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thoughtful introduction. Through our
joint collaboration, a set of articles on
relativity was published in the form of a
bookiet by the Calcutta Untversity. It
had been in circulation in different
countries for quite some time. It is
perhaps not avatlable now.

Saha went away to Allahabad and I
to Dacca. Prasanta retired from Govern-

ment service after working for a long
time as a professor and later made
adequate arrangement for the teaching
of statistics after coming over to the
University. Afterwards, he served his
country with devotion for about twenty
years, He had the firm conviction that,
through the measure of statistics, we
would be able to wunderstand the

realities of all problems and with it,
would be able to think as to what the
country should do. His talent was
acknowledged in many countries. He
had visited most of the countries of the
world and his deep knowledge was
recognized by world bodies. Till the last
day of his life, Prasanta’s only thought
was statistics.

Scientific contributions of Professor
P. C. Mahalanobis

Dwijesh Dutta Majumder

Background and perspective

A person’s contribution in any sphere of
life and society can better be considered
in the context of the personality and the
environment that led to his or her
contributions. This is very much appli-
cable to the case of the Professor, as
P. C. Mahalanobis was popularly known
to us. In this respect see the brief
biography of P. C. Mahalanobis by his
cousin and a colleague, Late Anikendra
Mahalanobis!, his scientific contribu-
tion by Prof. C. R. Rao? and a brief
biography by the present author?.

In order t0 understand the versatility
of P. C. Mahalanobis not only in
respect of his contributions to anthro-
pology, meteorology, flood control, sta-
tistics, large-scale sample survey, plann-
ing, agriculture, national income, in-
formation processing technology, opera-
tions research, quahty control, educa-
tional testing methods, demography,
sociology, ancient reptiles of India,
speech research, linguistics, penetics, psy-
chometry, manpower planning, hae-
matology, social change and economic
development, uncmployment and under-
employment, organization of science
and technology, but also his con-
tributions to social, cultural and jnte-
llectual movements, one has to visualize
the background and historical pers-
pective of the then Bengal vis-d-ris
india. Because of the limitations of
space, I am not attempting to provide
the exhaustive list of bibhography which

ts 271 scientific papers and five books as
is given in refs. 1, 2, along with ref. 4
which contains appreciations and remi-
niscences of Mahalanobis by prominent
sctentists such as Simon Kuznets, Leon
H. Keyserling, Edward H. Colbert, Alex
Comfort, H. L. Shapiro, W. Edwards
Demming, Academician 1. Stefanov,
A. T. A. Learmouth, Ashok Rudra,
K.P.S. Menon, C. R. Rao, D. B.
Lahiri, M. Mukherjee, Catherine A.
Galbraith, and others.

P. C. Mahalanobis, M. N. Saha, S. N.
Bose, N. R. Sen, J. C. Ghosh and their
predecessors P. C. Ray and J. C. Bose
are all products of renaissance which is
also known as nineteenth century’s new
awakening in religion, art, culture,
Iterature and science that spread thr-
oughout the country. His family back-
ground, his close personal acquaintance
with Brojendra Nath Seal, Rabindra
Nath Tagore in early life and C. D.
Deshmukh and Jawaharlal Nehru after-
wards was very important in not only
making such massive scientific contri-
bution but aiso in building up Indian
Statistical Institute for advanced re-
search and tratning, In starting the
Indian Journal of Statistics ~ Sanhhyd,
in  cstabbishing  Statistical Publishing
Society and a large Electronic Com-
puter Research and Development Centre.

Mahalanobis graduated with hoaours
in  physics from Presidency College,
Calcutta in 1912 and passed tripos
examination from Cambridge University
part I in mathematics in 1914 and part
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I1 in natural science (physics) in 1915
with a first class first in order of merit.
In Cambride, he came in close contact
with eminent scholars like Srinivasa
Ramanujan, G. H. Hardy, J. M. Keynes,
Lowes Dechinson, Bertrand Russel and
many others. His study at Cambridge
had great impact on his life and works.
He was awarded a senior scholarship to
work at Cavendish Laboratory under
the guidance of C. T. R. Wilson and J. J.
Thompson, came to Calcutta to spend
the vacation, joined the physics depart-
ment of Presidency College as a teach-
mg stafl, got involved in many social
activities and did not return. In 1948 he
retired from Presidency College when he
was its principal, and was made professor
emeritus of the college, In the meantime
he laid the foundation of statistics in
India and of the ISI, which brought him
and the country world-wide recognition,
some of which we shall review in the
next few sections.

