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ABSTRACT

The inlerval bepween marriage and the fimt tirth an India, parliculatly in recal
areas, i3 much longer than what is obscrved in woston countrics. Lo eastern Uttar
Fradesh. fhe mean interval is observed o be even longer, possitily due (o brditiomal
custotns such as the female partner’s visits 1o her parents in the early vears of
murrigge dmd the smaller chance of coition boeause of the obscrvance of ngid
intercourse taboos. Thos the models w explain the length of the interval of marriage
o [ezst birth proposcd by Westemn demographers, which assume that the peried of
cohabitation hetween marnage and Orst birth s oninletrupted, often doono describe
the data satisfactorily when applicd to mral India. In this paper a model to deseribe
duta on frsl binh intervdl is proposed Lhar {akes acooom of the dstributions of
timing and petiods of physical separatinn and sariation in foeundity with effective
mamiage Jutlion.

1, INTRODUCTION

In societies where the incidence of premarital unien and that of child
marriages are negligible snd women enter inte active seiwal union
immediately afler marmage, the onsel of exposute to the risk of preg-
nancy is marked by marriage. As the beginning of sexual union statis
after marrisge. one can determine the exposure period hetween mar-
riage and first birth exactly, This has for a long tim: encouraged
demographers 1o sludy the period belween marriage and first concep-
tion {or birth) for the estimation of fecundity. Cwing t its importance
o the study of human Tertility, models explaining variation it Hime of
first birth have teen proposed under varying sets of assumptions. A
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review of the work up to 1972 is given in Sheps and Menken [1]. Critical
reviews with mure emphasis an recent work are given in Legdon [2] and
Mode [3],

In sume societies actual consummation fllowing tradition:] mar-
riage 15 delayed, For ¢xample. in mast rural communities in India, the
rite of marriage Is restricted to the ohservation of certain rimals
iovalved in the wedding, and with the exceptivm of a very short visit just
after this coremomy (absent in many cases when the bride s of tender
age), the girl resides in her parents’ home. [t iz only after the Gawng
eeremony (hercafler termed return marmage. RM: see Jain (4] and
Singh et al. [3]) that the bride moves in with the bridegroom and the
partmers enter into comjegal relations. Further, there s some gap
betweon BM and the commeneement of regular married life. After RM,
brides usvally stay for a short duration with their in-laws and then
retum ta their parenls for a eonsiderable period of time. Following a
third ceremony, they return to their in-laws. Brides for whom the
ceremony could nut be ohserved vr who belong to comrmunitics where
the ceremony does mot exist customarily visit their parents on one
aecasion or the other during the early years of RM and stay for much
longer periods. They also make freguent short visits Lo their parents in
the next fow years.

The racdels reviewed in [1-4] do not take into account this physical
separaticm of martiage partners. Thos, they ofwen Tail to deseribe data
on time from RM to first birth tor women belonging to areas where
sociocultural factors disturb the period of stable union and restrict
sexual activity during the early years of cohabitation. For example, in
Indin, Singh [6] used, for the first time, first binth interval data of
women who were sampled from cural arcas of Varanasi Tehsil (a
subdivision of Varanasi district of Ultar Pradesh? to illustrate the
applicatinn of his proposed model To obtain a gaod G he subtracted 6
months from the actual interval between RM and first birth on the basis
of reasoning Lhat conceplion is almost impossible during the first 6
months because of local customs. Later Pathak and Prasad [7], Pathak
[4], and Nair |4, 10] extended Singh’s model by making provision for
adolescent sterility to explain the data.

Application of the above-mentioned modeks, even though on certain
oceasions it produces an acceptable fit, may make the analysis inappro-
priate, thus yielding an [nadequate description of the observations n
teems of faulty mathematical conceprs, ‘Therelure, the formulation of
madely aecounting for the facts would give good agreement with the
observed facts.

In this paper a prohability distribulion lor ume ol first live hirth is
developed thatl s more appropriate for analyzing the time of first birth
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in the presence of social customs and taboos relating to physical
sgparation and coital regulativn. The application of the model is illus-
trated through real duta,

2. CHANCE MECHANISM OF TIME OF FIRST BIRTH

Consider a woman who is fecond at (he time of RM and is exposed to
the risk of a visit to her parents. Her first live birth conception G/
conegption) may vccur cither before the first visiv or following the
veturn 1o in-laws after completing the visit,

At any time sfter BM a woman can be found in any of the following
sLates:

7]

s Cohabitution foliowing RM is uninterrupted, and first
! congeption is yet to ocour
8,: Staving with parents during tirst visil; and first
{ cunception did not oceur before first visit
8.t Completed the first visit and staying with m-laws, and
first f conception yet to ovenr
£, Oceurrence of first [ comeeplion

.2t us ohserve g woman from her RM until the ovcurmence of first [
conception. The events “occurrence of first | conceplion in uninter-
rupted cohabitation™ and “first visit to parents’” mav be considered as
two competing risks.

