) without accounting for truncation is 27.85 months, while
the estimate considering truncation is 31.70 months. When applying the Current Status Data technique, the
estimated FBI is 30.70 months. To obtain reliable estimates of the FBI using Current Status techniques, a
minimum sample size of over 5,000 observations is necessary.

Conclusion: The truncation effect in FBI is addressed, and some non-parametric adjustments are used for
estimating the duration of FBI. The Current Status Data technique emerges as a valuable tool for mitigating
these effects and enhancing the precision of FBI estimates. This research contributes to an improved
understanding of fertility dynamics and provides valuable insights for future studies on the First Birth Interval.

of women until all have completed their first
birth. However, such data is often unavailable

Estimating the distribution of the First Birth and difficult to collect. Instead, cross-sectional
Interval (FBI) ideally involves tracking a cohort data from national health surveys, though
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practical, require statistical adjustments for
accurate analysis. These surveys are widely
used to study event durations like breastfeeding,
postpartum amenorrhoea (PPA), and birth
intervals, with applications in demography and
medicine. Key challenges include censoring,
selection bias, and truncation, which can
introduce bias in estimating event distributions
if not properly addressed.

Censoring occurs when individuals do not
experience the event of interest within the
study period. For example, some women may
not have given birth by the time of the survey,
leading to censored FBI data. Estimating
the average FBI using only complete cases
underestimates the true duration, as shown
by previous studies."? Censoring complicates
analysis, requiring survival methods to handle
time-to-event data. Techniques like imputation
and likelihood-based approaches have been
developed over time to analyze censored
survival data.’

The timing of an event is often linked to
the length of exposure. In the case of the
FBI, exposure time varies among women,
influencing the study's results. Women with
longer marital durations at the time of the
survey are more likely to have their first birth
recorded, while shorter durations often lead
to truncated data. Researchers have addressed
this truncation issue by focusing on women
with longer marital durations (e.g., over
7 or 10 years).*'? However, this approach
overlooks recently married women, leading to
outdated estimates. Studies'> !* have explored
FBI distribution for shorter marital durations
in more homogeneous groups.

Several authors have wused parametric
approaches to adjust for truncation and
selection bias in FBI studies." '*'®* When

birth intervals are modeled based on specific
marital durations, these adjustments provide
more accurate parameter estimates. Models
accounting for truncation have been developed
accordingly.'” '* Additionally,"” explored the
asymptotic properties of Non-Parametric
Maximum Likelihood Estimation (NPMLE)
in interval-truncated data. Current status data,
which arise in various fields like demography,
epidemiology, and medicine, are often used in
cross-sectional studies to examine events such
as first pregnancy.”®?* In medical studies, FBI
and HIV data frequently involve current status
data due to the challenge of measuring exact
event times.

Current status data is anon-parametric approach
used to adjust for truncation and selection bias.
It involves cases where the event time T is not
observed directly; instead, it is only known
whether T occurs before or after a random
examination time X.?*?* In FBI studies,!” %
researchers cannot observe the exact marriage-
to-birth duration but only whether it occurred
before or after the survey. These observations,
categorized as either (0, X] or (X, =), are
known as Case-I interval-censored data.”
Since current status data is not based on recall,
it can provide unbiased estimates free from
truncation and selection bias.

After estimating the distribution using current
status data, determining the optimal sample
size becomes essential in study design. While
sample size determination is well-explored in
survival analysis, discussions specific to current
status data are limited.>’?° For instance,*
proposed a method to design cross-sectional
surveys estimating disease incidence based
on current age and health status. Traditional
sample size methods for right-censored data
focus on accuracy and confidence intervals.?”
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28.31.32 The focus is on estimating population
characteristics with a specified margin of
error and confidence interval, acknowledging
that sample estimates rarely match the true
population parameter exactly. The key is
to define how much error is acceptable and
ensure the confidence interval reflects the true
value with a certain probability.

Section 2 outlines the materials and methods
used to estimate FBI distribution with the
current status data technique. Section 3
applies these methods to FBI and discusses
optimal sample size determination using two
approaches. Section 4 presents simulation
results and discussion.

