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PREFATO.RY NOTE_ .. 

IN organising the abstraction· and et?mpilation ·of data collected.during 
the 19 SI Census of India, a special arrangement wa,:;. made to seJect one out; of . 
every ten slips on a strictlyrandom,basis.• The· main· object of this arrange.ment · 
was to secure ·a wider range ~f tabulations: than was possible~ within !he pres~ 
cribed limits of time and cost, on the total count.' ·It was also. the Jntention 
t~at material should be collected at this .. dns_us ~hereby one may· settle the 
size and structure of the .~ample which may be regarded as adequate for 
Purposes of Census tabulation in fut:tire. · · · . '. " 

.. • • .»-

.· Shri R. A. Gopalaswami, . th~ · Registrar-General •.. discussed with me ·the 
lines of orgaiD;sing this study and he entrusted me with the work. ~e discus~ .· 
sions .led him to ~efine a suit~ble yard stick fo.r measuring the degree of appro xi~·· 

. mation of the Sample Valuet;to Total· Count Value.. :The. Index of 
Approximation, ' thus . introduced; is explained in the appeiJ.dices to · the •' 
introduction. · . . . . . ·· · . · · · .. . . . · · · 

I have had very liberal help and unsparing criticism from Shri. R. A. Go~la) 
swami. His letters to me have bee~ most thought-provoking~ I am grate.ful 
to him for his guidance in this study: . · · · , . . · . ·"" , ~. 

The .}arge mass of data analys~d in this .work has·. come fro~ the varl~ui 
tabulatio~ offices in India. The Superintendents of Census have been certainly 
put to great inconveruence in 'the despatch ·of relevant material and that a'f a· 
time when they were frightfully ~usy wi.t~ the preparati()n.of their final tables. 
For their co-operation in this all-India study, I tender to them .my very sincer;, 
tha-1-- . . • . . 
~. . ... ~ ' ·- •. ',..,:.-:tl:._· ~- • . • ' . ., 

D~. K. Bhaskara Varma .·~ my coilegue in ~rganising this study .. ·,The 
calculatio!15 have been heavy and ram happy to record that he took gt:eat pains 
to. check at each ·.stage ·the work done by the computing staff und~r him.· He 
has placed me under a d~ep sense of obligation. · ·;. · ·,.. · ·;. ~. . . 

The printing of the elaborat~ ~bles in this~ v~lume has' 'been a heavy,jes-
. ponsibility on the S~perintendent of Government Pr~ses. :The scrupulous 
care and speed with . which the work was done a~ each stage of printing :go ~0~ 
the great credit of the large band of earnest workers_ in the. Press. To tb6 
Superintendent andhis .. staff, I extend my sincere thanks. < • • • , 

~ __,.. . ~ . 

. In p~esenting this volume~ I have strictly foll~wed, ~hri R. ~~ Gopalaswami's 
advice- 'analyse :and tabulate observed results m such a ma~er .that .all may 
study them and.make ·their own researclies.~' I shall feel happy if this purpose 
is served. · · · " ·· · . .. · . · 

.. ~U. S .. .,..NAIR 
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. 
IN~RQD~C~ORY NOTE 

. . 

I have no faith. in anything short of actuai 
Jrf~as~rement and Rule of Three. · 

.CHARLES .DARWJ~ 

I. Sampling 'has not played any prominent persons being placed in a eleventh hole• •... After all . 
pa~t· in Indian Censuses prior to 1941. At th~~ the pads belonging to a village o~ ~ard·were subj~ct 
Censu5, ·as a measure of war economy tabulation.: . to the above ·process, the ·slips in ~he pigeon holes· 
was restricted in the former British Provinces ·and ... . were collected in three lots..:_ . . . . .· , · · 
small States to the classification of the total population ~ , 
by 'communities:. However to secure information. .·· · 1~ the slipsof displaced personS·. 
that might be required)ate!, Mr. Yeatts, ,the Census ii. the slips in the fifth pigeonhole 
Cornrnissicmer arranged for the extraction and preser- . ill.' the slips ~ the remain·. ing nine pig_eon holes. 
vation of a two per cent sample of . the . original 
census slips. These sample slips were subsequently 'The ~lips in (ii) formed the ten per ~cent sample .. • · 

