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L. STATISTICS: A NEW TEOHNOLOOY

A fow yonrs ago, the Indinn Statistical Institute introduced a 4-year courss
leading to B.Stat. (Bachelor of Statistics) dogree, for students with high school edu-
cation. The object of the course is 'to offer a comprehensive instruction in the theory
and practico of statistics and provide at the same time a general oducation together
with the necessary background knowledge in tho basic natural and social sciences
ted of o professional istioian’. The broad guide lines for tho course wero
formulated by the late R. A, Fisher, the lato J. B. S. Haldane and Professor P. C.
Mahalanobis all of whom shared some common views on the scope of statistics.
Speaking on ‘Smmucs as o Key Technology’ at tho 125th Anniversary of the American
Statistical A ion, Mahalanobis (1965) described the broad scope of statistics
and the role of a statistician as follows :

“The time has como to introd ducational programs appropriate for atatis-
tics as a fully developed technology which calls for the utilization of a wide range
of scientific knowledge to help in solvmg sciontific or practical problems. As
Fisher has pointed out, a professi istician, as a technologist, must lalk ke
language of both theorelicians and practitioners. The education of a statistician,
like that of other technologists, must have & broad base.’

Thus the object of the new course is not to teach statistics as a soparate dis-
cipline with a well-defined ares of study like phyasics, ohemmry or biology, but intro-
duce it 23 & body of techniques for tion in h problems of various disoi-

plines. Or, in other words, wwhmg lms to be problem oriented with emphasis on

*Papor d to tho 1 C on tho tonohing of Probability and Statistics
at tho pro.colloge lovel, March 1§-27 1800, U.8.A.
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collection of live data, their analysis and interpretation rather than drilling the boys
in the use of known statistteal wuhniquee on what Fisher calls ‘mock up deta for the

use of stud: only." The trai of 8 ot joi should be on the same lines rs
that of an engineer or & medical p with emp on professional aspects.
In the course that is being ly given, h i iatics and eco-

nomics constitute the main subjects of study. In addition, courses are given in &
number of science subjects, but here the emphesis is not so much on the content of
knowledge as on methods, with more of practical exercises involving experimentation
and collection of data. Besides physics, chemistry and biology, which are taught
during the first two years of the course, lectures are given on selected topics in socio-
logy and peychology during the third year, with omphasis on quantitative approach.

The mathematical content of the high school curriculum in India is not very
high. Students admitted to the B. Stat. courso would not know calculus or would
not have studied it in & rigorous way. The first task was to work out courses in
modern methematics spread over the first threo years of study. Thero was difficulty
in the beginning in formulating the syllabii for other subjects such as economics,
physics, chemistry, psychology and sociology as only selected topics in these areas
were mwnded to be covered. But during the period of last eight years the Institute

has g a derable experit and an integrated syllabus was evolved for
mathematics and different bruuches of social and natural sciences with statistics as
a central discipline providing a bond bet bjocts. Along with the
syllabus, certain hods were developed for teachi tatistics and to instill in the

students a spirit of true intollectual inquiry. In my lecture today, I shall try to cover
both these aspects : the ayllabus for an introductory (first year after high schoel) courso
in statistics and probability and some methods of hing statistica) techni

2. POPULATION PROJECTION: A FIRST EROJEOT

Tho first batch of students for the B. Stat. course was admitted to the Insti-
tute in September 1860. That was the time when hectic preparations were going on
in the country for conducting the decinnial census in January 1981, Population or
demography seemed to bo an appropriate and timely topic to introduce to the students
and diseuss about it. It is also a subject with a long history and of great current
interest. Further, demography has contributed in a sngmﬁonnt wny w the en.rly
development and study of statistica. Thus an early di of p
would also provide the students with en opportunity to glean mw the hmory of
statistica.

The first problem set to tho olass was how to anticipate the Registrar General
and predict the population in 1961 in advanco of the census. This was a crucial and
at the samo timo a dengerous exercise. The predioted figure would bo subject to test
e fow montha later when the census count would be available. If tho agreement was
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good it would inspire some confid in tho stud in 1 techniques of ‘count-
ing chickens before thoy are hatched,” which aro novel to their wny of thinking.* On
the contrary, the effect could be depresaing both for the students as well ga tho teacher,
However, the investigation was worth undertaking. I shall desoribe how tho problem
was approachod and what tho students had learnt, more by exporience than by direct
teaching, during the process.