Material and Method
Current Status Data and Estimation

This section is devoted on estimation of the
distribution of FBI using the current status
data of women whose marital duration is less
than or equal to T months. A brief description
of methodology on current status data in cross-
sectional study is given as.** 3 In a cross-
sectional survey, the marital duration and the
status of first birth is noted. Let (T, 6, ),(T,,
0, ),...(T , 6, ) be n pairs of random variables,
where T, and &, respectively, denote the
marital duration and the status of first birth of
i"woman at the time of survey, i=1,2,...,n; and

5 0,1fX, > T,
O |LifX, <T,

i

where X is the non-negative random variable
representing the FBI of the i woman, i=1,2,...
,n. Let the cumulative distribution function of
X be F, (.),i=1,2,...,n. It is also assumed that
X. 1s independent of T,i=1,2,...,n. Our aim is

to estimate F, (t) for all t > 0.

Let 0 =t <t<t<..<t =T be the observed
marital durations. Let n, be the number of
women having marital duration in the interval
(., t] months at the time of survey, j=1,2,...
k. Further, let Y, be the number of women
with martial duration in the interval (t , t]
months who don’t have the first birth (i.e., the
FBI is greater than tj months) at the time of
survey, j =1, 2, ..., k. Mathematically, if we
let

A={it =T <t}
and
Bj={i:tj_1 <T.=t,8=0},j=12,...k

then

n="number of elements in " A, and Y,
of elements in " Bj, =1,2,....k,
Now, for j=1,2,...,k, we have

—_n

number

F(t) =P(X <t
=1-P(X, >1,)
=1-8,(t,).
where Sx(tj) is estimated by
S(t_]) - L " .
n. = proportion of women whose FBI
1S greaterJ than " t, 7=1,2,... k. (1)

Thus, we have_estimates_of S, (£).S, (t),....S,
(t) as S(4),8(t,),....S(t,)- Using these t,
values, we have to estimate S (t) for all 0
which in turn gives the estimate of F(t),t>0. In
order to get the estimate of S_(t) for all £>0, we
apply spline smoothing technique.’> A spline
S, (.), is a smooth, piecewise-defined function
composed of low-degree polynomials, each
defined on specific intervals of t. These
polynomial pieces are joined together at points
called knots, ensuring the function remains
smooth across the entire range of .
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By Ayer Method

Using the notation defined in Section 2, we

J— y .
have S(tj):i’J =12,....k
]
Denote E(tj) =s;,J=12,...,k ** suggested that
the maximum likelihood estimates § i of S(tj)

may be found in the following way.

Case I. If s, > s,> ... > 5, > 0, then §j= Sis =
1,2,.... k.

Case II: If 5.8, for some j(j=1,2,...,k-1), then
take §j =S§; .. To find §j , the ratios

s,=y/mn and s =y, /n, are replaced
in the sequence s,,s,,...,s, by the single ratio
(yj+yjﬂ)/(nj+njﬂ) which gives us an ordered set
of only k-1 ratios. This procedure is repeated
until an ordered set of ratios is obtained which
are monotonic non-increasing. Then, for each
I, éj is equal to that one of the final set of ratios
to which the original ratio sj=yj/nj contributed.
In other words, if for integers r,s, with 1 <r <
s <k, we define

and 4 (

and

§; =minmax A(r,s)

I<r<j j<s<k
Then, the MLE of F(.) is given by
0, if t<t,
F(t)=11-8,, if t;<t<t
1 if t>t,

i=1,2,..., k-1,

j+1

The methodology outlined above serves the
purpose of estimating F(t). It entails intricate
statistical calculations and assumptions,
aiming to derive an estimate of F(t) (as
shown in Figure 1). It’s worth emphasizing
that this estimate is susceptible to the inherent
variability and uncertainties commonly
encountered in real-world data.

In the quest to assess the reliability and
precision of the FBI estimate, the need arises

Duration of First Birth Interval
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Figure 1. Distribution of FBI with different method
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to determine the minimum required sample
size. This endeavor involves the calculation of
the necessary number of observations or data
points essential to achieve a predetermined
level of statistical accuracy and confidence in
the estimate. This sample size calculation takes
into account parameters such as the desired
level of statistical significance (referred to as
n), the margin of error (€), and various other
relevant statistical considerations.

