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Imtroduction
An important concept in the study of fertility is to divide the
interval between each two successive live births into subintervals.

Th distinction between these subdivisions is based on the fact that

“difierent ?éd%o?%m5¥féé¥mfhe’iéngth of each of fhéd}'Tﬁe length af a
birﬁh interval is thus seen as being the swn of three subintervais:
(i) A period of post partum amencrhoea immediately following
the birth initiating the interval. During this time, the
mothef is in a state of nonsusceptability to conception.
The length of this period is affected mainly by the
duration and intensity of breastfeeding.

(ii) A period of waiting time to conception. During this period
the married woman may be using a contraceptive or may be
exposed to the “risk® of conception. The Iength.of the

period of exposuwre is determined by the "fecundability® of
the couple. Fecuhdability being'defined as the probability
of conception per month of exposure,in the absence of any
~deliberate é;tioﬁ aiming at fhé delay or preventionbof a

‘next birth i.e. contraception.



(iii) A period of gestation. Aithough the duration of pregnancy
varies among women and —'for‘the same woman — by birth, it
is realisti: to assume a constant period of nine months:

To these three subintervals we add the time lost by one or more
abortions (pregnancy wastéges) that may by 6bserved during the
interval. It is clear that in the cese of the first birth interval
i.e. the interval between marriage and the delivery of the first
birth,the post partum sub-interval does not exist.

During her life, a woman may start a waiting time episode
immediately after marriage, or after completing a period of post
partum amenorrhea associated with a birth (or an aborticn) or:zaftér
stopping the use of a contraceptive. 8he is considered to berlexposed’
as long as she leads a normal married life with no use.of.
contraception. She leaves this state by bcoming pregnant. The
probability of conception for an exposed wnmah during a specific

month (i.e. fecundability) is obviously a chance variable. But, it is

also a function of biological and behavioural characteristics of the
couple. As the principal determinant of the length of waiting time,
fecundability becomes an important foctor in determining the length of
the whole birth interval and hence a detarminant of the fertility
level of a population. This is especially the case in societies with
little or no use of family planning.

However, in studies dealing with the estimation of fe:undabiiity
a distinction must be made between three terms. ’Total fecundability’
includes all conceptions, while ’recognizable fecunbility’deals with
concaeptions after excluding those that ended before the pregnancy was

recognised i.e. within a few weeks. Effective.fecundability® is the
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term used when dealing with conceptions that will end live bifth. In
this case the proportion of conceptions that were lost (aborted) aftan
~the pregnancy was recognised ie aesxcluded.

8ince direct observation of the distribution of total
fecundability in a population is not possible; we often estimate '
recognisable or_effectiva fecundability. This is estimated indirectly
through information about the wating times to conceptions or to birth.

Among other methods, demographers used models to fit theoretical
functions to waiting time distributions. This wan done fnr the purpose
of smnothing the data that showed irreuularities and to raduce the_
“Hata to a limited number of paramatera which describe the process - -
adequately. When models are fittef to the birth interavl, additional
data are required. These include the distribution of the. components of
the birth 1nterQal especially the duration of the post partum
nonsussc ptable period and pregnancy wastage. Several assumptions have
to be made in order to detormine tha exact starting point of exposure.
Nevartheless, when the'distribution of walting time to conception is
used, no detailed data are required and no assumptions are necessary.
This Ls ba:ause tha only 1n+ormation requirad is the distribution of
the period of exposure.However, except at the first birth 1nterva1 |
(i.e. fnrmarriag- tu first birth), estimatinn 15 very problamatic
becausa it is diff:cult to datermina the exa:t end of the period of
nnn—suscaptabllity whi:h marks the beginning of expasure. This
‘_situation attra:ted demogrnphars to use the distribution of the first
| conception 1nterva1 rather ‘than that of the higher order births for

the purbnén' nf 'estimaying 'measures of fe:undability. A ma jor

disadvantaqe, howevar.



is that the estimates relate to the beginning of the married life
only. However, recent studies have béen able'to show that the
estimates based on the first conception interval are not very much
different than estimates based on higher order conceptions once the
effect of breastfeeding is controlled (Boldman et al 1987).

In the peresent paper we discuss the development of methods
used for fitting models to the distribution of intervals from marriage
to first conception and the method of deriving estimates of
fecundability. We examine the possibility of using such procedures in
connection with different types of demographic data;:NE“iITustrafé‘thé'

procedure by using data from the sudan Frility Survey, 1979.

The Model

-t 8 0 s Gt St ot

First we assume that we have data from a prospective study of
newly married; non contracepting woman, none of whom were lost to the
observation which continued for a long time. For each women, the
number of months of exposure is calculated including the month when
first conception occurs. We also assune that the
fecundability of each wife remains constant during the period of

observation.

