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PROFESSOR P. C. MAHALANOLIS then reail His paper:

RECENT EXPERIMENTS 4 STATISTICAL SAMPLING ™ THE INDIAN STATISTICAL INSTITUTE

Imroduciion

1 was naturaily gratified to receive in March 1946 an invitation 1O prescnt A paper bofors the Royal
Statistical Sosiety during my visit 19 London, 1had collected some matcrial for this purposs and
had writien certain portions of the paper when 1 was suddenly obliged to leave fndia ot the end of
April 1o aucnd o session of the United Nations Statisticil Commigsion in New Yook, Orwing 1o
unforescen ditficulitics and pressure of work in connection with the Royal Society and Erpice
Scientific Conferences in Londom'in June and July, 1 hacne time o finish the papat. 1t was noi even
possible 10 circulate the tables which had to be presented pefore the moeting in 2 mimeographed
form. 1 greatly appreciate (e kindness shown to me in relaxing the rule about submitting the
written paper in advance, and secondly in arranging the present meeliag during the closed session.
The present paper contains {he observations made at the meeting as well as curtain portions of my
original notes. 1 acknowledge with thanks the nelp 1 have recetved from my young colleague,
Prasad Bancries, in putting this papsr in its final shape.

Restricted scupe of the paper. This paper has been detiberatciy named as ** Recent Eaperiments
in Statistical Sampling in the {ndian Statistical nstitute " 1o muke it clear that [ have no desire 10
speak on samipie surveys in general, or o muke any attampt to give an account of the wany inter-
esting and sigaiticant developments in statistical sampling which have taken place in recent years
outsids india. A large number of papers have becn published on re subject in statistical and
scientific journais, ana Dr. F. Yates, in the papec recantly presented belure the Royal Statistical
Soctety, haus given @ comprehensive review. Itisnot necessary for me 10 :ouch the ground covered
by others. The nim of the present papet is 1o draw atiention o cortain experiments in staiisiicul
sampiing conducted during the period 193745 by the Indian Satistical 1astiute, of which L am the
Honorary Secrelary.

The Indian Sratistical Institite. [twillbe convenient if T give at Ihis stage a brief account of the

Indian Statistical Institute itself, as. this wouid explain the set-up in which the work was done.
The [nstitute wis inaugurated on December 17th, 1931, apd wad formally registered on April 23th,
1932, as a non-profit-making scientific sociely. work begen on 2 small scaie, and the rotal
expenditare in the virst year (1932-33) was apout £40. Specicl courses in statistics were sturted in
the second Yeal, which fater Jeveloped inio reguiar post-graduaate rraining clizies. Rescenrch work
was ais0 begun, at first on a4 past-tine basis. but latet with the help of 2 whole-tire nuclear staff.
A scheme for conducting exarninations and warding certificaes of proiiciency for computers and
statisticians had been prepared in 1035-36 which was broughs into effect fcom 1938, In 1941 ihe
Institute helped in 23t hiishing 2 post-graduate Jeparment of stutistics in the Caicutla University
.offering whole-time courses for the degrees in Statistics of M.A- and M.Sc.; and the aclual teaching
work was done in whe Institute jiself by 2 practicatly joint instituic and Universiy sl Ad hoc
enquiries B 4 small scale were peing underiaken from 1935, but projest work began to develop on
4 lurpe scale from 1937 with the iniciation of a scheme for imoroving the forecast of ihe wcd
under jute in Bengul. The project side developed rapidly Jduring the war, a3 the lnstitute hud 0
undeniake various statistical cnquiries and surveys on behall of Government Depariments. in
194536 the iotal volume of employment was about 750 MAN-years, Jivided about gquaily banwecn
thse statisticai and field branches, and the toral expenditare was of the order of £100,000. Excepting
for a comparasively smail research grant of about £4,000, practicahly the whole of the incoma Wwils
derived in the form of contract grants from Government Deparuments for specific enquiries and
proiects. 1t is intetesting fo observe that the machinery was practicatly the sama which nad
developed independently in the U S.A.. where large schemes of statistizal investigations relating
1o \he war effoit wers eing done in Jdiferent Universities and sclentific instivutions with she help
of contract grants from the Government-