Mahalanobisian view of statistics

If we look at the developmental history
of mathematical systems or structures
we see that they are 1n gencral suggested
by situzttons which, while they are
different, have some basic features in
common  s¢ that their emergence s
essentially the result of a process of
umflicanon and abstriuction. A mathe-
matical system, thus, [4ys bare the
structurally essential relations between
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otherwie distinet entittes, so that the
system remamns valid for each of those
otherwise different situations which pro-
vided motnvations and insprrations for
the same. leading to a better and fuller
understanding of the motivating situ-
ations. Mahdlanobis indicated the con-
ceptual framework of his view of
statistics 1n relation 1o physics, mathe-
matics and philosophy tn some of his
papers® "®  According to him though
analytical statstics and probability are
retrospectively hinked to physics and us
foundations lard by mathematicians like
Fermet, Pascal, the Bernoullis, Laplace,
Gauss, Poisson. Cauchy Tchebycheft
and others, statistics cannot be con-
sidered as a branch of pure mathematics.
He cited Bertrand Russel's description
of mathematics as statements ol the
form:

I P, then Q

With the condition that it is immatenal
what P and @ are. Whereas statistical
statement can only be made in the form:
I[ P. thea @ will follow 9 umes out of 10
or 997 7 7 100, etc.

If the predictions do not fail to an
extent then the statistical reasoning 1s
not vahd. Some of these distinctive
aspects of pure mathematics and sta-
iustics are related with deductive and
inductive logic and are traceable in the
history of physics. The spectacular deve-
lopments of classical mechanics in 17th
and 18th centuries gave bias towards
materialistic determinism, though the
complete solution even {or three bodies
not to speak of many bodies problem
could be worked out. Statistical con-
cepts became imperative in connection
with 2nd law of thermodynamics, in
mid-nineteenth century and Gauss—
Laplacian theory of errors provided the
foundation of Maxwell-Boltzmann dist-
ribution of velocities in kinetic theory of
gases, by the end of 19th century
statistical mechanics became integrated
with science. With the emergence of
quantum theory and the principle of
refativity in the opening years of 20th
century, the matertalistic determintsm
was replaced by Hetsenberg's principle
of uncertamnty tn the form;

Ap Aq = h (1)

in which p and g are generalized
momentum and space co-ordinate and A
is Planck’s constant. This 1nequality
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telation had a preofound wnpact on
phystes and s of great sigmificance tn
statistics. It asserts fimiteness and dis-
creteness ol physical changes and also
denies the possibility of either Ap or Ag
assufing infinitestmal  value. Another
significant thing is 1ts analogy with
correlational expression in a limiting
form:

E(Ax, Ay)=p, (2)

where Ax and Ay are a pair of statistical
deviations, E is the ¢xpectation and p 18
the correlation coefficient. If the relation
is valid for a pair one can drop £ and if
p is minimum then we may introduce
the sign of inequality and write

Ax Ay > p, (3)

From the relations (1), (2) and (3)
Mahalanobis is inclined to think of an
irreducible ‘correlation’ with a rhinimum
of h that shows: {a) explicit denial of
independence of Ap and Ag, (b) bounded
structure of the world of physics, and
(c) mechanistic determinism has no place
and foundation of physical science is
statistical in nature. Mahalanobis also
traced certain interesting resemblances
of the ancient Jaina philosophy to the
probabilistic and statistical view of
reality. He found that the Jaina logic of
Syadvada, which was current over two
thousand years ago, used to keep a
margin of uncertainty for all predic-
tions similar to the modern theory of
statistical estimation and inference.

After asserting this philosophical
foundation Mahalanobis with an inimi-
table frankness developed his models for
sample surveys along with its theoretical
and experimental tools, methodologies,
implementations, sharpening of the tools,
minimization of the cost, error analysis,
presentation of results and their inter-
pretation. He wanted a multi-disciplinary
approach consisting of researchers from
mathematics, statistics, physics and engi-
neenng for developing general principles
of the design of sample of survey.