Contact with official stalistics. The problem gave tho students their first
introduction to what aro called official statistical publicati Population Census
volumes had to be consulted to obtain tho provious ﬁgums which mlght give some idea
of the trend of growth. They had to hunt up for current publications giviog annual
Bgures of births, deaths, migration and immigration during the decado 1950-60, which,
if available, would reduce the problem of prediction to a simple exercise in arithmetic.

What ia a population census ¥ How is it conducted and what are tho difficul-
tics in making o complete cnumoration at a nationnl lovel. What are the likely
inaceuracies in tho published consus figures 2 These are somo of the questions which
had to be discussed to make tho students familiar with tho data they had to deal with.

How are the data on current births and deaths recorded and published ?
How accurate can they be 7 If both aro under-registered, to what extent can the
difference, births-deaths, which is the net addition to population (apart from emi-
gration—migration) bo correct 7 Theso constitute another scries of questions which
have led the students into tho rcalm of reality and exercised their thought. Is there
any mothod of checking the y of published figures and making suitable correc-
tions 1 The students wero already placed in the thick of the problem and they had to
think their way out.

Preparation of schedules. The class had aw assignment to prepare the census
schedule (questionnaire or data sheet). They had to examine the previous schedules
and discuss wha! fresh questions could be added and for what purpose. The designing
of o schedule is itself an art and each student produced his own version, which gave
an opportunity for discussing some genoral principlos to bo followed in such casea.

Stratification. Any mothod chosen for prediotion based on previous census
figures could be directly applied on population figures for the country as a whole, or
applied soparately on different rogions and tho regional projoctions edded up to get
tho national figure. It is easy to demonstrato on ompirical data that the two
proced lead to ically differont resulta unless tho rate of growth is the same
for all tho rogions, and moro acourate results aro obtained by the latter procedure.
Thia discussion led to construction of indices of growth for different regions and
methods of comparing them,

*It is unfortunnto that at an young ngo wo aro oxposcd to atorics to drive homo tho moral, DO
NOT COUNT THE CHICKENS BEFORE THEY ARE HATCHED. Nothing can bo moro dovaatating
and domoralising than this on tho young mind which roalisos tho nosd for foroscoing tho futuro in ordor to
moko any progross,
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Performance test. When differont methods are available, there arises the
problom of choosing a method appropriate for a given situation. One way of doing
this is to try out different methods in cases where the accuraoy of the predicted value
can be nscertained by comparison with known figure and to choose the one with the
best porformance. In the present problem, the different tochniques suggested wero
applied on census figures prior to 1951 to predict the figure for 1851, whioch was known.
By comparing the predicted with the known figure, it was found thnt two methods
gavo equally good resulta compared to a third method. The two methods were then
used to predict tho 19681 population. The need for testing the performance of &
suggested method, before npplying in & new situation, was stressed.

Growth model and filting of constanis. The moat difficult part of the project
was a di ion of the methods employed for predicti What is a model as distinct
from a funotion which gives the relationship b population and time ? This
is & difficult concopt, and some timo had to be spent in stressing the importance of an
equation such as

observed value at time (t) = 3(t)4error

where M(f) is o function of ¢, represonting the model. The error torm was introduced
aa & doviation of the observed from the model value and its nature disoussed through
appropriate oxamples.

For population projection, a polynomial of o suitable degree or a logistic
function may be suggested as & model and simple methods of fitting such functions
discussed. By applying these methods, the population for 1961 was estimated to be
420 millions. There was good agreement, with the census figure of 439 millions which
was availablo o few months later, the error being less than 6 per cont considering
the simplicity of tho method used. The exercise was worth undertaking in & number
of other ways.

Descriptive slalistics. Population figures provide good material for teaching
deacriptive statistics. For instance tho age pyramid which is the histogram of age
of individuals in & popul gives an i ing characterization of a population
in terms of tho relative frequencies of tho young and old. Comparisons of age pyra-
mids b soxes, b states or ies and over time (for instance before
and after a great war) and writing reports on such studies are oxcellent exercises for a
begi in statisti isation of data in terms of centrea of location such as
mean, medien and mode and their comparison, and measures of variation such as
inter-quartile range and standard deviation can also be illustrated with age frequency
distributions.

