USE OF INTERPENETRATING SAMPLES IN
DEMOGRAPHIC STUDIES
By RANJAN KUMAR SOM
Indian Statistical Institute®

SUMMARY. The techaiquo of & ing (not-works) of eub-samplcs vf is is
& poworful 1ol in ¢ (a) ining the bias and computing the sampling error by the tralysia
of varianco} (b) supplying margina of inty of the ceti 3 (¢) giving an “orror arce™ for &
curve and the **scparation”.of the curvos for two sectors o timo periods by (he mothod of fractilo graphical
saslysla§ (d) providing control in collotion, proceesing, and analysia ; nd (o) surplying sdvancod eul-
mates on basis of part-samplos. Tho use of thia techniquo in the fold of haa boen ill
with sumerical examplos.

IXTRODUCTION
1. Tho tochni of interp ing (net-works) of sub-samples (IPNS)

consista of dividing tho total number of units in an enquiry (cither on a complets enu-
meration or on a samplo basis) into & number of parallel, random groups and assigning
one such group to each of the factors causing variation (e.g., enumcrators, variation in
field achedules and differont methods of collection). It was introduced by P. C.

Mahalanobis in 1937 in Crop Surveys in Bengal (Mahalanobis, 1038-41; 1046).

2. Tho technique of IPNS has been used in o number of samplo surveys in
India including tho National Samplo Survey (1050-57), the Demographio Samplo
Surveys in Southern Rhodesia (1048 and 1953-55), and the Philippino Statistical
Survey of Houscholds (1857).

DETECTING ENUMERATOR DIAS

3. Asimple tabulation may ofton roveal differonoea in the estimates obtained
by different enumerators ocovoring tho same universe. Tho arrangoment of tho total
units into & number of sub-samples onables ono to test by the method of Fisherian
analysis of variance the differential effects of enumcrators (partics) and of other factors.
Cochran (1053) has given a theorctical model when a simplo random of n units
is divided at random into k groups of unite, each group containing m = nfk units,
and surveyed by one enumerator (or party of enumerators) cach.!

®At prosont & momber of the Bocrotariat of the United Nations at tho Economie Commission for
Africa, Addia Absbs. The vicws prossniod aro tho author's own.

1For the dovelopmont of mathematical medols for rosponso orrors sce Hanscn, Huewits, Marks aad
Mouldin (1051), Sukhnimo and Soth (1952), Hanson, Hurwitz and Madow {1053), Sukhatmo (1053), and
Uanson, Hurwitz, and Rorehad (1001). It is atsa pomsiblo, by tho uss of tho S|udon|imd amalloat x3, to
tost tho signiGeanco of tho smallcst of tho di botween two i amallost
varianco ratio would load one to suspoect collusion botwoon tho iwo enumcrators (Ihmhnnd.mn 1038).
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4. A net bins common to all onumerators (or to all the components of any
factor causing variation) admittedly passes lotected by this technique? Such
biases have to be controlled by improvement in survey methodology, comparison with
independently obtained estimates, and adoption of special analytical techniques.

5. Proviously unpublished examples of tho uso of the analysis of varianco to
test tho effect of cnumerators and of other factors aro given below.

6. Dcmographic sample surveys in Southern Rhodesia. In tho 1048 Domogra-
phio Samplo Survey of tho African Population of Southeen Rhodosia interponeteating
samples wero used to provido a check on tho acouracy of the fiold work, cach ficld officer
being allocated the wholo of a sub-samplo in threo successive districts, so that his work
could bo compared with that of at least threo other officers, by testing whethor the
two or threo samplo concerned had been drawn from the sample population. “In
practice tho tests did not detect any significant differences with regard to total popu-
Iation, only three out of ovor seventy sub-samples were discarded for birth and infant
mortality rates, but cighteen wero thrown out in calculating the death rates.””

7. In the 1953 Demographic Sample Survoy of the Indigenous African Popu-
lation of Southern Rhodesia, interponctrating samples were used to determino the
sampling crrors. IHowover, from the basie data, we havo constructed in Table t
the analysis of varianco of birth and death data relating to six districts in 1953. Tho
ten sub-samples adopted were not statistically significant, showing that tho survey
wan under statistical control; the six distriots, however, showed significant variation
in regard to birth and death data.

