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Model Sampling Experiments
I must refer to another special feature of the Institute——namely, the extensive use of model

satapling experiments in applied work. For exampie, in the Bengal zrop survey, information /
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was collected about the crop grown on each individual fieid for large tracts, and these were recorded
on maps. 1t was then possible to carry out, in the Statistical Laboratory, a large variety of model
sampling experiments using grids of different sizes and densities.  Such studies proved most
helpfu! in developing the actual sampling technigue. .

In the case of space distributions, it has becn shown clsewhere that the patch number supplies
a useful concept.  Consider a map of, say, an agricultural arca with fickds which are assumed,
for the sake of simplicity, to be of the same size. Suppose cach ficld which is shown with paddy
is coloured yellow, and fields withous paddy are lelt blank or white. The map of any such region
wouid be then broken up into a number of yellow and white paiches, depending on the actual
distribution over space of ficlds under paddy. If alicmate fields in both directions arc sown with
paddy, then the pattern will be something like that of a chessboard: and in this casc the-total
number of patches will be equal to the total number of fields. On the other hand, if half the
whole area is sown with paddy in one compact bloc and the other half is left without paddy, then
the patch number will be simply two. In any actual situation the patch number will lie between
these two limits, If the fields to be sown with paddy (or to be marked yeltow) are selected purely
at random, then the patch number would show a characteristic distribution.

It is obvious that the design of the sample survey can be made more efficiont if something
is known about the distribution of the patches. For example, if the patch-pattern is of the chass-
board type, then it will be quite sufficient to explore (in the ideal limit) only two adjoining
cells to secure 2 complete picture. If the patck number is only two, then the best plan would
be to try to settle the boundary between the two heaps. In any case, when there is any appre-
ciable tendency towards patierning, it is often possible 10 have recourse 1o configurational {which
is sometimes called ** systematic ') sampling.

For two colours (i.e., for a binomial distribution) in one dimension the theoretical solution
is known. For more than two colours in one dimension, or for two or more colours in two
dimensions, compleie theoretical solutions have not yet been given. Raj Chandra Bose is carry-
ing on mathematical researches on the sampling distribution of the patch number in the case
of a binomial field in two dimensions, and has obtained a number of uselul resuits.

Investigations are also proceeding on purely experimental lines under the leadership of
Jitendra Mohan Sen Gupta. A number of different sets of fields each of size 100 x 100—i.c.,
consisting of 10,000 cells arranged in the form of a square—were constructed and filled with
numbers from o to 9 at random (or, to be more strict, what are believed to be arranged at random)
in two dimensions. Some were based on well-known tables of random numbers. A large nuinber
were produced mechanically with the Hollerith equipment by the British Tabulating Machine Co.,
Lid. By assigning different digits 1o different colours, it is possibie 1o preparc random distributions
of patches on these fields and to study the patch number experimentally. Work is being doneona
large scale, and has already yieided results which, it is believed, would supply useful information
for the guidance of practical work, as well as valuable clucs for mathematical researches,

T shall give onc concrete exampie. Consider an n < « field. Let p be the probability for a
cell to be black, and g to be white (p = ¢ = 1). 1n courting black paiches contact is recognized
only along sides, but in counting white patches contact is permitted both along sides and at corners.
Let B be the number of black patches and W 1he number of while patches (as defined above),
but embedded within black patches. R. C. Bose has given the following results:

Expectation E(B — W) = p + 2(n — Dpg + (n — 1V*(p¢* — P°q)
Variance V(8 — W) = aipg — ¥n — Lpig — (6* — 10a — 4)p7g® — (64 — 40n =+ 30)p°¢* —
(148 — 560 + 54)pig® + (3202 — 1040 + 84)pq" ~— (O — 30n + 25ypqt

The results of one series of modal sampling experiments is given in the following two tables,
35 and 36. The observed average number of {black minus embedded white) patches and the
. expected number calcutated by the above formula are shown in cols. 2 and 3 of Table 35 for
various values of p. The difference between the observed and expocted number divided by the
standard error of the difference (based on the theoretical value of the variance as calcufated from
the formuls given above) is shown in col. 4. Although the distribution may not be strictly
normal in the present case, it is likely that the figures in col. 4 may behave approximately as
normal deviates. It will be noticed that out of thiny-six comparisons ne fewer than ten are
significant at 1 per cent, level and three at the 5 par cent, level.