Tho concepts, construction and uses of bll’ﬂl death and nat reproduehan ratea

and life tables could also be di d in with pop proj

Tho problem of estimating annuel population bet the census years leads
to & di ion of interpolation f¢ lee, which should bo a part of tho first year conrss
in stabistics.
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3. GENETIOS OF S8EX DETERMINATION : A SEUOND PROJEQT

While throwing of dice, drawing of cards and sampling of beads of different
colours from & bag are useful devices in d ing and under ding the results
of simple chance hani the knowledge 8o experienced will rerain in abstract
if its application to the study of natural evenls is not emphasised. In fact, it would
be more interesting to begin with observed saquences of natural events and then
examine whether they could bo mimicked by mechanice] ohance devices. The problem
chosen for investigation was the procesa of sex determination of children.

The students were sent to & meternity hospital to obtain information on the
sex of successive children born, during certein periods of the day over a number of
months. A record of over thousand observations is shown in Table 1, whero M stands
for & male and F for a female child. The students had no knowledge of probability.
They were aware that the sex of an unborn child eould not be predicted and that roughly
half the children born were male. With such background knowledge thero was no way
of interpreting tho observed sequence of random ovents. But before the discussion
on the observed seq started, the stud were nsked to catry out a mechanical
experiment of drawing beads from a beg containing black and white besds in equal
numbers and noting down the colour of the bead drawn each time after thorough mix-
ing. The observed scquence of black and white beads in 1000 draws is given in
Table 2.

How does one recognize from an observed series of events such as the occur-
rence of white and black bends (Table 2) the nature of the chance mechanism that
haa produced it (such as drawing at random from & bag containing equal numbers of
white and black beads) 2 How does one compare two series of events and infer that
underlying chance mechanisms are similer or not ? Answers to these questions may
enable us to infer on the hanism p ing a seq of events genuinely occur-
ring in nature such as the sex of cf of ive births by parison with a
sequence of artificially produced events such as the occurrenco of white and black
beads in successive draws. We shall refer to tho data on children as the real series and
the data on the beads as the artificial series.

We shall first carry out the same type of analysis on both the seriea (of Tables
1 and 2) in &n attempt to find differences in their behaviour. An inference of the type
that the underlying chance mechenisms for both the series are the same will be a
consequence of our jnability to distinguish between them by appropriate enalysis.
In such a situation, since the mechanism for the artificial series is kmown, the same
chance mechaniam can be postulated for the real series.

Bernoulli distribution. If we consider a set of three events each of which
hea two alternatives such as M and ¥ or W and B, then there are 8 possible sets, The
frequenoy distributions of theso 8 possiblo sets in the first 166 sots, in the second
168 sots and for the total of 332 seta aro obtained for the artificinl and the real series.
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DATA ON SEX OF 8UCCESSIVE CHILDREN DELIVERED IN AN INDIAN

HOSPITAL OBSERVED DURING CERTAIN PERIODS IN SOME MONTHS IN 1956

TABLE 1.
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TABLE 2. DATA ON COLOUR OF S8UCCESSIVE BEADS DRAWN FROM A BAG
CONTAINING EQUAL NUMBERS OF WHITE AND BLACK BEADS
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Tho resulta are as shown in Table 3. Both the distributions are compared with what
may be called ‘theoretical exp ti ding to Bernoullian hypothesis’, under
which all possible sets are equally likely.