TABLE ). ANALYSIS OF VARLANCE OF (ESTTMATED) NUMBER OF BIRTHS AND DEATNS
DEMOGRAPHIC S8AMPLE S§URVEY OF THE INDIGENOUS AFRICAN POPULATION
OF SOUTHERN RHODESIA, 19532

(8 districtax 10 eub-samplos)

births doaths

sourco df. T
ma. P.ratio me. P.ratio

) 2) 3) 4) (8) (L]
districts L] 123103.95 15.48¢ 48184.43 1945

nub-samplos 9 1531.81 1.08(r) 2050.44 1.2Xc)
orror 15 7950.03 - 2476.717 -
total 59 17645.04 - 6285.27 -

*Significant at 0.1% lovol. {r) Indicatsa errorfsub-sample in P.mtio.
sBasio data suppliod by courtesy of tho Director of Coasus and Statislics, Statistical
Offico, Rhodoaia.
8. [Indian National Sample Survey, 1955, In tho Indian NSS 0-th round,
1055, tho samplo design was two-stago stratificd with two “parties” of enumerators
in a Stato, each party working in two timo periods (the lattor consisting of threo
months cach), giving four estimates of any charaoteristio under study. Som and

lahalinobis (1046): Foroword to roprint, (1000u).
3Porsonn] communication from Dr. C.A.L. Myburgh, Diroctor, Btatistical Oftlce, Rhochoaia.
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Mukherjeo (1962) havo analysod tho data of rural Uttar Pradesh for strata having 4, 8
and 12 samplo villages each, tho data for cach villagoe being tnken ag the basic obsor-
vation. Tho analysis of varianco was dono for four demographio oharacterintics and
tho results aro summarized jn Tablo 2 which gives tho distribution of the theorotioal
and the observed party/error F-ratios fur strata having 4 and 8 sample villages each;
tho values of x* caloulated to test the guod: of fit and the associnted probabilitics
aro also shown in this table. Wore tho x? 's independent, it would have been possible
to pool theso probabilitics Ly tho P—2 test to arrive at an overall probability : such
a pooled probability comes to 0.37 and 0.64 respectively. Tho x*'s aro not, in fact,
indepondent and tho observod valucs would over-estimate the probabilities. Since,
however, the probabilitics aro quito high, wo could reasonably infor that the obsorved
froqueney distributions conform fairly well to tho thooretical distributions, that is,
that thero was no significant party-differences and that tho survey was under statis-
tical control.t

TABLE 2. DISTRIBUTION OF THEORETICAL AND OBSERVED PARTY-ERROR P-RATIOS
AND ASSOCIATED VALUES OF x1 1 N§S 9.TII ROUND, RURAL, UTTAR PRADESIL, 1033

obsorved froquancy corrosponding to

rango of P-ratio thaorotical soxratio  p of of p of
(from th right-hand froquoncy population litoralo porsons porsons aged
tail-ond) economically 60 above
active
(0.1) 0.2) [¢}] 2 () )
For partyjorror Furatio (1, 1 d.f.) in strata with ¢ samplo villagos cach
—Foo% 10 7 1n 13 [
P80%—F20% 10 I 13 7 10
F20%— [ ¢ 1 5 s
total 25 25 25 20 25
x2df) 2.70 4.20 1.80 0.30
P 0.26 013 0.43 0.80
For partyferror F.mtio (1, 4 d.f.) in strata with 8 samplo villagoes each
—Fidy 10.8 13 ° 10 12
Fi0%— 7.3 5 ° 8 o
Tolal 18 18 18 18 18
xi{1dt) 1.12 0.78 0.13 0.3
P 0.29 0.40 0.70 0.68

4Furthar oxaraples of analyals of variance of deraographio variablos aro given in Mahalanobis(1010)
and Indina N83 Roeport No. 48, Appondix 2.
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MARGIN OF UNCERTAINTY

0. Insample designs, it is customary to calculato the ecror from the eslimates
obtained at tho first stage (scleoted with roplacoment). Such an error includes also
tho differential effect of the onumerators. In samplo designa with interponctrating
sub-samples also, errory if caloulated in this mannor would includo tho differential
offects of the enumcrators.

10. In tho model for IPNS with a simplo random sampling adopted by Cochran
(1953), an unbinsed estimate of the samplo varianco of the samplo mean § was obtained
a3
? H—"
uy) = =1y

whero §; = Z yylm ($=1,2,...k) is the mean for tho i-th group (party), and
/= .

g= l“. I yy/mk, the grand mean,
]

11, In multi-stago stratified designs, most commonly met with, tho margin of
unecrtainty can bo built up from the two (or more) IPNS, which provide independent,
cqually valid estimates at the stratum level. This was done in tho 1953-55 Demo-
graphioc Samploe Survey of Southern Rhodesia and is being followed in tho Indian
Ns8.¢