We denote

T: Time from RM to visit to parents,
T5: Time from EM to first { conception in uninterrupted
cohabitation.

and introcduce a random index §,

f 0 iF 7)< Ty (visit oceurs before first £ conception},
ll 1 if T, = T (first F conception oceurs before viit).

For a woman whose first { conception did oot ocear before the time
of the first visit (e, J=0), define

Ty Period of stay with parcms during fisst visit,
T,: Time between retum to m-Taws helween ficst visit to
parcnis and oceurrence of first [ conception,
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Il is observed empirically that the risk of first visit 10 parcnts
following RM was not related to whether the female was of parity 0 or
pregoant following her fitst ¢ conegption or had atrained parity 1 at the
time of visit. For women who visited parents before the occurrence of
the first { conception, the period of stuy with parcnts during the first
visit (le., 73} is also observed to be independent of the time of visit to
parents (Le., T\

The hazard of the first £ comeeplion al time ¢ clapsing since RM (or a
wonnan ln uninterrupted cohabitation (ie., state 8,} may be different
from that of 4 woman who completed her visit prior to time ¢ (... stake
4.0, However, cmpirically il is seen that the hazards in both situations
are more or less the same,

3. MODEL

Lel 1y consider a cohort of women of the same age at RM and with
the same duration of eftective marital life, say exactly T years. For &
wiman the Gme of first birth would be avatiable @0 i occomed in the
first T years of RM, and otherwise the time of first hitth is known to
be more than T years. Define T=T'—g, where g is the length of
pustation assaciuted with a1 live hirth. In this section a probabiliny
distribution for time hetween RM and first live birth conception is
derived under the fullowing assumptions:

(1) Females consist of two groups: those who are exposed to the
risk of a visit to parcats at RM and those wha are not expascd 1o this
risk. Let their respective propottions be pand | -p, 0 < p< 1.

(2) Lot ¢, < @ =1, be the probability that a woman is fecund at
the time of RM and remains fecund ontil the occurrence of her fimst [
conception. Then 1 — ¢ 15 the probability that the woman is primarily
sterile.

(3} riven that a woman is living with her husband at time ¢ and has
nol cxprericnecd un foconeeption, the probability that an {f conception
will cecur during (.6 +cded is Adedt Foldry M= 01or ¢ =0

(4] Given that 4 worman belonging to the first group did not experi-
elce an | conception untd time ¢, the probability that Rer first visit to
her parents takes place during (f.¢ + dt) is A(#)dr + ofdt); A(t) > 0 for
$ =1,

(3} A woman canndl concgive during her stay with her parents.

(&) The probubility density function (p.d.t.)} of the period of stay with
parents for a woman who visils prior o the oeeurrence of her first {
conception 15 f{z).

{7) Buth the time of first { conception during uninterrupted cohabi-
tation {i.e., T5) and the period of stay with parents during the first visit
(ie., ¥5) are independem of the time of first visit to parents (e, 7))
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Under the above assumptions, T, the time of first { conception, is
piven by
n+7T,4+4T, drl=10,
R B =1
Define us 50(t) the probability that a woman s in state S, before or

ar time ¢ (i.e,, neither fimst { coneeption nor visit 1 parents occurred
before or at time ¢ thal is,

S -P[1. =1, Ty>t],

A log S{ 1)
—_— A1y,
af, Fi=tiame ()
S log S )
—E—T.z —A{f]1

bri—ev, -2

where A(¢) and (¢} are the crude hazard rates of fitst ! conception and
tirst visit o parents, respectively.
Singe T and T, are independent w cach ather,

S(t)=P[T,>+.T,>t]=P[T, > ] P[T. >1].
The marginal p.ulf's of T, and T, say £ () and f,(1), respectively,

and the conditivmal density of T, given T,=¢ and T, + T, =+ twhich
depends only on 7k, say fils /7). are

t =1

filey=hityexp| — J:h{u} du

£208) = Alfyexp J::A{u}du, £ 0

fa(i'fﬂ']=a\{i'}uxp-—fﬂ|:u}du-, e B |

Let F{¢} and F',(¢) be the distribution functions corresponding 1o
p.dt’s il and fi(r), respectively.
Denoting by

Uit)y=P[T, =t,T\=2T,]

the probability that the first ! conception t0 a womuan oLguTs on of
before tme ¢ if it precedes the fiest visit to her parents, and by