Two measures of fecundability May be éétiﬁated. First, one can
derive an estimate of the mohthly brubability Sf conception which is
indlcative to the population sbiological copability. this is done be
observing the proportion of newly married women who conceive during
the first month of expoéure. The second approach is to observe, for
the newly married wdmen,the interval tq conception which is a

reflection of their fecundability. Az the parameters of the

*****



1

distribution underlying the set of cbservétions are estimated, it
becomes possible to extend the use of the model to nthef - situations-
e.g censored data.These are retrospecective data sets in which some of
the women have not yet conceived when the information on the length of
' waiting time were collectad. It alszo becomes possible ﬁo analyse d;ta

sats suffering from reporting errors,

Firaet we assume a non raalisti: - but E;mplifying = gituation of
ﬁbmngenaity. We assume that all of the observed women have an
1d-nt1:a1 and :onstant “monthly prnbability of conception i.e.
f-:undability = p. The prnbahiiity that the waiting time is
{n) mnnths_for a woman is equal to the probability that conception in
the mnnfh number (x) after marriage. This gituation ig equivalent to a
#equence nf_Bernnﬁlli trials Qhera the prubabilitias_nf conception in
the months of exposure are given by a negative binomial distribution.
Here, we consider the numbsr of fallures encountered before the first
success = x; The distribution defined by these probabilities is said
to be Benmgﬁ#i: since the probabilities are terms in a geometric .
srelies.

The probability n+ :on:eption {i.e. su:cass) during tha first
mnnth after marriage 15 py during the second month is p (l-p), during
the third month is p(1-p)2 and &o en. This means that the
unconditional prabability of rnnception 1n th. First month is at its
maximum (P) and falls gradua‘ly as in:reasns. The param-ter of the
g=ometric seried is g (the probab:’ity of failure). |

x—i ' _
£ (x) = pq - RETIR T 1N PR

] : ; (15'
- = f{x=-1) q . . w2
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In this case the expected number of months of waiting time is the
mean of the geometric distribution i.e. E(x) = 1/p and the variance is.
ver (x) = q/p 2 (Lindgren, 1962). This means that if the fecundability
of all the womwn is p = 0.2, the wmean ﬁaiting time for conception is
five months after marriage.

On the other hand, the probability of not yet having conceived is
the probability of *failure’ in each of the preceding trials.

n=-1 ,
pr x x-1 = 8 (x-1) = q ®2>2 (2)
> X

It becomes possible to define a conditional accurance rate wich

is the probability of the conception Eccurring at time %, given. that

it has not occurred before.

- x)

¥ n—1
o () = _A___ = _pP9u__._. =p (3)
% & (%x-1) H=-1
A q

This means that the expected probability of conceiving in a month
given that conception did not occur before is equal to the probability
of conception in the first month = p, a result which is consistent
with the assumptions. In evéry month, the propoprtion of women
expected to conceive is p of thosé'who'had not conceived before i.e.
at risk.

The above statistics may be derived'using the moment generating
function of the geometric distribﬁtion which is

x—-1

' s s :
C(s) = p e (qe ) = _pe (4)

{=0 " . X ecs
1-q

and the k (th) moments may be calculated by differentiating the

function k times with respect to s and evaluating the derivative at
s=o.
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For a specific noman, fecundability déoénds on many factors of a
biclogical or bahavioornl-naturo. Therefore it may be assumed that'tne
value of p varies randomly ouring the period of observation. The value
of p at a giyan month is a value gelected 'from a distribution and is
independent of the womon’s pnevious p values. This is similar to
sampling with replacement.Thus, we may'viow fecundability as being
constant throqghout.thé'pefiod o*IoboErvation and equal to the mean of
the distribution E(p)H ;. The aboVE results will therefore remain
apolioable. '

. On tho other hand,; empiricai research has confirmed toa existence.
of diffﬁron:as in the feoundability between women in the population;
“F-:undability varies neacessarily with age as wall as other factors.
Possiblo axplanations have bean offerad including genetic,
physiological, cultural factors in addition to so:io-a:onomic
oharaoteristics of the couplo(Jain 1?69a, 1969bl kallan and Udry
1996). Therefore, the assumption o¥ the homogeneous population must be
relaxed.

Under the - more roalistio - assumption of heterogeneity, the
population undar observation is rogarded as being made up of Baveral
subgroups of nawly marrind vomen each of which is homogeneous wzth
respeot to fooundability. For each woman, pis constant over time or
varies randomly. But, p for different women is not identioal and
varlas oystamati:ally. we: assume that p Has a probofility donsity
function f{(p) +rom which a speoif e value o.g p refers to the

fecundability of the i th woman. rhis:situation 1s'equ1va19nt to a
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multiple sequence of Bernoulli trials. Each sequence has a constant
- probability of success p and is specific to one woman. The combined
sequences becone a model decribing the heterogeneous population with

varying probabilities +(p). =

The form of the distribution of (p) in human Populations is not
exactly known. But, researchers realised that in order to formulate -
theoretically - a set of waiting times to conception, it is necessary
to assume an underlying distribution.for # (p). Based on the idea that