12. Thusify,, is an (unbiased) estimato for an aggregato for the A-th stratum
from tho i-th IPNS (i = 1, 2, ..., k), tho estimated value at tho stratum level from all
IPNS would bo :

ge=1X yadk
and tho estimated aggregato over all strata
from tho i-th IPNS : yy = ‘;’.y“ . (1)
from all IPNS: oo = AX I e (2)
= % Yoilk. . (3)

The estimated varianco of 4 ealeulated from formula (2)is :

I I (yu—thol?

o) = rl’(.'hn) = -—X—A ‘1k—l) w )

and the estimated varianco of §, ooloulated from formula (3) is, sinco tho cstimates
obtained from the & IPNS are independent

Z (Yor— o) F[ ‘:: (vu—Hhol

oy _
V) = =y FE—T) )

¢ Eoo, for oxamplo, NSS Roport No. 48, Apponiix 2; and No. 49, Appondix 2.
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Both tho esti 1 vari aro unbinsed.! The varianoe t{,,) will have cffective
degrees of freedom lying between (k—1) and L{k—1) where L is tho numbor of strata
(Satterthwaito, 1046; Cochran, 1033); the variance v'(,), is much simpler to compute,
although being based on a smaller number of degrees of freodom ( = k—1), will bo leas
efficient.” With two sul ples, for plo, the estimated lacd error of tho
estimated §o, from formula (4) is :

(o) = AV E Un—m)

and from focmula (5) is simply : 8'(Joo) = §|¥01—¥as] Whore y, and y,, are tho stratum
cstimates and yo, and g,y tho catimated over all strata from tho two sub-samplos.
Bath theso standard errors aro easy to compute.

13. Tablo 3 shows in row 1 tho estimated variances of the birth and death
rates in the Kerala Stato in India, obtained from the Indian NSS, 14-th round, 1058-50:
theso wero calculated from tho variance and (corresponding covariance) formulae of
tho typo (4) from differences of the estimates from the two parties at the stratum
level. Tho error v btained from an analysis of variance dono on the data
and shown in row 2 of tho table, are, as expected, emaller than the corresponding
variances obtained earlier. The variances obtained by ignoring stratification aro
also shown in row 3 of the tablo.

TADLE 8. ESTDIATES, ERRORS, AND PERCENTAGE ERRORS OF BIRTH AND DEATI
RATES FOR TIIE KERALA STATE : INDIAN N8S, 14.TH ROUND, 105859

birth rate/1000 doath 1ato/1000
type of cstimato
cstimato  orror porcontago ostimato  orror percontage
error orror
(L) [¢] (&) ) (8) 0y m
L. miio of simplo unbiaxsod

aggrogato of tho variate to 3.2 2.98d 6.2 11.84 0.09% 5.98

that of population

2. aimplo avorngo of the rates
of the 72 samplo vilingea 3063 0.08  2.63 1106 0.86 8.9

. simplo avornge of tho ralos
of the 72 sample villagos 3669 1.0 2,08 108 0.8 8.82

2 N88 Report No. 48, Appondix 2.

b Obtained from the differencos of tho two partics at tho stratum Jovol.

© From tho intorclion "sicatum X party X lime" in analysis of varianco,
d Ignoring strntification and enleulnting ervors for two partios separatoly.

4 Boo also Lahiri (1054), Unitod Natlona (1000), and Zarkovich {1003).

% Dut on this pofnt sco Koop (1000), who has alxo given an illustmtion rol ting to prico indov num-
borm calloctod by mmpling mothods, whore tha computation of the variance of tho elaasical typo is not nor.
mally foasiblo, but the technique of IPNS would supply variancos in the above forms.
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14, Mahalanobis has shown a simplo non-pacametrio way of oxpressing tho
margin of uncertainty of tho estimators from the IPNS. Ench of tho indepondent,
interpenctrating sut plea provido an indey and equally valid estimator,
not only for the principal variates but also for tho derived functions, and directly
give, therefore, an estimato of tho margin of uncertainty involved in the estimator.
This ia an advantago of partioular relovanco to surveys in underdoveloped countries
where suitablo machines for tho calculation of variances (not only for a principal
variate, but a large number of variates and their derivod functions) aro not in plontiful
supply.  Tho probability that the median of the distribution of the samplo estimates
(which ia nssumed to bo symmctrical) which will convergo to the population mean In
Iargo samples, will be contained by tho rango of k estimates obtained from the k indo-

[
pendent, interpenotrating sub-samples is 1— (—;—) : with two sub-samplo estimates

for examyle, the range between the two estimates provides 50 por cont margin of un-
certninty for any derived functions workod out from theso two samples. Tho deri-
vation of such limits, besides boing simplo, involves a minimum of assumptions regard-
ing tho sampling distribution of the estimate.