Contribution to statistics

Rao? in his memoirs of The Professor
elaborated Mahalanobis’s contrtbutions
to statistics in the following subsec-
tions. (a) The Indian Statistical Institute,
(b) Mahalanobis distance, {c}) Meteoro-

togwcal research, (d) Early examples of
operations research (which he actually
meant was research on flood control),
(¢} Educational tests, {f) Errors in field
experimentation, (g} Large-scale sample
surveys, (h) Perspective planning, and (1)
Fractile graphical analysis. I intend to
adqd to this list: {§) Indian Journal of
Statistics — Sankhyd series A, B&C,
(k) Mechamized data processing and
computational mathematics, and (1) Sta-
tistical quality control and operations
research for Indian industries.

The growth story of ISI, fascinating
though, is beyond the scope of the
present paper, but I intend to start with
Sankhya, because establishing and runn-
ing an internationally reputed journal
on a specialized subject from India in
those days was a remarkable contribu-
tion to Indian science. It also reflected
his own view of statistics.

Sankhya: The Indian journal of
statistics

Mahalanobis felt the need for starting a
journal for stimulating research and
advanced studies In statistics since the
establishment of ISI in 1931 and its first
issue was brought out 1in June 1933 with
himself as 1ts Founder—Editor. He
elaborated the reason for naming Sank-
hya in the editorial of 1ts first Issue
citing from Atharva Veda, Amar Kosha,
and Bhagvad Gita, in its dualistic
meaning of ‘determinate knowledge’ and
‘number’. The fundamental aim of
statistics being to give determinate and
adequate knowledge of reality with the
help of number and numencal analysis,
the ancient Indian word Sankhya em-
bodies the idea adequately.

Mahalanobis distance (anthro-
pometric research)

The first opportunity to use statistical
methods came to Mahalanobis in conn-
ection with the analysis of anthropo-
metric measurements data taken on
Anglo-Indians in Calcutta which was his
first scientific paper® followed by about
fifteen more papers! ? out of which the
most important ones in my view are (10)
(11) (12). The work led to the formula-
tion of the well-known DZ-statistic
known in the literature as Mahalanobis
distance, and one of the most widely
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used mathematical tools to investigate
problems of cluster analysis, taxono-
mical classification, pattern recognition
and many other fields of data analysis
for 1ts mathematical simplicity and
elegance.

If we express the general multivariate
normal density as:

1
p(x)= an}dfz ‘ ¥ IIE

I
EKP[ —E{I*#)’E i {x*#}} (4)

where x is a d-component column
vector, g 1S the d-component mean
vector, X s the d x d covariance matrix,
(x— 1) is the transpose of (x — ), =71 is

the inverse of % and |Z| is the
determiant of Z. The quantity
D?={x~u) 71 (x—p) (3)

can be called the squared Mahalanobis
distance from X to a.

Formally, = E [x] (6)
and Z=E{(x—p)(x—u)'] (7)
M = E{x] (8)
o,=E L(x,~u)(x;~ 1)) (9)

2. 1s always symmetric and positive
semidefinite.

The multivariate normal deasity is
conpletely specified by d+d(d+1)/2
parameters, the elements of the mean
vector u and the independent elements
of the covariance matrix X. Samples
drawn from a normal pepulation tend
to fall in a single cluster. The centre of
the cluster 1s determined by the covari-
ance matrix. {t follows from equation {(4)
that the loct of pomts of constant
density are hyperetlipsoids for which D?
s constant. Thus the contours of
consiant Mahalanobis distance to g and
voiume of these hyperelhpsords measures
the scatter of the samples about the
mean. Mahalanobis also lay down an
axiom for the cluster validity’? catlled
dimmensional convergence of D2, Maha-
lanobis’s extensive theoretical and expen-
mental work with anthropometric data
generated many problems for reseacch
1n multivariate analysis and his students
and colleagues at ISI made valuable
contribunions in this freld,

Meteorological research

While functioning as a reviewer of
Mahalanobis’s papers on anthropometric
survey, Sir Gilbert Walker, the then
director general of observatories, got
attracted by his work and sent to him
some meteorological problems, that not
only resulted in a number of pioneering
publications?'? but also in his appoint-
ment as meteorologist in Calcutta in
charge of the eastern region, which he
carriecd out from 1922 to 1926 in
addition to his duties as professor of
physics at the Presidency College.

Flood control— North Bengal
and Orissa

The next most tmpoertant work i which
Mahalanobis got involved concerned
flood control*'*. Government referred
the expert commutiee report on the disas-
trous North-Bengal flood of 1922 for his
opinion. He contradicted the report on
the basis of a statistical study of the
previous SO vears of flood and rainfall
data which he carried out and submitted
his entirely different recommendations
which were implemented and found
effective. Similarly, he contradicted the
expert committee report of the 1926
Onissa flood on the basis of a statistical
study of the previous 60 years of flood
and rainfall data and recommended con-
structing drains at upper reaches for
flood conirol and generation of elect-
ricity which formed the foundation of
the Hirakud Project after independence.

