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PERSPECTIVES IN STATISTICS®
By C. RADHAKRISHNA RAO

SUMMARY. Tho addroas rofers to the expanding frontiors of knowlodge in stotistics and
tho eurrent controvorsics, and outlincs tho relo that the International Statistical Institute can
play in dirocting future resoarch to moko slatistics a socially mosningful and viable scionce.
Suggestions aro ;ado about the truining of statisticions with a proper blend of thoorotical
knowledgo and ekill in applicaticna, dovoloproont of statistical coursea for apociolists in other
disciplines, tho rolo of governmont statisticions, and the uso of puitera in statistical h
Some oxamplos are given to highlight tho diNlewltios involved in defining the efficioney of an

and tho possible dangors in the 1 uso cf Lods dovoloped by dom i
atotisticians in practical work.

We, tho members of tho International Statistical Instituto and its Sections
aro greatly honoured by tho invitation extended to us by tho government of
Phillipines to hold tho 42nd biennial session in Manila, Wo epecially estcem
tho honour bestowed on the Institute by His Excellency President Ferdinand
E. Marcos and Monourablo Imelda Romualdez Marcos graciously consenting
to Lo patrons of this session. e deeply approciate their messages welcoming
us and offering their best wishes for the success of our conferonce.

1t is my special privilego to thank the members of tho Honorary, Advisory
and Organizing Committees, on behalf of the delogates of this session, for tho
cordial welcomo given to us. Tho hospitable and historic city of Manila has
many attractions, and tho Organizing Committco has announced a number of
social programs and oxcursions. I may remind tho delegates that we also
have o stimulating scientific program and a variety of busincss meetings which
may bo profitable to attend.

Dr. Tito Mijares, tho Chairman of tho Organizing Committeo, hes done
a remarkablo job in making tho arrangements for tho meeting. Ilaving beon
in his position, not long ago whilo organizing tho Delhi scssion, I am deeply
aware of tho responasibilitics, and strain and stresses involved in such an under-
taking. T havo my sympathics for Dr. Mijarcs, and I am suwro you would
liko mo to oxpress our approciation for all ho has done to mako our visit to
Manila fruitful and enjoyablo.

*Proesidontinl Addross, 42.nd sossion of The Intorpalionnl Statistical Ipstitule, Manilo,
Phillipincs, 4-14 Docombor, 1970.
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I would like to thank the Intcrnational Statistical Instituto for holding
two consocutivo sessions in developing countries. e aro all awaro of the
primary need in these countrica to strengthen tho national statistical systems
and improvo tho data baso for socio-cconomic planning. Tho presenco of a
largo number of distinguished statisticians at this mecting and tho deliberations
on a wido spoctrum of statistical theory and applications will no doubt stimulato
tho statistical developmont in this region.

Statistical scienco is relatively young compared to other disciplines, but
it is a rapidly growing ono. There is no ficld of human ondeavour, whether
it i3 rogulating our daily lives, managing tho affairs of an enterprise,
administering a state, planning for the socio-cconomic development of a
country, diagnosis of discases, designing military operations, forccasting
catastrophes or probing tho socerets of nature, which docs not como under
tho purviow of statistica.

It is inovitablo that when demands ariso for statistical analysis from such
widely different ficlds, somo diversification of interests takes place leading to
tho creation of different branclies of statistics and ovontual categorization of
statisticians by narrow arcas of specialization. The process of diversification
is o natural one and, indced, nccessary for tho growth of any discipline.
Perhaps, in the caso of statistics, tho diversity was in its very roots; it emcrged
as o unitary disciplino in the first quarter of this century by the fusion of
parallol lines of developmonts in actuarial science, probability applied to games
of chanco, and theory of orrors in astronomical measuroments. But as soon
as tho underlying principlo of statistics was porceived as inductive inforonco
by which a coherent body of natural knowledzgoe can be built-up by experiment
and observation, it began to branch off rapidly in many directions. Thero is
somo concorn oxpressed in tho statistical profession that divorsification had
lod to tho croation of soveral subdisciplines within statistics, with littlo
comuunication betweon them.