1546)

Model sampling cxperiments,  Compuarison of expected and whserved average mmber of

Swatistical Sampling in the Inbian Statistical Institute

TABLE 35

(bluck minus embedded wiite) patches in a binomiai feld”

Averyge number

Average humber

365

[ 1
I
! v Noemal | ! Normai
2 ) T devialy D deviag
Observed Expecied . Observed Expectad !
T [} i 0 4 5 . W6} J o
10 cells X 10 ceils (n = 000} 20 cells % 20 cells (2 = 250)
o1 799 82 ¢ =507t ¢ ~3§4 0 3%ag | —035
10 1281 L1293 _jse 1 3o bspls —1:34
03 14w | 1348 ~0-32 5483 1 5382 | oo
[ O 1330 1 432 032 l 4834 4767 | 1756
5 1028 0 1046 217 33 0 3236 1 35| e
06 | sy | Ty —+08+ L Q197 | 131y | 333
a7 096 | 25 ~Ft f =73 | — 572 | ~3Tof
o8 . -206 . 202 ¢ —DA) | —183¢ ! =353 e
09 | -289 | 266 | —485% | —1834 | —1835 | 203"
30 cells x 50 cells (n = 200) 100 ceils x 100 catls (v = 50)
01 %003 w133 0 —167 1 TT4E ¢ S029K Po=1T
02 0587 L 30764 =140 LETD 123368 | —dddt
03 3gedd 0 32%ed8 — D293 10763 g8
04 A2 L T4 087 109006 1 108291 ¢ 164
¢35 177Te0 r I7S06 1 193 68174 1 cerSs i 393+
05 4103 1 3717 - =517t 12282 | 14221 1 305
O7 L= TTS0 ¢~ TS2 0 =300t . —3§326 —3457% | 07
o8 15182 | —i5285 BO3 L 65486  —&577F | 101
¢S -7 -7 o9 —607-30 fooeT
] H

Lo—605-E4

* Significant at § per cent. level. T Significant 2t 1 per cent. level,

A similar comparison of observed and expected values of the standard deviation is shown
in Table 36, Using lurge sample theory, the diferences between observed and expected values
are found o be significant in three out of thirty-six cases at the 5 per cent, and three out of

thirty-six cases at the I per cent.

level of significance.
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It iz clear that expected values of the patch number or of the variance are noi confirmed in
a rigorous manner. The general agreoment between observed and expected values indicatys,
however, that the theoretical resuits are probably not wrong. The flailure is, therefore, most
probably due to some or all the ficlds used for experimental sampling not being of a sufficiently
random character. This often happens in practice. In fact, as pointed out in the paper on
large-scale sample surveys (in the Phil. Trans), the concept of degrecs of randomness is par-
ticularly useful in situations similar to the present one. 1 may conclude this section by siating
that we have a big programme of work for model sampling experiments, but progress is slow for
lack of resources.

Sample survey of the economic background of the Bengal famine

A sample survey was undertaken in 1944-45 to collect information relating to the afier-effects
and the economic background of the Bengal famine of 1943. A first report by Ramkrishna Muk-
herjee, Ambika Ghosh, and mysell has been published in Sankirya (the indian Journal of Statistics),
Vol. 7, Part 4, and it is not necessary to enter into details, but a few typical results may be of
interest in the present connection. The enquiry covered 15,76¢ families selected at random from
386 villuges, which themselves were selected at random from 41 (out of $6 rural) sub-divisions
{administrative units) covering about 60,000 sq. miles in Bengal. The design was zonal, with
stratification of sub-divisions by intensity of incidence of famine conditions; and randomization
of villages was completed separately within each sub-division.

From the sample survey it appeared that the land position was precaricus even before the
famine, with one-third of all rural families having no paddy lund, while two-fifths had less than
2 acres, s0 that about three-fourths of all rural famiiies had cither no paddy land or owned less
than 2 acres. With an average production of 820 Ibs. of rice per acre, an average consumption
of about 320 lbs, per head per year and an average family size of §'4 persons. the subsistence level
would be about z acres of paddy land per {family on an average. The actua! over-all average
for the province was, however, found by the sample survey to be about '8 acres of paddy land
per rural family, which was below the subsistence level. Itis not surprising therefore that, averaged
over a number of years before the war, there was a small but net import of a little over 1 per cent,
of total production of rice and other cereals into the province.