16. Illustrations of margina of uncertainty. Tablo 4 illustrates the uso of
IPNS in sctting margins of wncertainty for some scleeted demographio variables.
Tho 60 per cent margins of uncortainty provided by the two indcpendent, interpene-
trating sub-samples are quite small and reasonable.
TADLE 4. MARGINS OF UNCERTAINTY FOR SOME SELECTED DEMOGRAPIIIC VARIABLES

ostimates
item samplo sizo
1 1o 1 sub. lo 2 inod  doviali
p P
m ) ) ) ) ()
1, bieth mto 1000 pornons, ram!
India 1038-500 38.60 38.02 38.26 1.23 234341
houscholls
2. donth mto/1000 porsons rueal
India, 1959-60¢ 14.87 15.29 15.08 2.7 240,372
housoholils
3. infant mortality m(6/1000 live
births, rueal West Bongal, 19554 173.00 104,20 100.16 5.82 5,539
livo births
4. avomgo age t marriago
of wifo (yg:ln), urban Indine 13.0 u.e 4.8 2.70 8,173
eoup!
5. incidonco mto for micknea/1000
porsons, urbna India, 1053.540 46.51 44.87 45.58 4.20 1,120
houscholin
8. oconomic activity rato/100
porwona, rumil Tndia, 1033.64¢ 44.70 45.14 44.02 0.98 8,235
bouncholds

& Poti et al. (1030).

€ D Gupta ef al. (1935).
S8 Roport No. 49.

€ NSS Report No. 14

2 1004 smplo 1 eatimato—samplo 2 eatimato '+ combined
ostimato.

bNS$ Report No, 48.

9 N$8 Dmft No. 110,
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10. By the mothod of IPNS adopted in tho Indian NSS round, it Is possible
to enloulate reparnto soctorat estimates for any desired brenkdowns by rogions, sooial,
or ceonomic-claasifications; but the margin of uncertainty would naturally increaso
with decreasing sizo of tho snmple breakdowns for nny round. On the othor hand,
if tho survey micthods remain basically the same from one round to another, results
frors tho different romnds can bo pooled togother to supply cstimates avereged ovor
tho time-perioda covered by theso rounds; and such pooled data would Lo based on a
much larger sizé of samplo than that for any single round. Furthor, na Mahalanobis
and Das Gupta (1834) havo pointed out, two independ: timates would conti
to bo provided in whatover way the data for difforent rounds are pooled togother or
broken down. Ono important pre-condition in such pooling up is that the same
partics should bo labelled by tho sams indepondont sample number over the different
rounds. This is being dono in tho Indian NSS from the 14-th round (1058-59).

17.  When as is usually the case, ono [s moro intorested in estimates of ratios
ratber than of aggregates, there is an added advantage in having IPNS, in that the
bins, gencrally inb t in ratio cstimates, can bo reduced on basis of two IPNS
(Aurthy and Nanjamma, 1059).

4. FRAOTILE ANALYSIS

18. Tho method of fractile graphical analysis, introduced by Mahalanobi
{1060b) in cconometrio studies is dependont on IPNS and has applications in domo-
graphio studies.

10. Fractilo analysis of tho total childron born per couplo by duration of
marringo haa been shown in Tablo 5 for the rural sector, and in Tablo 8 for tho urban
scctor from NSS 3rd round, August-November 1951. To get an equal numbor of
samplo houscholda in each of the 20 marriage duration groups adopted, the samplo
houscholds wero sub-sampled with probability proportional to tho multipliers, thua
rondoring a solf-weighting design. The couples in theso housoholds were then arranged
in ling order of magnitudo of the duration of marriago for each of the sub-samples
and tho combined samplo sop ly and tho childron born per couplo in the “vigintilo”
{five pereentilo) groupa caleulated and plotted in the Figuro bolow, The area botwoen
tho curves for tho two subsamples would give the “‘error”” of the combinoed curve, and
tho “soparation’ between the rural and urban scetors could bo moasured by tho diver-
genoo of the combined curves for the two scetors.  Tho “orror” of the urban curve is,
a8 expeoted, seen to bo much higher than that for the rural : the “separation” is, how-
over, comparatively less.