What is the futuro of statistics in view of tho current trond towards
possible fragmentation and specialization 7 This is tho quostion that is
ongaging tho scrious attontion of tho ISI. What should boe dono to presorve
tho means of communication for oxchango of idoas Dbotween statisticians
specislizing in dilferont arcas of theory nud application? How do wo abstract
and codify the tools doveloped in ono fiold for possiblo use in another ¥ How
do we train statisticians to enablo thom to do specialized jobs and to equip
thom with a broadbasod knowledge to meot now situations and challonges in
tho futuro ?
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Tho ISI has always shown loadership by poriodically assessing tho needs
of the statistical profession and taking nccossary steps for tho dovelopment of
statistics. \When it was founded about 95 years ago, tho main aim of tho
ISI was in achioving “‘uniformity in mothods of compiling and abstracting
statistical roturns and in inviting tho attention of tho govornments to tho use of
statistics in solving problems™, At tho 25th scssion of the ISI in Washington,
considering the emergenco of statistics as a scientific discipline, constitutional
amendments wero mado laying greater omphasis on “promoting thoe use of
atatistical methods, tho training of statisticiang, tho encouraging of statistical
rescarch and tho growth of interest in tho advancemont of statistics and in the
furthering of international statistical relations™. Following theso changes,
tho ISI has established up to now separato Scctions, with open mombership,
in four specialized areas : regional and urban statistics (IARU), mathematical
probability and statistics (BSMP), survey sampling (IASS) and computing
(IASC). This has enabled the ISI to bring under its wings a major part of
statistical activitios and to provide a common forum for discussion for all
categorics of statisticians,

From tho passive rolo of roviewing the devolopments in statistics and
arranging conferences, tho ISI has launched a major project, the World
Fertility Survey (WFS), with direct involvement in the collection of primary
data, their tabulation and interpretation. During tho last fow yoars,
tho tochnicians employed in the WFS havo made valuablo contributions to
methods of data collection, production of computer programs for tabulation and
analysis of data and to tho dovelopment of now statistical methodology for the
interpretation of fertility data. The ISI is in tho process of launching similar
largo scalo projects and setting up an organization for promoting major
rescarch activitics on survey methodology and analysis of socio-cconomio
data.

Peter Jacob Bjerve, in his presidential address at the Vienna session,
expressed somo coneern about “a growing gap botween theoretical and practical
statisticians” and about “probloms rclating to the increasing specinlization in
various subject matter arcas in statistics. To study theso problerms and to
mako recommeondations on “bridging the gap”, tho ISI immediately appointed
a Committco on tho Intogration of Statistics. At tho Delhi sossion of thoe ISI,
a new Committce on Future Directions was formed to examino tho broader
question of how ISI can play a moro offectivo rolo in tho dovelopmont of
statistics. Tho roports of theso committees have been circulated to all the
members, and sufficient timo has been alloted for their discussion at this scssion.



132 0. RADHAKRISTINA RAO

Each one of you has a chanco to shapo tho futuro of tho ISI. Tt is indeed
gratifying to noto that the membership has been taking an activo interest in
tho affairs of tho Instituto and tho officers of the Burcau and the permanent
offico have Leen prompt in implementing the recommendations of the goneral
body.