used to construct the age tables fo~ the. I94I· ~us: . The . three lots of dips ~ere kept- separate at 
At the I9SI ~ensus a number of s~mpllng all stages of so_rting.· ·.The tables ... prepared from 

experiments have been tried. A verification of the the slips in (ii) give the results ·of the . sa~pling 
accuracy of census enumeration by a sample .check experiment while· those obtained :by ·consolidating 
was undertaken for the first time at this census. the. tables from· (ii) ~d (iii) contain the re1;ults of 
The size of the sample was one-in-one -thousand total. count.· .· .. 
of the total number of households. The frame ·- · 
for this survey was the National Register of CitizenS .·. Ordinarily, .iri,. sampling s~udies, the ,results of 
which is a list of all the. households and the inmates complete. enumeration ·are unknown.· Statistical 
in each, ,according to the 19SI census .• nte .. results': F •• te~ques have. ~een developed to ~timate the 

. of this enquiry are .~ont,ained• in. the Census of .India··:-' unknown values. for. the total population from the 
Paper No. 1..,,- of 19n. · · _,. , · . known values "'in the sample. The ·object of the 

. · . . . · ·. . . present. study ·~s' not. to prepa~ estimates of .Un-
A second s~mple ~urvey w~ conduct~d .lil most .·.:. ~owns-~fact, the results of complete enumeration. 

of ~e ~tates I~ India. to verify. t~e- ac~u:acy of . · -are known~but to assemble the sample values and 
regtstratlOn of b1rths and deaths. • This expenn\ental the total count values and indicate the extent of 
census of births. ~d deaths was intented t? be the. .. ·agreement of•.d.ivergence between the~ .. 
first htep towards Improvement of populat10n data · . ' · ~ ' . . ·· . . 
and was confined to a one per cent sample "of house- .. . . .2; ·-The· . samples_ were drawn in the various. 
holds in the districts selected for ~e .stirvey .. · The· TabUlation pHic~s and sorted for (a) se;x arid (b)' eight 
births and deaths in the hoJ..lSchohis \\~r~ re~orded. ... livelihood). classes for ea~ village and war~.· . FuJ.ler .. 
and verified with the· entries made . in ~he"' offici~ ' sorting was done after combining the slips'_o£ villages 
birth and death registers.: .. '.- .... Jor:· large~; geographical areas,, called. :T~cts, each .. 

. . · -~ ·_. . . • . . · · tract having a populatioD: of nearly twolakhs.. The 
Bcs1dcs these surveys, · a detailed samplmg · Its t · d · th. · t bl' · 1.1· h ·d . 1 . d d . ·d·. resu are con ame .m e vanous a es puu IS e 

cxpcnment on popu at10n ata was con ucte m· p t ·1·1 f 'th c· ·R t"' ~ ' ·h Stat. It · di h . f ·· . · th as ar o e ensus epor 10r eac e. . all the states m In a at t e tlme o sortmg e F · • . . . .- , . • • . · 

enumeration slips of the I9SI census in the van.ous · . . * I\ di~place~ person ~ defined. as a person ~ho has 
tabulation offices. Instructions were given by the . ·· entered India, havmg left .or bemg compelled to leave his or her 
R , · G. 1 · 1 home in Western Pakistan on or after the uf March 1947, 01 

e!Tlstrar- en era to extract a ten per cent samp e h' lh h . Ea. t Pakistan. · alit · th ... th "-t b o·. . . . . IS er orne m s ern on or er. e •S v.. o er 
of shps for ·each village and mun1c1pal ·ward. -Th~ 1946 on .,at:count of civil disturbances or the fear of such dis.. 
procedure was to break C?Pen enumeration pads, . ·turbanc~s or otnccounto£ the setting up o£ the two dominions 
one by one, shuffle and cut as in a game of cards and . of India and Pakistan. · · ' · 

deal into ten pigeon holes, _the slips of displaced Displaced persons lave ~een excluded in~ study • .': 
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was however decided to select· . the. following 
population chara~teristic~ for sampling study. 

