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- PREFATORY ‘NOTE

¥ -
T

In \orgamsmg the abstractmn and compllatlon of data collected durmg

* the 1951-Census of India, a special, arrangement was made to select one out of
~every tenslipson a stnctly random basis. , The main object of this arrangement -
* was to secure a wider range of tabulations than was possxble, thlun the pres-

cribed limits of time and cost, on the total count.. It ‘was also the intention

‘that material should be collected at this Census whereby one m, settle ‘the
. size and structure of the sarpple ‘which may be regarded as.- ad’
,‘ purposes of Census tabulatlon in future ”

equate fot

Shri R. A.: Gopalaswamt the Reglstrar-General dlSCUSSCd w1th me the

" lines of organising this study and he entrusted me w1th the work. 'The dlSCLlS—

sions led him to define a suitable yard stick for measurmg the degree of approxi-

~.mation .of the Sample Value to’ Total Count Value. The Index 'of

-

Approximation, thus introduced, is explamed in the appendxces to. the |
mtroductlon ’ : T s AT .

* Ihave had very lxberal help and unsparmg cnticxsm from Shri R.. A Gopala-. -.
swami, His letters to me have been most thought-provokmg I am, grateful
to him for his guldance in tlus study

The large mass of data analysed i in tlus work has’ come from the various
tabulation offices in India.. The “Superintendents of Census have been certainly
put to great inconvenience in the despatch of relevant material and that at a_
time when they were frlghtfully busy with the preparation of their final tables. I,

* For their co-operatlon in tlus all-lndxa study, I tender to, them my very sincere

" Dr. K Bhaskara Varma was my collegue in orgamsmg thls study The

’ calculanons have been heavy and Iam happy to record that he took great pa

to check at each stage the work, ‘done by the computmg staﬂ' under hlms He '
has placed me under a deep sense of ol)llgatlon R A v

The printing of the ‘elaborate tables in tlus volume has been a heavy res-

-~ ponsibility on the Superintendent of Government Presses.  The scrupulous .

care‘and speed with- which the work was done at each stage of prmtmg go.to
the great credit of the large band of eamest ‘workers in the Press To the

- Supermtendent and his staﬂ' I extend my smcere thanks

In presentmg this volume, I have strlctly followed Slm R. A. Gopalaswarm 5
advice—" ‘analyse and tabulate observed results in such a manner that all may

' study them and make thelr own researches. I shall feel happy 1f this ] purpose

s served L e s

,,-w
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INTROD UCT'ORY NOTE

".

.1 have no faztb in anytbmg short qf actual
' Measurement and Rule of Three,

., 1. Sampling l"as not played any promment
Cpart in Indian Censuses prior to 1941. At that
Census, as ‘a measure of war economy tabulation

was restricted in the former British Provinces and .
small States to the classification of the total populatlonr o

by ‘communities’. However to secure information
that might be required later, Mr. Yeatts, the Census
Commlssxoner arranged for the extraction and preser-
‘vation ofa two per cent sample of the original

census slips.
used’ to construct the age tables for the 1941 census.

At the. 1951 census a number of samplmg
experiments have been tried. A verification of the
accuracy of census enumeration by a sample check
was unrlertalcen for the first time at this census..\
The size of the sample ‘was one-in-one -thousand

These sample slips were subsequently L

of the total number of shouseholds. The frame
for this survey was the National Register of Citizens -
which is a list of all\the households and the inmates

‘in each, accordmg to the 19 g1 census, The results
of this enquiry are contained in the Census of Indra*

Paper No. 1, of 1953.
A second sample survey was conducted in most

~." complete - enumeration
~ techniques have been’ developed to -estimate the

of the States in India to venfy ‘the accuracy of

registration of births and deaths, -;Tlus expenmental
census of births and deaths was intented to be the

first step towards improvement of p0pulatlon data -
and was confined to a one per. cent sample of house-. ’

holds in the districts selected for the survey. .