Educational tests and psycho-
metry

Mahalanobis developed methodologies
for construction, performance and data
analysis of different aspect of educa-
tional tests and published a series of six
papers?, He established a Psychometric
Rescarch and Service unit at IST which
caters 10 the need ol public sector orga-
nizations for recruitment of skilled
personnel whenever required.

Error amalysis in  agricultural
ficld experimentation

In 1925 Mahalanobis mitwted a study
on the probable error in field experi-
ments'® which turned out to be &
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proneering work, as the same method
was independently used by J. Neyman.
Mabhalanobrs, also in complete ignorance,
was in line with the Fishertan design of
expertments introduced a few years
earlier. This paper’® turned out to be
responsible for one of the most deep-
rooted and lasting collaborative friend-
ship between Fisher and Mahalanobis
in respect of foundations and metho-
dological aspects of large-scale sample
surveys. In this area of research Maha-
lanobis and his colleague Late Subhendu
Sekhar Bose contributed about thirty
papers, all published in Indian Journal
of Agriculture and Sankhya?.

Large-scale sample surveys

Rao? characterized the Professor as a
physicist by traimng, a statistictan by
instinct, and a planner by conviction.
This statement is amply corroborated in
Mahalanobis’s contribution on sample
surveys. He also expressed the same
desire for such collaborative work by
scientists of these three fields and aiso
of engineering’,

Mahalanobis along with a band of
dedicated ‘workers’ {as Mahalanobis
used 10 call everybody including himself
as ‘worker’), planned and executed
numerous surveys in the period 1935-46.
There are about fifty papers published!-?
in this period in this figld of study.
Some were on consumer expenditure,
tea-drinking habits, public opinlon and
public preference, acreage under a crop,
crop yeelds, incidence of plant diseases,
tupee ¢ensus, and the rest on related
methodologies. Mahalanobis’s  classic
papers in this ficld were published —one
in 1944 in Philosophical Transactions®
and the other in 1936 in J. Royul
Statistical Societ)'®, la these papers he
dealt with fundamental problems of
randomness, identification of leyvels of
randomness and basic theory of sampie
surveys and estimation procedure along
with the operational aspects of plann-
ing, executing, processing and  pre-
sentation of data for dissemination in
serence and society.

Mahalanobis developed the concepts
of ‘pilot surveys” and ‘optinium survey
design’ that was forerunner of Ahraham
Wald's sequenttal analysis. In the con-
text of the acreage surveys, he con-
jectured  the vartance {uncuon of the
form §°, =cpygy ¥, where x i the ared of
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the samphing unit, p the proportion of
area under a particular crop, g={1-p)
and ¢, and ¢ parameters to be estimated.
The formuia was found to fit reasonably
well with experimental data. In order to
give the sample suney the rigour of a
scientific experiment, to avord personal
bras in taking measurements and instru-
mental errors, to infuse built-in cross
chechs in the vahdation of results, he
introduced the concepts ol repetition
and interpenetrating network of samples
(tp.nsk This was the most controversial
of his methods—as a physicist he was
convinced of such practices—but the
survey statistians considered it un-
necessary and expensive. But some
sctentists abroad, including veteran
Amenican statistician Demming supp-
orted the idea and practiced it. Lastly as
chairman of UN Subcommission (1947
51). he introduced the use of sample
survey methods in developing countries
for the collection of socio-economic and
demographic data and laid down spe-
cfications for conducting large-scale
sample surveys.