20. Two-teayfractil lysis. At y fraotilo analysia of the data on child
per couplo has been made in Tablea 7 and 8 for therural and urbnn sectors respeetivoly.
For any samplo, the couples wore first arranged acoording to tho asconding order of
duration of marringo and secondly according to tho per capita houscholil oxponditure,
This two-way arrangement could easily bo dono in tho Tabulating. Machines when a
werinl number according to tho order of duration and anothor for that on per capita
expondituro ato punched. Theso results oanoot, b . bo p ! graphically.
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Fig. 1. Fractile group of marrings duration

Tadisn National Sample Survey : 3rd round : August.September, 1351

Rund Uran
subsample1: 0+ 104+ -0 subaample 1 x+s Xssex
Whumple2: 0==-0--=0

combloed i 0 =0 =0

IPNS IN STATISTICAL ANALYSIS

21. The interponctration of samples adopted in tho Indian NSS was still
recently only field-deep. The samplo units in tho fiold aro arranged in intorpenotrat-
ing sub-samples, each covered by a soparato enumerator. But thoy loso their idontity
when they are p 1, tabulated and analysed. To provide oporational oontrol
at all the sulscquent stages (Mahalanobis, 1046), it is necossary that interpenotration
bo also introduced ab the post-ficld lovels of processing, tabulation and analysis. A
simplo, livo example may bo of interest. In caleulating the ratio of two cstimatos,
it was found that tho ratio was coming out inordinatoly low : this was traced to &
correspondingly high figuro for the denominator, duo to a fault in tho Caloulating

Punch Machine (tho Multiplicr) utilized for giving unbinsed estimates for tho ¢
and denominator scparately, If the caloulation wero arranged in two {or moro) Cal-
lating Punch Machines ( ling to tho number of intorponctrating samples),

the mistako would have been at onco ovident and would have saved much wastago.

IPNS IN¥ EPIDEMIOLOGIOAL SURVEYS

22, Interpenotration can also bo oxtonded furthor and deepor than tho fiold
expecially in epidemiologien] survoys whore this technique would require two or more
independent teams working in the field and the laboratory within the frame work of
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the samplo dexign (Cochran, 1053). It is also possiblo sometimes to divido ono fickl
team into two or more sclf-contained units. Tho indopendenco and intorpenotration
of tho samplo units may bo carricd out to tho extent possible.

23. Coming to a specifie epidemiological field, in a tuberoulosis survey this
techniquo would require two (or more) independent teams oollecting tho samples,
reading tho X-ray films, and making bacteriological tests, tho samplo-units being
arranged interpenctratingly within each domain of study : tho abovo techniquo, it
will bo realized, s different from the indepondent reading of all X-ray films by more
than ono reader without independent, interponotrating samples. In tho latter situa-
tion, tho individuals on whom the X-ray readings are made remain invariant for the
readers and the independont rendings would give an estimate of tho bias of the readers
only. With interpenctrating samples, on the other hand, the individuals in cach of
tho independent snmples would bo difforent and tho difforenco botween the samplo
estimates would consist of both the sampling cerrors and tho non-sampling errors,
arising from different sourcea of varintions—the bias of tho informants, tho bias of tho
observers, the bing in tho methods of work, eto. In a tuberoulosis survey, whero the
bias of the reader of tho X-ray films is important enough to bo rockoned in tho samplo
design, independent readings of tho films by more than ono reader can easily bo fitted
in the fr k of an interpenctrating sample design.

ADVANCED ESTIMATES FROM PART-SAMPLES

24. Provisional, ad 1 cstimates can, if roquired, be obtained on earlior
processing of one (or mom) of the IPNS (Mahalanobis, 1046; Aggarwal, 1963). The
IPXNS can also act as an i ngmnsb f tingencies in tho field (high
turnover of, or acoident to, investigators) or in the p ing, as altornativo estimates

would then be available for any domain of study.
IPNS AND SUPERVISION OF FIELD WORK

25. \While supervisory thecks are indisp blo for i loquate control
over field work of the enumerators, the techniquo of IPNS, by de!ectmg £ross orTors,
oan help in botter supervision in tho fiold work (as also in statistical tabulation).
Morcovor, if supervision can bo arranged on & probability basis, tho results can bo
utilized to improve thoso obtained by the primary enumerators (Sukhatme, 1053): the
units survoyed by the supervisors can then be considered to form ono intorponotrating
sub-samplo.