Condgitions of work. Several points deserve (o be emphasized. Each project of enguiry hod
definite practical objectives which were laid down by the client {usually 2 Government Departs
ment): the permissivle margin of grror of the results was broagsy indicated ; therenquiry had 10 be
conducted 1 dccordanee with a TBAIE (NS Senedule 30 a5 12 S bic interim or final reports to b
submitted DY particular dates! the whole wark had to be done within the {imits ol ar all-inclusite
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vy b 10 be carried out under great duileulies. The rescarch pat had e undurichen Wis
matarany of an applied type. Ngvertheloss fasciating Jreoretica? prob conunuaily

arisiny, vome of which were und are being tackicd on fupdamental hincs. In preparing i gdasign
of cach ~aniple survey tha three most important considerations thus were s, cost, and the human
agency --all, of course, in rclation to the maost important factot of the perniissibic margin of error
whick +.oas usuably stipulated in advance.

Crariepiad engineveing. in the present papsre { have very much in mind hose problems of
oryuni.u,on which arise when-i sample sarvey s o be carzied out on 4 very targe seate. The
duteranse 10 quantity is 50 great that i brings about practicully 2 chanee in guaiiy. The mani-
factuie pn A commercial scale of a chemical gives rise to problems of 20 entirely differsat ¥pe {rom

those v-itich have to e solved in small-scale working i~ a laboratory, and the differance (s s0 great

thay we give expression 10 it by calling large-suale produgtion 1 marer of chemical ongingeriag
rather than of pure cnemistry.  1n the same way large-scale sample surveys may be appropriately
called s:atistical cngincering. A good deal of the prasent pupet is in fact concerned with statistical
enginecring rather than the pure theory of sampling.

Generul vbsercations

The sample enquirics discussed in the present paper full into two broad types. A greaf deal of
work Las been doas on szmple suTveys on 2n cxiensive seale covering whole provinces 150,000 10
140,000 SGUATS miles in extent in the same seasan), in which the object has becn 10 abtain reiluble
estirniies of the acreags, rae of yield per aeTe, 4nd total production of important fond and iibre
crops ike rice, wieit. jute, ete.y of of economic of demographic faciors relating o indebtedness,
uneramoyment, destisution, paddy land, plough cattle, birk rate, duihLate, ¢ien of rura} inmilics.
For such work the lecinique used has Jwiys tyaen the area or grid methed, ia which comparatively
small w.npling units (of ared OF §ize ranging icom about twe Teras 10 OLe Square miler wers located
at rosdom, and information was sollected for each sampie-unit by direct phvsical iaspestion o
investosation.  Estimaies for distric’s (about 2,500 syuare miles or 50 in area on an averags) or
e province asa whole were then abtained directly by multipiying okservad averages by appropriaie
multinlying factors {equal to the ralio of the tetal geographical area of the region to the ol arca
cover.d in the sampie surveys). ’

17 . sceond type of work tha enquiry was more localized, and refated 10 cost and level of living,
housitr, CoNsSLMpLion of food, clothes, 18,5 preferences Yor particuiar types of commadiiics;
reactions [0 radio proyrammes: sublic opinion Of varicus subjects. i,

Terminology and classificarion of sample SUrveEs

Rurore procseding further it will ke convenicnt 1o expiain the terminoiogy 2t classitication of
safip) s surveys, in Cag area method the syanilast physical cleinent whicn can e separately surveyed
4 a guad.  Typieal exampies are a siagle piant for determining the vicld of crop: 2 single

it or houschoid (having food from he same kitchen) for ascortaining Lne cost of living: ora
singic individeal i ant ~TUPOIMELTIE OT Blood-groip surveys. The whole region of feld to besurvared
may e then considered to consist of a very large aumbed of suchh witimate physica! elements or
grels. ’

Qeted ancl cs:y’u‘gura:r‘umzl sampling. Sampling may then proceed in WO different ways, Tho
ultizte physicai glement OF quad may be adonted us the sampling unit, or a group OF such elements
taken together may be used as ihe unit for sampling; these two types are cailed ™ quad ™" and
 contigurational ™ for ~erid ' or - cluster 71 sampiing, The grid, in the acea method, consists
of a svitzble number of adioining quads or vitimare physical units. For cexample, in Crop SUNEYS
in Bogal it waos found that a suiable sampling unil was 3 grig of syuare shape and sizg 2°25 Lere.
Esci -rid thus consists of a compact group of udjoining guuds. .