“The sample survey showed that the classification of sub-divisions by amount of paddy land
owned per family before the famine was roughly paralici to the degree of incidence of famine
conditions, indicating that sub-divisions in which there were more families with paddy land below
subsistence level were more vulnerable to the famine,

It was found that about 1-6 millions of familics (about one-fourth of the number who had
owned paddy land before the famine) had either sold in full or in part, or had mortgazed their
padéy land during the famine period. About a quarter of a million of families were obliged
to sell all their paddy land, and were thus reduced to the rank of lamdless labour.”

The nct loss of plough catde was about o miition, or 13 per cent., during the famine period.
Sales of cattle largely exceeded purchases, showing that transfers had taken place not merely
from oné rural family to another, but that large putchases to the extent of ubout §oo,000 head
of cattle had been made by outsiders (possibly by contractors for the supply of meat for army
consumption).

The economic deterioration was measured by the number of families transferred from occupa-
tions at a higher economic level to occupations at a lower level. Assessed by such methods, it
was found that about 700,000 of rural families had suffcred a lowering of econamic status during
the famine. It was also found that even at the beginning of 1943 (betore the zdvent ol famine
conditions) there had been alrcady an increase of 150,000 of destitute peisoms. There was a
further increase of about 330,000 destitutes during the famine jtself, so that nearly half a million
persons were rendered destitute under war and famine conditions in Bengai.

Even in the pre-famine period (January 1939 to Januaty 1943) about 6-84 per cent. of rural
familiet had suffered economic detcrioration against 3-32 per cent. who had improved their
economic level, while the position of 1-07 per cent. was not clear. Economic deterieration had
thus set in definitely in the prc-famine period. Rates of change become more rapid during
the famine period. Improvement in economic status during the famine period was redatively
twice as great as that in the pre-famine period; but this was offset by a three times greater rate
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of ¢conomic deterioration and tweive times grealer rate of destitution. The famine period was
thus one of greatly accelerated ceonomic changes. lmprovement of economic conditions was
quicher, but wiss restricied (o a comparatively smuil number of families.  Deterondtion and destis
tution were even more acceleruced, and were shared by a large number of families. The poorer
sections of the community, especially landless labour, fishermen, and village craftsmen, were
most seriously affected, and many were rendered destitute; the middle group, who had Exnd of
their own and other asscts, were naturaily less vuinerable; aad a comparatively small number of
families in the upper stratum had remained immune, and sometimes even became prosperous.

I'he above summary gives an idea of the kind of information which it was possible to secure
by the sample survey. The margin of error of the sample estimales in the cases investigated
varicd roughly between 3 and 5 per cent.  Comparison with other available statistics also showed
differences of the same order. For example, extrapolating from the cautle census figures of 1930
and 1949, the calculated number of plough-catile in rural Bengal in the beginning of 1943 was
about 8-3 millions. The sample estimate was about 7-¢ millions, giving a difference of about
§ per cent.  The sample estimate of 186 millions of acres of paddy land was also not incon-
sistent with other available estimates.  On the whole, the above enquiry showed the possibility
of using the sample sutvey in 2 quick and efficient manner to obtain information about economic
conditions in rural arcas with a margin of crror sufficient for many practical purposes.

A nulti-purpose survey in Bengal, 1934647

I may briefly refer to an extensive survey (which is actuaily in prosress in Bengal at the present
time, in 1946-47) as an example of a multiple survey. The size of the grid (sampic unit) in this
asc s just T sq. mile, and the information is being collected in the Sorm of two independent but
inerpenetrating networks of sampie units.  In the rirst stuge of the survey all houscholas falling
within each grid were surveyed with a rather short schedule covering 1 number of basic items,
sucly as sex and age composition of the family, caste and community, occupation, agriculwral
land, number of cattle, total indebtedness. ewc. Information has been already collected for
84,370 famities from 475 2rids scautered over sbout 60,000 sq. miles of rurai Bengal. The informa-
tion is being tabulated on Hoilerith machines, and certain preliminary cstimates have been made
on tiae basis of about half the number of famiiies surveyed.

The totai rural population based on this portion of the material is found to be 50-16#millions,
rouvhly as in March or April 1946, with a czlcuiated standard error of 5-26 miilions. The corre.
sponding census popuiation in rural Bengai in March 1941 was 47-:85 mitlions, Owing to uncer-
tainties in census counts it is difficult to calculate reiiable rates of growth of population, especially
in Bengal.  [tis also difficult 10 assess the exact eifects of the Bengal famine of 1943 on the growth
of papulation.  We may, however, make some rough calculations, The total poputation (includ-
ing rural and urban areas) of Bengal was ubout 46-7 millions in 1924, so-1 millions in 1931, and
60-3 millions in 1941, Very rough estimutes by linear extrapolation can be made on the above
basis.  Adopting the rate of growth during 1931-41, the extrapolated rural population as in
March 1946 would be about 51-9 millions. Thers are, however, reasons to believe that the census
count in 1931 was abnormaily low on account of the non-co-operation movement. Adopting
the average rate of growth during the tweniy-year period 1921—41, the extrapolated figure for
the rural population at the end of 1944 would be about 04 millions. The observed sample
estimate of 50-1 millions is thus of the right dimensional order; and is fairly satistactory with a
sampiing fraciion of about 1: 250.