TABLE 8. FREQUENCY DISTRIBUTIONS OF DIFFERENT S8ETS OF EVENTS

artificiol sorios roal sorics
oxpocted
ot firet socond total valuo total socond  first st
type 160 100 166 168
»ots sols scts sots
BBB 17 20 7 41.5 46 23 23 MMM
BB W 20 20 46 41.5 36 20 16 MMPF
BWB 23 26 43 41.5 49 20 20 MFM
B WW 27 24 11} 41.6 50 27 23 MFP
WwB DB 18 18 33 41.6 37 16 21 F MM
WB W 27 18 46 41.6 37 18 21 FMF
wWWwWB 15 17 32 41.5 43 23 20 FFM
wWwWWwW 19 21 40 41.5 34 21 13 FFF
total 168 188 332 332 332 168 168 total

It is interesting to note the following :

(i) Inecither serics, the frequencies for the first and second 106 sets are similar
showing that parallel sets of data from the same mechanism conform to a certain pattern
although they differ in individual frequencies,

(i) The pattern is as indicated by the Bernoullian hypothesis of equal
frequency.

(iii) There is iderable similarity b the artificial and real series in
tho behaviour of frequenoies.

It would indeed be difficult to say as to which analysis relates to artificial data and
which to real data, when the lables attached to Tables 1 and 2 are wnknown (or
withheld).

Binomial distribution. We have made one kind of analysis of the sequences
of binary data, which may not always be possible to carry out. For instance we may
not have the actual series of events but we may know the number of black beads or
the number of males in a set of three events. In such a case we can obtain the fre-
quonoy distributions of the number of events of one kind. The results are given in
Table 4.

TABLE 4. FREQUENCY DISTRIBUTION OF THE NUMBER OF
EVENTS OF ONE KIND IN 8ETS OF THREE

artificial sories roal sorice
—_— oxpooted _—
n0. of black  frequency value frequenoy  no. of malea

boads

[] 40 41.8 8¢ Qo

1 128 124.6 130 1

2 127 124.8 122 2

3 87 4l.4 4 3
total 8332 232 3932 total
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The expected values of Table 4 are obtained from those of Tablo 3 by adding over the
combinations containing the same number of events of one kind. Thus the expected
frequoncy for 2 blaok beads is the sum of the oxpected values for the combinations
BBW,BWBand WBB. Again the similarity between the artificial and real
data is brought to light by the analysis given in Table 4.

At this stage the derivation of the binomial distrit under the Barnoullian
hypotheais could be demonstrated, first in the case of oqual probabilities for the two
kinds of eventa.

Let us consider seta of n events instead of 3 chosen in the example. There
are 2% possiblo sets all of which aro oqually likely. Thus in N sets, the thearotical
frequency of each kind is N/2%. To find the frequency of r events of ono kind, wo
have to add up the frequencies over sets containing r eventa of one kind. There aro

precisely ( ’: ) such sota, which is the number of combinations of r positions out, of ».

Hence the required frequency is ¥ (: )/2', giving tho relative frequencios for r = 0,
PO W T )
sy 1 ,ny 1 By 1
()=()e ()=
which is called a binomial distribution with probability 1/¢ for one kind of svent.
We shall now ine the freq distribution of the number of events of
one kind in sets of » = 5 using the derived th ical formulac for the expooted
values. The results are given in Table 5.
TABLE 8. FREQUENCY DISTRIBUTIONS IN S8ETS OF &

srtificial data roul data
oxpooted
no.of It Tod Sd 4th all valug ol dth 3d %d l# o0 of
B 50 80 850 5D sots s B0 K0 & & Me
[] 1 2 1 1 5 8.25 & 2 1 1 1 [
1 [] 10 [ 5 27 31.26 7 B 1 3 9 1
2 w1 1T e £2.50 s 20 12 @ 13 2
3 17 16 19 18 e 82,60 6 13 2 17 15 3
4 7 10 [] 9 2 31.26 s 8 [] 8 [] .
1] 0 1 1 2 4 6.25 L 0 L] 2 3 8

Histograms are drawn for 4 different seta of 50, 2 difforent sets of 100 obtained by pool-
ing the first two and tho last two sets of 60 each, and for all the 200 sets both for the
real and artificial data (sce Figures 1 and 2). The following comments can be made.

(i) The histograms for n = 50 and 100 of parallel sets of observations al-
though produced by the same mechanism are not the same but are similar in shape.

(i) The variation in shaps between parallel sets is small when the number of
obeervations is increased.

(iif) The situation is the same for the real as well as the artificial data.

