STATISTICS FOR ECONOMIC DEVELOPMENT®

By P. C. MAMALANODIS
Indian Statisticnl Instituta

Friemls,

T am glad to havo this opportunity of being with you today. T consiler it a groat
honour to fullow on the locture given by Sir Ronald Fisher on “Statistica fur the Acquisition
of Knowledgo of the Real World." I shall make certain observations which may perhaps
be idered to Le suppl -y or complimentary to somo of his obacrvations this aftor-
noon.

I havo sclected the topic, “Statistics for E ic D p " Tho titlo I think
indicates tho point which I shall bo continually etreasing, namely, that statistics has two
aspeets ono of which is utiliterian or oconomie; and the other, which is scientific, or as
Sir Ronald has enlled it, acsthotic, in the senso of giving inteloctual satisfaction.

The utilitarian or oconono phaso of statistics had its origin in time immemorial,
from the collection of information relating to socia! and economic conditions to help in making
policy and administrative decisions. Tho English word “statistics” is indood connoctod with
stateeraft, tho busincas of the State or of Government or Adminlstration (1).

In overy country whenever thero has been an upsurgo of social and cconomic and
political activitics, there hes alsa beon a rapid sdvanco of statistics. In my own country, in
Tndia, during & period of great national prosperity In the 3rd or tho 4th century B. C., in
the time of tho Emporor Asoka, wo find a most claborato systom of statistics of which an
account is given in tho Arthasastra of Kautilya (2). Noarly two thousand years later in tho
16th century, in the time of the great Muslim Emperor Akbar, wo find again a very claborate
system of statistics in the comprehensive survoy of tho country eallod Ain-i-Akbari (3). In
tho British poriod in India, at tho timo of renowod countrywide economio activitics, thoro
wero great advances in statistica of which ono atriking examplo was the survoy of East India
by Francis Buchanan in the first docado of tho 10th century (§). Again, during tho last ton or
twolvo years sinco indopondenco, thoro has been a great deal of oxpansion of statistical acti-
vities in India,

I havo given a fow examples from my own country to illustrato the point that tho
advanco of atatistics has accompanied or has beon an essontial factor in social and economio
progress.  This is equally true for other countrics (5).

The concept of random events omerged much lator, as Sir Ronald Fisher has pointed
out today, Tt camo in connexion with garos of chanco, for oxamplo, in rules for tho equit-
ablodivision of stakes which I beliovo wero given by Candan and by Galileoin the 16th contury.

*Presontod at the Specind Mcoling on May 23, 1900, aponsored by tho Ashi Shimbun under
tho joint collaboration of tho Mathomatical Bociety of Japan, the Resoarch Associntion of Statistical
Bclonces and tho Oporations Roscarch Socioly of Japan and originally published in tho Jourmol
of the Operationa Reacarch Sociely of Japan, Vol. 3, Numbor 3, January 1001 i reprintod hero with tho
kind pormisxion of the Editor,

A sories of Bibtiographical Reforoncos are givon in an Appeidix | the roforenco numbers (1), (2).
(3)s ehe, corrempond to tho sorind number of thews Bibliogmphicul Roforonccs.
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The theory of ‘mathematical prubability” in fast was developed fn eannexion with problena
of chanco; this, I venture to suggest, had bath a motivation which iv utilitarian or econamia
(in cstimating the chanee of winning a stake) and anuther, which in Sir Ronakl'a senss, ix
acsthetio an which may perhaps bo akw called mathematical or logionl.

This dual aspect of molivation in statisties lod, later on, to a dichotomy in the organi-
zation of teaching and reacarch in statistics, one portion being included under ‘economic
and the other portion under ‘pure mathematica.” This lias had some unfortunate conse-
muences.  Tho attempt to teach and treal atatistics ax n branch of purs mathemntics hina
led to sterilo exercises in abatract mathematical aymboly which have no rolation to the real
workl.