Approach to planning for national
development

One can trace Mahalanobiss involve-
ment in national planning in 1940s.
When Subhas Bose was Congress pre-
stdent he appointed the Congress Plann-
ing Committee with J. L. Nehru as its
chairman and M. Visweswaraya, M. N.
Saha, K. T. Shah, A. D. Shroft, Ambulal
Sarabhai, H. V. Kamath, etc. as members.
Nehru asked Mahalanobis to write a
statistical supplement to the commi-
ttee’s report. Though Mahalanobis could
not have systematic or complete acqua-
intance with economics as a subject, he
made several meaningful and effective
suggestions on regional planning in his
papers on flood control***, There are
also enough evidences of his acqua-
intances with economics in the large
number of papers and reports on
sample surveys reviewed in the pre-
vious section. He became concerned
with macro-economic problems of India
stnce 1949 when he became chairman of
Indian National Income Committee.
Mahalanobis tntroduced a simple
concept of capital-output ratio® in 1950
and recommended a Harrod—Domar
type of model'” in 1952, His idea of two-
sector and four-sector model was intro-
duced in two papers'®!? where the net
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output of economy was concelved as
originating in two sectors, one produc-
ing all investment goods and the other
all consumer goods. In f{our-sector
model, the consumer goods sector was
made three types: (1) factory type,
(i) manual type including agriculture,
and (i) services sector. Solving the
related simultaneous equations and esti-
mating the investment and income
coefficients, Mabhalanobis determined
the investments to be made in different
sectors during the Second Five-Year
Plan of India.

Mahalanobis in his mathematical
model considered national economy as
a ‘system” and a ‘conceptual framework
which would be of help for all practical
purposes’ and in ‘revealing the broad
characteristics of the system under
consideration without getting lost in
details''®. He wanted to use the model
only as ‘scaffolding to be dismantled
once the building was erected’. He was
free from economic dogma. His views
are amply explained in two books and a
large number of papers'+? in relation to
education, scientific and technical man-
power, labour, unemployment and demo-
graphic problems of India.

Modern computational tools and
mathematical methods

Mahalanobis was acquainted with ad-
vancements in mechanization of calcula-
tions and statistical data processing
taking place abroad and from the very
beginning tried to acquire best available
contemporary tools, be it desk calcu-
lators, calculating and tabulating ma-
chines or digital computers. His idea
was not only to provide modern
computing aids to scientists but also to
provide a first hand knowledge of state-
of-the-art technology so that ultimately
the country could be self-sufficient in the
tnformation processing technology. From
the many personal discussions that [ had
with Professor it can be said that some
of his ideas were ahead of the techno-
logy/methods available at the time that
created problems for his and others’
lives.

As a result of Ist ISI Review Commi-
tiee Report (1967) the computer deve-
lopmental activities had to be shrunk.
He advised ws to concentrate on so-
phisticated applications research using
statistical methods and to develop

newer statistical tools. This resulted n
new areas of research on speech/image
processing, statistical pattern recogni-
tion, artificial intelligence, etc. at 151
During the last years of his hife he was
personally engaged in developing a new
computational tool for statistical data
analysis which he called Fractile Gra-
phical Analysts. This was a semi-non-
parametric method for companson of
two samples, first developed for com-
parison of socio-economic conditions of
a group of people at different points of
time or of two groups of people at two
differeat places®®. The method was also
applied in fields like psychometry, bio-
metry and demography and was ex-
tended to higher dimensional data??-22,

Last years, days and hours

Some of the writings of his last
vears?3 2% indicate the shape of India
and the world he was dreaming of. He
was mentally alert and physically strong
throughout his life. From early 1972, he
started feeling unwell, and on 24 May
1972 he was admitted to a nursing
home in Calcutta for an abdominal
operation on 7 June 1972, He stood the
operation well. He discussed with some
of his colleagues about his new sta-
tistical tool fractile graphical analysis in
the nursing home but told his wife Rani
Mahalanobis that he may not be alive
on his next birthday namely 29 June
1972, On 28 June while he was
discussing some administrative pro-
blems of 181, he felt uncomfortable and
within an hour he expired. So Mahala-
nobis was active and contributing tll
the last hours of s life.
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The Indian Journal of Biochemistry and Biophysics is getting ready to
mark the forthcoming IUBMB congress at New Delhi in 1994 with a
Special Number projecting the latest Indian research work to the
international research community of disfinguished biochemists that
assemble on that occasion. Learned schools of research in the country
are invited to avail of this opportunity to contribute their current
research work to the Special Number. Every paper received will be
subjected to scrutiny by two experts and the best 25 articles will be
included in the Special Number. Papers about emerging areas of
resecarch in biochemistry and biophysics will receive priority. Prof.
D. Balasubramanian and Dr J. Gowrishankar, both from the Centre
for Cellular & Molecular Biology, Hyderabad 500007, and
Dr M. R. S. Rao of the Department of Biochemistry, Indian
Institute of Science, Bangalore 560 012, are the guest editors of the
Special Number. Contnibutions to the Spectal Number may be sent to
any of these three before 31 October 1993.
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