For about 40 ycars, I have been associated with the rescarch and training
activitics of the Indian Statistical Instituto where, under tho leadership of tho
founder P. C. Mahalanobis and advico of R. A. Fisher, attempts havo been
mado to develop statistical training programs and rescarch in an inter-
disciplinary way providing a proper interfaco with other subjects. Based on
my experionco 1 would like to make a fow remarks on Perspectives in Statisties
and indicato tho rolo that ISI can play in tho dovelopment of statistics ns a
truly viable and socially meaningful scienco,

Statistical research has not reached a self gonerating stage whero tho
statistical problems under current discussion constituto the main sourco for
providing now statistical problems. Statistical rescarch can flourish only in
an atmosphere whero the existing mecthodology has beon found useful in
solving probloms in other disciplines and there is demand for the development
of further methodology to meet new situations. If this premises is accepted,
we havo to critically reviow the present practico of teaching statistics through
o sct of courses in abstract statistical theory, and also explore avenues for
promoting motivated rescarch so that tho availablo talent can be effectively
used for solving problems of rclevanco to tho real world.

It is generally agreed and pious resolutions havo been passed by several
committees to the eflect that all statistical courses must have practical orien-
tation. But very few attempts havo been made to evolvo integrated courses
with the desirablo blend of theory and applications. Porhaps tho task is
difficult one and may involvo considerablo discussion and somo experimenta-
tion. I hopo the Education Committeo of tho IST will give some priority to
this project.

While tho discussion of practical problems in teaching statistics is
essential, it must not bo dono at the expense of weakening tho theoretical and
mathematical contents of tho courses. No doubt, a statistician should Lo
equipped with tho practical skills to enable him to chooso tho approprinte
mothodology for analysis of given data; at tho samo timo, ho should have tho
theorotical knowledgo to formulate a now statistieal problem for study if tho
existing methodology is inadequato in any given practical situation. Tho gap
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between theoretical statisticians and practitioners may Lo partly bridged
if wo aro ablo to produco statisticians with tho proper knowledgo of theery
and flair for applications and give them opportunities to improvo their skilla
during the courso of their work.

Tho bulk of statistical activity in any country will bo in tho socio-cconomio
scetor and will bo tho responsibility of the government. What rolo should
tho statistical officers and government statisticians play in this activity ?
Should they merely collect data for possible uso by others or tako a moro active
part by also undertaking such analyses of data useful in decision making ?
Opinions still differ on these issues, at least in the developing countrics. Tho
reasons aro partly historical. The rolo of the Director of Statistics was apecified
as that of only a “compiling officer” oxpceted to produce data which aro
“timely, accurato and without gaps™. MHis relation with statistics should bo
merely “arithmetical”, that is, ho should not comment on them.

The distinction between suppliers and users of data is an unfortunate ono.
“The gap between official statisticians and academic statisticians” referred
to as tho lack of communication between two groups is perhaps tho result of
different roles thoy have been playing, one group producing ostensibly useful
data and tho other producing perhaps inapplicable theory. The situation
can bo remedicd by first recognizing that tho arithmetical work of a statistical
officer in compiling data constituted only the preparatory stago, and he can
render valuablo servico to the community by assisting tho policy makers with
proper intcrprotation of data. To arguo that a statistician has no placo at
tho policy making table and that he is merely a “purveyor of facts” is to ignoro
the wholo body of specialized techniques developed in statistics for making
optimum decisions on tho basis of available ovidence and continuously
monitoring tho results for feedback and control. It is also inconccivablo
how a statistical offico can cffect improvements in data and fill the gaps if it
is not directly involved in data analysis and problem solving.

1t is not suggested that tho government statistical offices should bo turned
into research departments for producing research papers. Tho desired purpose
can Lo served in a differont way. First, o statistical offico should develop
tho necessary expertiso to undertake research on methods of data collection
and improving tho quality of data, to compile moaningful social and economio
indieators, and to undertake data analysis to help the policy makers in
tnking optimal decisions. Sccond, a statistical offico should identify and
encourago outside experts to undertake cortnin types of research usoful to the
government for long-rango planning. The possibility of inviting oxperts from
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universitics nnd resenrch institutes to work in governmont statistical offices
and to send government statisticians to teach in tho universitics on practical
aspeets of statisties should Lo explored. Third, thero should bo a continuous
training program for government stutisticiang to bring them abreast with
tho ever expanding statistical techniques and applications,

A government needs good statisticians as well as good statistics, Ono
is not a substituto for tho other. Tho administrators must realizo that public
policy making is no longer a gamblo with an unpredictablo chanco of success
or a hit and miss affuic and that it is now within tho realm of statistical
techniques, whereby optimal decisions can be taken on tho basis of properly
collected data.