The”

CHARLES DARWIN

persons bemg placed in a eleventh hole*
-~ the pads helongmg to a village or ward were subject

After all

to the above process; the slips 1n the plgeon holes .

were collected in three lots—

i the sllps of dlSPlaCCd persons '. |
ir. the slips in the fifth pxgeon hole -

the shps in the remarmng nine pxgeon holes -

The shps in (ii) formed the ten per cent sample

. The “three lots of shps were kept separate at
~ all stages of sortmg ‘The  tables - prepared - from

‘the SllPS in (i) give the results of the sampling

experiment while “those obtained by. consohdatmg"“
~ the tables-from (ir) and (ui) contam the results of‘ .

“total count.

Ordmanly, in samplmg SdeCS, the results of

are unknown. .

unknown values for the total populatlon from the’
known values 'in the sample
> present. study is not to prepare estimates of un-.

- knowns—in fact, the results of complete enumeration

The object of the '

Statistical

NN

“are known—Dbut to assemble the sample values and -

the total count values and indicate the extent of

: agreement of drvergence between them :

births and deaths in the households ‘were recorded
and verified with the entries made in the official

birth and death regxsters

" Besides these surveys, a detailed samplmg :

*

experiment on population data ‘was conducted in

all the states in India at the time of sortmg "the.

enumeration slips of the 1951 census in the various

L

tabulation offices. Instructions were _given hy the
-Reglstrar -General to extract a ten per cent sample

of slips for cach village and municipal ward. The )

procedure was to break open enumeration pads

one by one, shuffle and cut as in a game of cards and -

deal into ten pigeon holes the SllPS of dlsplaced,

B T

o2 The samples were’ drawn in the various
Tabulation Offices and sorted for (a) sexand (b) eight -
- livelihood classes for each village and ward. . Fuller
sorting was done after combining the slips of vxllages.
for- larger gebgraphical areas called Tragts, -each -
“tract having a populatron of nwly two lakhs. - The

puhhshed

results are contained in the various tables

as Part II of the Census Report for each State.‘ It -

I A drsplaced person was defined as a person who' has‘ ~V

entered India, having left or being compelled to leave his or her
- home in Western Pakistan on or after the. 1st March 147, o1

~ his|her home in Eastern Pakistan on or after the 15th October
1946 on account of ‘civil disturbances ‘or the fear of such dis.

" turbances or on account of the settmg up of the two domunons

. of India and Paldshn
Drsplaced persons have been excluded in thu study. e

L}



was however decided to select the following
population characteristics for sampling study.

1. Sex Cbmposition

2. Livelihood classes

3:  Livelihood classes and dependency

4. Employment in Industries and Services
he tablerr\}{J

| s for each district for these four charac-
teristics were made available for the present study.®

This data correspond to an approximately ten per .

cent sample for the districts.

Samples with smaller samplmg fraction were
also studied. These samples were denvedby pooling
together the shps of i~

(a) Every "tenth ‘tract . (selection being made
thh a random start) in each district

~(b) Every tenth village (w1th a random start)
in all the tracts .

() Every tenth v11]age of every tenth tract.
The four sample types thus evoIved are;—

(1) S.1— Apprommately ten per cent
-, sample
(ii) Slo1— Approxnmate]y ten per cent

a0 C‘thick’ samPle formed by pool—
Cie . ing the ten per cent ‘samples.

- of every” tenth tract’
(m) S. Ol—— Approxxmately ten per cent-
‘thin’ sample formed by poo[-
mg the ten per “cent sampies
of every tenth village in all the

" tracts.

(1v) S.001— Approx1mate1y one-in- thousand
sample formed by pooling the
samples of - every tenth
village of every tenth tract.

The district samples were combined to give
correspondmg samples for larger areas within the
State—called Divisions—and the - division samples
were combined to ‘give the state samples. “The
population characteristics, sample types and geo-
graphical areas included in this study are as fol-
lows:—

SampLE TYPE
Division

Population .
characteristic State District

Sex co}nposition' . All the four sample types

Livelihood classes .. All the four S.1 & S.o1
- sample types

Livelihood classes

and dependency-. .S.1 and S.o1 S.1

Employment in indus-
tries and services ..

S.1and S.o1 Nil '

*The data for Bihar, Hyderabad and Andaman Nicobar Islands
were not available.

, "estimate than that in (ii).
- tinction, a new index called the Index of Approxi-
matlon has beei introduced.

