SAMPLING ERRORS IN TIIE ESTIMATION OF FERTILITY RATES

By J. M. BEN QUPTA
Indian Statistioad Instigute

SUMMARY, TIn this papor, variability of some of the fortility indicators and of thelr changes
ovor & short porfod of time bave been studied. Modol sampling of data solleciod through & complote
enumoration of sl couples in a sleoted arca rovesls that prognancy indicators s well as tholr chenges
have a larger veriability than In tho easo of live-birth rates. 1t secma that ascerlainment of pregnancies,
In spite of closo investigations with repeatod visita, is subject to & largs error.

1. IxTRODUCTION

Tho presont study fs an attempt to determino tho magnitudo of sampling errors
in estimated fortility rates, and henee to appriso the sensitivity of different indicators In
80 far as thoy can detect small changes in them. Since, such changes would neeessarily bo
amall, the sampling orrors of their cstimates should havo to bo emaller still to accquire
a statistical eignificanco. On the other hand, tho cstimated rates themselves and speclally
tho changes In thom are likely to bo subject to large sampling errors. It will bo useful
thereforo if somo Jdea about tho relianco of tho ecstimates based on s sample survey
can be obtained from tho availablo material.

2, NATORE OF THE MATERIAL AT DISPOSAL

The data availablo for this study relates to a Family Planning Action Rescarch Project
which was taken up by the Indian Statistical Institute in February 1063 ia the Cityof
Calcatta. Two contrea in tho shape of compact blocks, mughly half o squnm mile in ares
cach and consisting of nearly 3000 houscholds wero compl d and all married
couples within an active ngo (couples with wives' ngo 1545 ycnra) with the husband and wife
living togother were listed. A total of 3002 coulpes were Lhus listed from tho two centres,
who were interviewed in an initial base.Jino survey and schedules wero filled in for each.
Thoy were thon rovisited after an interval of twelve mouths.

Infermediate visits. In tho initinl eurvey tho couples wero individually contacted
and a3 for a8 possible both husband and wifo wero interviewed. In specially difficult cascs,
women investigators were employed to interview tho wife whero the malo investigators failed
1o obtain cooperation. Among various other itema of information a couplo was asked to recall
tho data of their last child-birth and tho samo for tho provious one. Thus, oven in the jnitial
survey, data tvas collected from which birth-rato during 12 months prior to the dato of visit
could bo computed. Bofore a rovisit which was taken up at the end of ono year, each couple
was contacted during tho mid-year also, 80 as to keep them under constant observation
during tho wholo torm of twelve months. \With tho incidences of child-birth during these
twolvo months of closo observation, it waa thus possiblo to obtain a sccond set of birth-rates
and other liko {ndicators of fertility wero available for two suceessive years,

Casualties and effective material for tabulation.  Tho following tablo gives the original
number of couples initinlly surveyed and accepted for tabulation, the number of couples
who had not yct completed ono year of married lifo at the timo of initial survoy, couples who
had left tho arca during tho 12 months between tho two surveys and tho offectivo number of
couples available for the initinl and resurvey tabulations.
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TADLE 1. NUMBER OF COUPLES SURVEYED AND TABULATED

initial survey schodules rosurvoy schodules

conire
number with  numbor numbor lefe  numbor
total  marriod life  tabulated during the  tabulated
survoyed  <lyoar  (2)~(3) yoar (2)—(8)
1) 2 ] ) %) (L]

1 1301 58 a3 [TE 1368

2 1501 % 1420 19 1382

total 3002 133 2800 262 P

It will bo scen that a considerablo proportion of couples, nearly 8.7% had left, f.o.,
changed their residenco, died or wero invalidated. It was not practically possiblo to follow
them up at their new addresses and collect the data.  On tho other hand, now couples who
bad taken up their residenco in this arca withia this period of ono year, have also been left
out, owing to obvious difficultics. Tho number of couples who had left wero automatically
missing in resurvey sample, while women, who had not completed ono year of married life,
although excluded from tho initial sample, wero included in the resurvey samplo. Thus,
tho fertility ratea wero based on couples qualifying for admission and staying thero through-
out tho entire period of obscrvation, and who thus do not strictly represent the total
population resident in that arca at tho respectivo points of time. As o result of these
transfers, tho age-composition of tho resurvey sample may or may not have scriously
differed from that of the original samplo with which we started during tho baso-line survey.