(iv) In all cases the shape of the observed histogram conforms closely to the
theoretical or expected one and the agresment gots closer aa tho number of obeervations
ncreases.
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The limiting frequency. We shall analyse the two seriea in & slightly different
way. From the first n terms of the series, the ratio r, = m,/n, where m, is the total
pumber of events of one kind, is computed for n = 10,20, ... . The graphs of r,
sgainst n for the natural events (ratio of males) and for the artificial eventa (ratio of
white beads) are shown in Chart 1. It is seen that in either case, the graph is charac-
terised by large variations for small values of 7, moderate variations for medium values
of » and tendenoy to be constant with minor variations for large values of n. Another
feature of interest is the tendency of the graph for artificial data to approach 1/2,
suggesting & relationship between the limiting value and the proportion of white beads
in the bag. Such & ph could be d d by altering the proportion
of white besds in the bag and repeating the experiment. The limiting relative fre-
quency in such case is expected to be the chosen proportion of white beads in the

bag.

The graph for real data, while exhibiting the same general features aa that for
artificial data, tends to a limiting proportion slightly over half demonstrating the pos-
sibility of an excess of male over fomalo children at birth.

Distinguishability belween chance mechanisms. What kind of sequences
would result if the proportion of black beads in the bag had been 1/4 instead of 1/2.
A sequence of 500 observations was g d from such a mechanism and freq
distributions were obtained for the number of black beads in sats of & events soparately
for the firat 50 seta and the second 60 sets. The results were as shown in Table 8.

TABLE 6. FREQUENCY DISTRIBUTIONS OF NUMBER
OF BLACK BEADS

froquency
no. of black
boads 1at 20d all oxpooted
50 sots. 50 sota 100 sote velue
o L} 13 2 23.730
1 23 20 «Q 39.851
2 1 9 20 26,387
8 L] 8 14 8.789
4 1 0 1 1.468
5 L] L] [ 0.008

Histograms were drawn in a similar way for paralle] sets of 50 each and for
all the 100 sets. They are compared with the tl ical histograms which are shown
by dotted line in Figure 3. It is interesting to observe that histograma from parallel
samplea behave in a similar way and the general pattern ia according to the theoretical

pressions for a binomial distribution with probabilities 1/4 and 3/4 for the two kinds
of events deduced helow. The histograms in Figure 3 are clearly different in shape
from those in Figure 2, which are based on equal proportions of black and white beads.
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Thus we could distinguieh b ohance i by differences in shapes of
histogramsa based on observed data and also identify a chance mechanism by comparing
the observed histogram with the expected shape.

A= 30 ReS50 A A= 00
FIG. 3. BISTOGRAMS OF NUMBER OF WHITE BEADS IN BETS OF 6 DRAWS
WHEN THE PROPORTION OF WHITE BEADS I8 ONE.FOURTH
{n = NUMBER OF SETS OF § DRAWS)

How do we define the theoretical histogram in the last experiment when the
proportion of black beads is 1/4 ¥ This could be easily done by imagining that the
beg contains beads of four colours in equal numbers and one colour is designated
o3 black and rest as white. It is reasonable to make the hypothesis that any given
sequence of colours in ¢ set of 5 is equolly likely to occur. Then a simple computation
showa that the hypothotical frequencies are

{ f) (Y@M, r=0,1,...,5

which is the binomial distribution whon the proportion of black beads is 1/4.

Inference on the haniem of sex delerminali The ly of real and
artificial data (of Tables ! and 2) indicate a common underlying structure, and since
the mechanism of the latter is known it is reasonable to postulate a similar mecha-
nism for the former, i.e., sex of a child is determined by a chance mechanism with
equal probsbilities for male and female.

It may also bo noted that when the chance mechanism is known it is possible
to work out the theoretical expectations to which obaerved events conform. Bo in
practice, if an inferenos has to be drawn on an unknown mechanism of observed
events, it is enough to examino to which theoretical expectations they show close
agroement, instead of producing an artificial series for comparison.