fecundability can only range between zero and one. Henry suggested the

use of a Beta distribution (Pearzon Type I curve) Henry, 19461, 1944).
The Beta curve takes different shapes depending on the values of its
parameters a and b. This suggestion was first used by pottaé_and
parker to develop a waiting time model which was used to predict the
time required to conceive for a group of American brides (potter and
parker, 1964). Soon, the spe:iii:_ digtribution assumption was
generalised by Sheps, and megﬁurés of fecumdability were furﬁulnted
that can apply to a frequency distribution of fecundability of any
shape (Sheps 1944, Sheps and Menken 1973). In the following
paragraphs we present the model in its general form and when a Bata
distribution is assumed. THe model is used Ec defive the mean monthly
probability of conception for the popul ation P and the momnents of the
wailting time distribution i.e the mean walting time ;, its variance
and other moments.

In general, the expected proportion of women conceiving during

the first and second monthe of » eposure are
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pel) = Ip fepy = p (5)
0 i
: 1 1
p(2y = I g p f(p) dp = pei-p) £ (p) dp
o - o
2
= E(p) - E{p )
| 2 2
= E(p)- - (Ep) o Y.
R
o 2 2.
ap=-(p + ¢ (6)
p

This shows that in the heterogensous population the axpected
proportion of women to conceive during the 4irst month of exposure is
tqual to the mean of the fecundability'distribﬂtiﬁﬁl"ﬂﬁﬁé?ﬁF?“the T
.prbpcrtinn of the total population, expected to cnnéeive in the_se;qnd
‘month is smaller. It is also smaller than that exp;cted iﬁ the

homogeneous pdpulation which was given as p q since.
2

p (1-p) o < pli-p)
B
This result is obvious bscausn women whn conceive immediately are
those with high values of p. As Ltime goes on; women of high
fncundability become pragnant and are therefore not subject to the
risk. The remaining wnmen are "those with lnwer #e:undability and thus
-nmallar prnpnrtinns nf them :nn:eive. This prnpnrtiun dn:raasea as X

: ln:reasas. The prnbability of cnn:sption in month X ig iven by

- 1.... L '
p(x) = é pll-p) +(p) dp (7)

The conditional prnbabilify nf':on:eiving in month % equals the
mean fecundability of the women who are still exposed at month x. As

shown before this me&an ﬂacre&saé as tiﬁa goes on.
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| ®~-1 _
0 (x) =1 pg f(p) dp/0_(n~1)
0 X w
(8)
= E{plx)

It follows that the rate of ocecurrance i.e the proportion of
women conceiving among those still exposed decreases as X increasgs
until it reaches the minimum fecundability of the population .

When a Beta distribution is assumed to describe the fecundabilty

variation in the population the corresponding formulae are as follows

since
, a=1 b-1 ’
flp) = __i_._ P q a,b > o
B(a,b) .
where, i a-1 b=-1
B(a,b) = [ p q dp
o
. 1‘-
= la.tho_ (9)
Va + b
from (5)
p¢) = H = & _
p a+b (10)
from (7)
i n=l a-1 b-1
pix) = I pq 1 p q dp °
a B(a,b)
1 a 'b+x—2
= 1 ! P q dp
B(a;b) o
=B L[ (a+i) , (b¥+x—=1) 1] (11)
B(a,b)
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from (B) . 1

0 (%) m o p q ' f(p) dp
] ~ . -
a f(p) dp
O
)
) a by -2
= 0 B q dp
I1 a=1 bk —=2
o p p dp
= B[ (atl 4, <(b+x=1)1 _: a (12)

BELa g (b¥d=1) 1 at+b+y-1

Themean, mode and variance of the ¥acundaﬁif§£§-Bféﬁkibutioﬁ'ére

those known for the Beta distribution to be

mean p = a8
' a+b
- /
mode p =a -1 '
a 4+ h-2 (13
. 2
variance p = ab ' 14)

(a+b)  (a+b+1)

To find the moments of the_wéiting time .:distribution we must
include fecund women only i.e those who have had a first bifth. This
means that sterile women with pho are excluded. ‘We also must assume
the the nbservation -xtends for n long time so that all women are
given a chance to coneive. Dur pnpulation is assumed to be finite with
n possible values of p. - As mentinned_ before, the ¢time at which
conception accurs for a wﬁmén is depaendent on the value of her
constant fe:unﬁability pi.; Also, wa;noté.that the distribution of .
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(the month of conception on the waiting time)is determined by the
expected walting time for each woman; given her level of
fecundability . therefore we define a new variable

(waiting time to conception) w = 1
i pi

The mean and variance of the waiting time, for each woman is known
from (1) to be