Sample size using Ayer Method

As stated in Theorem 3.1 of 3¢, let’s assume
that t, represents a point of continuity within
the distribution function F(t). Select arbitrary
positive values for € (the margin of error) and n
(the level of significance) such that when t' and
t"” are chosen such that t' <t <t” and [F(t)-F(t )|
<é2fort'<t <t", then:

pr{|F (t))-F(t)|<e}>1

This condition holds provided that there are at
least N trials conducted between t' and t, as

well as at least N trials between t' and t”, with
N determined such that:

Z1 1 ezg
T §
Z 2 4N < 32 2)

-~ J

This value of N represents the required sample
size for your analysis.

Simulation Study for finding Minimum
Sample Size

To determine the minimum sample size required
for estimating FBI, a simulation approach
was utilized. Independent samples of sizes n
= 1000, 1500, 2500, 3000, 4000, 5000, and
6000 were drawn from the Individual record
(IR) file of NFHS-IV. This sampling procedure
was repeated 1000nd times for each sample
size. Subsequently, an analysis of the FBI was
conducted as discussed in above section. The
mean and quartile of the FBI were computed
based on 1000nd repetitions, along with a 95%
confidence interval, (as presented in Tables-1).

Table 1. Distribution of sample using Spline Smoothing and Ayer method with 1000nd repetition

Spline Smoothing Ayer Method
8. gg  2nd Quantile .  2nd Quantile .
no l(s;CSQ%arétIl;e égl\sd;dicag 31‘;?;??36' Mean (95% CI) ! (s;(s);ar(ljt;e (/91\5/1(;’di(;n) 32%%%“336' Mean (95% CI)
1 1000 1137(10,13) 2020(18,23) 3737(31,46) 32.1627384027) 1277(11,15) 20.80(16,25) 3742(29,51) 29.48(26.96, 1.98)
2 1500 11.42(10,13) 20.16(18,22) 36.47(32,42) 31.40(27.87,7.89) 12.73(11,15) 20.59(17,25) 36.99(29,48) 29.45(27.40, 1.55)
3 2500 11.41(10,13) 20.12(19,22) 36.27(33,41)  30.62(28.07,4.94) 12.72(12,14) 20.58(18,24) 36.67(30,46) 29.45(27.98, 1.03)
4 3000 12.09(11,13) 20.88(20,22) 37.69(34,42) 31.42(29.01,5.57) 13.12(12,14) 21.14(19,24) 37.88(31,46) 30.50(29.12,31.87)
54000 12.06(11,13) 2080(20,22) 37.52(34,1.02) 31.08(29.033468) 13.11(12,14) 21.09(1924) 37.75(3146) 3042(29.1531.68)
6 5000 1138(11,12) 20.08(19,21) 3620(33,39) 2998(2831,3.07) 12.63(12,13) 20.59(18,24) 3636(31,42) 29.41(28.35,30.48)
76000 1207(11,13) 2081(20,22) 37.55(35,41) 30.85(29.17,3.69) 13.08(12, 14) 21.04(19,23) 37.55(32,43) 30.42(29.37, 1.45)
8 7500 11.33(11,12) 20.02(19,21) 36.19(34,39) 29.72(2837,242) 12.66(12,13) 2045(19,23) 3625(32,40) 29.39(28.50,0.31)
Population 12 20 37 30.7 13 21 37 30.36
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Result

The First Birth Interval (FBI) estimation without
considering truncation effects is 27.85 months.
However, when truncation effects are adjusted
for, the estimate increases to 31.70 months. By
employing the Current Status Data technique,
the estimated FBI is refined to 30.70 months.
To obtain reliable estimates of the FBI using
Current Status techniques, a minimum sample
size of over 5,000 observations is necessary.
The study utilizes data of individual record (IR)
file of National Family Health Survey (NFHS-
IV) ¥ of india and considering the variable such
as Date of Interview (Dol), Date of Marriage
(DoM) and Marriage to Firth interval (in
months).