+ must be noted, however. (hat the sumple-unit may .lso consist of quads separated from one
anotier, but in a tixed spatial configuration—iar example, 4 quads at the corner of 2 square of a
aiver wza. It is convenient therefore 10 distinguish between the ' grid T and the ™ claster.”” and
.21 the formed 1O & COMPASL group of adiouing iadividuai unitg, and s Jatter 10 other IVpes
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of configuraiional sampling where the quads are not adjoining but are arranged in some particuiar
patiern in one or two dimensions. Every mh individual unit im 2 linear series would also in this
sense be an example of cluster or conligurational sampling. From the present point of vicw aft
sampiling methods may then be characterized as being of cither (1) of quad, () of grid, or {3) of ~
cluster type.

Zonal and ron-zonal, The important point to be noted is that all the sample-units have to be
located at random. But this can be done in two ways—namely, distributing the sample units over
the region under survey as a whole, or by first dividing the whole region into a suitable number of
sub-divisions or zones, altoeating a suitable number of sample units to cach zone, and then locading
such sample units, grids, or clusters at random within each zone separately. This gives rise to
two types—namely, {1) without zoning or non-zonal, and (2) zonal sampling. :

Multi-stuge. 5o far methods have been considered in which the sample units are located at
random in ofe single stage over each zone or over the whole area under survey.  ln many enquiries
this method cannot be used because of its high cost. For example, in ¢stimating the rate of yield
per acre of crops it is usually necessary to proceed by stages. A number of zones are first sefected
at random; within each selected zone a number of villages are next selected at random; within
cach village so selected a number of fields are then selected at random; and within cach field so
selected one or more sample cuts are finally located at random. In this method the act of random-
ization is nerformed, not in one singlc stage, but in successive stages. The coverags of the process

_of randomization takes piace repeatcdly over smailer and smaller regions. This type of sampling
is called muiti-stage.

Replicated netwarks of sample units. Taformation for each zone (or for the entire feld under
survey) may be coilected in'one single network of saraple units; or the information may be coliectad
separately for two or more networks of sampleunits. Each such network wouid givean independent
estimate, and differences between such estimates supply immediately measures of the over-all ot
effective margin of error. A characteristic feature of the Statistical Institute’s work has been the
use of such independent replicated networks of samples.

It would be noticed that quad or configurational, zonal or non-zonal, and replicated sampling
can be used with either the uni-stage or the multi-stage methods. Thus quad sampling may be used
2t one or more stages, and grid or cluster at another stage. In the same way, the sampling method
may be non-zonal at one or more stages and zonal at others. There may be one single network

f samplgs at ons or MoTE Stages or more than one network at other stages.  The present system of
classification of sampling mathods is thus Aexible and comprehensive, and makes it possible to
describe any particular design of sample survey in a precise and non-ambiguous manner, It is
suggesied that the present rerminalogy (with such modifications that may be considered desirable)
should be adopted as a standard system for the classification of sample surveys.

Large-scale surveys

+ When the work is done on an extensive scale covering a large geographical arsa it is almost
inevitable that the sample units must be located at a considerabic distance from one another. The
investigators have therefore to spend a good deal of time in travelling from one sample unit 10

another.  The total time (or the total cost} of field operations thus consists of two broad portions—
namely, the actual time or cost required for enumeration or investigation of the sampie units, and
the time required for the journeys between different sample units. 1n such surveys it would be
obviously uneconiomical to collect information for a single quad in ¢ach locality. 1t is therelore
usually arranged to use a grid or a cluster—that is, a group of quads for investigation in cach
locality visited by the investigator.

Cost function. Large-scale sample surveys are necessarily expensive, and considerations of cast
are therefore of great importance.