1. Se,2 Composition 
2. Livelihood classes 
3. Liveliho'?d classes and dependency · 
4· Employnient in Industries and Services 

The tables for each district for these four chara~
teristics ~ere made available for the present study. • 
This data correspond to an approximate.ly ten per 
cent sample for the districts. 

Samples with small~r sampling. fraction were 
also studied. These samples were · derivecl by pooling · 
together th~ ·~lips o~ :-. -. . . . . 

. , (a). Every teri~h. tract (selection being ,made 
with .a random start) in each district · 

· · . , (b) Every tenth village (with a random s~art) · 
in a 11 the tracts , 

'v ' '•- - .. • 

, (c) Every tenth· village of every tenth tract. 
The· four sample typ~s thus evolved are:- , . 

(i) S. ~~ · · Approximately ten per cent 
sample 

(ii) S.o 1- · Approximately ten per cent 
'thick' sample formed by pool- · 

·' 
ing the ten per s:;ent samples 

. ·of every tenth tract~ . 
(iii) S. 'ot-. Approximately ten. per cent 

. . 'thin' sample fomied by pool-
• mg the . ten' per cent samples . 

of every tenth village in all the · 
tracts. 

·. 

3. As has been mentioned at the outset, the 
object of this study is to assemble the result!f 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. 

I The propo~iOnS ' based On COmplete enumeration 
are called total count values and those from 
the samples, sample values. To judge the agreement 
between ~he total count values and sample values, 
~he 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 coeffioient of variation: 
almost always. Thus the sample value is in agree-

' inent.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 

. following cases :-
c i. Percentage error is 1.0 and the coefficient 

of variation is o. s. 
ii. Percentage error is I o and the· coefficient 

of variation is s. 
. Clearly, the sample value in (i) is a much better 
estimate than that in (ii). To bring out this dis
tinction; a: new index called the Index of Approxi
.mation bas· .been introduced. · 

(iv) S.oo1- Approximately one-in- thousand 
sample fo~ed by pooling the • 
samples · of every tenth 
village of every tenth tract. 

'A' will be, defined as the index of approximation 
of a sample value if the percentage error exceed:> 
half A 'in A out of ·I oo cases utmost. Low values 
of A cottespond 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 J>?pulation characteristics, sample types The district samples were (;;ombined · to. g!ve 

corresponding samples .for larger areas within ~he 
State~alled. Divisions-and the aivision samples .. 
were combined to· give the. state samples.~ The 
population' characteristics, . sample types an.d geo
graphical areas· included in this study are as fol
lows:-

. SAMPLE TYPE Popula~ion 
characteristic. State Division · District 

Sex ~~~p9sition 
Livelihood Classes' 

All the four sample types 
All the four S. I & S~o I· 

sample types 

Livelihood classes . 
and dependency ·.-.S.{and S.oi S.1 

Employment in indus-
tries and services • • S. 1 and S. o I Nil 

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

• a~d geographical. areas, ~ithout loss of any relevant 
information, the following det~ils 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 coefficient of variation 

TJ:lere are four ser~es of tables corresponding to 
the four population char,acteristics. These are 

Table I. Sex Composition 
Table II. Liv'elihood Classes 
Table III. Livelihood Classes and Dependency 
Table IV. 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 

Degr:ees and Indices of Approximation 

R. A. GoPALASWAMI, I.C.S., 

Resistrar-General ~ India. 

I 

I. Let the following assumptions be. made-...: 
(i) (a) There are n different population groups 

comprising PJ' P 1 , •••• P. individuals respectively. . 
(b) From each population group, a sample · 

is drawn on a strictly random basis using the same · 
sampling fraction. Each of these samples compris
es sl' s,,. .. .Sn individuals respectively. . ..... 

(ii) (a) Each population group and the corres-r 
ponding sample are stratified according to . different 
characteristics. 