This point deserves a littlo claboration. [ ahall accopt Bertrand Russell's description
of puro mathomaties, as nll reasoning of the form :  “If P, then Q”, with the essential condti-
tion that ono must not enquire what I and Q are, or whotlier they aro real.  And yet, my
fﬂcndl. I llunk you will not disputo that statistics is very much concerned with observations,
1 anid expori fon in the workl of physical reality, in sll the
aciences, both natural anil eocial.  Stalistics in fact, has to deal with tho raw data of ail tho
sciences, natural and social, and therofore nust deal with the world of reality. [ submit,
atatistics cannot possibly bo conridered ta bo a branch of pure mathematies {in tho senso of
“if P, then Q").

Also, wo do know that tho statistical approach las had a tremendous impact on the
progress of acience, Let mo givo somo oxamples.  Consider the concopt of 8 normal distri-
bution of statistical variates. It had its origin in the mathematical theory of games of chanco,
but it also supplied the foundation for tho thoory of errors of obsorvations in the hands of
Gauss and other famous aciontists. This atill remains tho basic mothod for the adjustmont
of plysical ohservations in all the scionces.

Again, tho eamo normel distribution wns npphod with great success in the kinotic
theory of gascs, in studying tho distribution of of molecules in threo di
which led to spectacular results in pliysics. T may also montion tho development of “statisti-
cal mechanics” with tho emergenco of the concept of entropy linked with probability and the
lovel of randomness of distribution of physical etates,

In this way tho great socond law of thormodynamics las a atatistical foundation.
Amd it is this second law alono, among the so-called laws of plysics doveloped in tho 10th
century or oven during tho last half a century, which still survives in ita original form.
Newton's lawa of geavitation hnd to bo malified, even Einatein's theorics aro being modified;
but tho sccond law still slands, perhaps, may I venturo to suggest, becauso of its cssontinbly
statistical naturo 7

Sir Ronald has referred to tho need of somo kind of axiom of ignoranco in statistica,
Wo find this also in physics in the principlo of vncertainty enunciated by Hoisenborg,

I ahall not try to givo further examples from physics. In biology I should like to
mention thot it waa Sir Francia Galton who first got the concopt of statistical correlntion
botween biological variates such as tho hoight of fathers and the height of sons.  Now, this
concopt was entircly now in a pliysical senso, although nch carlivr the great Gauss himself
had dealt with the mathematics of correlntion in tho form of tho cross product of crrors of
obacrvation without, liowover, being awaro of tho physical notion of corrclation (6). Thus
oven Qauss missed tho atatistical concopt of correlation although ho had handled its puse
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mathematies. T think this rupporta tho point which T made carlier, namely, that statisties
deals with the world of reality while mathomatien iz coneerned with the worll of abstraction
in which tho question of physieal reality ix ontirely menningleas,

However, mathematica hos to be usad continually in dealing with the roal world,
but 23 a tool. There is a wido gulf betweon the “world of reality” and the “world of puro
mathematies,” and Sir Ronald Fisher has shown the way to bridge this gulf with the help
of the eancept of “fiducial prahability.”

Perhaps I may give a very vimplo example. Let us consider the tossing of a cain.
Ifit can bo assumel axiomatically that tho coin is unbinased then, of course, statements about
results of repeated tossing of the coin would ho a part of deductivo mathematies, in which tho
caneept of “repeated sampling™ woulil he of erucial importance.

But, in the world of renlity wlhen wo have a real cvin, the axiom ix not written on
it that it is unbiassed. It now hecomes & problan of statistics to find ont, from an obsorveed
sarics of ohservations of tossings of tho coin, whether the coin is unbiassed; or, if it has a biaa,
to estimato tho bins, This is a problem of statistics, that is, of inductive infe and not
of deductive mathematics.