ECxip ) = 1 =w and (15)
i pi i

2 . 2 2
var (1p ) =g ip =U=pilp =W =W (16)
i i i ' i i i i
To determine the mean of the waiting time distribution for the whole

popul ation we have 1t

n n ‘-
E¢x) =1 I Exlp )= th. . W =il (17).
n | n i
i=y {=y

and we note that

FJ=EE1]==1/H

pi
where Hp is the harmonic mean of p.

p

To determine the variance of the distribution of waiting time
2 2 ' 2 2

vari{x)=Ex - (Ex) = E [E(x .1pi)]l = { E [E(xlpi)1}

2 2

= E L var(nlpi)l +E [E(xlpi)]l] =~ ¢ E CE(xlpidd)

= EL var(zlpi)l <+ var L E(xlpi)l

s B [ wi - wi] + var w

var G = W (W - 1) +2 0 (18)
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The abova results show that 1§
(i ) Tha expected ﬁniting time to conception in the
heterogensous population is equal to the reciprocal of the

ﬁnrpnni: maan of the fecundabilities. Because the harmonic

mean is less than the arithmetic mean for a distribution, w

{(the axpected waiting time to conception) is longer than
1/7p which is the mean wating time expected from the

arithmetic mean of the distribution.

(11) The variance of the waiting time in a haterogeneous

population is greater than that in a homogensous population
. ' 2 2 2

having the same mean delay which is q/p =1-p/p = w—w =
A _ 7

WiWw = 1). The amount of difference is 20 as seen form

7.
.uhlﬁ p is assumed to follow a Bata distribution, the momants of

the unlﬁlng time distribution can be obtained as follows. Define w -
1/p which will have a probability distribution function known as a

pareto distribution

b-1
1 (w - 1) .
glw) = e 14wl (19)
Bta,b) a+b

(w)

np& its adnnntq are
tatb~1) (a+b=2) ... (a+b-w)

Elw) = .
e (a-1) {a=2) «ss (B=W)
then ’
. at+b~1
E(w) = (20)
a=-1



2 b(a+b=-1) :
s (21)

w 2
(a=-1) (a-2)

Substituting in the general model we find that

E(x) = w = E(W) = a +b -1

e = (22)
a - 1
- = 2
var(x) = w (w =-4) + 2 .c¢
w
w(a+ b -{) - a + b -y + 2b(a + b - 1)
2 . 2. .
(a - 1) .a=->b (a=1) (a=2)
= ab(a + b -~ 1)
2
(a=1) (a—-2)
2
= 3 o (23)
W

note that the mean is not defined unless a >1 and the variance is not
defined unless a>2

sheps and Menken demonstrate numerically that it is not enough to
define the distribution of fecumdabi lity in terms of 1t§ arithmetic
mean only. This is because -~ assuming & Beta distribution we find that

ECP) = @ / (Ba+b) eeees(10) and H = (a=1)/(a+b=1)...  (24)
)

so that,
(a-1) E(p)

H =
a-£(p)

and thus for a specific E(p) , the value of the hermonic mean (and

consequently w) varies according to the shape of the Beta curve
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determined by the value of a. Therefore, in the heterogenesus case,

(=)

it i more informative to estimate E(x) l.e w and H or the whole
distribution, i

Also, it is important to distingui%h between these two types of
measures i.e. the mian probability of conception p which is ¢tho
proportion of women who conceive within the first month of exposure
and the maan waiting time to conception w er H . This is because the
average monthly probability of conception (p) cgnnat be derived from
measures based on the aVerage waiting time E(x) without the
specification of tha underlying function of the heterogeneity
distribution. For the same reeson, the average waiting time to
conception cannot be calculatee from the monthly prgbability of
conception, Tnis is to say that one type of measure cannot be
calculated from the other without additional knawigdg@ about the true

digtribution of fecundability,

Fitting procedqras

Tha theoretical e»prassicns fnr the mean and variance of the
waiting time distributian are ﬁqu&t@d t@ the gbs&rv&d cgrr@apondin@
'values. We need these two qtatistics ior th@ estimati@n @f the twe

2
unknnwn parameters of the Beta distribution (a;b)s Let m and 8 be the

. o a+b=3
empirical statistics, then from (21) and(22) given that E(x) = g
: . ab (a+bh=1)
and var (x) = : ‘
‘ - .2
(a+1) a=2) .
2
we find by equating to m and £ that

5‘ = (m=1) (a=i) _ (25)
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and 2

But, these estimatimators are shown Lo be biased (Bheps and Menken,
1973)., The bias arises be:ausé they are ratios né wWo correl ated
fjuantities. However, these estimators are asymptotically consistent
i.e. they approach the parameter valuée ag n becomes large. A critical
analysis of this method by Majumdar and Sheps (Majumdar and Shops,
1970) showed that the moment estimates of a and b are reliable only in
a sptcified range of a. The estimntes of a <2 are not acceptable; and
that the asymptotic relative efficliency of the moment estimates of b
is poor for a <4.5. Nevertheless the moment oestimates are easy to
calculate and therefore are preferred long as the parameters lie
within the specified range and the sample size is large. Otherwise

maximum likelihood estimators are preferred.