IPNS AXD ADDITIONAL TRAVEL COST

26. Tho techniquo of IPNS invol Iditionnl travel cost of tho investigators
whon tho eamo field area is covered independontly by the difforent parties of investi-
gators. Mokashi (1950) haa given a formula for tho losa of information duo to
this as o function of tho cost of journoy and othor time per unit arca. Mabalanobis
(1050) obacrved that IPNS do not increnso tho survoy budget (including planning,
processing, and analysis) moro than 10 per cent at an averego; and a proliminary
analysis of ona round of tho NSS data showed tho loss of information as 3} per cont

of tho total cost.
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TABLE 8. TOTAL NUMBER OF CHILDREN BORN PER COUPLE. BY FRACTILE
OROUPS OF MARRIAGE DURATION : X838 3RD ROUND t ALL-INDIA (RURAL)
AUGUST-NOVEMBER 1031

(009 vitlugos : 1,800 housoholds)

orcentilo limita of marringo ‘tatal number of childron bon
Jiration of cauplos fin yeurs) yor couplo

wmple | samplo?  combined smplo]  awmplo2  combined

[£}) 2) 3 ) (8) {6 (Y]
] o1 ot o1 0.01 0.05 0.04
2 02 (-3 02 0.20 0.12 0.15
3 04 0 04 0.48 0.10 0.30
+ 05 05 (4] 0.39 0.54 0.51
8 (] (] 04 0.93 0.18 0.87
] 07 01 07 1.23 1.0 1.22
7 09 09 09 1.3 141 1.20
8 11 10 10 1.62 1.48 1.05
1 13 1 13 2.8 2.20 2,18
10 13 15 15 2.60 2.80 2,80
11 18 18 18 3.20 3.05 3.05
12 18 18 18 3.60 3. 3.49
13 20 20 20 2.80 3.80 3.76

N 23 22 22 4.29 3.05 4.09
15 25 28 a3 4.80 4.00 4.46

18 28 28 28 5.08 4.7 4.03

17 30 30 30 5.85 5.28 5.43

18 35 30 5.18 5.12 5.18

19 40 41 42 5.70 5.43 5.50

20 60 65 L1 5.88 4.33 5.15

4The word *'vigintile has boon coined from a Latia root, meaning ono-twentloth part.

TABLE 8. TOTAL NUMBER OF CHILDREN BORN PER COUPLE, BY FRACTILE
GROUTS OF MARRIAGE DURATION : NS§§ IRD ROUND: ALL-INDIA (URBAN)
AUQUST-NOVEMBER 1051

(400 urban blocks : 400 housoholds)

Lrumnlila limite of marriage total pumber of childron born
. uration of couples {in yoors) por couplo
eamplol  samplo2  combined samplol  somplo2  combined

m (@ €] ) ©) (8 m
1 01 o1 01 0.12 0.20 0.13
2 02 02 02 0.27 0.33 0.37
El 0 03 o 0.40 0.40 0.47
4 [ 04 o4 1.07 1.00 0.87
3 05 00 05 0.87 1.47 0.77
[ [ 00 0.47 0.03 1.03
7 08 07 1.13 1.47 1.40
8 o1 10 09 1.47 2.60 1.83
0 13 10 1.40 3.80 2.57
10 1 18 13 1.67 2.87 2.1
i 13 18 15 2.33 3.07 2.20
12 15 18 17 2.33 4.40 3.00
13 17 20 20 3.27 5.80 4.28
" 21 24 22 4.21 5.40 4.02
15 2 28 25 5.27 4.80 .97
16 27 28 27 4.33 5.13 4.0
17 31 32 3t 3.47 5.87 €.00
18 35 38 4.87 6.3 5.80
10 42 40 5.27 41 5.30
20 54 k) 1 5.13 .03 4.07

800 footnote ta Table 5.
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TABLE 7. TOTAL NUMBER OF CHILDREN BORN PER COUPLE DY DECILES OF FER
CAPITA MONTHLY ROUSEHOLD EXPENDITUNE AND MARRIAGE DURATION

ALL-INDIA (RURAL) 1 N88 3RD ROUND
AUGUST-NOVEMDER 1051

(009 villagos : 1,600 houssholls)