Basic data. Tho basic data relating to the two visits, initia]l and resurvey are
given below.

TABLE 2. BASIC DATA COLLECTED IN TIE TWO SURVEYS

number of
eontro murvoys aclivo livo-birtha  pregoancics sunceplible
couplos ‘womsn-montha

(1) (2) (3) ()} %) ()

1 initial 1443 232 176 14935
resurvey 1358 189 156 1318

2 initial 1420 220 18t 740
Fomurvoy 1382 170 10 13820

The data refers to tho respectivo 12.month periods preceding the initial survey and
resurvey, and was coll 1 interviows at si th intervals. Tho information
sought for was (i) incid of last termination of preg: , if any, along withs tho dates of
its termination and re-start of menstruation (ii) whether now pregnant or not, and () if
preguant, the number of months of pregnancy and (b) if not pregaaat, tho date of last
menstruation.

The pregnancics aro likoly to bo under-roported specially at its early stages as it is
difficult to confirm a pregnancy even if menatruation has discontinued for six wecks or more.
But this could bo verified and dotermined fairly acenrately as the survey was repeated every
six months, The stato of pregnancy was thus determined on the informant’s own report
and verified at subscquent visits, without any attempt for medieal examination.
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Thosusceptiblo woman.montha given in Tablo 2, woro calculated as tho total exposure
period over all the women in tho samplo inlercepted within the accounting year under roviow.
If s woman was ) ing she was idered to bo ptiblo to preg:
When a woman was pregnant during tho period under reference, tho uomnn-manﬂu eontn-
bated by her were excluded. Also if 8 woman had a termination of pregnancy, ending oither
in live-birth, atill birth or abortion, the ptiblo period was reckoned to continue up
to tho re-starting of menstruation and the relovant months included within the accounting
year wero counted as non-susceptiblo months.

Characters chosen as fertility indicalors. It was intendod to try out & number of
indicators which measuro tho marital fertility rates direetly or indircetly, Tho four characters
selected for this purposo are :

(i) gross preguancios per (000) of couples;
(ii) pregnancies per (00) of “cxposure™ years ;
(iii) live-births por (000) of couplos ;
(iv) “cngaged”.months, i.0., non-susceptiblo months per (00) of womaz-months.

Tho first of theso characters, namely, pregnancica per (000) couples is a simplo and
gross rate of tho number of total pregnancics (ending in live-birth or not) per (000) of active
cauples. Tho sccond ono refers to the number of pregnancies originating within an one-year
peried per hundred ol' “cxposnm -years, i.c., the number of total woman.months less thoso
covered by preg (inclusivo of tho post-natal gap) and divided by 1200. This doca
not of course teke any account of temporary scparations from the male cohort or
temporary menostops.

Tho computation of “live-birth pregnancy rates” (Chandrasek and Frey , 1004)
i.0., number of conceptiona occurring within the ycar and terminating in live-births per bun.
dred years of exposuro calls for a follow-up of the survoy for another ten months and was not
thereforo attomapted. In a sonvo, it is o reduction in tho gross number of conceptions irrcs-
pective of their ultimate outcome which js the real measuro of any family contro! programmo.
The ratio of live birtha per gross coneeption would depend on tho standard of pre-natal caro
and medical facilities. If pregnant women do not get adequate caro and there is a conscquent
fall in live-births per conception, that would not reflect the merits of a particular F. P.
programme.
Tho third refers to the number of livo-births per (000) of active couples and tho fourth
character givea tho porcentago of “engaged” i.e., non-suscoptible woman-months to tho total
of all woman.months.

3. Resuvirs

Mean rales. Estimated moan valucs for cach of tho four charactors taken up for
this study woro computed for cach centro scporately for tho initial wurvey snd rosurvey,
and is shown bolow in Tablo 3.