The cnquiry just complered is, however, only the first fold or layer of the survey. Arrange.
menis are now being made to select about 20 per cent. of the families included in the first survey
for o more detailed study of rural indebtedness and agricuitural laoour. If everything proceeds
smouvtnly it should be possible to amplify the results for the second survey for making estimates
for w:e sampie cavered In the first survey, and hence for the rural population of Bengal as a whole.
Afler the second survey js over, if funds permit, it is proposed to reduce ihe number of families’
much further and carry out a detailed enquiry into family budget and other socio-economic
conditions, At exch successive survey the families would be selected at random, hut with appro-
Privie zoning andjor stratification, so that it should be possible to ampiify the resuits of one
survey 10 obtain estimates for the fanilies coverad in an carlier survey, and hence, finaily, for afl
rurai families in the province. :
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- Other work in statistical sampling

A pgood deal of other work on statistical samipling has been und is being done in the Indian
Statistical Institute. In most cases thesc have definite practical ends in vicw. The important
point which I shouid, however, like to emphasize is that such practical stucics have continuaily
given rise to theorctical problems of fundamental intcrest. The subject of crop surveys itseil
raised many questions of theorctical interest, to some of which ! have alceady referred. [ have
als0 mentioned that probability problems relating to space distributions are being tackled on
fruitful lines with the help of topological and combinatorial concepts by Raj Chandra Bose.
The close integration of apptied work and theoretical researches has been such a valuable leature
of the work of the [nstitute that it scems worth while giving a few more examples.

Analvsis of anthropomeiric measurements. The statistica} analysis of anthropometric measure-
ments—work which may be properly considered to be purely of an upplied nature—had led.
about zo years ago, to interesting theoretical developments in the formulation of the generalized
distance (D'-statistic). It was the starting point of a good deal of mathematical research in
the theory of sampling from multivariate correlated population by Raj Chandra Bose and
Samarendra Nath Roy, whose work in this subject is already well krown.

We had occasion recenily to ake yp an anthropometric siudy of an extensive series of physical
measurements covering 3,000 individuals belonging to twenty-two different castes and tribes in
the United Provinces of India. All the measurcments werc taken by one individual observer,
Dr. D. N. Majumdar of the Lucknow University, and were therciore free from diffcrences of
personal equation. This made the material particularly suitable for comparative purposes.
The use of the Dt-statistic has, 1 believe, yielded information of great interest and signilicance.
As the paper is in the press, and will be shortly available, [ need not enter into details.

I may mention one result which is of some methodological interest. From general con-
siderations 1 reached the conclusion that, when correlations between variates are 1aken properly
into consideration {as in the D2-stalistic), the use of indices (such as the cephalic or the nasal
index) do not supply any additional information. This has besn fully contirmed by C. R. Rao
by actual numerical calculations. In fact, the present study has given rise to 2 number of
interesting theoretical developments on which Rao has done some very usefut work.

More recently, in 194546, Dr. D. N. Majumdar, working under the auspices of the Institute,
has coliected a large volume of material relating to physical measurements and blood-group tests
of about 4,000 individuals belonging to various communities, castes. and tribes of Bengal, The
analysis of this material should vield valuable results. A survey of blood pressure which was
concluded some time ago is perhaps worth mentioning in the present connection.

Design of experiments. At one time a great deal of work relating to the design of agricuiturai
experiments had been done in the Institute. This had led to significant theoretical researches
in which the concepts of the Galois field and finile geometry were used with great success by
R. C. Bose and. under his leadership, by workers iike K. Raghavan Nair, K. Kishen, C. R, Rao,
Harikinkar Nandi and others.