por capita marriages durmtion (yoars) (docilos)
L smmplo
oxporuditure [} ) 3 [ 5 ) 7 [ s 10
(in lta.)
(docilou)
(0.1) 0.2) m [£4] (U] [0} (U] © m 8 [
' t 0.07 1.00 1.40 2.63 3.568 3.18 4.69 5.85 5.20 5.67
2 0.17 070 0.73 2,00 2.4¢ 3.066 4.30 377 6.2 8.50
combined 0.09 0.53 1,36 2.17 3.08 3.40 4.44 4.38 530 5.0
2 1 0.08 0.60 0.80 1.83 2.00 {43 4.75 4.80 0.4 5.60
2 — 01 1.05 2.00 2.63 3.27 5.50 4.43 B5.27 6.08
combiaed 0.08 0.51 078 1.83 3.2 3.8 4.87 4.82 6.00 562
3 1 011 — 0.85 1.06 3.27 2.83 411 610 677 4.6
2 0.11 0.2 1.7 LN 2,00 248 441 821 517 5.00
comblned 0.08 0.0 1.00 1.33 1.07 311 4.67 5.8 4.03 467
¢ 1 0.07 043 LI 153 2.4 4.23 517 5.8 5353 6.90
2 0.33 140 0,73 1,13 245 3.80 284 B5.57 5.32 530
combisod 0.15 0.67 0.87 1.67 2.43 8.03 3.07 5.82 06.00 8.08
] 1 — 030 0.3 145 270 &.00 478 4.07 6.8 4.87
2 0.05 0.20 0.92 1.28 3.00 3.47 404 .55 557 4.07
combinod 0.12 0.30 0.62 1.23 3.00 $.43 4.37 418 683 47
[] 1 0.21 0.67 0.67 1.16 1.87 3.20 4.30 4.20 440 8.4
2 0.11 0.30 0.25 1.60 223 2.08 3.27 4.33 480 452
combined 0.14 0.16 0.57 1.54 2.31 270 3.89 4.66 491 B.67
7 1 0.33 0.25 1. 177 333 175 2.7 8.00 4.02 519
2 — 0.8 113 1.00 214 2.64 4.08 489 56.08 6.05
combined 0.18 0.32 118 1.37 2.58 3.48 4.56 348 4.82 8.43
8 1 009 133 1,38 147 2.05 4.33 50 548 9.4
2 0.10 0.44 0.80 2,00 1.67 4.3 3.86 540 4.00
combined 0,11 0.01 1,00 1.21 220 3.67 552 4.09 6.53
° 1 0.5 0.75 1,52 1.26 1.00 3.30 295 5.62 5.3 6.0
0.10 0.68 1.40 0.83 1.93 3.38 3.87 4T 417 4.87
combined 0.0 0.85 1.37 0.00 1.09 3.2 3.42 4.8 5.39 5.70
10 1 — 033 004 120 173 810 319 838 570 8.75
2 —  0.05 0.40 2.03 225 3.65 2.00 4.00 5.0 3.80
combined — 0.2¢ 1E8 146 1.97 9.28 3.02 3.81 B.4é 408
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TABLE 8. TOTAL NUMBER OF CHILDREN BORN PER COUPLE BY DECILES OF PER
CAPITA MONTIILY HOUSEHOLD EXPENDITURE AND MARRIAGE DURATION
ALL.INDIA {URBAN}: N38 3RD ROUND

AUGUST-NOVEMBER 103)

(490 urban blocks 1 400 houncholds)

por capita
housthulls marrisge duration (ycara) (docilos)
expenditurs anmplo
(in i) 1 2 3 4 1 6 7 8 1 10
(daciles)
(0.1) (0.2 Mm@ e mom e Mm@ ™ 1
1 1 - -_ - 1.50 1.00 8.67 5.14 B8.30 .00 4.50
2 0.00 1.20 0.00 2.00 5.00 4.00 4.00 T80 — 3.3
combinod 0.00 1.00 0.00 1.00 3.00 .20 478 7.50 4.00 3.01
q 1 0.33 0.76 1.00 2.00 .00 8.25 2.00 4.00 8.50 5.40
2 0.00 1.33 2.00 1.67 233 4.33 6.20 8.67 3.00 B5.00
combined 0.25 1.00 1.33 0.80 3.00 3.86 4.88 5.25 6.00 B.40
3 1 1.00 0.25 1.33 — 2.00 2.33 4.67 06.00 3.50 10.00
2 0.00 0.33 — 2.00 4.50 4.00 .83 2.75 8.00 8.75
combinad 0.93 0.23 2.00 2.00 2.38 4.00 .07 4.00 &40 9.0
3 1 —~ 8.00 1.33 050 1.50 — .17 - 1.60 2.00
2 0.20 1.00 1.40 5.00 2.00 1.00 4.50 3.00 5.80 5.00
combinod 0.14 1.44 0.8 1.00 2.14 2.50 2.67 2.7 3.8 8.50
5 1 -_ _ 1.00 - 1.23 2.50 5.25 2.57 6.00 6.3
2 0.07 1.00 0.07 1.76 2.60 0.00 3.40 5.87 1000 3.67
combined 0.50 — 0,80 1.00 2.00 3.7 5.07 350 T.00 4.40
L} 1 1.00 — 2.00 2.00 3.00 5.00 2.76 38.00 7.00 3.7
2 0.20 1.00 1.67 2.28 3.26 — 13.00 — 0.38 8.00
combined 0.40 — 1.67 3.00 2.80 3.2 4.00 ¢.67 7.62 3.88
7 1 0.50 — —_ - 1.786 2.25 3.00 8.00 6.33 3.50
2 0.60 0.00 1.00 4.00 8.50 B5.00 2.00 8.67 68.80 —
combined 0.82 0.00 0.67 1,04 4.87 200 4.00 0.00 6.02 3.60
L] 1 - 1.00 2.00 1.33 1.50 2.83 2.60 2.80 4.00 6.00
2 0.33 0.00 1.00 2.60 2.25 6.00 7.20 £.33 4.8 4.76
combined 0.20 0.00 1.26 2.00 1.00 2.81 4.25 4.65 4.8 5.4
9 1 0.20 0.67 0.50 -_ — 6.00 - 7.50 2.80 —
2 0.00 030 1.00 1.80 3.00 4.00 — 4.67 6.80 4.25
combined 0.10 0.64 0.38 0.60 2.67 4.00 0.00 3.07 4.67 3.38
10 1 —_ — 076 1.25 2.00 2,00 7.33 4.07 6.50
2 — 016 2.33 300 3.00 1.40 3.00 4.00 8.00 4.50
combined 0.00 0.11 1.40 1.00 2.75 2,17 3.00 5.20 4.80 4.33
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Appendix 1
PROBLEX OF CONSTANT D1AD