On this viow, statistics must bo treated as an applied scienco or a technology with o
dual motivation, one utilitarian and oconomio and the other, I am using the convenient word
aesthotle, in the senso of hing which givea intoll 1 satiafacti

On this vie Alahmm must always have a purposo, either to help in making
policy and administrativo d in ic and sacial affairs or in making induetive
inferences in all the seiences, both natural and socla). Tho statistical method now emerges
a8 a techniquo for the colleetion of data and for extracting information from mich data for
8 given purpose with maximum efBeiency, that is, at minimum cost.

Let us look to the loat three or four decades of statistics itaclf. Sir Ronald Fishor
introduced tho concept of design of experiments and tho analysis of variance in order to
improve the cfiiciency and uscfulness of agrieultural field triala (7). Wo sco here the dual
miotivation, one utilitarian and economio and the other aesthetic, for example, in the beautiful
concept of equi-partition of varianco which fa tho basis of the analysis of varianco. Tha
normal distribution of statiatical variates had supplicd the basie concept of distribution of
velocities of molecules in tho kinctio theory of gases which reached its highest generalization
in the principle of equal distribution of encrgy among the differont modes of motion or dif-
ferent degrees of freedom of the gas particles. T venturo to suggost that perhaps this theorem
again, in its turn, eupplicd to statistics tho basia principlo of equi-partition of variance in
the analysis of varianco,

It is ebout thirlyfive years ego or a littlo moro, in the early 1920’s, that the concopt
of design of experiments was introduced. At about tho same time, Walter A. Shewhart
doveloped the method of SQC or Statistical Quality Contro, which hie vory accuratoly des-
eribed in his elasslo work aa tho Economic Conirol of the Qualily of Munufuctured Products (8).
Tt is a beautiful methad with which wo aro all familiar; it lins something which ullsﬁod aciontl.
fle or acathetlo valuea, and yet it is basically motivated by utilitarian or il
tans.

All these methoda involved the application and use of a good dea! of mathematics.
It is very proper that wo should uso [ ics to solvo practical probl Wa eannot
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havo too much of mathematics for atatistics, but os a too), not as a master, Statistica rust
havo a purpose and mathematica must sorvo this purposo.

I may now turn to the fickl of cconomics. It was unfortunato in many waya that
one part of statistics waa inoluded unclor pura ics, and got hat di | from
reality in a clifforont way.

Astimo iashort, Ishall draw attention to only two points.  Firstly, among economists,
thiere developed a somewhat naive faith in the infallibility of a so-calld completo enumeration
or census, with almost completo lack of awarcness of the fact that tho collection of

fc ion about ie and social litions are as much, or I shoull say, oven moro,
subject Lo errors of ascerlainmont than observations in natural sciences.

It §s only during tho last decardo or two that thoro is increasing rocognition that conauses,
even when they are ealled complete, are often incompleto and subjoct to errors. It is inter-
eating to note that at tho session of the Int ional Statistical Institute which woull be
helil in Tokyo next week there would bo a aperial mooting to conslder orrors in censuses.

Durring tho last twenty yenrs, approciablo advances have also boon mado in the design

of sample survoys basoed ly on the fund: | principlos of randomization, replica-
1ion, and local conteol, first ultroduc«l in tho Fisherion doslgn of oxporiments. It has bean
shown that a properly conducted eamplo survoy can supply i ion of suffici

for most practical purposes with greator apoxd and at a fraction of the cost of & ao—cnllod
completo census.  The accurncy of a samplo survoy ia often greater with tho edded advan.
togo that it is possiblo to calculate the margin of error on a logically valid basis. The mothod
of interpenciraling net work of samplos (IPNS), that is, two or more indepondent samples
Adrawn with repl. furnishes a very p ful tool for the study and comparison of both
sampling ond non-sampling errors (D).