' 
(&.) For each of the population ~oups, 

more tJla~ S per cent does not exceed. I 0 pet cen~ . . 
of n. · · . . , 

3. · Generalising the · foregoing, it is possible · 
to define an index of approximation between the set. 
of values p; a':l:d the corresponding set ~ 1 as follows- . · 

• . The index of approximation is A. if the number of 
cases in which pi exceeds or falls short of ~ 1 by more 
than A/1 per cent is as nearly as may be, equal· to A 

, per cent of n. 
• II 

.· 1. A . somewhat .. di~erent· conception of the. 
desrees and indices of approximation may be based 
on, the following assumptions. < 

~ · (i) (a), There· is mily one population group 
comprising P individuals .. . .. ' . 

the number of individuals having a specified Charac- · 
teristic is ascertained and the. proportion which 
this number bears to the total number of individuals 
in the population group determined, as the value · 
of the· specified characteristic proportion,. for that . .. (b) From this.. group · ·n different samples are 
populatio~. group. The values thQS .. determined draw~, on a strictly random basis, each sample 
are found to be ~~; ~,, .•.. ~n. consisting of the same~ number of individuals say 

( ) Th I f h h · S· (n is large). · · · · - . · 
c e va ues o t e same c qracteristic, ' · , 

proportion are also determined similarly for the popu-; · "· (ii) (a) ~e value of" a specified charact~ristic 
lation group samples .. These are found: to he p

1
, propoition is· determined for the entire population 

p
1

, .... pn. '· ~~p and found to be~. ,_· · · 

1. It . is necessary to define iii. prec.ise terms, . ·.(b) The. values of the same characteristic 
the degree of approximati~n of the set. qf . values, . proportion '"are . determined for all the n. samples 
p

1 
to ~ 1 • • . • and fo~nd to be pl' p2 , ••• pn respectively. . · · 

Three degrees of approximation · are defined as ·· ··. 1 :· The . index of ·approximation · of any of the 
follows- · ,, .. lo • v~lue~ p to ~ is A if the number of cases in which p1 

. (a) Very. Close Approximation-if the~' numb~t ,' exceed'J or falls. short of~. by more than· ~11 per 
of cases in which Pi .exceeds or Jails short. of~~ by;..~ ·cent is, a'J nearly as may- be,. equal to A. per cent 
mor~ than one per cent, does not exceed •• 2 per · of n. · · · · • _,_ . . ~- . 
cent of n. 3··,' The different degrees of approximation ~y 

(b)
• Cl A · ,. h ·h·.; ,. · he defined a5 belo-W'::- • · · ~ ') ... 

. . . ose pproxtm~tion-w ere . t _ e _ appro.xima-
tiOn 1s not very close, tf the number of ca.Ses in which . (a) Very-_ Clo~e ~pproximation-where -A .. does 
pi exceeds or falls shorJ; of ~~ by more than~ 2·.'s per not exceed 1. · 

cent does not exceed 5' per cent of n. . ·· • . - -' (b) Close . App~oximation-whe~e A exceeds 
. (~) Fair Approximation-where the "app~oxima- . 2 but does not excee4 S· · -~ · -.::. · . 

t10n 1s not very close nor even close, if the riumber . (c) Fair Appt£?ximation-'Yh~i-e: A exceedS. s 
of cases in which Pi exceedso or falls short of-~' by but· does not e:cceed .Io~ ,i . 

·'. 
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APPENDIX II 

Tlie.Index. ·of Approximation 

I. COnsider a population group of size N and a l'a:~dom samp~e of size. n from it. 
The population group and the sample are _stratified. into 'k strata ~h stratum correspond
ing to a particular characteristic of the population. 

• xl, x., .. x. and .xl, x., .• 
and sample respectively. 

Xi are the . num\>ers in, the • Strata jn ; the ·1 popuiatio'n • • 

x, . 
~~. = N and pi · = 

n 

are the proportions of the ith characteri~tic in the popul~tion and sample respectively.~ 
p1 is an estimate of ~ 1 • The suffix _will be omitted if there is no need to specify the 
stratum. . , ' · ... .. ~"' ' t . 