(2) Maximum likelihood estimators

They result from equating the observed proportions conceiving in
vach of the first two months to the ornpected valuepe of these
proportions (Bheps , 1964). Assume that in a sample of n women; n
conceived in the first month and n the seond ' month. The mean1
fecundability is E and varlance "g .

From (5), the probability of conceiving in thz first month o
From (6), the probability of conceiving in the second month=

The probability of not conceiving in the first

11



= o 2
or gecond = { - (p + pgq=- Op)
- 2
= q o Op

‘The likelihood fun:tlon is
"o
- n1 U— Cg. 2 2 2 n-n i- n2
LF = p « (P qQ=0p) . (q+ Op)

"By metting the partial derivatives of the logarithm of the
likelihood function equal to zero and selving for p and we

find that i~

(1) p &2 n1/n which is the obaerved proportion of women who conceive 1n

the- first month Cs

o . oAl n_(n- n) n
(i1) c = _ 1 ____ 1 = __2
o oR 2 n
S n N o
f ©n=n n
& __1_ b 1 _;;_1_ - __2_

SN : ~n A
=C (1 -¢g) -¢"

In this case an estimate ef the mean . fecundability is taken to
_be equal te the ebeerv.d prepertinn e¥ women. who con:eived in the
firet mnnth and the varian:e is :mi:ulated using the sane proposition
tngether with the prapertion who Lenceived during the second month .
No aeeumpt:on is therefore ne:essary regarding the shape of the

dietributinn . Hewever. the a::uracy of the estimates depend on the

quality of the :ollected data.

" Fram the -above. die:ussipn it seems that 1n order to use the model
for analysing waiting time dietributions, we have to assume that the

fecundability of ea;h.women-remains cenetant = p, that conception is a
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random event and to use a latge sample of couples‘, A Beta
distribution can be ussd tu desc~ibe cthe %raquean of the different
fecundability values in the papulation . Although, the model is o
viewed as an approkimation cf the true distribution of conception
delays, it can be used to - roughly - describe the process, qspecigllv*
in cases of low quality data .

An application of the model to Sudanese data on first birth interval
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To illustrate the application of the above procedure, we‘qsaldat%
from the Sudan Fertility Survey of 1979 (SUDFS) whic is part of the |
World Fertility Survey programme.

The available information on the first birth interval consists of
the distribution of the time betwwen marriage and first live birth .

In order to calculate from this information, a distribution of waiting
time to conception one needs to subtract two more additional
functions. These are (i) the pregnancy duration distribution and
(11)the incidence and timing of late spontaneous abortions;

Using parameters (on pregrnancy duration and foetal mortality) .
derived from Ristoric populations, ‘!nndukﬂtl was able to caleulstE the
distribution from marriage te first birth which took into account the
two additional functions (Bongaarts, 1975). Me ‘calcb:'ulat'editﬁixtﬁaan'nndf
variance of the distribution of first birthg for five paniiﬁians nbd
found that his model provides a good fit toﬂthelﬁbservéd data .

xgbAnother important 4ihd1ng vas that the cofficiént of variation in _

fecundability is almost conatant;’plnsaitn 0.%6 in spite of}thd iargl
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differences in the means. Bongaarts then developed a simple method for
the estimation of the mean fecundability of a population from the
distribution of the interval betwsen marriagg and_first birth . From
this distribution a simpie statistic is calculated which is used to
locate the mean fecundability from'a reference table. The needed _
statistic (8) 1s the proﬁnrtian ~ of all births - that occurs during
the first year of marriage (ekcluding birth in the months 0 Through
8). The Budanase data may be handled in this way to arrive at estimate
of the mean and variance of fecundability. We may then use a Bete
distributidn;towdeacribﬂ-tha fecundability patteirn-of-the-population.
.Hﬁwever. in ofder to use survey data sqme_methodologicél issues
have to be.:onsidsred (Boldman et al 1985). Firet, we hotg that the
dates of events weré (as in most demographic surveys) coded ;n monthly
intervals. Therefore; if the birth tokes place tow wérds_the end of
the 'ninth month after maririage, the interval will be ;alculatad as

nine months even if the marriage date was at the beginning of the
firet month. This is because an event oceurring at any time during &

specific month is guded'és accuring in the middlé of that month. This
d{ifaréh;e is a:cepfable for 'mnmf purﬁqsas bﬁt it produces biased
fEasﬁlfs when dealing with éhort tlmé durations e.g months (Bdidman et
al .1984) . To nvaftn@e th;s-d;ffi:ﬁlty we have used the smocthed
digtribution by :al:uléﬁihg three months moving averages.

| . A8 we have seen be*ére. fhe ﬁndaiuis.ﬁndel is.applicable to
proapect;ve ﬁata in which each-woman is given an adequate time to

:onéaive, during a lahg observation period. On the othamd hand
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retrospective surveys - of the WFS typr = deal only with information
collected from women at & specific point in time. At the time of the
interview some woman would not have conceived yet. If given more time,
some of them would eventually coneceive . Consider a woman who is
interviewed one year a#ter her marriage and was reported to have not
given birth and was therefore classified as having an open interval.
However this woman may have her first birth after the interview and
the first interval will be closed, This type of information colliected
by retrospective surveys is said to bé ‘censored’. If *censored’ data
are analysed directly,; the resulting estimates will be biased.