_ the four population characteristics.

3. As has been mentioned at the outset, the
object of this study is to assemble the results of
complete enumeration and of sampling and give
an indication of the agreement between them. The
number per ten thousand has been calculated from
the data for all the population  characteristics.
The proportions based on complete enumeration
are called total count values and those from
the samples, sample values. To judge the agreement
between the total count values and sample values,
the percentage error and the coefficient of variation
have also been calculated for each proportion.
Theoretically the percentage error in large samples,
will be less than thrice the coefficient of variation
almost always. Thus the sample value is in agree-
ment with the total count value if the correspond-
ing percentage error is less than thrice the coefficient
of variation. .As an illustration the sample value and
the total . count value are in agreement in the
followmg cases :—

i. Percentage error is 1.0 and the coefficient

. of variation is o.§.

ii. Percentage error is 10 and the coefficient
of variation is s.

Clearly,” the sample value in (i) is a much better
To bring out this dis-

A’ will be defined as the index of approximation
of a sarnple value if the percentage error exceeds
half A in A out of 100 cases utmost. Low values
of A correspond to good approximation; the
approximation becomes coarse as A increases. The
theory of the index of approximation is given in the

. appendices.

4. To represent the large volume of results for
the various population characteristics, sample types
and geographical areas, without loss of any relevant
information, the following details are given for each
sample value —

i. Sample size and sampling fraction

ii. The total count value and the sample value
iii. The percentage error

iv. The index of approximation

v. The cocfficient of variation

There are. four series of tables correspond'mg to
These are

Table I. Sex Composition

Table II. Livelihood Classes

Table 1lI.  Livelihood Classes and Dependency
TableIV.  Employment in Industries and Ser-

vices

Each Table consists of three parts—A for the
State, B for the Divisions and C for the Districts,



APPENDIX I

Degrees and Indxces of Approxnmatlon

‘R. A GOPALASWAMI, lC S.,

-

'_l'

1!. Let the following essurnptions be made——- ' .

(i) (a) There are n different population groups

compnsmgP P,,....P, individuals respectnvely

(bY From each population group, a smlple
is drawn on a strictly random basis using the same
samplmg fraction. [Each of these samples comprls-

L &

es $,, S,4.0..5, individuals respectxvely D
(i) (@) Each population group and the corres-

ponding sample are stratified accordmg to dxﬂ'erent

characterxstlcs. | Y e e i

(b) For each of the populatlon oups,"l; )
the number of individuals having a specxﬁed %lhara;-f S

teristic .is ascertained  and the proportion : whxch'
this number bears to the total number of individuals,

in- the  population group determmed as the value \
LIPS (b) Frbm this group’ n dlﬁ'erent samples are

of the specified charactenst:c . propomon for: that
population group.” The values thus - deterrruned
are found to be g,,4,00008n. T

* .

(c) The values of the same- eharacteristxc

Regmrar-GeneraI Indma-

n

" more than 5 per cent does not exceed 10 per centv'_g

'Ofﬂ.-' ) R ;

Generahsmg the \{oregomg, it s . posmblefv g
to deﬁne an index qf approximation - between the set
- of values P‘ and the'correspondmg set g; as follows«-‘

" < The index' of approxxmation is A if the numher of
‘cases in whlch pi exceeds or falls short of ¢;. by more. -
than A2 per cent is asaneatrly2 as. s may be, eq{ualr to: A
per cent of n.. v ,

. - 4&:"_": “ o :
1. A somewhat different conceptxon of the
'degrees and “indices, qf \approxxmatxon may be based

\

. on “the - followmg assumptlons. .