In roeent years thero have been also great advances in operational rescarch fn which
statisticsl methods have played an important roloe. In all theso developments the motivation
hos been both utilitarian o io and scientific or hetic. Theso two aspocts, tho
economio and tho scicntifio (or technological) aspects of statistics, liko two sidos of the samo
picce of paper, may perhaps bo distingnished but cannot bo scparated.

Thero Is continuing need of the uso of mathematics in statisties; 0 I havo already
mentioned wo cannot havo too much of it. Thero is also eontinuing need of cconomia think.
ing in dealing with practical affairs. Dut I submit that etatistics cannot any longor bo dicho-
tomized and inclhuled partly, under pnro mathomatics and partly, undor pure cconomics,
or wholly under ono or tho othor.

. et 1 discinli tochnol

Tho time has como to asan § L or gy
inits own right. Teaching and rescarch in statistics must therofore have an intimato relation
to all tho seicnces, both natural and social. Tho teaching of atatistics should bo looked upon
as something analogous to tho teaching or training in ongincering or modical soioncos. I
am glad to menlion that, in India, in the Indian Statistical Tnstitute, wo hopo to be ablo te
Introduco, very saan, full profeasional courses londing to tho degreo of Bacholor of Statistics
or Mastor of Statistics; tho dogreo of Bacholor of Statistics being oxactly parablo to &

1 Ve

P ional dogroo in d ing or

Theno eonirmos woro Inauguralod $n Caleutta on 16 August 1900.
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1 should now liko to consider somo of tho probloms of lovelog in India
whero tho statistical approacl, or perhaps you may call it, the approach of eperational ro-
scarch with tho help of atatistics, was oxtremoly uscful,

I may start by saying that sophisticated economio theurics, which may be appro-
priate for advanced countrics, had acted for a long timo as o formidablo thonght barrior L
ocononile progress in India. India had started making steel in 1908, But in 1950, India
was still moking loss than ono million ton of etocl por year, although Iniia hadl a population
of about 350 million, and had ntore iron oro of better quality than any other country of the
world, moro than USA plus USSR,

Ta 1930, Governaent had decidesd and announced that & plant to produce a scond
nullion ton of stecl {a necond and only a second million ton of steel) woukd bo installod but
this was immediatoly followed by a survey of current demantd by econormists and oxport
committees who pointed out that India was making ono million Lon of steo! and was importing
about 300,000 tons whilo the additivnal denand could bo for only 200,000 or 300,000 tons.

‘That is, tho total current demand was only 1§ million tons; and tho ruestion was raisod woull
it not bo foolish to produco two million tons of stocl 1 This was the subject of a boautiful
excrcise in economie theory which led to the proposal for a now factory for s second mibion
ton steel being dropped from the First Five Year Plan of India. W were assured that thiy
decision was in accordanco with the most refined economic theory, and that wo shoull not
produce two million tons of steel but purchaso stocl from abroad. This has cost India hundreds
of million rupces subsequently for the import of steol.

Looking up the statistics of UK, USA, and USSR, I found that they were producing
a great deal moro stcel than India, although the population in all theso countries was much
less, even the populstion of the threo ics put together was only somowhat greater than
that of Indis. Thoy were not only producing a great deal mare but thoy were going on
Increasing the production of steel. Japan also was doing the samo thing; and I thought
then all of them must bo cither bigger fools than my countrymen or thero was somothing
wrong in our own outlook,

Economio theory waa originally develuped for advanced countrios; and is appropriato
for such countrics, Leeauso short rango decisions can Lo effective in highly developed countrios,
If tho demand goes up but thero is a shortage of supply, the production process would got
into operation very quickly. In an advanced country, if there is an export subsily, motor
cars would roll out of the factory in largs numbers, But in a country which has no fatories,
oven if you givo a Lillion dollars not a singlo motor car can physically como out until the
tools of production and tho technical p 1 bocone availabl