Speculative theory of sex delerminalion. At this stage, one could speculate
on the physical model for sox d ination, whioh prod a seq! of male and
female ohild: logous to & seq of white and black beads in independent
draws from & bag. Assuming that a child develops from a oell which is the wnion
of half cells contributed by father and mother, the existence of two sexes shows that
the oell of at least one parent is composed of two dissimilar half cells (like black and
white beads). The three possible types of parental cells are shown in Table 7. Qur
infe on the hanism of sex ination implies thet the four poesible
combinations of half cells one from each parent are equally frequent. The throo poesible
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types of parental cells are all consistont with the inferred chance mechsniem. Thero-
fore, there is a need for colleoting further ovidence to ohoose one among them.

TABLE 7. THREE POSSIBLE HYPOTHESES ABOUT PARENTAL
REPRODUCTIVE CELLS
PARENTS {

" CASTLES WYPOTHEDS

BRES
O [he
REEY
BEE
O [l

o { E E
omsion
(1 BOof =@
umow oF [+~ (9
HALF CELLS n n
—_—
$£% 0F CNILD d Q d 9 STERRE o Q

@ INDICATEY TNAT TRE CELLS BELOWE TO FATHIR

Data on pedigrees whaso members suffer from & rare maledy like heemophitia
throw some light on this problem. Theso data show that a woman may carry this
diseaso without showing any symptoms and when married to a normal male produces
male children half of whom on the average inherit tho disease whilo the other half are
completely freo and fomale children half of whom on the average are carriers like
herself while the other half are completely freo. Or in other words a woman carrying
but not exhibiting the disease prod sons of two different types and also daughters
of two different typos in equal numbers on the average. We shall examine which of
the three posaibilitioa in Table 7 support the observations.

Let us suppose that & woman is a carrier when the M half of her cell is defective
under the models 1 and 3 of Table 7. Labelling this half as M, we find that all sons
receive My while no daughter receives M, under model 1 and vice-verss under model 3.
This contradicts obeerved facts that two types of sons and two types of daughters
are born. Similar contradiotion arises if the F half is assumed to be defective. The
hypothesis that both M and F halves are defootive is clearly untenable. There is
only one possibility loft, viz. that of model 2 in Table 8, It is easily verified by as-
suming one F to be defective in the femalo, that four typesof children aro posaible with

M M FF
F F, F F
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equal froquency on the average. The firat two types have the male sex and last
two fomalo sex. Then half the number of daughters are like the mother while the
other half are defect-free. With the further hypothesia that a male is affected when
the F half is defective we have two types of sons, one type exhibiting the disease and
another completely free. Thus model 2 is consistent with observed data. We have
demonstrated how by & purely statistioal approach it is posgible to probe into the
constitution of male and female cells and establish an essential difference.

4. SCBUTINY AND EDITING OF PRIMARY ENCORD : OROS3 AXAMINATIOR OF DATA
In investigations where observations are recorded in the field and investigators

have no chance of repsating the the problem of ‘scrutinising and edit-
ing’ the primary mcords assumes pnrnmonnt unportanee The mngmtude and the
proportion of ding errors are y large in field investigations

and the analysis bued on such data may result in wrong oonulumonu The importance
of scrutiny or what Fisher calls, cross examination of data, must be emphasized right
at the start of statistical h‘umng

The Indian Statistical I dertakes the p ing of huge volume of
aocio-economic data collected from sll over India by the National Sample Survey.
In addition, the scientists at the Insti duce large masa of data from laboratory

investigations, which are subject to mumm analysis, Thas, there is enough live
material for the students to worry their heads.

Scrutiny is indeed a difficult job. No definite rules can be laid down in decid-
ing whether a recorded figure is correct or not without having the opportunity to
check it from the original source. The atudents have to learn mostly from experience.
Reading of some published papers on the subject will help the student in understand-
ing the problem and in providing broad guide lines.

There is an ilent paper by Mahal is (1933}, who used very ingenious
methods in rectifying the errors in Risley's published record of anth
ments, which was considered to be full of i i ios and disorepancies by anthro-
pologiats. Other publications by Mahalanobis, Majumdar and Rao (1949), Mukherji,

Rao and Trevor (1956) and Majumdar and Rao (1958) contain extensive accounts on
scrutiny of data.