Ono viow is that tho problom of @ conatant bias Is not 8 sarpling problom per se.  Howovor, wo
ahall take it that ono of the exsontial objoctivas of any enquiry, whothor on a samplo or a complote onumora.
tion baais, i to oblain catimatoa with ascortainablo magnituilos of difforent types of orror and binscs.

It appoare that the IPNS is gonorlly undomtosd vory narrowly, relating only to the samo lovel
of onumetators. The tochniquo hns, of courss, & much widor dofinition. For example, (he sub.samplo
wnita may bo 80 arrangod thut somo are investigated by the regular primary enumsratom and somo othora
(not nocossarily oquat in nurnbar or £izo) by onumeratore at o highot lovel, sny the miporvisory stafl : the
diffuronce In tho two sots of ostimatea will give an idea of the Avorugs constant bias, if any, of tho primary
ooumemtors.  Similarly, tho rogulae questionnnire may be covored by somo sub-samplos and a detailod
quostionnaire, nadoquate probes, by some othors (ngain not nocomarily of the samo numbor or siza);
o tho roforonco porioda may b mado to diffor in the difforent sota of sub-asmplos. Ta a demogmphis
sample survoy on births and doaths, for oxamplo, somo sub-samplos may bo i
enquirios, and somo othors by porioiia obsorvations; some by regulnr onumeritom, and oum- by modical
or para-modical slaff; and so on.

Tho difforent subjocts under study {onumomtors, mathoda of data colloction, roforonco poriods),
whon takon up in combination in dilforont sub-samplos, would ropresont tho difforent combinations pomcbla
(or desirablo). 1t ia vory untikoly that thoro will bo conslant biss raaning through all thoss combinations.
And it is in this soase, that ono may agros with Mahalnnabis {1060) that “if oll mothods of ascortain.
mont aro bisned to the s1rao extont thon such bina can novor bo dotectod nnd may be considored mota-
Physical”

Appendix 2

or

Al the oxamples quotod did not gonomlly rovnl any difforontinl offects of onumerators. An
additional oxamplo is given bolow (Mahalanobis, 1046), whom enumorator differoncos wore dotocted by
the tochnique of TPNS 1

TABLE 9. ANALYSIS OF VARIANCE OF AGE (IN YEARS):
BENGAL LABOUR ENQUIRY, JAQGADDAL, 1044a
(3 Blocks % 5 Enumorators)

sourcs. dr. me. F.ratio
©) m ) @
Block 2 62.1 0.49
onumorntor 4 304.8 2.20°
block X onumerator 8 10.5 0.6t
botweon sub-ramplos 14 140.8 1.10
within sub-samplea 510 1217 -
total 824 "128.1 —

A Mahalanobis {1046), with equalized nurmbor of familioa por cell.
* Significant at 5% dovel.

Appeadix 3

or TAXLoES OF

‘Tho formula given by Mokashi (1030) for Lhe loas information por unit cost dus to ITNS is
cj+or

Vita

for mndomly allocatod samplos, aa followed in the Indinn NSS, whoro ¢; == cost por Joumoy time, and

€3 = cost por othor timoe (enumoration, statiatical work ote.), por square milo. From the NS3 eighth round,

on bawis of the timo rocords kopt by the invoatigators, it was ostimatoed that gyjey = 0.10, from which the

toas of information por unit cost was obtained na 3} por cont.

1—

an
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