Tho heart of Ltho problem of an underdeveloped country is this factor of thwo. It
takes timo Lo acquiro the ability to manufacturo goods. It is nocessary to establish factorios.
It is necessary o have tho sciontific and tochnical p ), and thiy takes time. Thereforv,
the problem of cconomio dovelopmont has to bo viowed over a long span of timo. Ono muat
soc whero wo want to go and how wo should go thero.  And, in trying to do this, it is essential,

Ly, to uso itativo inft ion, that is, statisti

I may perhaps givo an oxample to illustrate this point. In India, population wmay
bu increasing, wo are not very suro, but it is quito possiblo that population is now Inercasing
at the rato of soven million persons per year. Now, roughly, wo neal ono ton of foodgrains
for woven porsons.  On this basis, tho additional fooutgrains roquired for sovon miltion peryuns
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woukl bo ono million fon per year, in fivo years this would come to 15 million tons. If we
have to import this, at the world prico of about 90 dollars per ton, we would have to spend
about 1300 or 1400 million dollars in forelgn currency in five years.

Instend of foodgraing, wo cnan import fertilizers in the form of, eny, ammonium
sulphate. In India we have found that ono ton of ammonium sulphate would usually give
twoora littlo more than two tons of fowlyrains; to grow 15 million tona of foolgralns wo would
requiro roughly half or say 7.5 million tona of anamoniun sulphate. At a prico of 50 dollars
per ton, tho total cuat would be lcss than 400 milliun dollars in fivo years. This would call
fur long rango planning Lecauso orders havo to bo placed in advanco for tho fertilizors and
arrangements for distribution havo also Lo Lo mado in advance. But, if wo can look alicad
and plan for tho futuro, then the savings in forcign currency would comoe to one thousand
million dollars in five years.

Wo con look further ahead. Tnstead of importing fertilizers, wo can mamifacturo
fertilizers in India, Tho cost of installing a factory to producoa million ton of fortilizor por
year, wo find from our own experionee, would bo about 150 milliun dollars; and if wo install
five such factories in fivo years, the cost would como to 760 million dellars in five years.
But o goud part of his amount woulld be wnges of domestio labour, and cost of domestio
material; tho foreign exchiango required would bo about 50 ar 60 nuillion dollars for cach factory,
or gay 300 million dollars in all in five years which would bo much luso than cost of imported
fertilizers.  Also, unco theso factories aro establishod, thoy would continuo to produce for
a very long timo boyond the five year plan.  But wo must now plan eight or ten yoars abead,
beeauss tho first factory would tako three or four years to start production, and so on for
cach of the factorics which aro to Lo erected in successive years,

Wo can go a stop further and cstablish a factory to nako the machinery to install
new fertllizer foctories, and the cost of forelgn exchango may be only 6ilty oc sixty million
dollary, oneo for all, If we do this then the machine building factory would go on producing
wnchinery to Jnstall o new fertilizer factory every year. In this way, only filty or sixty
wmillion dodurs of forvign currency can serve vxactly the samo purpuso ss 300 or 400 millien
or oven 1400 millivn dollars in five years, This would, howover, dopend ontirely on our
ability to plan fifteen years shead. X havo givon a almplo examplo of tho kind of thinking
which is nceded in India. In Japan, you aco already famsliar with this..

I should liko quickly to sum up. In India we aro now looking on tho problem of
eeunomic dovelupnient a3 having a fivo fold structure, with fivo espocts or fivo phascs. It
is eosy L catablish consumer goods in four or fivo yesrs. We can import tho machinury,
work the factory with a dicsel engine, and produce tho goals. This does not take vory
long, Thu second phnso or aspect consists of the large scalv production of eloctricity, deve-
lapment of modern communications, mining, and light engincoring. This woulll take cight
or ton ycars Lo mako an impnet. Tho third aspoect is of a mora long torm naturo with the
largo scalo production of steol, uotals, and heavy machinery which would tako, at loast,
fiftcon years. Tho fourth aspect is tho training of ecientifio and tochnical porsonnel in ade-
fnuato numbers; this would rl:qnlro planning twenty yenrd ahcad.  And tho most basio and
fund, 1 Is tho i of sciontific rescurch which would take ono wholo gonsration