The error' of estimation may be measured. in;~erms ·of 
.. . ·,' f -. ~ '"' - .,.. ~ •• • • ' ! 

· (a) s = p;..,.: ~ ,.(~bsolu.te ·~rror) · · · ! .~ · ~. 

. ·. ....; ~ - . .. ', :. . . ;)'• .· J . . •. 

, and (b) ~ -; P2,._~?9·--~~~ce~tage .. error)~. · .. 

2. · In practical situations, ~he a~cepiance _of p. as a.n:estim~te of ~·-depends ~:m a high · 
pro!ilablity: for • a ·small error.·. ·.The acf~ptance sp.ecific~tion'reduces to,.,-., ·. .. ·· · . ' 

. - . • • .,.,. ' t 

(~:. ~; 1~3-,~·;~
1

] 
1

.~. -~ J (l)' 

IJ.1 determins the probabilit:y: ~-that the p.e.r~e~tage errar·i~ num~~ically less' tha~ J.U .• 
If « is _greater than r; the . conditions · iri. (-1) are_ s~!isfie~- and p ,is- '£omidered to be in 
agreement with ~, If ~ is "s.maller than.. r; .th~ condit~ons of a_ccepbnce ( 1) are violated 
and p is not , in agreem~nt with ~. · The two. parameters 1JJ and ·ri.; that ·specify the 
conditions of acceptability of p will varr•with-t~e requiremencs of the problem studied 
and therefore the· specification it'ielf is :#bltrary. { -~ ~ ·· ·,: . . : ... ·· 

A scale of ;measurement of agreenient of p wit~ ~,can b~, defin~d by; placing ~orne 
restriction on J.U and ~ in_( I) •• _One wa¥ of connecting 1J.1 and r; is t<(assume that .· .. ~ : ,, . ~-. --!: ~~; ~·- ;' . .:A.: ·. ·_! > ·~· ,_ ., .. ·, .. ; '. . . . ·.·-~ 

IJJ = __, and . r; .- 1 - ,. • ..,, 
·"' ..... 2· • ;. . , • '"" I 00 

',' "". ""' -· ~""'·. ·. +·t- ... . ·" • . ··- ~ ~·- •. ' ' ,.- .• ""': .· ... ~· ,. ~A' . :, ,. ;:, ~ ' :.., . ..'· . ~· -.,. :: ~ . ~ "' 
Then percentage e?"or e~cee~ ~~- numericallfi~ A out--·;;r) oo :~~es. 

the index of.approximation ·or·p. . . ~- "" 
~ ·~ . ' . . -·. ... '. ~ ~ 

. 2: The index of approximation ·A is' defuied ··by~; jthe !elation 

.: .P :(~~:!:~ ,3 ~ 4 )d ·.:.}'-'_.-A.: .. (2) 
. · ' 2:- • t - .· ' n I 00 ,. · , ' 

• ': • • l 

In the case when the s.~mple size n is· large, the n<?rmal approximation for binomia~ proba~ ·1, 
bility leads to elegant ~athematical formula for A. Let.. · ·" .·· . : . . 

3 

r· 
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In (3), y =· Joo \f 1 - R is the coefficient of variation of p •. '8/ y follows the normal , V ng 
·distribution and 

A 
• 2y 

\ 
p {- ~ ~}~ v: f.- . .x2 

• < '8 < - - 2 \- 2 

J.x 
0 

Thus A is defined by -
at 

V+- f. 
.x2 

2 A (4) 
Jx. ·= 

.A 100 
. j 

2y 

The calculation of A from (4-) is not possible_ unl~s~· the value of y is known. In a sample, 
p alone is known and the formula for A has to b~ .·modified to g:ve the index of approxi· 
mation knowing the sample proportion p: Denoting this by a 

P - <·'8 < --;·givenP =I--
·. 2 - - 2 100 

4-"I 
. . . 