As aiready noted, in surveys covering large geographical areas the cost of feld operations
depends on the time required for actual cnumeration or investigaticn and the time raguired
for journeys from one sample cnit to another. Collesting information for grids of z large
size would naturaily take more tire. If grids of a large size are used, shen the total number
which can be surveyed must be necessarily smatl. Grids of a large size would be thus more
widely scattered, so that the time required for journeys would be larger for each journcy of ant

avarage, but there would be fewer joumneys to pertorm. Working with grids of a small size it
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woul! be possible to use 2 large number so that the average Jdistance cpart would be less. The
tline for journeys On an average would be less, but a large number of journeys would have 1o bie
urderizken,  The totad cost of vperatiens thus depends on the size of the grids and their total
number,  Working within o tixed budget this meuns that once the size of the grids is satiled, their
total number must also be determined by the budger limis.

tn enguirics which are geographicatly more localized, but which are conducted on a swilicienily
large scule, the cost of operation depends on the way the Geld survey is organired—thut is, on
the nurure of the human agency employed for the work, the methods adopied for collecting the
arimary data, arrangements for checking and supervision, ewc. In every large-scale enquiry the
eost is, therefore, determined by the particular plan or design of survey proposed 1o ke adopred.

Variance function. Cost. however, is not the only consiceration. The precision of the final
resuits is also important. The variance of grids or sample units decreases as the size L. arez)
of the grid or sample unif is increased.  In crop-survey work it becanie clear quite early that the
decrease.in variance with an increase in the size ol the grid was appreciably slower than the normal
rate of decrease (namely, inversely as the size of the sample unit). \What particulur size of grid
would be most economical weuld therefore depend on how the variance changss with tha size of the
grid.  This necessitates 2 study of the variance function which gives the refation between the variance
and the size of the grid.  More generaily, each way of disiributing the sample units—that is, each
particular design of sampling—involves its own appropriate sampling ervor, so that corresponding
to czch dosign there exists its speeific veriance function.

Optimum soletions. 1t is now possible i terms of the cost and variance functions to state the
conditions for an optimum or most cconomicil design for sampling, The aim may be stated in
either of the following two alternative forms: («) to determine the size and distribution or density
of grids or sample units in such a way that the variance {or margin of error) of the final estimate is 2
minimurm when the toral cost of the sample survey is fixed; or, alternatively, (8} 10 determine the
size nnd distribution of sample units so as to feduce the variance (or margin of error) of the tinal
astimute 10 any desired level aza minimumcost. 1t has been shown elsewhere how concrete solutions
(which are the same for either of the allernasive forms) cun be obtained with the heip of an empiricul
know ledge of the variance and cost functions.

Twao points are worth noting.  The above approach is indispensable when the scale of operations
is sufliciently large, and individual grids or sampling units are so widely separated that an appreciable
amount of time and cost is incurred in journeys betwecn grids of sample units, or whed a lurge
number of investigators are employed for the tield survey so that the cost depends materially on the
way in which the iield staff is organized. Secondly, such large-scale sample surveys usually give
risc to many problems involving the human agency which have engagad the special attention of the
ndiznn Statistical nstituze for a long time, and to which more detailed reforences have been made
in laier sections.

Exploratory (or sequentil) developnicnt

The planning of a sample survey thus has several aspecis—namely, (1) zoning and/or strasi-
fication: (2) size of the grid or sample unit; (3) arrangements {or replication; (4) deasity or distri-
bution of grids in different zones or swrata; (5) preparation of forms and scheduies: (6) structure
and organization of the {ield staff; {7} arrungements for the statistical processing of the marerial,
ete. 11 has been explained above how the cfficiency of the desiga of the sampie survey can be
maximized from joint considerations of variance and cost functions. To use such methods it is
necessary 16 have previous information about those two functions. O:her reievant information
relating to the region or universe to be surveysd is also of great value in preparing the design. In
fact. the greater the amount and accuracy of such information the greater is the possibility of
reducing the cost of operations.

\vhen sbsoiutely no information is available, and yet the survey has to be compicted at one single
opcration, there is no cther alternative but 0 use unrestricted random sampling without zoning,
or with such zoning or stratification as may be considersd convenient from a purely organizational
point of view,

Tortunately, some information is usually available.  Also, especially in iarge-svale waork, the
survey has often to be continued irom year to vear or at suitable intervals. Tt s therefore usuaiiy
possible to adopt the exploratory method, in which a sample survey is first carried out on & very
smai!l scale with the primary object of collecting basic information required for preparing an efficient
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