Circulation of rupees and rupee nofes. At the request of the Reserve Bank of India, experi-
mental surveys wers made and methods were devised for estimating the civculation of silver rupces
of vatious dates by sample counts at a number of receiving centres, like banks or railway stations.
A method was also devised, based on sample counts of rupce nates received back in the Reserve
Bank, to estimate the average life of such notes. 1t may be mentioned, incidentally, that this
project gave rise to an interesting problem of measuring the magniwde of the differcnce between
samples drawn from multinomial populations which was tackied on fundamental lines on the
theoretical side by Anil Kumar Bhattacharyya, with promising results. A brief note was issued
in the Report of the Reserve Bank of Indiz on Currency sad Finance for the year 194041,
op. 49-54.

Sampling for yield of cinchona bark. 1 have already mentioned the project for estimating ihe
yicld of cinchora bark as an example of muitiple sampling. 1t is interesting to note that the
finai choice of physical measurcments was made in this case from considerations of cost. 11 was
found, for example, that although the measuremenis of the surface area of the standing plant
gave the highest correlation with the yield of bark {0-863 in one case against the next highest
o-690 for a different character), the use of three simple physical measurements like the ™ standing
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vertical height of 1ne plant,” the = girth at height of 6 inchas above ground level.” and the ** number
of siemis of the plant at ground level,”” gave a multiple correlation of 0-846. Theoreticaliy the use
of suriace area would be more efficienr, innsmuch as observations on cighiy-nine piants would
give the same information as the measurement of the three other characiers on 109 plants, The
time 1nd trouble to measure the surface area for cighty-nine plants would be, however, far greater
than that for measuring the other three characters on 100 plants. This is a simple example of
the use of cost considerations in sculing the sampling programme.

TTis particuiar project also has given rise (o many interesting problems of the estimation of
appropriate errors in the case of multipte sampling of various kinds. Mrs. Chanicli Bose has
obtuinud a number of useful results and is working on the subject. :

Population enguivies.  After the Indian Census of 1941, the Government of india had decided,
as 1 matter of ccononly, 1 cut down most of the standard tabies: ¢ven age or occupational
tables were not prepared, Fortunataly, Mr. M. W. M. Yeatts, as Census Commissioner, had
issucd instructions for the preservation of a 2 per cent. sample consisting of every fiftieth individual
census slip,  1n certain aceas, mostly in indian States, full tabulation had been carried our. A
comparison of resuits based on the complets count and on the 2 per cent. Y-sample in such areas
showed that it should be possible to reconstruct most of the rables with sufficient accuracy for
practical purposes.  Abour 7 millions of the 2 per cent. slips have been brought over 1o the Statis-
tical Laboratory in Caleutta from ail over India, and the work of transterring the information
to Hollerith cards has already started. In only one province—namely, Bihur-—the originai
census slips had also been preserved; and ad hoc sampling studies on the basis of this material
are ulo proceeding. .

The above projects were sanctioned on the recommendations of the Population Data Com-
mirtee which was appointed by the Government of India in May 944, and which submitted its
report in June 1945. A comprehensive programme relating 1o population census and demo-
graphuc siatistics yeacraily was prepared by this Commitiee, and it was definitely recommended
that & continuing sample census of the Indian population should be carried out from year o
year.

Siatistics of road development, Mention may also be made of the use of sampling methods
for truific count on roads and connscted socio-economic variates in the trfic catchment, The
object in this project is to lay down a sciemific foundation for preparing programmes of
road development. K. B. Madhava and Satyabrata Sen are at present actively engaged in this
work.

Postal iraffic and revenue.  An cnouiry is proceeding at present to explore the possibilities
of using the sampling method for estimating in advance the volume of traffic and revenue i

different postal secrors.  Exploratory surveys under the guidance of Satyabrata Sen have alrcady
yielded encouraging results,

Interated programme of work

The need of handling computational work on 2 very large scale has been salutary in teaching
us the importance of eflicient organization of the human agency. J. M. Sen Guprta and N. T.
Mazthow and others have done valuable work in (Ris direction.  An acccunt of this work, especially
from the point of view of cost accounting, wou!d, 1 think, be of considerable intwerest. Unfortu~
nately, we have not vet had sufficient time or moncy 1o undertake this in a systematic manner.

Along with compuiational work may be mentioned the preparation of statistical tables of
various Xinds ywhich ofien require the calculation of numerical values of Bessel and other mathe-
matical functions), which has been proceeding for many years, and offers scope for training
in a very useful branch of statisticul work. The names of J. M. Sen Guprta, Purnendu Kumar
Bose. und Raja Rao may be mentioned.