To minimise thisg type gf.pias, we exclude from our analysis women
who were married for less than three ysars. Thus; all the women
included would have had a period of three or more vears in order to
have & first delivery. However, we cannot include all the marriages
that took place three or more years before the survey, ' this is because
the further we go baek in time,the data are subject to more error
resulting from memory laps. We therefore limit our analysis to
marriages that occurred 3-8 years bhefore the surv swrvy l.e 1971-1976,
We thus avold the censoring bias and capture the most recent period.

Also, a major problem in the study of fecundabllity is that the
women included in the analyiss must be non users of contraception.
Otherwise the analysis will not reflect the natural fecundability. In
the Sudan; the use afvcontraception is generally very low. It is
extremely unikely that cohtr&ception is used by women before their
first birth. If that was not the case our analysis would have been

restricted to non-contracepting brides.
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We use for the analysis a distribution of women according to the
month of airst birth fiven thaat the conception took place during the
first marrisge. Because these women had had a $first birth, they are

ekpeced to be more fecund that a cross-section of women married duriné

the same period, which will - natuwrally - contain sterile women.

|
i
Results

Thé numbef df women'avéilable for this analysis is N = 469, The
smoothed distribution of intervalg from marriage te first birth shows
that‘the prcportion‘o# births that oceurred in the first year of
marriage (ex&luding firthsvin months Q thruugh 8) is equal to 22.9/
(seR tab1@ l in the appendix) . .Thig value corresponds to a mean
fa:Undability' value of ; = 13 from 'Béngaarté"féﬁéfEnce table
(Hongaaktsﬂ 1975), Sinee, the coefficient of vériation: for the
fecundability distribution'is almost constantly equal to 0.856, the
varién:e of}tha Budaneée ¢QCUndability ‘digtribution‘is close to
= L0044 ., We note that these valuea are at the very low limit
.af_rgported ¥eéuhdabilities, in fact p = 0.10 is the lowest value in
Bongaarts’ table. | |

| Equating these.twn momEnt@atiwatealto the mean.and'Varian:e'oﬁ a

Heta distribution uaing Equations<(1Q) and:(14).we can estimate the

parametors. (a and b)be.gclving_th@'ﬁimult@n@ouﬁ aquations,

- a

= I = ,11
a + b

2 .

T a +b .

O e = L0084

B -
(a+b) C(at+b+l)

We find that @ = 2.6 and B = 20,9,
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To calculate the therorstical waiting time digtribution; we not that

the cumulotive preportion of wemnon pregnent by ©ho end of menth J; 26

i B
P14240aeatd) = o £(p) {i=(i-p) 3 dp
'11 1 a=1 D+ 4
8 1~ ) - o P (i-p) dp
Bla,b)
Blay;b+j)
S

B taph)

where Bl(a;h) = Ya Yusr Yard) 5

and a = (a— 1) !
theng
Blagh+j) .
SIS T SR — vb"'_'l- v'ﬂ"‘b"‘j : vb-
B (a;b)

(bti=13! (a+bh=-1)!

{atbt+k—-1)! (b=1)!
whien § = 1 this quantity is
b! (atb=-i)!

= = b/atbh =c,
(atbh) ! (b-$)!

when j = 2

(b+i)! (a+b=-1)!
= : . = (b+i) b/{a+b+l) (at+b)
(a+b=1) (b=1)!

b+1
B xe = ¢
at+b+i 1 2
when § = &
(b+2)! (a+b-1)!
e o i e 70 b $50 S 2t B . e e

{ath+d) ! (b-1)!

(b--2) (b+i)b b+2
__________________________ = _____ % & = ¢

(b)Y {ath+1) (a+b) a+b+2 2 3

and S0 One
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] 0

A aumulative distribution of waiting !

h

We thus obtain “he Lhet

Y

rFetag

b

time to concapvlan (s

table 2 in the appendix). By sub?racting each |
consecutive valuss we get the densitv Function. _ |
POy = PUE24, .. at)) ~ PULF24a 00 tg-12,
Wz can now describe the distributioen, tha% theoreéically - fits
the experience of walting time %o canceptian #or Sudanese brides..The
mean and varisnce of the distribution are caleculated using equations

(20) and (21) to be s
W = i4.1 months, o, = 313.5 this means that the waithing time to

. tonception lies in the range 12.5 - 15.7 months (0.95 confidence
levei).Hnwever, 1t is seen from table 2 that th= median of the
distribution is at %0& months.