1t will bo scen that thero ia a fall in all of them at tho time of resurvoy excopt in tho
fourth compared to Yhio initia) survoy catimates, and tho changes aro usually in tho samo diroe.
tion in both tho contres, as wil bo seen from cols. (6) of Tablo 3. Tt is also ovident that tho
so-called contro) Centro-2 has, if any, shown & greater doclino in live-birth ratos. For our
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TABLE 3. FERTILITY RATES AS OBSERVED DURING THE TWO
SURVEYS BY CENTRES

difforonce,
characiors eontre initial ropurvey  (rosurvoy—
urvoy mu:ﬁ
m 2 [&] ) 5}
(i) pregusncios por (000) of couples 1 120.9 14.9 - 6.0
2 120.8 101.5 —25.3
comb. 124.0 108.2 ~15.8
@) p ios por (00} of oxp¥ y 1 14.04 14.29 0.26
2 14.85 12.36 - 2.50
comb. .42 13.76 — 0.67
{iif) live-birth por (000) of couplos 1 160.8 130.2 -21.8
2 133.5 122,9 -38.6
comb. 159.7 131.0 —28.7
{iv) ‘engagod'.months por (00) of woman.month 1 13.7 19.5 5.8
2 13.8 10.6 2.8
ocomb. 13.8 18.1 43

present studics, tho two centres have been combined and treated os constituting & single
population. Tho question is now to ascertain tho errors of these catimates and to test how
far these differences, i.o., changes in tho above four indicators of fertility aro statistically

significant,

Errors of estimalion. It may bo remembered that the data has been collected from
all couples resident in the area exhaustively, and not on a random sampling bosis. It is not
therefore possiblo directly, to work out tho sampling orrors on which wo can judgo thoe precision
of tho estimated rates or if changes in theso rates from ono year and another havo a statistical
significance,

Model sampling. We may h tako to a proceduro of model pli
by splitting up thoe total population ariificially into & number of emall samples. For this
purpose, all couples haviag its serial number ending in 0, 1,2, ... or 9 wero scparated and
grouped togother to constitute ten systomatio samples. Ton indepondent estimates for each
of the abovo four characters ocould then be worked out from theso ten sub-samples.
It should bo noted here that theso variabilitica rofer to sub-samplo units comprised of & given
number of couples cach, Tho number of couples in tho different sub-samplo units gometimes
vary a little, but this has been ignored and theso units are considored to have a moro or less
uniform size for all practical purposcs.

The distribution of couples by theso ton sub.samples havo been givea in Tablo 4
below.
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TATLE 4. NUMDER OF COUPLES CONSTITUTING THE ARTIFICIAL SUB-SAMPLES
RELATING TO {(a) ONE YEAR PREVIOUS TO THE INITIAL VISIT
(b} ONE YEAR PRECEDING RESURVEY

numbor with
1otal couplea nurber loR  marriod life  common
analysed

wbmme | amiped  dwimgthe S Myers bl
initial reeurvoy initial initinl - {38}
wurvey! "
m @ [&H) (L) (03] {8
0 288 208 33 l') 250
1 202 287 17 12 218
2 28¢ 270 29 18 258
3 283 284 16 17 207
4 281 270 22 17 250
8 288 278 22 12 264
[} 283 209 26 12 207
7 200 272 % 3 207
3 287 212 26 19 262
'] 289 269 28 8 261
total 2869 20 246 17 2623

1 excluding 16 who had not complotod ono year of married lfo, initially.
1 oxlouding 16 who had loft in the mesntimo.

From theso scta of replicated estimates, standard errors for the overall mean bhave
been worked out.  Table 5 below gives tho mean, coofficients of variation and the percentago
errors of tho overall mean for all these characters scparately for tho initial year and for tho
resurvoy year. The variabilitics of all these characters although quite high are found to be
consistent between both tho ycars.

TABLE 5. VARIABILITY OF THE DIFFERENT CHARACTERS INDICATING BIRTH RATES,
AS IN THE TWO SURVEYS WITH A GAP OF ONE YEAR BETWEEN THEM, IN TWO SELEC.
TED CENTRES OF CALCUTTA, BASED ON ARTIFICIAL SUB.SAMPLES (280.9 COUPLES

INTILE INITIAL AND 274.0 COUPLES IN RESURVEY PER SUBSAMPLE)

sizo of
samplo
charaotors survoy  mean  coofflecint porcontago (couplos)
of varia. variability roquired
tion to giva
5% orror
(U] 2) 3) ) (81 (8)
(i) prognancics por (000) of couplos initial 1260 19.0 8.00 443
Tosurvoy 108.2 22.7 7.18 5548
(il) prognandios por (00) of suscoptiblo years  laitial 4.4 21.2 6.70 5061
Fosurvey 13.8 21.8 1.78 0579
(ili) live-births por (000) of couplos initia) 169.7 17.8 5.58 3518
resurvoy 131.0 1.8 3.78 1878
(iv) *engagod’ month por {00) of women-montbs initinl 138 11,8 5.56 3615
Tesurvoy 18.1 13.0 +.11 1852
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Tho coofficicnts of variation for tho first two characters lio between 19.0%, to 24. 8%
and botween 11.8% to 17.6% for tho lattor. Theso cocflici it should be b
refer to tho sub.samplo units comprisod of about 287 couples in tho initial and of 274
couples in tho resurvey.