Attempts have besn made, in & recent investigation at the Indian Statistical
Institute, to use the eompuur in the sorutiny of data. Prognma for deteoting outliers

{possibly ding errors), i bias, i y: formation eto,, written
by the students were used for cho purpose. Stud find such p ,' xtremely
interesting and stimulating. Often thers is petition among in deteoting

arrors in primary records,

A statistician should also acquire ekill in examining whether data quoted by
others are genuine or faked. To bring out the difference betwoen these two types of
data, each student in a olass of 20 was asked to write down a series of B's and W’s
imagining the ocourrence of events in 50 independent drawings from & bag containing
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black and white beads in equal numbers. There wore 1000 observationa providing
sn imaginary soriee (which wo shall label as 1) from which a froquency dmtnbuuon
of the number of black Leads in seta of & was obtained. Tho f;

for the imaginary data (1) and artificial data of Table 2 are oompuod in Table 8,
The imaginary data (1) contained morc sots with 2 or 3 black beads than expected under

TABLE 8. FREQUENCY DISTRIBUTION OF ARTIFICIAL AND
IMAGINARY DATA

frequency

i artificlal  imaginary  expected  imaginary
i L
dats of data (1) value data (8)
Table 3
0 8 1 8.25 1]
1 n 20 31,28 1
2 [ ki 62.30 aQ
3 L 62.50 ol
4 3 17 32.25 ]
5 4 3 6.25 L]

& chanco mechanism 8o that students wero bissed towards seta in which the difference
betwoen black and whito beads is sinall. At this stage one of tho students was shown
the expected values nnd esked to write a scries of 1000 obacrvations to conform to
& binomial distrib The fi distribution obtained from imaginary data
(2) is also givon in Table 8, 'l‘ha tendency, when the cxpected values were known,
was to produce a frequency distribution which agreed moro closely with the sxpected
values than was normally possible undor a chance mechanism. Generally, faked data
are detected by systematic biny towards certain kinds of event and/or by too closs
an ag t with an d hypothesis. An article by Fisher (1936) illustrates
such & cass from published dats.

5. ERRORS OF MEASUREMENTS:@ CONOEPT OF TRUE VALUB

Stady of natural scionces offer an scope for studonta to got acq
with errors of measurements, errora duo to limitations of measuring instruments and due
toinvestigator bins. Some possible exercises in Physics and Chomiatry are given below.

Rods differing slightly in length would be supplied and students would be
required to measuro tho lengths of theso rods. The objoct of tho cxporiment is to
compare the results obtained by tho same studsnt on different days, or by different
students, or by differont methods and also to find what is the smallest difference in
the lengths of two rods which can bo distinguished by such The
experiment has to be carefully designed. Such excercises would supply s basis for
the ‘operational’ aspect of the conocept of length.

The data provided by such an exp would be ideal for illustrating simple
ical hniq P of means aud variabilities between students,
teating for differences bet rods, g the efficiencies of difforent methods of

Hagen's hypothesi ubout the y of error distribution can be
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examined through the computation of the third moment, or Pearson’s f; coofficient.
The data will be useful for more sophisti d by lysis of variance later
in the course.

Experiments with simple or Krater’s pendul 1
eto, will provide data of eimilar but slightly more complicated nature for statistical
analyais.

Calibration of buretts and pipettes, use of balance, preparation of standard
wluuonn and ulung of Avogedro's law are some exercises which might involve the
in rinciples of design of experi and testing of hypotheass.

8. AN INVESTIGATION IN BIOLOGY : BMPHASIS ON QUANTITATIVE APPROACH

It is not generally known that a coconut treo can be classified as loft handed
or right handed depending on the direction of its foliar spiral. Some years ago an
investigation into the study of this aspect of coconut trees was undertaken by T. A.
Davis, Professor of biology at the Indian Statistical Inatitute. The results are briefly

iged, as the i igation is a good example of statistical approach to a bio-
logical problem, worthy of di ion in a statistical course. The questions raised and
the evidence provided by observations are as follows. This provides ideal matorial
for introducing the x* and ¢ tests and their limitations.

Is left and right foliar spirality genetically inherited ¥ The question can be
snswered by conaidering parent plants of different combinations of foliar spirality
and scoring tho progency for tho same ch istic. The data collected for this
purpose are given in Tablo 9.