@) (a) vThere is only ‘one’ populatton groupl'o.v».‘
compnsmg P mdmduals. S '

LN

3

proportion are alsa determined similarly for the popu- - -

lation group samples. -

 These are found to be plv,'
Pgreeee Pn. ' N ol

2. It is necessary to- deﬁné in precise terms T «
)’ P ’ proport:an are determmed for.- all. the n samples‘ﬁ

the degree of apprommatlon of the set of values
pi to gy, :

#u.

follows—

(a) Very Close Approxxmatwn—-—tf the * number’

of cases in which p; exceeds or falls short of g; by

more than .one per: cent,~ does not exceed 2 per
“centofn. * SRR A : ‘

tion is not very close, if the number of cases in whxch

pi exceeds or falls short of g/ by more than 2.5 pert

cent does not exceed § per cent of n, "+

(¢) Fair Approxxmatzon-——where the approxlma-"
tion is not very close nor ‘even close,. if the number

Three degrees of t d fined 25
o tgrees © approxlma lon are, geine . as - fvalues p tog is A if the number of cases in which p;

| - .exceeds or falls short of ¢ by. more than Aj2 per
~cent is, as nearly as. - may. be, equal to’ A per. cent

" of cases in which 1d exceeds or- falls short of ¢ by -

‘#

. of a. ] e

) o « . I ; S

drawn on ar stnctly random’. basis each - sample*"

;'a'* consnstmg ‘of” the same number: of mdmduals say.

"y Se (nlslarge);; R

(ii). (@) The". value - of 'a- specxﬁed chatactensm:\.
proportion is determmed for the ennre pog latlon g

:  group: and found to beg..

(b) The values of the same. charactenstic‘i'

'and found to, be py, PyrerePa respectlvely BTN

N

" The mdex of approximation of any ‘of the ‘j;‘,f‘

o
,/‘ . v

“The dlﬂ'erent degrees of approxlmatton mayi"‘

S be deﬁned as’ below ;-

(b) Close Appraxtmatzon——where the . approx1ma~ '-f_; .

(a) Very Close” Approxxmatzon--—-where A does,
. mot exceed, 2. T, W o
(b) Close- Approxxmationﬁwhere A exceeds;
“2but doesnotexceed 5." " f N
(c) Fair Approx:matxan—-—where A exceeds 5
but does not, exceed To. ot

. ..\‘



APPENDIX nm
The lndex ‘of Approxnmatlon

I Consnder a populatron group of size N and a random sample of s snze n from 1t
The population group and the sample are stratified into k strata each stratum’ correspond—- ;
ing to 2 particular characteristic of the populatron. e *l‘.:.. : e

Xl, X, oo Xi and Xys Xgy oo x‘, are the numbexs m the strata in the populatlon o
and sample respectxve]y Gl L 4 -

o + >

o i = j . == U Y g _

are the proportions of the ith characterlstlc in the populatxon and sample respectlvely i

pi is an estimate of g, .‘ The sufﬁx wxll be omttted if there is o' need to specxfy the

stratum, ‘ o A L : : -~.« s : 4 ; R S ‘.,,,.;‘ RN
The error of estlmat‘ion may be measured in’ terms of e ; %

(a) = p— 9 (absolute error) ; .f"";. B '_‘“4 Vi o ;; o
,and (b)" 5 = Pr——g 8 100 (percentage error) { | S e

2. In practxcal sxtuatlons, the acceptance of p. as an estrmat; of g depends on a h‘gh ‘_,'
probabhty for a small error.. The acceptance specrﬁcatxon reduces to i ‘

(u) P[ISI I..U] :> ﬂ - ,@ ot '

w determins the probability « . that the percentage error is numerlcally less than w
If « is greater than [5 the. conditions, in (1) are satisfied and p: is considered to be in
- agreement’ with g. If « is smaller than B. the conditions of acceptance (1) are vmlated
and pis not in agreement with ¢. The two parameters W and g that specify ' the
.conditions of acceptability of p will vary .with the requrremencs ot’ the problem studxed__
and therefore the spec1ﬁcat10n 1tself is arbltrarx :

. , A scale of measurement of agreement of p w1th 9 can be deﬁned by placmg some‘
restrxctlon on LU and B in (1). One way of connectmg v and p is to assume that :

'S Ta e

Iz

i R : A bR A St Sh RS TR NS R
: e and A= o
w ‘ 2 @ R IOO Gt Yy TEe S

ot ow ‘ "

vThen percentage error exceeds -—2- numerxcally in A out of xoo cases. A wxll be called :

.'\n‘v.