ur wore,

l'(nlml progress would Lo posulblu only if wo start, ns soon s possible, [nying the
of seientifio apd toclinvlogical rescareh; tho training of sefontiflo aml torhnieal
personncd; econowsy buikling up of tho stevl and heavy machined industrivs; and p Li
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with electrici ications and goods oto., as much as possiblo out of
domostio resourecs. This ia tho only way to mako the economy self sustaining in tho courso
of a aingle genoration.

Tho problem of planning then, as wo sce it in Indis, is Lo have a timo horizon of ton,
fifteen, or twentyfivo years. Tho basia principlo fs that the right quantity of goods must
be made aveilablo at the right momnent, eithor for consumption or for investment, and the
right number of scientifio and lechnieal p 1 must alio bo mado arailablo to produce
anil utilizo tho samo at the right momeoat.

Whatover targels wo act up, thete numt bo internal connistoncy, or balance, Lotweon
requiroments amd supply of all important conimoditica and of labour and sciontific manpower;
and such Lslsnces must be achioved nat anly over shurt poriods but also over a time horizon
of fivo, ton, fitocn or twentyfive yeoars,

This has given & now challenges to |nuode-. or. lf you l.ﬂte, co opont.ionnl resoarch
with the holp of statistics, firslly, for the conti of ion required
to preparo tho plana for economie development, not in 8 rigid way, lml. nhining a good dval
uf floxibility, and with & tima-horizon as I havo montioned, of fivo, ten or twenty yoars or
moro; socondly, of asscssing the progress of tho plan; and thindly, of arranging 8 foed back

of the inf fon on the t of plan impl tation 80 that rolling adjustmonts
can bo mado or drastio changos can bo fntmduw.l ln the plan In tho light of oxperience (10).
This is what I mean by “statistics for i praont”, at a national lovol.

But I should like to refor briefly, to somothing oven dooper or more comprohonsive.
A Lig country like USA, USSR or China can bring about oconomio dovolopmont almost
on the basis of tho resources available within tho country itsolf, without vmuch concorn about
foreign trado, although for overy country, howover big, foreign trade can Lo of groat bolp
in economic progress. For a amallor country liko Indla, it is nccossary to givo groator atton-
Lion to tho development of foreign trade. Tho jmportance of foreign trade would be still
greater for countries which are smallor than India,

Tho long range planning of international trado cannot, howover, bo dono by any
country, howover big, by itsolf. There is an urgont ncod of long rango planaing ot tho intor-
national lovel. I am convinced that this is & problom of supremo Importanco fur the futuro
of the world.

Ono of the Important factors in international tonsions is tho very oxistenco ol‘ umlr.-r-

I rics. It ismy iotion that a rapid f ion of the und P
jos s an tial condition for an enduring and world-wido peaco (11).

Statistica and operational rescarch are important tools for this purposs. Tho work
has scarcely started. It would requirs a long cducative process to prepare our mind for the
shapo of the one world which wo must achivve if haman civilization or the human spocics
is to swrvive.

With tho progrees of scicacs and toolnology, snciont barricra of space sod tiuw aro
npld.ly nnhhlng \Vhothcr we \w]como it of resiat it, tho world is coming closcr and

g moro i 1 ! tion in jo dovelop of tho world,
ara rhok is im:unpablo to mave the human spocics from snnihilation. I am convincod,
thereforo, that thers would bo & continuing and inoroasing demand for statistics and also
for oporational roscarch to bring in tho now ago of posce, prospority, and progress of tho world,

us u whole. I i jration at & solontific and toohnical lovel is tho Arst stop in
this diroctivn,
1, \oroforo, thank you for having given mo tho opportunity to give this leturo,
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