Bl =PI+ T+ Ty 0.7 < Ty
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the probability that the first [ conceplion o a woman Qccucs on or
befure time ¢ if it cccurs after her return to her in-laws upon complet-
ing the first stay with her parents, the probability thar the fitse
conception to a woman who Is exposed to the risk of a visit to her
parcnts occurs on or before time ¢ can be capressed as

PT=t)=PlT. =1, T =T+ P+ T, - T, =, T < T;]
=L+ L.0r). {1

Now
Ui =J“'A(u}5(u]d:4=f’[1— Fl()] folu) du (2)
1} 1k
#nd
0L(1) =f’P[z <T,<z—de, =0

_j f f Pla<t<x+det,<75]

r—1l —h

P E L LV ST

XxPl:—x-ya<Ty<e+d—x—yT +T,
-x 1y, - x1 = Tg}

L RSV =/ - ) dydede
Pl Ll
s n . f r.m.nu-m 2/{x b y))dydedz.  (3)
The probabdlity thal the first / conception 0 a woman who 1y ol

exposed o the risk of a visit to her parents occars on ot before time ¢ is

L-'I.IU} o= cxp[- f[:ﬂ.(u} du}. {‘U

Since g is the proportion of women who are cxposed 1o the tisk of a
visit to parents and | — e« is the proportion of women who are primarily
sterile, the probability ilta the first { conception occurs on or before
Lime ¢ le i woman selected atl rundom ltom the population is

PIT,<t]=aF{1), UO<ixzt, (3)
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where
F(e) = (1= p)Uy () + plL () ~ Ui 1)]. (6}
and the probability that the time of first  conception cxeeeds T is

PITi=t]=(1-a)+all- F(7)]
=1-af(T). {7}

4. APPLICATION

The data used for the present study were taken from the survey
“Effects of Socio-culiural Factors on Determinants of Ferbility in Hast-
ern Uttar Pradesh (Rural)” carried our by the Centre of Population
Studies, Banaras Hindu University, India, during 1987-1989 under the
financial support of the Indian Council of Medical Rescarch (LCMR),
Wew Delh.

Tn rural areas, religion, particularly smong Hindws, is an important
determinant of occupation, education, and socioeconomic status in the
community. Further, caste beliefs exert a strong and stable influence on
hutnan behavier, social habits, cusioms, and practices, Therefore, reli-
gion fcaste was taken as a characterisiic for the stody of the effecis of
sociocultural factors om various components of fertiliy. In castern
Pradush, about 0% of the houscholds are Hindus, distributed amony
about 35 castes. These were roughly subdivided into proups of upper,
middle, and scheduled (Sc/ut) castes, Muslings woere taken as a single
gnoup,

The survey was cartied out in the rural areas of the districrs, namely,
Waranasi, Ghozipur, and Azamgarh in castern Untar Pradesh,

In accordance with the objectives of the sorvey, information wis
collected un various items from about 35 houscholds belonging to each
religion fcaste group for each selected district. Information was col-
lacted from households using a quota sampling procedure, IF, however,
a vitlage wus included in the sample, information was collected from all
the houscholds of that village irrespective of caste. There were 4448
households in the sample, with an least one eligitde couple from each
hougehold.

Currently marricd women below 50 years of age (hereafter reforred
t as efigible woren) who were normal residents of the sample house-
nolds were interviewcd, and for each such womamn, in addition 1 other
information, data included order of mosl recent marriage, age at BM. if
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she is married onee particulars of first visit t parcots after RM—1) not
exposed o the risk of visit to parents {i.e,, neither yet visited parents
and nor would visit them in future), or 2} not yet visited parents would
¥isit them In future or likely to visit, or 3} already had visited. Tn the
event of having already visited, the duration of cohabitution before first
visit to parents (interval from RM 1o either first visit to parents or
reference date of survey, whichever is shorter) and its termination
status, und period af stay with purents (intenval from time of visit 1o
eithetr time of return 1o in-laws or survey, whichever is shorter) and its
termination status (whether returped to in-laws atter first visit), Also,
time: oof fivst birth, cle, were reconded.

Sample households in Iive villages where a study entitled ““Breast-
Feeding and Its Effect on Foertility™ was conducted were alse coversd by
the predent study. However, information on time of visit to parcnts and
period of stay with parents was not collected from women of these
villages, Therelore these women were eacluded from the present study,

The present study took account of currently married females marmed
only once. Femaules having an age at RM of 13 yeurs or less or 20 years
or more wir: excluded from the analysis, being few in number. Females
whose conception occurred during their stay with their parents were
#lso exciuded.