_ the index of apprommatlon ofp CE er e e i Cet ;,; i .
2. 'The index of apprommatlon A is deﬁned by the ,relatron TR T
. P ( - <38 5—. == ;:.. ;.&; T o (2) L

In the case when’ the sdmple size n is large, ‘the normal approx1matlon for bmomlal Proba- .
hxhty leads to elegant mathematlcal formula for A Let T | "

7 - Y I A
| V-g—-—————'("'g) I T T R LR

!

] . o o . PR BRI . s e AR
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. ) \ —
In(3), y= looV ln $

distribution and

is the coefficient of variation of p. 3/y follows the normal

: ‘ ! 2y
‘ p x2
P < — A <38 < A = V-__z.. I
\ 1 2 ™ e dx
. N - °
Thus 4 is defined by :
‘ ) ) o
9 .
: X '
V= = ®
T Je dx = —

A - 100
4 ZY )
The caIculatlon of A from (4) is not possible unless the value of y is known. Ina sample,
p alone is known and the formula for 4 has to be modified to give the index of approxi-
mation  knowing the sample proportion p. - Denoting this by a

3 : a
P{—<8<'—-—-—;given1’}=1—-—— 41
2 = 0 = 2 ) 100 .

. ' The distinction between A and a has to be noted. A-is the index of approxlm.mon '
in a sample from a population with an unknown proportion ¢ while a is the index in a
sample ngmg a proportlon p. To evaluate (4.1) given P

\

1oop
’ " 100+38
and Y = 100 \f—————-loo i
. too np
z_ 3 3 V‘ 100np
¥ 100 Y100 g+38

‘where g=1—p -

’ a a . . :
Since Z monotonically increases with §, — Y VAR W4 5 is equivalent to

np np
a L S a —_—
~ oo aﬁz—ﬁ—\[ a

200 -_ = , T 200 ) —
‘ . q 200 - q + 200
Hence a is defined by
‘ ,
a np
200 a .
1 f 200 _ X2
- 2
vVoar . a 2
e dx = 1 — 4
100 -
- A np
200 a



o 10000
o or P = 2
; c 10000 -+ nv

nv?
10000 - nv2

= : [ —
! , q =

Substituting these 'm (¢.2), - o0l

it

: P A T : .
- N ' N S ! ' ’ LI i ) . TR
X ' R LT e - Loe . . ’ e
‘. B zoo v RN S B S D R ¥ \

. 4) is mde})endcnt of n and involves only the sample coefﬁcient of varnatlon. Thus
in large sam though n and 'p’may vary, the index of approxima.tlon remams ‘con-!
. stant if the sample co-. efﬁcxent of varnanon does not change.. e L

3. In large sample- theory, the acceptance llmxts of a sample value 2 are deﬁned by
the t—sigma rule where ¢ depends on the value of the probablhty for acceptance, This
rule leads to limits for ¢ when p is knowri or for p when g is known The lnmts based
‘on the t—sigma rule, are v | R ST at

! : sE
SN e B : S .
: s

o 2,,,,;,_,:1 ' .Vt2+4~npq"' 2np+t*=+ \/:2+4an f

(9)

n .

lA

and
' 8 - ‘;_:llj,-
T I R e LY S

Ly

P < 9 + t\[e (x = ':_ f (forp),(G) .
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[}

Keeping only terms of th; order of ;—, (5) becomes

p( | m)+ — (4— pZesq H——,;;)+—(q ~p)

f a is\\‘the index of approximation of p, ‘the limits of p for probability 1 —l—oia

S S P
a =g = a (7)

. 1
1+ 200 200

‘o CL a
In (5) if t corresponds~.to probability-—t — o5 even though the limits for ¢ are

\

~ determined, the per- centage” error’ is not directly known whereas in (7), the Iimits
and percentage are exphmtly indicated..

h In statistical 1nvest1gatlons it is usual to take o0.99, 0.95 or o.9o0 as the proba-
¢ bility levels in the t——-sngma rule; the approximations defined as ‘very close’, ‘close’,
and ‘fair’, in appendix (1) relate to probabilities greater than o0.98, o.95 to o0.98,
and o0.90 to o.95. Thus the p_robablhty levels o.95 and o.90 in the t—sigma rule
correspond to ‘at’ least close’ and ‘at least fair’ approximations.

e