The contact berween statisticians 2nd field workers lias also been fruitful in every way. The
crediv for the successful organization of the field side is airaost entirely due o the organizing
leadership and the ability to appreciate statistical needs on the part of Nihar Chandra Chakra-
varti and workers ia the Field Branch, like Dhirendra Mohan Ganguly, Pronay Kumar Chatterjee
2ad others.  Much valuable work on the field has uiso been done by statisticians like J. M. Sen
Gupt, Birendranath Ghosh, N. T. Mathew, Pymendu Kumar Bose, IHarikinkar Nandi, and
others. 1 may perhaps also mention that during the last few years the usual practice was
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for all theoretical workers, inch'-..a:lg R. C. Bose and $. N. Roy, to Lve in camp on the field for
a few weeks in connection with crop-survey work.

Training in statistics has also been an important part of Institute activitics [rom the very
beginning. One-ycar post-M.Sc. courses, us 2lso occasiomal special courses in particular subjects,
are being arranged for a long time. The Institute workers have aiso been intimately associated
with the two-year course leading 1o the M.A. o¢ M.Sc. degree and the recently introduced two- -
year course leading to the Honours B.Sc. degree in Statistics in the Calcutta University.

" inthe light of the experience gained during the last fifteen years { am convinced that the close
integration of applied work, theoreticai research, and training otfrs the soundest line of advance
in statistical work, especially on the professional side. It offers scope for developing the spirit
of team work among persons with widely varying interests which alonc can make it possible to
tackle many problems on a scale large enough to ensure success. [ have been fortunate in having
secured a large group of able and enthusiastic waorkers, each of whom in his own line has much
greater knowledge and ability than myself. Whatever success the Indian Statistical Institute
has achieved is in fact essentially due to the spirit of co-operative effort.
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DiscussioN ON PROFESSOR MAHALANOBIS'S PAPER

Dr. F. Yates: T have much pleasure in proposing the vote of thanks. Professor Mahaianobis
has given ug a most interesting description of the work for which he has been responsible in India.
His acidress has provided a vivid picture of the Institute which hie directs, and at the same time has
shown what encrmous strides have heen made there, and haw extremely able his direction has been.

There is not time to discuss all the many interesting points that Professor Mahalanobis has
raised, but 1 should first like to take the cpportunily of ¢xpressing my admiration lor the way in
which he has handied the anaiysis of the social survey and broadeast survey data, the discussion of
which formed the last past of his address. Thoss who have hud experience uf the unalysis of data
of this type will know that while it is comparatively easy t0 présent tables giving overali perceniages,
etc., the critical analysis of such material does present very great ditficulties.  Professor Mabaiunobis
is ceruiinly to be congratulated on the penclrating methods of analysis he Ras deveioped in
connection with these surveys. There is no doubdt that the statistical analysis is the most difficuit
part of social survey work of this kind, and it is much to be hoped that further efforts will be made
to develop the methodology. .

Professor Mahalznobis did not spend much time discussing his sampling methods, There are
several points of mutual interest that [ should like to have the opporiunity of discussing with him
personally, but which 1 will not troubie to bring up now. 1 fully agree with Professor Mahaianobis
thet the determination of the sampling procedure is often the easiest part of a survey, but [ would
stress that this ease is in fact based on experience, which has to be acquired by a thorough study of
the variability of the material that is being sampied. .