The above results show contrary to expectations ~ that the
effective #ecund%bility of Budanese women calculated from the
available data is low. Imagine a large population of couples who
not use cohtracption immediately after marriage and all of whom
conceive eventually andhave & first birth . According to the hodel ;-
11/ of the women conceive in the first month after marriage. Half of
the population conceive before 6.6 months after marriage, and by .the
end of the first yesar, about 68/ do. By the end of the third;, fourth
and fifth years, about 92/, 95/. and 97/ of them conceive.

- These astimates are lower than mn;t published estimates besed on
good techniqueg_and.rel;ablé data. From British historical data a

range of p ='0.18 and 0.3 was reported (Wilson, 1986) But, a lower
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range of fecundabilities was reported by Trussell (Trussell,;1977) t9
be 0,09 - 0.25, . The lowest fecundability mean was reported for the
Bengalis to be 0.091 (Menken; 1975) whiech corresponds to 17 months of
mean walting time . The Sudanese data are known to be of low quality
esprcially those concerning dates . Howevery; the techniques by
used WFS standard procedures'have improved the data qulity than the
level encountered in previous censuses and surveys (Rizgalla, 1985) In
addition to the problems of data quality two possiblé explanations for
the l1ow estimated fecundability con be sidered . First, are the
physiological complications associated with -femalg circumcision
(Rushwan, 1983 ) . These complications are known cauedelays 1in
conception at the beginning of the married life. Second, is the low
age at marriage. Fecundability is known to be a function of age (Jain,

1969 a). The published estimates of fecundability are those for women
in their twenties (Bongaarts and potter, 1983)

In order to investigate the second possibility we selected,; from

our sample, the of women who married at the age of twenty or above,
. 1
(N=110) . The same technique was applied to those women and it was

found that they have an average fecundability of 0.12. The waiting

times to conception -~ theoretically - fit a Beta distribution with
parameters a = 2.7 and b = 19.65 (see appendix tables 3.4), Table 3

shows a median waiting time of & months . The mean waiting time to

\

conception is thus estimated as w =12.46 months with a variance

(1) Jain, 1969 showed that it is valid to fit a Beta distribution to

the subgroups of the population in the same way as was done for the
entire population.
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02 w 118.2 . This mens that the 25/ confidence interval is 11.9 -
o
1X.3 months. It seemes that women who marry late have a better chanca
of conception and a shorter walting time . This agrees with earlier
findings by Jain c Jain, 194%9a) who showed a similar pattern for a
sample of Taiwanese women. Women who married before their sixteenth
birthday took the longest time to conceive; the delay reduce with
increasing age at marriage and remains almost constant for women who
marry between ages 21 and 25 . We may - therefore - regard the
sstimates derived from the subsample of old marriers to be the highest
for our population and to be comparable with the published estimate
of mean fecundability. That is to say that a plausible estimate of

mean fecundability for Sudanese women is p = 0.12 which corresponds

to a mean waiting time of 12-13 months and a median of & months .

A comparative study was recently carried out to examine waiting

times to concopt{on in higher order birth intervals usihg WFS data
including SUDFS8 (Boldman, Westaff and paul, 1987). The estimated
median waiting time to conception for Sudan was calculated to be 11.5
months for women who have been marrried for 0.9 years. This estimate
is the highest among the countries studies (Kenya, Lesotho, Byria; and
about 26/ higher than their average whic was about nine months.
Although this figure is not comparable with our previous estimates
which related to the first birth interval only, it cofirms the low
level of fecundability in this population in contrast with that found
in other countries. Our analysis confirms that fecundability is low

among Sudanese women at all stages of their reproductive life.
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Conclusions

The above analysis has shown that by using the fitting proccddrn |

putlined,we were able to smooth the data on the first conception wait,
The model was used on data with minimqm censoring problems. As the
distribution became defined, several statistics were made available
that describe the process of first conception. It was shown that-gn
upite of the high fertility rates of Budan,athnullgnx.oi_incundability
is very low. Further research will be needed to examine what appears '

to be a contradictory situation.
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Aphsndix

Table tii

The distribution of women by duration of first birth

interval in months (N = 4469) .

cumul ative

month proportion - cumulative  month proportion
- proportionX% - proportion
<8 2.4 25 2.3 68.0
9 B.6 B.b - 26 1.5 69.5
10 7.0 18. 6 27 1.1 70.5
11 7.3 22.9 28 1.4 71.9
12 b:.4 29. 3 29 1.5 73.4
i3 5-5. 34.6 30 0 8 74.2
14 . 2.8 B7.7 - 3! 2.8 77.0
15 - 3.2 40,9 32 1.2 78,2
16 3.2 44,17 - = 1.4 79.2
18 2.7 "49.4 33 2,0 B2.6
19 2.8 O2s 3 5 1.5 84, 1
20 2.2 54.7 YA 3.5 B7.6
21 3.2 57.3 4= X4 ?1.0
22 - 1.8 u9.4 48~ 3.9 95.0
23 . 7% - 63.0 60+ 2.6 97.6
.24 2.7 68.7 ' -
: : 5 5 Q 100