Religion /caste and ape at BM for women wha had already visited or
were likely to visit parents, the Juration of cohabitation betore fiest visit
(0 parcnts and its wermination status, and, for those who visited, period
of stay with parents and its termination status, were used to obtain the
mean duration of cobabitation before first visit to parents and the mein
period of stay with them during first visit by using a life table technigue.

It was vbservied thut the mean duration of cobabitation between RM
and furst wvisit to parents was about 14 months in upper caste Hindus,
whercas i was in the neighborhood of 1-3 months in the remaining
three religion /caste proups.

Fur those fumales who visited their parental home before the occur-
rence of the Tirst { congeplion, the mean duration of slay with parents
was tound to be about 13 months for gpper caste Hindus, which was
around 2-5 months longer than for any of the remaining three reli-
gion Seaste groups. Therefore, on the basis of these results, females
were classified into two broad proups:

CGirp I Hindu vpper castes
Group I[I: Hmdu middle and scheduled castes and Muslims

Table 1 presents the disiribution of women whose first [ conception
ovcurred during the tirst 7 years of return marriage according to Lhe
time of first { conception and the number of women who did not
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TABLE |

Disiribution of Wumen Whose Effective Manival Daration Was 7 yror
Muore on Reference Dae of Sorvey According o Time of First § Conception and
Mumber of Women Who Did Mot Conceive During that Period by Age at RM for

Ciroups T and 1T

Inlerval Toem

bt Religion /vaste group
fconeeption Group T i _Emﬂil T S _A"_f__ s
{xT} 14 |5-w 17-1% 14 15-16 17-1% 14 15-16 17-1%
01 14 12 Bl i 35 124 td 47 205 152
L.0-24 22 T4 81 T2 18 L5 G4 230 445
20030 4] an Al 52 AN a7 4 236 143
30-4.0 12 S0 an s 133 75 al 183 1035
40-30 Il s 6 37 118} 55 48 135 &1
5.0-6.23 17 25 ] i fil 22 k¥ Bh 42
=625 4 T2 a4 ¥ooTa 77 6 &7 13
Torcal (105 45 kIR E S5 411 1291 H

conceive during the aforesaid peniod by age at BM for each of the two
Broups.

The table below presents the proportion of women exposed to the
risk of visit to purents { p) by age at RM for four religion /caste groups.

Religion
Age al EM {asre
vr) Upper  Middle ¢/t Muslim
14 n.og (.99 (.59 .95
15-1h 0.949 0.98 (.97 0.56
17-19 0.y L7 .96 .92

From this Lable it can be secn that in Hindu caste groups the proportion
did not depend on age at RM. However, for Muslims it ranged between
098 and 0.92 for ages st RM of 14 and 1719, respeetively. Therefore, it
was taken to be 0.9 and (.97 for group T and group 11, respectively. The
proportion for proup 1l was obtained as the weighted average of
proportions of three religion feaste groups, the weights being the num-
ber of women in each of these proups. Similarly, we oblained the
welghted average of proportions of all four religion /caste groups com-
bined as (.97,

In cach rehgion/caste proup the mean duration of cohabitation
hetween BM and first visit to parents wis found to be mote or less the




10 5 MUKHERJEE ET AT..

sume for women having an age at RM of !4 ygars and above (not
tabulated here). Thus, for each religion/caste group, the life table
estimates of the proportion of women who had not yet visitcd parenls
for the first time by month ¢ clapsed since RM, say D (¢), for different
values of + were obtained for women of 14 or older at RM and are
presented in Table 2. If it is assumed that f{f) is disinibuted uniformly
in the interval 10,4, 3, ¢ - 0,1, ., then the estimate of f{t) is obtained
as

Aoy ﬂ_{f;;\r_—l_fhf;d Ll

¢

Further, for women who visited parents befire the occurrence of their
first / conception, the life table estimates of the proportion of women
still staving with parents during first visit by month 7 elapsed since time
of visit 1o parents, say In.(r), for different values of ¢ were obtained
according to age at RM and religion /caste group and are presented in
Table 3. Under the assumption that (¢} Is distributed uniformiy in the

TABLE 2

Amcrlg Women Who Are Exposed to the Risk of Visie o Parends, Proportion
Still Staying with Ln-laws by Monoths Elapsed Sinec Returmn bMarmivgs

Religion
Months -
e ITindu caste
1nd Lippeer Middle S wt” Muslim
1 §.00 L.00 1K1 1.4}
1 096 .53 041 047
2 o .44 (L30 .41
3 89 0.3s .25 0.37
L (1%l 0.27 s (3,34}
Y 1.7 017 oa .2
12 .65 0.1F 0.08 0.23
18 .43 (1003 o2 (.10
24 035 0.4 0.02 0.08
At 0.1 0.5 (.01 LAC)
36 nir 042 .ol 0.0
44 REY M 0.1 0.0z
fll 4,06 001 PR 1)1 0.1