After applying Kaplan-Meier estimation to
the cross-sectional data, the mean estimate
for the FBI is found to be 27.85 months, (as
shown in Table 2). However, these estimates
have certain limitation. The most significant
limitation is that the length of exposure for
each woman who experienced the first birth
is varying. Consequently, women with short
marital durations are truncated from the study.
To overcome this limitation,” proposed an
approach to ensure that all women receive
appropriate exposure time, with a guaranteed
high probability of experiencing their first
birth. Only those women whose marital
duration exceedes 120 months (i.e., T, >120)

are consider. The mean duration of the FBI
was computed again resulting in an estimated
value of 31.70 months, (as shown in Table-2).
But this frame has following drawbacks: (i)
The estimates obtain from the women of longer
marital duration are not based on recently
married women. (ii)The sample size becomes
smaller as it excludes considerable number of
recently married women. (iii) Due to recall
lapse, older women may not report the duration
of FBI correctly.

To overcome these limitations and adjustment
of truncation effect, the current status data
technique is applied only to those women
of marital durations within T, < 120 months
(Table S1 supplementary). Following
the methodology detailed in Section 2, the
estimated FBI is 30.36 months with spline
smoothing and about 30.70 months using the
Ayer Method as shown in Table 2.

The curves generated by Spline Smoothing and
the Ayer Method are shown in Figure 1. The
Spline Smoothing estimate of the FBI is derived;
however, it lacks a specific mathematical
form due to its reliance on knots and degrees
of freedom. Different combinations of knots
and degrees of freedom can produce varying
smoothing functions for the FBI. Consequently,
determining the pair of knot and degree of
freedom that provides the most accurate FBI
estimate is challenging.

In contrast, when utilizing the Ayer Method,

in

Table 2. Descriptive statistics of (First Birth Interval) FBI using two method

. Kaplan Meier Estimation Current Status Data
Statistics
Cross-Sectional data Ti> 10 year Spline Smoothing Ayer Method
Ist Quartile 13.00 14.00 13.00 12.00
2ndQuartile/Median 21.00 23.00 21.00 20.00
3rd Quartile 33.00 36.00 37.00 37.00
Mean 27.85 31.70 30.36 + 14.23 30.70 £ 13.45
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a well-defined mathematical smoothing
formulation is applied to ensure a stable and
consistent FBI estimate.

The FBI estimates presented in Table 2 are
based on the extensive NFHS-IV dataset.
Recognizing the challenges associated with
consistently collecting such extensive data is
crucial. Therefore, for individual studies, those
with budgetary constraints, or those with shorter
duration requirements, simulation methods are
pursued. These simulation techniques assist
in determining the appropriate sample size
required for the effective implementation of the
current status data technique.

Result based on Simulation Study for finding
Minimum Sample Size

As shown in Table 1, for sample sizes of 1500,
the length of confidence intervals for the mean
using Spline Smoothing method is 10.01.
However, when Ayer Method is used, as shown
in Table 1, the length of the confidence interval
for the mean is 4.15. For a sample size of 5000,
the length of confidence intervals for the mean
is 4.76 with Spline Smoothing method. On the

other hand, when employing the Ayer Method,
the required sample size to 4.76 length of
confidence interval is 1500.

Additionally, when applying the Ayer method, a
noteworthy observation is made. As the sample
size increases, the confidence interval for FBI
estimates narrows considerably when compared
to spline smoothing method. This narrowing of
the confidence interval is primarily attributed
to the reduction in the standard error of the FBI
estimate achieved through the current status
method. However, it is important to note that
the FBI estimate is insignificant (till sample
size reaches 2500 and 3000) due to slight bias.
This highlight the method’s robustness and
precision with larger datasets (see figure S1
and S2 in supplementary).

