ON SELECTING RANDOM NUMBERS FOR
LARGE-SCALE SAMPLING

By ABRAHAM MATTHAL
Indian Statistical Institule, Calculte

A proper choice of random numbers from any of the standard random number
tables can bo dono in one of many ways without any cost considerations, when the
number of figures to bo selected is small. In large-sealo work, however, a certain
amount of planning and proper methods for choosing the numbers are of importance.

Fxtensivo random sampling number tables aro now available to mect the
requirementsof aimost any practical Jarge-gealo investigation; such as, those by Tippett,
Kendall and Babington-Smith, Fisher and Yates, and tho Calcutta Statistical Tables.
It may not be an uncommon experience that in using any of theso tables, most selec-
tors differ in their methods of selecting numbers, without necessarily giving regard
to tho labour involved in the method adopted, though lLoth of them do not commit
any error in giving equal chanco to all units concerned.

When large-scale sampling methods are becoming of mure and more use every
day, time and money-saving methods of selecting have their place, In this paper
certain methods and details in the matter of selecting random numbers, on a large-
scalo, are given.

Supposo now that a random samwple of §00 is to bo sclected from a total of
about say 70000 individual units. This would involve the sclection of 800 humbers from
among the numbers 1—70000 or the numbers 0—G9999 (00000 Leing reckoned ns
70000). Ono method of selection would be to pick out five digited numbers from tho
random number tables omitting all numbers 70000 and above. This would entuil
rejection of about threo in ten of the numbers met with.

An alternate method would bo to take four digited numbers from the tables
and prefix to cach a fifth digit that is random in the set 0,1,...,6.  This might suggest
the preparation of random number tables of ono digited figures for the different sets
0-1, 0-2, ..., 0-9. But such an auxiliary table would seem unnecessary in view of the
extensivencss of -random number tables availablo now.

What can be done then is to assign, say, ten digits in the table, to give a safe
margin, for cvery five-digited random number to be selected, and to tako tho last
four digita prefixed with the first figure less than 7 met with in the remaining sct of
six digits procceding towards tho left. Thus, if in tho tables, tho following are three
consecu tive rows of ten-digited figures:

67 6345 0912
2 3410 1256
25 2087 4391
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tho threo random numbers less than 70000, provided by the abovo proceduro would
bo 60912, 11256 and 24391, Obviously tho sclecton is dono this way with almost
no trouble of rejection,

In order just to verify tho appropriateness of such a selection from tho existing
random number tables, o test was made on 898 five-digited random numbers so
sclected from some of the random number tables mentioned carlier. Table 1 below
gives the joint distribution of tho fifth and the fourth digits of theso numbers.

Tawmr 1
Jourth digit

[ 22 15 8 13 ¢ o n 13 10 125
1 1 n 13 U ¢ 13 " u 10 9 Iv2
2 16 8 u 14 14 19 H 10 17 16 139
JAfh 3 10 5 11 17 13 n n 153 13 1213
dgit 4 1 13 " 21 14 B 14 1”2 13 7 42

U 13 12 1 1 15 1 1o 18 8

towal 07 n 83 o7 0 Bt 01 87 107 02 508

The x* with 69 degrees of freedom calculated on the basis of the expected value,

(808+(10%7), of the internal cell frequencies works out to bo Eg)’_'*'(:gz;"'_%(s):
=1

—898=08.125, This x* comprises deviations of the fourth digit figures, of the fifth-

digit figures and of tho two.digit combinations, from their respective expectations,

(125)34(109)24-.. {127)8
803+7

of the fourth digit figures similarly is 7.060. We then have the following analysis

of x* table.

The x? relatingtothe fifth digit figures is —898="5.748 and that

Taoee 2
probability
dlue to ixa x? {approx.)
£ilth digit o 5.748 509
fourth digit 9 7.000 0%
patchines (combination of the 2] 54,4038 3%
digits).
total o0 68.1256

The probabilities of tho x*'s are low enough to regard the numbers sclected to bo
satisfactory.

If the problem is to sclect a set of random numbers less than any number,
say 2853, not necessarily a round number like 70000, a procedure that is often adopted
is to sclect four-digited figures from a table omitting all figures 2853 (0000 would
stand for 2853) and above that are come across, or altornatively to divide the numbers
by 3000 and note the remainders, rejecting thoso from 2853 to 2000 and also Jeaving
the numbers above 9000 out of consideration.
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A good amount of rejection labour can bo saved if tho following method is
adopted, namely, to chooso threo digited figures prefixed as in the former caso by o
fourth digit obtained as tho first figure met wth on the left which belonga to the sct
0, 1, and 2, taking care howover to reject cases when tho four digited figuro formed
happens to be 2853 or above.

Thus starting with tho last column of 12 digits of random numbers (I) of
Fisher and Yates Tables, tho first few rows of which are reproduced below we select
as the required random numbers tho figurcs shown in bold typo. The last case where
the figures shown in italics will bo come across, is to be rejected

[ 1 6o 11 14 10 95
.. 61 24 51 70 89 73

TN o B9 88 07 54 14 10
v e e e 21 88 26 49 81 76
v e e e B3 23 83 01 30 30
or e e e 43 84 20 34 03 64
. 83 01 12 06 76

e e e 07 44 39 62 3¢ 79

It will bo seen that this proceduro brings about considerable reduction in
the amount of rejection, but involves some rejection when the figure is not a round
1 {1000—853,
@Fin 1000 )T
as compared to 71.6% in the procedure of rejecting ull numbers 2853 and above
and 14.4% in the proceduro of division by 3000 and taking remainders.
844
T000

number, The expected rejection in the above example will be 1.9%

Tt will also be scen that the rejection will be moro, é( =10.6% if tho number were

eay, 71566 and still moro, % (fs()%so = 43.4% if tho number was 1132, But it will be

observed that oven in the oxtreme case it will bo 50% as compared to a moximum
rejection of 00% for the alternative procedure. Also it will be noted that a chief
merit of this method is that it dispenses with the labour of dividing numbers.
As regards the above methods which require reserve fizures to be kept, it will
bo observed that they do not neccssarily involve, as compared to the alternatives, a
reduction in tho total number of random numbers suitablo for sclection, availablo in
any table. But the need for a proper choico of the number of digils to be reserved is
obvious. Tho smaller tho range of tho prefixing set the moro the number of digits to
bo reserved.
Weo may now touch upon certain other aspects of large-scalo selection of random
sampling numbers, Usually a team of workers will have to bo engnged to select the
1 and any possible overlapping or duplication ia to Lo avoided by nllotting

259



Vou. 13 SANKILYA : THE INDIAN JOURNAL OF

STATISTICS [ Pant.3
scparato sets of pages of the different random number tables to different workers,
So also, in spite of the fact that the tables have pnssed tests of randomness
before their publication, it would be worth while ns a safety measure, to subject ran-
dom numbers selected for any investigalion, to at least a rough check for randomness,
to ensuro that a bad sct has not been selected either through chance possibilitics or due
to unconscious crrors on the part of the aclector.

When the random selection in question in to be made from a set represented
on punched-cards, the selection is best mado on a Collator with the help of a sct of
random number cards on which their serial numbers together with a suitable range
of random numbers from any of the standard fables have been punched and kept.
An account of the usc of the punched eard machines for random selection, uscful in
large-scale work, is given by Vickery (1939).
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