How can tho suggestions outlined above for giving a moro dynamic role
to government statisticians and statistical offices bo implemented 2 Much
depends on tho initiative of the Directors of Statistical Offices and how
responsible the government burcaucracy is on theso issues.

Judging from tho current trends of rescarch reflected in published papers
and the increaso in the number of meetings held to discuss specialized areas
of statistics, further diversification of statistics is likely to take place. Ve
may bo witnessing in the near future not only a wider varicty in the application
of statistics but greater polarisation of ideas betweon different schools of
statisticians on what constitutes statistical methodology. We should welcome
such developments as conducive to tho growth of our subject and its
uscfulness to socioty. The problems of identifying the varied ficlds of
application of statistics, recognizing divergent lines of thought and bringing
all categorics of statisticians to 4 common platform for discussions will bo tho
responsibility of an international organization like the ISI. Creation of sections,
as tho ISI has dono in recent ycars is perhaps necessary, but caro must bo
taken to sco that it does not lead to sectionalization of the ISI.  This may bo
avoided by doveloping integrated programs for tho bienninl sessions with
greater concentration on topics of common interest, whose discussion may
Lring about tho ultimate synthesis of different lines of developments in
statistics. Discussions of special and moro tochnical topics could Lo left to
intersessional mectings of tho Scctions of ISI.

Wo havo identified the gap in the making of a statistician (first type gap,
tho need to produce a statistician with & proper blend of theoretical knowledgo
and practical skills) and tho gap betweon statisticians (sccond type gap, tho
need to develop communication between specialists in different branches of
statisties for exchango of ideas). There is a fhird fype gap, interdisciplinary
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in natwre, which wo must not negleet, between statisticians and subject mattor
specialists.  Statistics helps in solving probloms, but tho problems belong to
Dasic ficlds of rescarch liko Biology, Physics, Economics, Sociology and so on.
Tho success of rescarch projects, thereforo, dopends on ofoctivo collaboration
between statisticians and subject matter specialists. I designed experiments,
imprecisely defined measurements, unwarranted editing of data by invostigators,
Jack of checks and cross checks in the obscrvations, deviations from
planned experimental procedures can lead to misinterpretation of data. A
scientist should havo some appreciation of tho statistieal approach, and n
statistician somo knowledgo of tho subject matter of rescarch to facilitato a
discussion botween tho two on what tho relovant issues and possible approachos
aro, and design experiments to generato data having tho desired information.
The inter-disciplinary gap is a much wider problem which touches on the
education and training of both tho statisticians and scicntists and I hopo the
ISI will initiate somo discussion on this subject.

I have already mado a referenco to unmotivated rescarch in statistics with
no relevance to immediate practical problems or to general statistical thought.
In some cases results are obtained for illposed problems without sufficient
understanding of tho practical situations. I may refer to the confusion caused
by treating the problem of estimation in a decision theoretic set up choosing
& particular loss function like the mean squared error (called the Gaussian loss
function to indicato tho authority behind it). Let us consider tho simplo
problem of estimating o2, the variancoe of a normal population, from a samplo
of n observations. If 82 is tho corrccted sum of squares, then

—a‘-‘] <L'[% —a‘] for all o

[nﬁ-l

50 that tho unbiased estimator, S/(n— 1), is “inadmissible” under tho Guassian
loss function. DBut it is also truo that