Sample Size estimation using Ayer Method

Despite the simulation technique, the
mathematical formula for sample size is shown
by Equation 2. On considering different value
of margin of error and n, get different sample
size (as shown in Figure 2). On considering
at 20% of margin on error and 10% of n the

Sample Size at different Level of Significant (LoS)

(=]
= A —_— 1% LS
f=1
w =0/
- 5% LoS
10% LoS
o
g |
8 8
88
A
o
£
[
w
o
(=]
g |
o
w
N
H'"‘-—\_\_\_‘_\_
- — |
I I I I 1
0.2 0.4 0.6 0.8 1.0

Margin of Error

Figure 2. Sample size at different level of significant with Margin of Error
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Table 3. Sample Size at different level of Significance () and Margin of Error (€)

S.no. Margin of Error (€) Sample size at 1% n Sample size at 5% n Sample size at 10%m
1 0.1 160000.00 32000.00 16000.00
2 0.10 134444.40 26888.89 13444.44
3 0.11 114556.20 22911.24 11455.62
4 0.2 40000.00 8000.00 4000.00
5 0.3 17777.78 3555.55 1777.77
6 0.4 10000.00 2000.00 1000.00
7 0.5 6400.00 1280.00 640.00
8 0.6 4444.44 888.88 444 .44
9 0.7 3265.30 653.06 326.53
10 0.8 2500.00 500.00 250.00
11 0.9 1975.30 395.06 197.53
12 1 1600.00 320.00 160.00

sample size is 2500 which is approximate equal
to simulation result of Table 3.

Discussion

The analysis of first birth intervals, particularly
when wusing cross-sectional or interval-
censored data, poses significant challenges
due to truncation. Truncation occurs when
individuals enter the study at various times after
marriage, resulting in incomplete observation
of their first birth intervals. This can introduce
bias if not adequately adjusted, leading to
either overestimation or underestimation of
the actual birth interval distribution. In this
context, we have employed the current status
data technique to address truncation effects.
By utilizing the Ayer method, a nonparametric
maximum likelihood estimator, we can estimate
the distribution of first birth intervals while
accounting for the censored nature of the data
and the varying entry points of the individuals
in the study:.

Compared to traditional methods, such as the
life table or parametric models, the current
status technique provides a more robust and

flexible solution. Keiding (1991),* for example,
employed parametric models to estimate age-
specific fertility rates but did not fully account
for the truncation observed in cross-sectional
data. In contrast, the Ayer method avoids strong
distributional assumptions, making it more
applicable in cases where the underlying data
distribution is not well understood. While this
method is effective, it relies on categorizing
time into intervals, potentially reducing
precision. Our nonparametric approach, on
the other hand, maintains continuous-time
estimates and offers more accurate adjustments
for truncation.

Other researchers, such as Kalbfleisch and
Prentice (1980), applied semi-parametric
proportional hazards models to time-to-
event data. Although their models can handle
truncation by incorporating  covariates,
they require the assumption of proportional
hazards, which may not always be applicable
in fertility data. The Ayer method, however,
offers greater flexibility by avoiding such
assumptions, making it particularly useful
when the proportional hazards assumption does
not hold. Furthermore, Diamond et al. (1986)
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% used parametric models like the log-normal
distribution to adjust for truncation in first
birth intervals. While parametric approaches
are valuable when the underlying distribution
is known, they can lead to biased results if the
model is misspecified. In contrast, our use of
the Ayer method is more robust, as it does not
require prior knowledge of the distribution.

Overall, the current status technique has
proven to be an effective method for adjusting
truncation effects in the analysis of first birth
intervals. It provides unbiased estimates
without relying on assumptions about the data's
underlying distribution, making it more versatile
in demographic studies where truncation and
censoring are prevalent. Traditional methods
like life tables and parametric models have
their advantages. However, the current status
approach offers more flexibility and robustness,
especially when event times are only partially
observed or the population shows variation in
timing and covariate effects. Future research
can extend this approach by incorporating
covariate adjustments and handling more
complex truncation scenarios, thereby
broadening its applicability across different
fields of demographic and health research.

Conclusion

The study explored different methods and
sample sizes for estimating the First Birth
Interval (FBI), focusing on the impact of
truncation effects and data limitations. By
comparing various approaches, the research
highlights the complexities involved in
accurately estimating FBI, particularly when
dealing with incomplete or truncated data.
The findings underscore the importance of
considering factors like censoring, selection

bias, and truncation in demographic studies.
Additionally, the study provides a framework
for selecting appropriate methods and
determining sample sizes in cross-sectional
surveys, ultimately offering more reliable
estimates of FBI, especially in cases where
traditional longitudinal data is unavailable.
These insights are significant for researchers
and policymakers aiming to understand birth
patterns and reproductive behaviors in diverse
populations.
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Appendixes