Total 10

g excluding births occurring

before 9 months.-
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Table 2

Theoretical waiting time to conception
(a = 2.6, b = 20.9) (all women).

month cumul ative propoertion month cumulative proportion

proportion proportion
i 11.1 i1.1 31 ?0.1 b
2 20.5 G.4 32 Q0.5 4
3 28. 6 8.1 33 1.0 D
4 S5. 6 7.0 34 Q1.4 4
<] 41.7 6.1 1) ?1.8 4
é 47.Q .3 Sb ' Q2.1 -1
7 51.7 4.7 37 Q2.5 .4
8 55.8 4.1 38 92.8 | 3
9 59.5 3.7 39 93X.1 S
10 &2.7 3.2 40 93. 4 «3
i1 65.6 2.9 41 3.7 ' 3
12 68.2 2.6 42 03.9 2
13 70.5 2.3 43 ?4.2 3
i4 72.6 2,1 44 Q4.4 w2
15 74.5 1.9 45 94,6 .2
16 76.2 1.7 44 'Q4.8 2
17 77.8 1.6 47 5.0 » 2
18 79,2 1.4 48 95.2 2
i9 80.5 1.3 49 25.4 2
20 81.7 1.2 50 95.5 |
21 82.8 1.1 51 5.7 2
22 83.8 1.0 o2 95.8 |
23 83.7 0.9 53 6.0 «2
24 B85.6 0.9 54 96. 1 |
25 86.4 0.8 55 Q6.3 2
26 87.1 0.7 56 Q6.4 |
27 87.8 0.7 87 P6.5 =1
28 88. 4 Q.6 58 Q6.6 |
29 82.0 0.6 59 Q6.7 P |
30 B89.5 0.5 560 '96.8. |
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Thable &

<Tha distribution of women by duration of first birth interval
women married at age 20+ (N = 110).,

in tmonths,

month

proportion

cumulative . .
proportion

——— . T P B3 G PR S Ca 2 I e S U536 S ATHD S S MO O3 Y ) P SN et U IR S S SO S S $a3] o I OB DR G See) LIS A (SO SIS U S ey €56 WSS SEMD ETSR 6D A TS SN e S8 G SRS SR D CED I P SN0 09 e €I €0

moenth proportion cunulative
’ - proportion®

<e 1.7

9 5.8 5.8

10 6.9 12,8

11 il.6 24,3

12 8.7 33,0

i3 7.5 40,5

i4 4.0 44,5
15 5.2 49.7

i6 4.6 54,4

17 - 54, 4

18 2,3 856.7
19 11 60.1

20 1.2 61.3

21 1.7 63.0
22 2.3 65.4

23 2.3 67.7

24 2.3

30 SUET) G20 GNP Gk IS BT SRt SR S0 MM SR et B £ G St KGN et M) ST G KKy Wh S8

70,0

|
Dt = BN DB bt
luan‘uu

NOUWOWUN NRNITNKR 0

MIE\]

= G L (A NS 3

a o o a
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Table 4

Theoretical wailting time to conception (a = 2.7, b = 19.65)
€or women married at ages 20+

month cumul ative proportion month cumul ative proportion
proportion proportion
1 12.0 i2.0 34 1.7 S
2 22.0 10.0 32 02.1 4
3 30.9 8.9 33 92,5 e &
4 38.2 7:3 34 29.9 -4
S 44,6 b. 4 IS 3.2 3
& 50.0 5.4 36 Q3.5 . 3
F 4 54.8 4.8 37 _93.8 3

8 59.0 4.2 38 94,1 T3
9 62.6 3 b 39 Q4.4 3
10 65.8 3.2 40 ?4.6 0 2
11 68.7 2.9 41 4.9 3
12 71.2 2.5 42 95.1 e 2
13 73.5 2.3 43 5.3 2
14 75.5 2.0 44 95.5 2
15 77.3 1.8 45 5.7 «2
16 79:0 1.7 44 95.8 ol
17 80.4 i.4 47 96.0 «2
18 2i.8 1.4 48 Q6.2 2
19 83.0 1.2 49 Q6.3 od
20 B84.1 1.1 S50 Q6.4 i |
21 B85.1 1.0 51 Q6.6 «2
22 Bb. 1 1.0 o2 Q6.7 el
23 B6.9 -8 53 946.8 |
24 B7.7 8 54 96.9 |
25 88. 4 7 1] 97.0 |
26 89.1 e 7 56 97.1 w1
27 B9.7 Y- 57 7.2 i
28 R0.2 5 a8 . Q7.3 » 1
29 90.8 ) 89 Q7.4 -4
30 ?i.2 ) 60 7.5 I |
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