Professor Mahalanobis finds the sampling problems easy because his Institute has built up a
body of experience in sampling of the particujar types of material with which it is concerned.
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This contains a moral for us all, We cannot devise good statistical metiods rerely by sitting in
our stwdies and theorizing. Good statistical mecthods almost invariably result from contact
between the mathemarical statistician and tie workers who are fesponsible for collecting the dinia,
amd who are interested not in the stutistical mcthods themselves, but in the canclusions that energe
from thweir work. Consequently, the statistician must be in intimate coniact with the actual
numerical material.  He must not think solely in terms of algebraic symbols.  Professor Fisher
once made what | consider a most revealing remark : ** Most of the statistics which [ have learne,
1 have lcarnt on the cemputing machine. '
Professor Mahalanobis has been concerned with the problem of securing numerical accuracy
in the compulations. In this connection | might mention tive expericnce § had in the geodetic
survey of West Africa. In that puart of the world it was AECESSAry 10 carry out much of the main
framework of the survey by means of traverses instead of triangulation. The dilTicalty with
waverses s thut they ainvolve a wvast amount of computation which 5 not szlt-chocking, In
triznguiation, once the base line is determines), the remainder of the combuiaLions are self-checking-—
it is impossible to make an crror of any magnitude in g Lomputaton which will not reveai iisclf
later in glaring discrepancies.
We had a very great struggle to get the numerical work of OUT traverses correct. We eventually
evolved o most rigorous system of compuration. Al compuiations were done in the field in
dupticate, the duplicates being compared only at certain poinis. A third computation was then
done ut headquarters using the © setting-out "’ taping, which was carricd out in metres instead of
fect, and bearings 45¢ difterent from the true bearings, 50 as to give ditferent sings and cosines.
This last computation was carried out 50 as to eliminate errors of the type that arc Lkely to be made
independen:ly by different COMputers—e, ., weiting an odd tapingicngth of 349-321 f1. as 499-321 1.,
when praciically all the taping lengths are just under 00 {1,
I was interested, afier this systera had been evolved, in finding that the U.S, Coast and Geodetic
Survey laid it down in their standard instructions that triangulation was to be used in preference to
traverses, if the cost was not more than 160 per cent, greater, simpiy because of the danger of
computing crrors. {1t is now recogmized that with modern invar tapes {raverses are quite as
accuraie, possibly more accurate, than triangulation.)
Professor Mahalanobis stressed the imporiance of providing the results of sampling survevs on
the required dates,  We had an interesting cxample of this—whieh illustratos the tlexibility of
sampling methods—during the war, when we were making an cstimate of the amount of standing
timber in the country.  The tirst estimares were reGuired within abour tive months of the decision
to undartake the survey, Initiaily the survey hud besn planned to be undertaken in WO § per cent.
samplcs, the sampling units bsin 6-inch Grdnance Survey Quarter Sheats (3 miles < 2 miles;.
Owing 1o the almost inevitable delays in organization, collection of stafl, etc., it was cléar by the
tirtc we were ready to start work, that the tirst g per cent. sample would not be completed and
analysed by the given date. | therefore insisted that the first S per cent, sample should be divided
into two parts. This was done by the simple process of drawing o diagonal fine across each
sampled 6-inch Ordnance Survey Quarter Sheat, There was, in fact, considerabiz opposition to
this. as it was tlought that the resuiss of o 2§ per cent. sample would not be sufficiently accurate
for the required purpose.  Fortunately { knew, from previous experience, the variability of the
material, and was able 1o promise that the resuits would be of the required sccuracy, and that
morcover when they were obtained, estimates of the actual standard errors could be furnished so
as ta provide concrete eviderce of this accuracy. | am not sure whether (hese standurd errors
really carricd conviction, but what certainly did convinge those who were initially in doubt was the

" close agreement between the first 2! per cent. sample ana the second 2} per cent. sample, and
berv2en these and the second 5 per cent. sample,

This iltustrates an important point in survey work.  la general, averafl estimates for the whole
arca are tirst requized, [t is on these estimaies that the droad administrative decisions are based.
Subsequently more datailed cstimaies for dillerent narts of the area may well be Tequired., in order

to unplement the administrative decisions. Ry carrving out a sampling suney in siages. as was
adopted in the Forestry Survey, and as is tlso, I think, Professor Mahalanobis's practice, the
administraters can be given the necessary information on which to bass their decisions, while
addiuonal data for more detailed end accurate estimates are being collected.

P'rofessor Mahalanobis mentioned the large biases that he has erco picred when taking smalt
areas for estimating crop yields. Toacerthinaymm . ¢ safm: ? lis country,
but cnly to a limitad desree. [ suspect that many of these troubles wil] gradually fadz swav, as'a
pernianent organization of trained people is builtup. In our survey work in Alrica. for example,
Much of the tieid work wag undertaken by native surveyors who were trained in o Survey School
which had been specially set up for the purpose, ‘We had very lintle trouble with thess sum, CYOLs.
The very rigorous methods of booking observations which are siways foliowed in survey practice
Wwere a great help,  All observations must be booked direct into properly printed £eld note-sooks
Which have numbered pages. The surveyor is completely ar tiberty to reject any observations
With which he is not satisfied, but.a permanent record of such observations s aiways available, so

_ BWtitis possiple to find out what the surveyor has reaily done. _Sometimes they did very funny
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things. ©Qne surveyor-—quite a conscientions man—had been taken to task because his ficld work
was not reaching the requircd standard of nccuracy.  Subseguent to this he turned in a serics of
traverses in which the closing efrowe in his hearings (on astronemical azimuths) were far smaller
than they should have been.  Ad first it was thought that the results had been Jdetiberaicly fuked.
Subsequent cross-questioning revealed, hoveever, that having made a preliminary computation of
his closing error and hinding it targer than be thought it should be, he had gone vack the next day
and re-observed some of the angies. rejecting the old or the new obscrvation of cach angle according
te which improved the closure.  The methods of booking cnabled him to prove that this was what
had been done, and also cnabled the matter to be set right without any re-observation,

Dr. C. OswaLD GEoORGE, in sceending the vote of thanks: Never have I so much enjoyed
listening to an address of this character, nat only because of its intrinsic interest, but also because of
the particularly charming manner of its delivery.