The variability for the two characters (i) and (iii) ean also be worked out on

purcly binomial pti These were obtained as 100 VI_ZX(%SOD =156% saod
803 o initial ite cl
100 \/ S9TX 50D = 13.5% in the initial samplo. These are quite closo to the observed

variations given in col. ().

It is obvious that a largor samplo size is called for to estimato them with a reasonably
small margin of sampling ercor.  Col. (6) in Table 5 gives tho approximate sizo of unistage
sample in terms of tho number of ultimate units, namely ‘couples’, which would give an error
of 5% to theso characters, based on tho coefficicnts of variation as observed in the respective
survoys. Tho varinbilities aro howover oxpected to bo higher when an extensive area is to
bosampled. The sizo of sample would thus have to be somewhat larger than indicated here.

Measurement of the changes in the fertility rales. In measuring thoe changes in tho ferti-
lity rates that have occurred during this period of ono year, it has to be kept in mind that an
oxact correspondence botween tho couples in the initial survey material and resurvoy, does
not oxist, although most of the couples are common. Whilo in the initial survey, couples who
had not yet completed one year of marricd life were excluded, the snme were accepted during
tho resurvey tabulations. On tho other hand, quite a largo number of couples had left the
area and were automatically excluded in the resurvey. Table 4 discussed enrlicr has given tho
distribution of couples in each category for individual sub-samples while the number of
coupies common to both is shown in col. (6) of the samo tablo,

Mean differences. In computing the mean differences, i.e., changes in tho different
rates, this ‘common’ material has been utilised 8o as to bo able to work out tho standard errors
of tho differences in individual sub-samples between tho two surveys and make them amenablo
to tests of significance by Student’s §.  Tho results have been given in Tablo 6. Variavilitics
in the differcnt characters based on tho common couples are found to bo of tho same order
as on tho full data given in Tablo 5 carlicr. Tho variabilitics in tho differences of all the
rates aro higher as might havo been expected. The percentage errors of the overall mean
differences work out to bo 44.3% for prognancics per (000) couples, 62.8% for pregnancy
per (00) of exposure-years and 19.1% for live-births per (000) couples. The differences in tho
third character, namoly, that of live-births por (000) couples has como out as statistically
significant. Tho unususlly high variability in pregnancics per (000) couples havo perhaps
beon caused by the incidenco of larger orrors in roporting prognancics than live-births, Tho
8izo of unistago samplo in torms of ultimato couples expected to give a margin of ercor of 10%
for catimating tho meau difforonces have been given in col. (0) of Tablo 6.

It appears that live-births por (000) couples has tho lowest variability both in
reapect of its absolute mean valuo a8 also in its differoence. It is of courso truo that this
mean differenco refers to o population as at two different points of timo, tho effect of &
shifting of the ages by ono year i.0., an ageing by ono yoar of all individuals thus boing
ignored. Two different eamples, chosen ind dontly in tho two ycars, would. furnish
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TABLE 0. SAMPLING ERROR OF THE ESTIMATED CHANGES IN THE INDICES
MEASURINO BIRTH-RATES, AS OBSERVED DETWEEN TWO SURVEY3 CON.
DUCTED ONE YEAR APART BASED ON ARTIFICIAL 8UBSAMPLES OF
COUPLES COMMON TO BOTH (202.3 COUPLES PER BUBSAMPLE)

nizo of
semplo
{couples)
charactors surveys  meantse.  coofi.  porcon- for esti.
cienta tago  mating
of vari-  varl. mean
ation  ability differenco
with 109
orror
(0] {2) 5] ) (8) {8)
(i) pregnancios por {000) couples taitisl 120.047.1 18.8  5.03 -

rosurvey 99.918.4 26.8 8.40 _

differenco  —20.118.00 140 4.3 s1411

{ii) progusncios por {00) suscoptiblo-yoars initial 12.040.03 21.2  6.70 -
rosurvey 12.11.12 29.3 9.27 —_

difforonco  =1.803+1.13 108 62.8 103873

(i) ivo-birtha por (000) couplos initial 168.040.1 183 &5.78 -
rosurvey  121.234.7 123 3.80 -
difforonce  —30.8+7.02 61  19.1 9760