Table 1. Distribution function of Current Status Data for (First Birth Interval) FBI ti < 120 months

Spline Smoothing Ayer Method

ki % @,y g Unsmoothed Smoothed S

0 963 0 963 1 1 1 1

1 2107 4 2111 1 1 1 1
2 1968 3 1971 1 1 1 1

3 1738 5 1743 1 1 1 1
4 1433 2 1435 1 0.99 1 1

5 1206 2 1208 1 0.97 1 1
6 1055 3 1058 1 0.94 1 1
7 919 1 920 1 091 1 1
8 953 1 954 1 0.88 1 1
9 1349 27 1376 0.98 0.85 0.98 0.98
10 1453 110 1563 0.93 0.82 0.93 0.93
11 1738 226 1964 0.88 0.79 0.88 0.88
12 1964 450 2414 0.81 0.76 0.81 0.81
13 1964 555 2519 0.78 0.73 0.78 0.78
14 1495 601 2096 0.71 0.7 0.71 0.71
15 1054 601 1655 0.64 0.67 0.64 0.64
16 820 571 1391 0.59 0.64 0.59 0.59
17 573 463 1036 0.55 0.61 0.55 0.55
18 419 445 864 0.48 0.58 048 0.48
19 407 467 874 047 0.55 047 0.47
20 417 502 919 0.45 0.52 045 046
21 627 723 1350 0.46 0.5 0.46 0.46
22 670 920 1590 0.42 0.47 0.42 0.42
23 804 1084 1888 043 045 043 0.42
24 896 1320 2216 04 042 04 04
25 849 1359 2208 0.38 0.4 0.38 0.38
26 770 1248 2018 0.38 0.38 0.38 0.38
27 543 1100 1643 0.33 0.36 0.33 0.33
28 398 924 1322 0.3 0.34 03 03
29 319 720 1039 0.31 0.32 031 03
30 253 656 909 0.28 0.31 0.28 0.28
31 219 632 851 0.26 0.29 0.26 0.27
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Spline Smoothing Ayer Method
5 Yi @) g Unsmoothed Smoothed S

32 246 685 931 0.26 0.28 0.2]6 027
33 344 932 1276 0.27 0.27 027 027
34 449 1225 1674 0.27 0.25 027 027
35 511 1460 1971 0.26 0.24 026 0.26
36 558 1814 2372 0.24 0.23 024 025
37 596 1700 2296 0.26 0.22 0.26 025
38 499 1546 2045 0.24 0.21 024 024
39 364 1347 1711 0.21 0.2 021 021
40 275 1123 1398 0.2 0.2 02 02

41 201 880 1081 0.19 0.19 0.19 0.19
42 133 750 883 0.15 0.18 0.15 0.17
43 132 717 849 0.16 0.17 0.16 0.17
44 152 745 897 0.17 0.17 0.17 0.17
45 213 1008 1221 0.17 0.16 0.17 0.17
46 301 1325 1626 0.19 0.16 0.19 0.17
47 322 1626 1948 0.17 0.15 0.17 0.17
48 365 1924 2289 0.16 0.15 0.16 0.16
49 348 2000 2348 0.15 0.15 0.15 0.15
50 282 1675 1957 0.14 0.14 0.14 0.14
51 206 1372 1578 0.13 0.14 0.13 0.13
52 172 1173 1345 0.13 0.13 0.13 0.13
53 119 937 1056 0.11 0.13 0.11 0.13
54 114 705 819 0.14 0.13 0.14 0.13
55 113 796 909 0.12 0.13 0.12 0.13
56 129 821 950 0.14 0.12 0.14 0.13
57 180 1153 1333 0.14 0.12 0.14 0.13
58 225 1545 1770 0.13 0.12 0.13 0.13
59 244 1839 2083 0.12 0.12 0.12 0.12
60 297 2082 2379 0.12 0.12 0.12 0.12
61 282 2114 2396 0.12 0.11 0.12 0.12
62 225 1703 1928 0.12 0.11 0.12 0.12
63 188 1383 1571 0.12 0.11 0.12 0.12
64 127 1202 1329 0.1 0.11 0.1 0.11
65 131 860 991 0.13 0.11 0.13 0.11
66 77 789 866 0.09 0.11 0.09 0.11
67 85 732 817 0.1 0.1 0.1 0.11
68 103 900 1003 0.1 0.1 0.1 0.11
69 166 1262 1428 0.12 0.1 0.12 0.11
70 195 1525 1720 0.11 0.1 0.11 0.11
71 207 1852 2059 0.1 0.1 0.1 0.1
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Spline Smoothing Ayer Method
5 Y] @-y) g Unsmoothed Smoothed S