TABLE 9
progony
pollen »ood Iy o oports
parent parcnt )
to total
right right 28 ® 0.4
right loft EY] 30 0.47
loft right 20 2% 0.45
ot left 1 18 0.47

1t is scen from the table that the proportion of planta with left foliar epiral does not
depend on the type of paronts and conssquently thers is no gonetio baais for the deter-
mination of left or right spirality.

However, the deviation of the overall proportion of left to total, is somewhat
lees than half. This could not be explained until data from various parts of the world
could be collectod. Table 10 gives the numbers of plants with left and right spirality
from 22 countries in the Northern hemisphere and all ies in the South
hemisphere,
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TABLE 10

proportion
of loft
bemisphers  loft right to total
north 18908 17843 0.5615
wonth ey 540 0.473

It in seen that the proportion of left-plants is more than half in the Northern
hemisphere and loes then half in the Southern hemisphere, whioh may be the influence
of one-way rotation of the earth, as in the explanation of the ph of tho bath
tub vortex which under well-controlled conditiona is shown to be counter-clockwise
in the northern hemisphere and olockwise in the southern hemisphoro (Shapiro, 1962).

A more exciting part of the investigation is the difference in yiold rates of the
left and right trees. The figures of annual yields of nuts are given in Table 11.

TABLE 11
moan yiold
category no. of
trees. 12 yoarn 6 years
(1948-80)  (1955-80)

healthy L &8 57.89 85.60
R 0 40.82 54.28

carly diseased L 60 32.96 38.54
R L] 30.85 33.10

late direased L &8 22.08 23.83
R 64 20.04 20.38

It appears that a left palm tree gives about 10 per cent more yiold than the right
palm tree, a conclusion of great economic importance though unexplainable at the
present stage of investigation.

7. SOME PRACTIOAL EXEROISES : MULTIDISOIPLINARY APPROACH

As I have mentioned earlier, the late Professor J. B. 8. Haldane took an active
interest in discussions on the nature and content of tho B, Stat. courso. He had aug-
gested a set of practical exercises of an interdisciplinary nature for students in statisti
which are given below.

(1) After previous training in surveying and determinations of elasticity,
8 tree will be strained by a rope hed to a neighbouring building, and its defor-
mation observed with a theodolite. The observations will be repeated in a high wind.
This may be regarded as an exercise in (a) surveying, or applied trigonometry, (b)

istics, (¢) quantitative biology, (d) meteorology.

(2) Before chemical balance is sy ically used, its theory will be studied.
Its period of oscillation at different loads will then be measured, and the theory verified.

(3) Before the compound microscope is used, its theory will eimilarly bo
studied, and the porf of the instru used will be caloulated from optical
principles. The theory will then be verified.
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(4) Volumetrio gas apalyaie will be taught. The rosults will be used (a)
to verify Avogadro's law (b) to mensure human respiration at reat and at work, (o)
to analyse coal mine air, dawrmunng methane, carbon dioxide, and oxygon This
introduces the notion of chemi Is for tho pr jon of i

(6) The use of & flamo speotrometer will be taught. It should be possible

to use tho same instrument for (a) physical measurements, (b) aoil analysis (in con-
junotion with experiments on the growth of plants in different soila), (c) ore analysis,
(d) human blood plasma nnalyah.

While many of the biological ises will not lead themselves to
with the Physioists and Chemists, they will yield data suited for statistical nnn.\ym
This is most obvious in the case of the genotical course. But a few other examples
are given.

b

(1) The cless will carry out aimple P io on
one another. These will be used for the calculation of means, variances
and correlations.

(2) They will study lifo cycles in a frog and a silk worm moth. Daily
counts of survivors will enable them to construct life tables.

(3) Observations on a simple and rapid piece of animal behaviour, e.g.,
the successive ascents of a koi fish for air, will be made in such a way as to
furnish data for the estimation of time trends and serial correlations. Five
hours’ continuous observation will give & series of about 80 intervals, which
can be treated by the methods used for rainfall records over 80 years.
Throughout the biological and chemical courses at least, & paychologist will

attend wk quantitative date are obtained, which make it possible to compare
the perf of different stud e.g., the aceuracy with which they make up
standard solutions. This will aliow them to assess their own and each others’ apti-
tudes, and may obviate the need for practical exeminations.
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