"Se fat = Schedaled castes Sscheduled tobes,
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TABLE 3

Among Women Who Yisited Parents Before Qecurrence of First § Conocption,
Froportion SLll Staying wilh Patents by Monlths Elepsed Since Timse of Finsl
Visit to Parents by Apc at KM

dlonths since tiest visit
Age
RM
{yr) ] 3 4] Y 12 (& 24 KLl L] 4% .1

L pper caste Hindu
14 e 41 B 7Y 45 35 2000 13 AR i
l3-16 LWy 88 8% &% a0 33 2 12 07 a0l
17-19 (AN TR+ S | L T, B 3 .| IR I N CA | 3| AH
Middlc caste Hindu
14 b0 o Be o Tl 1A N A e TR | SN I AR LA | 3
[5-16 100 %1 81 &5 &1 M 14 05 D 01
17-19 BfH) 02 K1 oAy m3 0 LIT O 12 Al N5 0 AW
Schedulud cast Hindo
14 Voo E1 L IR . T ¥ S S 1 - |~ - i | 1]
171w 100 7r o6l 43 41 05 4 2 02 .M W
[0l L B YIRS N T ST | ST N 1 S I A | X N AR R T |
hduslitn
L4 10 8% .72 54 50 210 My 0 07 A
I5-1% 1AW}  H3> 66 52 4T 17 13 1 il N A1
I7-19 10 8F 8% 50 44 1T 12 02 02 00 .00

interval {¢;,¢;, ), i=0,1...., the estimate of f.{¢)is obtained as
- i) — 8.0
fﬁ{rj= ‘( I} .__:;“1}‘ i‘a-ii‘l‘::ilj+'.'
i=1 i

3. ILLUSTRATION OF BMODELS

The model may be wsed to estimate the fertility parameters where
the intervitl between EM and the first [ conception is umnterrupied or
is interrupted doe 1 the bride visiting her parental home.

When p=0 (i.e., females would never visit parents following RM}
and Alr)= A for r =0, T, that 15, M) is conslani over lime and the same
for all females, then the distribution tunction F(¢) in Eguation (6)
reduces 10 a displaced exponential distribution and is given by (Mod-
el 1}

F{ty=1—cxp] at], O=i<T. (8}
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When p=1, £ ={0 170 {ie, all the fermales visit parents immedi-
ately after RM} and F,(3) (the distribution function corresponding to
Folt)), given by

- _|u ifr=e,

IS0 DTN
{i.c., females stuy with their parents for ¢ units of time), and M) = A
for (e, T} and is the same for all femates, then the distribution
function F(z) in Equation (6) reduces to Singh’s (6] model and is given
by (Model 2}

F(ey=1—exp[ - A(t -¢}], c<r=T. (%)

If < p < 1 and the risk of first § comeeplion is assumed (o be constant
until the occurrence of the first [ conception, that is, Alt}= A for
0,7 and 1s the sume for all lemales, then the distribution funclion
Fledin Bguation (6) reduces to (Model 3)

Fr)=(1-p)l1—e »]A F’If‘[l — Fi{x)] ke Mk
{
+ T 2 £ X 1 .-i. iz }'d dxd L I[]
'£=ﬂj;—0.£=nf]{x}fj{}'} el }| - { ]
The truncated forms of the models given by Equations (8)-(10) were

applivd w0 the observed distributions of females given in Table 1. A
scoring method was used to obtain the maximum iikelihood (m.l.}

TABLFE #

Walues af ¢ and A Obtained by Fitting the Models in the
Distritadions Given in Table 1°

T RG0S Modell  Modell  Model 3
{yr} Lroup »? A » A ¥ A
14 Gronp 1 28 003%F 51 0122 147 125
GrogpIT 282 0148 68 0263 107 0307
All 23 0IZ1 45 02F9 219 03
15-16 Grroup 1 L03 251 220 (0380 185 0401
Gronp Il 743 163 228 280 117 0316
All 344 (186 164 037 133 0348

17-1% Grroup 1 e 04 133 0500 145 D493
Gromp IT - 533 0194 155 0321 167 0350
Al a4 0252 %4 0389 194 U426

=13
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estimates of A The chi-square valoes and the estimates of A are
presented in Table 4. All three models give a very poor fit to all sets of
data except for o few cases. Taking ml. estimates of A obtained trom
truncated forms of the above distributions as pilot values, the nul
estimates of & were obtained from the untruncated forms of these
models. The valugs of @ (Table 5} were found to be greater than 1 in
almost all cases. Hence the models discussed above did not fit the
prosent scls of data The espimates of o were also found to he
lnconsistent.