_ The first point which strikes one is perbaps the difference between conditions in India and in
this country. On the other hand, therz are important similarities. OF the various heudings
Professor Mahalanobis has written on the blackboard, we in this country also have 1o consider
problems of time and sampling errors, and—ior there is a body here known as the Treasury—the
cost of statistical cnquiries.  Calculating and recording errors are also not unknown here.  Had i
been speaking a fortight ago, | might have spoken more confidently on the much higher standards
of agcuracy in this country, but [ {ear Professor Mahalanobis may have seen the unfortunate
calculations of mean yields in a recent issue of what we had previousty regarded as an almost
infallible newspaper. ~So | will pass over that point,

What he calls errors from physical fluctuation, I assume, anise with crops such as jute, where
one reporter may find two acres under the crop, while unother reporter, visiiing the same farm a
fortnight later, may find no jute acreage whatcver. Under the existing system in this country,
where returns relat to a specitied day, the sume problem does not arise, but some of his sampling
problems interest us.  He teils of the various sampling methods he adopied, ' unitary and zonai,
coafigurational and unrestricted.” but unfortunately he has not given us suificient detaii to permit
any useful comment on their theorctical or practical merits.  He [requently mentioned large-scale
sampling theory, but if greater usc had been made of stratified sampling, small sample theory
would possibly have come morg into the picture.

[ was particularly interested by his dcrailed treatment of errors, for I think the question of
errors (other than sampling errors) is of more importance than is sometimes belicved. How
many can lay their hands on their hearts and szy that in their pubiished work, errors—if not quite
of the 1ype most troublesome in India, nevertheless of serious import—have never reiched the
printers? But it is noteworthy that Professor Mahalanobis does not meation errors due to the
machines: perhaps in the [ndian climate machines are infatlible !

Another point that struck me was the speaker’s attitude towards 2 system of complcte
enumeration and his declaration; when comparing it, detrimentally, with sample surveys, thal
complete enumeration is entirely iacking in any kind of control and precludes any valid estimate
of the margin of error of the final resuits.  Without further explanation it is niot casy to sce why
the underlying weaknesses are inherent in the one and entircly absent from the other, or why a
system of duplicated surveys cannot be used in conjunction with comglete cnumeration.  And
whatever may be desirable in India, it is pot likely that in this country complete cnumeration will
be entirely dispensed with, but rather that it will be used as a basis upon which sumpling survcys
may be developed. o ,

Professor Mahalanobis has laid particular stress on the results of the Bihar survey shown in
Table I. and it is 1o this that I shouid like to confine my final remarks. He says that his system
of sampling was very successful, in that in the case of ricc and pulses 3 very small sample of about
0-025 per cent. gave results within about 2 per cent. of the final resuft obtained from the total
sample. We are not told what was the result of the small sample in the case of sugar-cane. But
what strikes one most about Table | is perhaps the variations between the vanous estimates,
particularly that between estimates 8 and 9, which suggest something more than sampiing errors.
Estimate § for rice gave 13.650.000 acres, a [all of 355,000 acres compared with estimate 8. It is
noticeable thac this is a larger ditference than that beiween estimate | (based on a sample ol ane
in 4,175) and estimate 9, although it resulted from a large increase in the sampls {ifrom 307 to
100-0 per cent., or 1g-3 per cent. of the wholc sample).  1f my arithmetic is not wrong, it seems that
the total aereage in or about Jan . if it had been estimated from this 19-3 per cent. of the total
sample. would be only about 12-2 million acres. .

What is the explanation of such large discrepancies? We have not been given sufficient derail
to decide this point. An apparent explanation would be that there are what Professor Mahzlanobis
referred to as physical Huctuations, which would presumably mean that the aereage under rice
changes substaniizily from moath to month, or even from day to day. But this can hardly be th¢
explanation, tor if it were, any similarity between the first estimate in October and the last in
January could hardly bz attributed to the merits of the sampling methods eniployed. The question
would also arise of what was being estimated: was it the acreage under the crop in October, or