{iv) *engagod’ months por (00) womsn-month  Initial 13.310.80 19.0  6.02 -

rosurvey 18.8£0.864 16.1  §.00 -

difference  43.61 bt - -

us with a comparison not between idontical couples, but between two different popula-
tions representing all the age.groupa in their duo proportions. On thoso conditions, a
Fisher's ¢ would havo been appropriate for measuring tho changes.

An attempt to follow up the identical couples for & sample of considerablo sizo, for
any longth of timo would obviously bo a difficult ono and oven if it could bo done, would not
represont tho population at largoe at aay point of time. A more practical approach scems to
Yo in saropling indopendently over & large arce, g0 es to minimiss inter.regional transfers
and collect information, as in a consus, from couples resident at different pointa of time.

It will bo scen that not only the live-birth rates, but tho pregnancy rates also have
fallon during this ono year intorval. On the other hand, percentago of ‘engaged’ i0., ‘non-
susceptiblo’ months lias shown somo inoreaso, and conversely susceptiblo months per woman-
month has somewhat gonodown, This anowaly scoms to have resulted from a faully account-
ing of ‘engaged-month’ in reapect of tho 12 months preccding tho initinl survoy becauso
of tho goneral tendency to eupress non-live-births, apecially tho prematuro ones, which
unliko resnevoys could not bo verified. Morcover the dates of ro-start of menstruation after
termination of pregnancies could not often bo furnished by informants at tho initial survey
but could bo kept under observation in the resurvoys. This naturally woull tend to lower
down the puted ‘engaged. th' (and ly raiso tho total of smsecptiblo
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montha) for the initisl poriod, whilo in tho mur\'oy pcriod sscertainment of ‘engaged
months' was moro completo and Thus ‘engng th* und d in
tho initial period may appear to havo gonos up relative to that in resurvey when it was
no more underestimated. For this reason tho error of differenco haa not been calculated
in case of ‘engaged-months’,

A lowering of pregnancy rates s exp d to i the ptible period, and
thus to have am effective reduction in the number of total pregnancics, pregnancies per
susceptiblo woman.year should havo to be disproportionally reduced, such that tho product
of an cnhanced susceptible period with the reduced pregnanocy rato per unit of susceptiblo

period, might show a decline.

4. ESTDATION O7 TOTAL BIRTHS I¥ A OIVEN POFULATION, EITHER DIREOTLY OR
INDIRECTLY THROUON OTHER CONCOMMITTANT ONARAGTERS
Tt is believed that pregnancies are usually under-reported, specially at their carly
stages or in thoso terminating in abortions. Tho caleulation of ausceptible-months is conse-
quently subject to considerablo inaccuracies. Tho number of pregnancics per (00) sus-
ceptible-yeara or the number of ‘engaged’-monthes per (00) woman-months arc thus more
or less laboratory’ rates which can be correctly nscertained only under ideal circumstances.
Evon lhough '.hcy may bo moroe sensitive in mmauring changes, they are hardly suitablo as

ters for indirectly g the absolute rates of births.

If our object is to cstimate number of births in a given population during s particular
time-intorval, tho direct p duro would bo in ing up tho total incidenco of live-births
(or for that matter all births, a technological ratio of live-birtha to all births being determined
in a separate enquiry) in the samplo under observation within tho given period of timo. In
largo scalo surveys, where decp probing Is impousiblo and whero everything will have to bo
ascertained n ono or two ad-hoo interviews, it is the number of births which is likely to posscss
some degree of relianco.

Again, an officiont estimation of birth-rates (all or ‘livo’ alonc) per active couplo calls
for a sampling frame of all couples for tho entiro coverage, unless we introduco snother stago
of sampling, say houscholds, which will mean somo loss of cfficiency. The Lirth rates may
thereforo bo mado to refer to ‘individuals’, i.c., gross population, rather than to couples as
the ultimate unita.
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