· { a a· ·.. . }. a 

The di~tinction between A and a has to be noted. A. is the index of ~pproximation 
in a sample from· a population with an unknown proportion R while a is the index in a · 
sample giving · a . proporti~n p. ':fo evaluate (4-. 1) given p, · 

~ 
. Joop 

-
100 + '8 

and . '['90 q+8 
r - 100 

too n p 

Z=~·= 3 ,r toonp 
r. 1o_o V too q+ 3 

·where q= 1 ~p 

~ · a • a 
Since Z monotonically increases with 3, - ::--; 1 3 · L ·- is equivalent to 

""'" 2_ -: •. - 2 

. a ,r np 

- ;;;;- V- q-' a 
200 

Henc:e a is defi~ed by . "' . . . -• 

'[ a np 
....:;.._ 

200 q+' 
a 

J 
200 

I .x2 ..... 2 v a 2n: ·e Jx: = J --.. 100 
a v np ' 

200 a 
q- -

200 

4"2 
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Denoting the sample coefficient of variation by v, 

v_= toof'T.· 
. .. . np . 

• 'i<' 

or 
. 10000 d p = . an 
10000 + nr2 

nr1 

q =- 'JOOOO +nv2 

Substituting these :n (+· 2 ), 
.. 

a 

' . ,, 

I 

2 \[ 2 (. + a J . ~-oa t' I , - --
.. 200 , .n · · 

'· . . . • ,. ~ tr 

·a 
1---

100 

· ~oa .. . · 
When n __ is large, -~ ~y be neglected and (4·3) reduces to 

at 
~~ + 

\f: 
-·-. 1 

e dx a. 
=· - • J 100 +·+ . 

a 

.... 
·-~ ~ • .. _,;' :'1:: .. , • ' .• ,. ,'II! 

' ll ' . . . . ' . • 

• (4.4) is independent of n. and)J!:yo}ves'"'only the sample coe~cient of variation. Thus 
in large samples, though n.. and p may vary.th~ index of ~pproih~1ation. remains _con-
stant if the sample co- efficient ·ofvariatio~ ~~es ·n()t fqange". : , . ~ · · . · · _ : · · 

• 
. 3· 1n large. sample theory,' the. a~cep~ce')iinl~··ofa sample_-value ·;1re' defuted by 

the t-sigma rule where t depends on the value of·~e.pr~b~bility.for acceptance •. '. J'his, 
rule leads to limits for ~ when p is kp?Awn or· for p when ~· is known. The limits based 

·on the t-sigma rule; are . . . · . · ·~ · , .. . · ~-· · 
·'' 

' ., '\ •·• . .' -. • ' •. ) !_-~-:i!<.•' 

lnp+tll<_ v :>a++npq ~ ·,. $. 2np+.ta2+(n·+Vt!~++npq; (f~r ~) -(~) ~ 
, . 2 D +t ' 1 . • , I 

.~''.':1'. 

·.' '. ... 
..J· 

.and g:. .. ty~ (~ -~), d p S s ~ t '[ 2 (•u-e) 
.. 
(for p), · ··(6) · 
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. I 
Keeping only terms of the order of -, (S) becomes 

. n 

p (I - ~) + ~ (q-~) ~~ ~q (I-t-~)+~ (q-p) 
\ I oo 2n \ 1 oo 2n 

If a is the index of approximation of p, the limifs of p for probability 

p p 

. -~ 

a ~· ~ ~ a 
I + 2o;" I - 2oo 

a· 

a 
1--

100 

(7) 

In (s) if t corresponds to probabil_ity I - - , even though the limits for ~ are 
100 

·determined, the per- centage error is not directly known, whereas in (7), the limits 
and per.centage are explicitly indicattd. 

In statistical investigations it is usual to take o.99, o.95 or o.9o as the proba
bility-levels in the t-sigma rule; tQ.e approximations defined as 'very close', 'close', 
and 'fair', in appendix (1) -relate to probabilities greater than 0.98, 0.95" to 0.98, 
and o.9o to .. o.9s. Thus the probabiJ.ity levels ~·95" and 0.90 in the t-sigma rule 
correspond tc,> ',at ·least close' and 'at _least fair' approxifl:lations. 