Lsing the actuanal mcthod, the cstimate of instantancous nisk of the
first f conception showed that the risk during the first year of RM wag
much smaller than estimated for later segments of effective marital
duration. After | year, the nsks were observed to be more or less Lhe
same foar different sepments of cMective marital durmion {tables not
presented herel.

W therefore wssurme 1hat

A for <y <1, i
Alr}= ph fore =1, (11}

The distribution function of the time of first f conception, when g
and densily functions f(f) and £5(¢) are known, involves three unknown
parameters— A, @, and o, Maximom likelihood estimates of parameters
A, p, and o were obtained using the scoring method {see Appendix). In
cstimating the parameters. powis taken to be 0099 for group | amd 0.97
for group TI. The model was applied 1 the observed disiributions of
temales given in Table 1.

TARLE S

Estimates of o Cnrresponding i Table 4

Religion /
Ape at KM Casbe
yrd groug Model | Model 2 Model 3
14 Cirup | 3724 1.455 1467
Group I 1457 1124 1,084
All 1581 | 1da 1AF7
15 1n Group 1 1023 £.911 0966
Crroup [T L3T LOw3 L.104
Al 1.243 |32 L.03Hb
17-14 Group 1 0.435 0.594 014
Crroup 1T 14026 L.IHT L.og2

All 1.067 (a7 954
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Tables & and 7 present the observed and expected distributions of
females according to the time of fist { conception and age at RM,
chi-square valyes, estimates of parametlers, vadanees ol cslimators, and
correlation coefficients between the estimators for groups T and I1
respestively,

The distribution is described saiisfactarily for all the dala szets. In
bosth the groups, the estimated nisk of the first { conception during the
first yuar of RM (e, A) ay well ay the risk in succcuding years of RM
{i.e, p.ﬂ were observed to he high lor females having an ape al RM of
17 - 1% vears compared to females having an age at RM of 14 or 15-16
yiurs, The smafler vahue of sk for younger females may be attributed
1o adolescent subfecundity, strict traditional coitus regulaiion, and other

TABLE &2

Obsendd and Expected Distribution of Women According to Vime of First
$ Codeeplion with Marilal Tyration 7 Years o1 Mure on Reference Dare al
Survey by Age at RM for Group |

Agpe at M (yr}
Interval from

M o1 First 4 | 5=1h 17-1%
! cunception g Fap s Fap Oy Exp
iyr) freg freq freq freq frer freq
k=110 12 1201 #l ®1.4 BA 9.0
Lo 2 22 14.7 ] Gy 1 il 7.4
230 & 127 is 520 46 508
301-4.0) 12 1311 Sib 64 30 383
4.0-50 I 15.0 is 350 26 265
50025 Iy 124 25 230 20 &7
> 8.28 L 290 72 T30 =L 534
Tutal (L2 LR i) T an 345 34400
¥’ 2.8 1A 51
d.f. 1 3 a
A 0,133 (318 443
i 1954 1.607 1.543
& = 0840 0.444
FLA) QAWK (1K1 (K12
¥ipd 0525 0074 R
Fla) [1LINE2 ]|
Corr A, i —i{h245 — 0443 -37
Currla, o) — —u.1a —(Lon4
Corr, e d — (L6413 R L

*Tatimale of @ was just o liclle greater than 1. Thecefore. eslimates of A
uned o owere obtainced by sssuming e 25 iy



SOCTAL CUSTOMS AND TIME OF FIRST BIRTH 15
TABLE T

(¥served and Expectad Dstributions of Wamen According to Time of
Firsl f Coneeption with Martal Duration 7 yr or More on Beference
ke of Survey by Age at R for Groop 1L

Age at RM {yr)
Inteeval from

RM to lirst . 14 . 15-16 |7-19
f coneeption Cibs Exp D Exp Ohbs Exp
(37} fleeg frey freq Freq freq Treq
(L0-1.100 5 d5.5 |24 1253 o 6E.5
10 24 T2 050 181 157.3 115 1058
20-300 52 f5,2 200 1411 a7 LO&A
A0 4.0 449 137 133 133.3 75 673
40-511 7 35 100 07 a3 460
S0-1n25 20 REN| fl {7 11 303
=RA.25 a7 JT0 I3 1152 X Th
Total 30z ETERR ] G914 4140 k1] 3 S03.0
¥t 5.2 09 6.3
df 3 3 3
0255 0272 0,256
7] 1.537 1,369 |.439
s g = 4 1,954
Fial XL LA 14401
FL p} 1136 (b3S (07s
Flul — — EFEIF)
Corl A, o) L —4k216 — .13y
Curl s, ) — - 0.254
Cotl poexd . — — (B

Yo i taken as !,

tactors. On the other hand, the sexual relation is expected to become
weaker for femules married at ages 15 yeams and above, and this might
be the reason for higher values of A for ages at RM of 15-16 and 17-19
years than for those of 14 yeurs.