72 229 1966 2195 0.1 0.1 0,]1 0.1

73 207 1974 2181 0.09 0.1 0.09 0.09
74 167 1703 1870 0.09 0.09 0.09 0.09
75 130 1436 1566 0.08 0.09 0.08 0.09
76 100 1137 1237 0.08 0.09 0.08 0.09
77 82 852 934 0.09 0.09 0.09 0.09
78 84 711 795 0.11 0.09 0.11 0.09
79 59 651 710 0.08 0.09 0.08 0.09
80 70 749 819 0.09 0.09 0.09 0.09
81 125 1037 1162 0.11 0.09 0.11 0.09
82 125 1374 1499 0.08 0.08 0.08 0.08
83 145 1666 1811 0.08 0.08 0.08 0.08
84 182 1965 2147 0.08 0.08 0.08 0.08
85 153 1880 2033 0.08 0.08 0.08 0.08
86 152 1701 1853 0.08 0.08 0.08 0.08
87 123 1424 1547 0.08 0.08 0.08 0.08
88 85 1151 1236 0.07 0.08 0.07 0.08
89 72 844 916 0.08 0.08 0.08 0.08
90 63 741 804 0.08 0.08 0.08 0.08
91 47 686 733 0.06 0.08 0.06 0.08
92 61 764 825 0.07 0.08 0.07 0.08
93 89 1014 1103 0.08 0.08 0.08 0.08
94 116 1438 1554 0.07 0.08 0.07 0.08
95 133 1766 1899 0.07 0.07 0.07 0.08
96 165 2003 2168 0.08 0.07 0.08 0.08
97 161 1988 2149 0.07 0.07 0.07 0.08
98 151 1768 1919 0.08 0.07 0.08 0.08
99 106 1393 1499 0.07 0.07 0.07 0.08
100 84 1076 1160 0.07 0.07 0.07 0.08
101 59 818 877 0.07 0.07 0.07 0.08
102 55 608 663 0.08 0.07 0.08 0.08
103 53 627 680 0.08 0.07 0.08 0.08
104 61 762 823 0.07 0.07 0.07 0.08
105 103 1033 1136 0.09 0.07 0.09 0.08
106 90 1489 1579 0.06 0.07 0.06 0.07
107 125 1674 1799 0.07 0.07 0.07 0.07
108 148 1970 2118 0.07 0.07 0.07 0.07
109 126 1817 1943 0.06 0.07 0.06 0.07
110 120 1572 1692 0.07 0.07 0.07 0.07
111 93 1279 1372 0.07 0.07 0.07 0.07
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Spline Smoothing Ayer Method
5 Y @=y) g Unsmoothed Smoothed S,
112 80 1019 1099 0.07 0.07 0.07 0.07
113 47 797 844 0.06 0.07 0.06 0.07
114 49 639 688 0.07 0.07 0.07 0.07
115 42 601 643 0.07 0.07 0.07 0.07
116 66 772 838 0.08 0.07 0.08 0.07
117 92 1106 1198 0.08 0.07 0.08 0.07
118 106 1490 1596 0.07 0.07 0.07 0.07
119 132 1701 1833 0.07 0.07 0.07 0.07
120 151 2097 2248 0.07 0.07 0.07 0.07
Where
T, is the time

be the number of women having marital duration in the interval months at the time of survey,
be the number of women with martial duration in the interval months who don’t have the first birth (i.e., the FBI is greater than

months) at the time of survey,j=1,2, ...,k

S(tj) = % = "proportion of women whose FBI is greater than " t, j=1.2,....k.
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