)
L

P{ L’_,s < n—1

n+1

} < 0.5 for all &

so that tho binsed estimator $*/(n+1) is “inadmissible” if wo consider the
probability of greater closeness to tho truo valuo as tho criterion. With tho
mean deviation (Laplaco loss function) as tho criterion, both 8%(n—1) and
82%/(n+1) becomo inndmissible sinco thero oxists a constant ¢ different from
n+1 or n—1 for which E[(S?%/c)—o?| attains o minimum. Faced with such
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o situation it is not clear what justification there is in emphasizing, as is dono
in many toxt books, that S2(n+1) is a good estimator of o3, oxcept of course
in tho “unlikely situation™ where tho Gaussian loss function strictly holds,
DPerhaps different estimites aro useful in different situations and a judicial
choice depends on o proper understanding of a given practical problem,

Tho situation bLecomes more complex when soveral parameters aro
estimated using a compound quadratic loss function as criterion as in Jamcs-
Stein or ridge regression procedures. Dramatio improvements are claimed
over the usual wnbiased estimators, which aro declared as “inadmissible”. Tho
results aro no doubt theorctically extremely interesting and have opened up
new lines of research. Ilowever, their uso is strictly governed by the limited
appropriateness of the compound quadratic loss function in practieal problems.
Recently, in a problem whero tho estimates of a given characteristic (say y)
have to Le found for a number of geographical units periodically over time,
tho possibility of making the James-Stein modification of the unbiased
cstimates for tho units obtained at cach timo period was considered. The
estimates were meant for uso on cach occasion for sharing given resources
among the units in proportion to the y values. It is known that tho James-Stein
procedure introduces an upward bias in tho estimation of smaller parameters
and a downward bias for larger parameters. If such biased estimates aro
uscd thero is a possibility of units with smaller y values being favoured in the
long run at the expenso of units with larger y valucs. This may be desirable
but defeats tho purposo for which estimates are made. I have given ono
illustration whero caution is necded in “transfer of methodology between
academie and government statisticians”,

May I take this opportunity to say n fow words about the rolo of computers
and their impact on rescarch in statistics, Computers can do 80 million
calculations a sccond (about 6.9 trillion a day). Tho cnormous speed appears
to bo both a boon and a hindrance to statistical research. It enabled us to
undertake tho complex computations needed to apply some of tho multivariato
techniques developed in the past and could not bo oxploited due to lack of
computational devices. On tho other hand, it has also encouraged uneritical
usoe of statistical methods through tho commercially available computer packago
programs. It is also beginning to chango the character of theoretical rescarch.
“Extraction of all the availablo information from given data”, tho slogan
given by R. A. Fisher, is no longer the guiding principlo in statistical analysis.
It is thought that what is lacking in sophistication of methodology can be
mado up by acquiring moro data and processing by computers using less
officient procedures. Thoso of us who havo experionco of working in applied
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arcag aro awaro that data rarely meot the requirements for spocified statistical
analysos. Thoro aro always special foaturcs in individual eases which have
to bo taken into account in tho analysis of data and interprotation of rosults.
All theso roquiro considerablo skill and experienco on tho part of a statistician.
Tho uso of an oxisting computor program should not bo tho ond of statistical
analysis of given data. It can bo a good beginning for getting an insight into
tho problem to mako further probes. I am reminded of an aphorism
mentioned in o lecturo by Dr. David Cox : Thero are no routine statistical
questions, thoro are only questionablo statistical routines. I hopo tho
IASC, our newly formed Scction, will give some thought to theso problems
and provide guidance in the propor use of computers and dovelopmont of
interactivo rescarch.

I havo mentioned only somo of tho broad issues which aro likely to confront
tho statistical profession in the near futuro and have ropercussions on tho
progress of statistics. Tho responsibility of shaping tho future of statistics
and preparing tho profession to mcot new challenges lics with tho ISI and its
membership. If the enthusiasm of tho members displayed in recent years
continues, I can predict o bright future for statisties with o high confidenco
coofficient.
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