Tn group 1, the risks of the first I conception increased with ncrease
in age at BM in succeeding yezrs, but in group I1 the risks were almost
the same n sececeding years for ages ac RM of 14 and 15-16 years.
This risk was slightly higher for age at BM of 17-19 vears. Among
females having an age at BM of 14 years, the estimales of A and pa
were observed to be lower for group I than for group IL The opposite
was the case for the other two age groups (Le., 15-16 and 17-1% vears),

Table & presents the observed and expected distributions of women
{combining all religion /caste proups} according to the time of first !
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TABLE S

Observed and Expected Distributions of Women According o Time of Fiest
{ Conceplion with Marnital Duration 7 yr or More on Beferenoe Date of
Survey by Age at RM {All Religion /Casle Groups Cumbined)

Age ol Bb (yr)

Intcreal from

BM 10 firs 14 15-14 17-19
{ concepticn Ohs Fap Cilws Fap s Fap
(1) frey freq freq frog freg freq
IEER]) 47 a7 L 2030 L52 1515
1.n-2.0 94 TG 250 256.2 196 184.0
20-34 54 THH Xin 2440 143 1574
40 61 582 183 176.7 {1 10m:.9
4.0-5.140 45 4710 135 | 3643 Rl 754
idr 625 7 3=3 0 831 42 41.1
=625 66 t5.4 L&7 18R.1) 131 113.2
Tutal 411 4118k 124] 12910 H5I0) sl [ X]
e K3 0.5 27
d.f. 3 3 3
A 0,236 G330 1,363
o 1.434 rand L5
e 0919 0933 0874
XY} 1hEK] (.00 (LANEL
Kipl 0.131 G021 [.042
M) TLiKY? £.002 LI
Core{ A, o) —0.37% — .76 --0.139
Corr( A, o) —ih215 - .28 -0175
Cort{ p, o} —1L790 — (18RS —{yL3

conception with marital deration 7 years or more on the reference date
of survey. It could be seen that as the age at EM increased, the risk
increasid in the firgt year bt in suceceding years was almost the same
for all ape at BEM proups.

It is difficult to identify the inability of a couple o procreate, because
sterility 15 suspected only if 3 woman is unable to conceive during a
sufficiently long period after marriage. Estimates of the proportion of
primanly sterile couples (1— a ) were obtained according to age at RM.
These proportions were U081, 0.065, and 0.124 for age at RM of 14,
13-16, and 17-19 years, respectivily. Many faclors were regponsible for
the slight increase in this proportion for age at BM 17-12 years. This
may be due 1o the fact that increasing age at RM may make concoption
difficult or a sigaificant proportion of hushands of furnales migrate to
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urban areas for higher studies or in search of work, delaying conception
for a considerable peried.

About 6% of couples were reported to be primarily sterile based on
the data of the present survey and others in the same locality [5. 11, 121
Thus, the estimates obtained for females of age at RM 15-16 years may
be considered to he closure to the iroe value.

APPENDIX: ESTIMATION

The risk of the first { conception was assumed o be of the form

4 ford<t<a,

)‘“):‘Lpﬂ fort =z a. (Al)

Under this assumption, for ¢ < a, expressions for Uhle), Ue), and Ui0)
in Equation (6) reduce to

Ult) =1—e ¥, (A2)
Uy = [lL-Fi(x)phear, (A%)

ao=f [ S RO e e (a4)
and for # = a,

Uy(e) =1 —exp{ = Ma+ (s~ )} (A3)
U0 = 1 - Fi(x)] preap(= Ala+ plx - )]}

. f” {1 Fy{ x)}Ae 7 dx { A6)
= [ 7 filayer
<[ A)eal-alta= )+ otz -l

+f7 7 Aepl=Mx+ p(z - x = y)]Hy | dede

u

TR

Za=2a"x=ad"y

xexpl— Ala+ plz —a— y)]} dvdrdz
+f:=nf:- uf:-_nxf‘{"‘}fﬂ yYhe 42 idyduds. (A7)
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A procedure to obtain maximum likelihood (m.].) estimates of the
parameters A, p, and o involved in the distribution of time of first {
conception [Equations (5} and (7)) and their variance—covariance matrix
for known values of paramcters ¢ and p and koown density fonetions
Ffilty and f(¢} is presented below for grouped data,

Let the range of the tirst { conception be partitioned into & +1
intervals (e, 0, L0 ) b Lowhere ¢ -0 g, =T 8 ==

The probability that the time of a woman's first { conception falls in
the interval (rj, Lt ] s

P = Iﬂ[F{rf]_ F{.rj. 1}] di= L ¥

T 1= aF(T) j=k+1, (A%)

where
F1;)=(1-pitifr;)+ P[U1{f;}+ Uz(:;}] .

In a sample of & women with effective marital duration 7' years or
more, iet #,,#-,... 0, be the number of women whase first [ concep-
tion veeurs during the intervals 1,2,..., &, respectively, such that ©5_ #,
= #. Bither the remaining r; | = & - » women arc primariy sierile or
their time of first { conception is more than T years (T=T"— g} The
observed number of women classificd in this manner follows a2 multi-
nomial distribution given by

N b +1
P - ", 4
= T AL A 0

The m L estitnates of the purameters are solutions to the equations
YE=t=0, w=1,23, (A0}
gk

where 8= A & —p. and 8, =a.
In order to calculate 3F /88, & — 1,23, we need the SF()/ 86,
bor =12, ' '

& ;
sr, | vmg [F)-Fli)] J=12ek, .
= Al
38, 5o _
—WHF(F} Jook+1
and
&P, [F(t—Fl(e,_ ), j=1,2....k.
i JEGE(-0), (AI2)

88y | —F(T) j=ki11,
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where, for u=1,2,

51;5:] ={1 pJaﬂU(!HP U{r]+ - Ui(4)]- (A13)
For ¢ < a,
”EL;ZE.I}' =™ =£[1-Ly(n)]. (Al4)
a1} {I} f [1 F (x}] }..r}e'“r.ix, {A].S}
anz(:} f f f f]mfai})[l Mz —p)]e P dyddz,
(Al6)
SU1)  SU(L) _ BIL(r) _
3p ﬁlp dp {ALT)
For ¢t = a,
ﬁi?i” = exp{ - Ale + ple —a)]}a+ p(t @]
=[a+ p{f— ) {1-T(1)]. {AlE)
O[T Folel- M+ otz - )}
el — Aa+ p{x  a)]jde
+f£[1 — F(x)|[(1- Ax)e *dx. {A19)
0

<exp{— Mia- ¥)+ plz—a)]}dv
T o= Al sz —x-p)

®exp] - A[x+p(z—r—y}]}dy]dxdz

+f f fz xpfjtx}h[}:]{l—:’L[a+p{z—u—y}]}

-t r—d

xexp{— Ala + plz—a—y)]}dydedz
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L R A Mz - plre Pz,
=0y 0w

(A20)
—EL;JS} =g Meteli-alaty gy = Mt a}[1-Uh(e}],  (A21)
alilt}

3o = [ TI= Fa) AL - oA — ] e e e, (A22)

s wx}[[n‘mi[l Ap(z - a)]
xexp{—ﬂ[(ﬂ—}'}+p(z—a]}}dy
+ 7 - paz -5 )]

y—g—r

xexp{— Alx+ p(z —x — )]} dy | draz

+{ ff AL pA(z—a-5)]

z=a"r=da

xexpl— Ala+ p(z—a—y)] dvdrdz. {A23)

Equation (A10) does not provide explicit expressions of m.l esti-
mates. Hence m.l. estimates of the parameters have been computed by
the scorng method.

The m.l. estimates were obtained by solving the matrix equation

fép=1%,
where
I={I}. s:=1273
a0 = 86,, 8, &),
§ = (8,5,, 51,
and
I“=N.'{4I%i€f._ﬁ_§_j
j=n 0T
. k+1n EI-:
.S.x_r_uﬁj 56,

The asymplodic vanianece -covariance matrix of the m.. estimates is
the inverse of information matrix f.



SOCIAL CUSTOMS AND TIME OF FIRST BIRTH 21

A computer program has been developed to obtain {i) m.l. estimates
of parameters A, p. and o for known values of parameters ¢ and p and
known density {unctions f,{f) and f,(¢) and (i) theorctical cell frequen-
cles,

The cvaloation of the integrals in the calculationm of £, and the
vanance—covariance matrix was done wsing the MAG mathematical
subroutine library program. Expressions involving single or double
integrals werg diveetly evaluated vsing the NAG subrouotine. For evalua-
tion of triple integrals, say

J{z:[f;f:[;]ﬁ:u'ﬂf(la y. 2} dydz | dz,
2 p !

Ard Tgple, s

the first two integrals, that is, the integral over p and the integral over
x, were evaluated using the NAG mathematical subrouting for each
valug of 2 in the interval {2, z,) and then the numerical quadrature
formula was used to evalvate the third integral, that is, the integral
over z.
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