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ABSTRACT11
In the field of statistics as well as in the different branches of experimental sciences, random
number tables have been playing a vital role for the purpose of selecting random samples.
Among the existing different random number tables, four tables namely, Tippett's random
number table, Fisher and Yates random number table, Kendall and Smith's random number
table and random number table of RAND Corporation are of most frequent use. The current
study aims at attempting to make a comparative review on the degree on randomness of
these four most frequently used random number tables based on χ2 test, run test and
deviation test. From the findings based on χ2 test, highest degree of randomness is
observed in random number table due to RAND Corporation followed by due to Kendall and
Smith, Tippet, Fisher and Yates, respectively. In case of run test, highest degree of
randomness is noticed in random number table due to Fisher and Yates followed by due to
Tippet, RAND Corporation, Kendall and Smith, respectively. However, from the findings
based on the deviation test, it is clear that highest degree of randomness is observed in
random number table due to Kendall and Smith followed by due to Fisher and Yates, RAND
Corporation, Tippet respectively. It can observed that the findings obtained in the studies
based on different tests are not alike. Consequently, there is necessity to search for the
reasons of the difference between these findings. Moreover, it can also be concluded that
attempts should be made by the researchers to construct new random numbers table with
enhanced degree of randomness than that of the existing tables.
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15
1. INTRODUCTION16

17
Random number tables have been playing a vital role in statistics as well as in the different18
branches of experimental sciences for the purpose of selecting random samples. Use of19
these tables are much more effective than selecting the random samples manually with dice,20
cards etc. Several random number tables have already been constructed by the renowned21
researchers. Those contributions are mainly due to Tippet [1], Fisher and Yates [2], Kendall22
and Smith [3, 4], Mahalanobis [5], Quenouille [6], Rand Corporation [7], Snedecor and23
Cochran [8], Hald [9], Royo and Ferrer [10], Moses and Oakford [11], Rohlf and Sokal [12],24
Manfred [13], Rao, Mitra and Matthai [14] etc. Methods of drawing of random four-digit25
numbers, random five-digit numbers, random six-digit numbers and random seven-digit26
numbers from a combination of independent tables of random two-digit numbers and27
random three-digit numbers have also already been developed. [15, 16, 17, 18, 19, 20, 21,28
22]. However, usage of computational random number generators have also been observed29
to be emerging. If carefully prepared, the process of filtering and testing can eliminate any30



noticeable bias or asymmetry from the numbers such that the tables provide the most31
‘reliable’ random numbers available to the casual user. Among these different random32
number tables, four tables namely, Tippett's random number table, Fisher and Yates random33
number table, Kendall and Smith's random number table and random number table of RAND34
Corporation are of most frequent use [23]. The current study aims at attempting to make a35
comparative review on the degree on randomness of these four most frequently used36
random number tables.37

38
2. FREQUENTLY USED RANDOM NUMBER TABLES39

40
2.1 Tippet's random number table41
This table consists of 10,400 four-digit random numbers. Karl Pearson emphasized on42
testing statistical theories by sampling experiments. Tippet’s random number could put to43
use for this purpose [24].44

45
2.2 Fisher and Yates random number table46
From the 10th to 19th digits of A.S. Thompson's 20-figure logarithmic tables, Fisher and47
Yates obtained the random numbers. In choosing from those digits, An element of48
randomness was introduced by using playing cards for the selection of half pages of the49
tables and of a column between 10th to 19th and finally for allotting these digits to the 50th50
place in a block [25].51

52
2.3 Kendall and Smith's random number table53
In the year of 1939, a set of 100,000 digits were published by M.G. Kendall and B. Babington54
Smith produced by a specialized machine in conjunction with a human operator [26].55

56
2.4 Random number table of RAND Corporation57
In the mid-1940s, development of a large table of random number table was set about by the58
RAND Corporation with the Monte Carlo method. With the help of a hardware random59
number generator, ‘A Million Random Digits’ with 100,000 Normal Deviates were produced.60
The RAND table used electronic simulation of a roulette wheel attached to a computer, the61
results emanated from which were then filtered and tested with substantial care before being62
used to generate the table [27].63

64
65

3. TESTS USED FOR CHECKING RANDOMNESS66
67

3.1 χ2 Test68
Pearson's chi-square test has been used in order to test whether the occurrences of the69
numbers appeared in the table is random or not. [28, 29, 30, 31]. This is equivalent to test70
that equal numbers of 0s, 1s, 2s, 3s, … , 9s are present in the table or not.71

72
Let N be the number of occurrences of the ten digits in the table and = Observed73
frequency of the digit i, = Expected frequency of the digit i  (i = 0 , 1 , 2 , ........... , 9)74
among the N occurrences. Then the χ2 statistic for testing the null hypothesis, “the75
occurrences of the digits in the table is random” i.e. “each digit has the probability 0.1 to76
occur in any position”, which is equivalent to testing “the discrepancy between the observed77
frequencies and the corresponding expected frequencies of the digits is insignificant” [23] is78

, which follows χ2 distribution with 9 degrees of freedom.79

This statistic can be employed to examine the randomness of the whole table as well as of80
any part of the table provided that the test satisfies the necessary assumptions of simple81



random sample, sample size, expected cell count and independence [32, 33, 34]. The82
frequency test has been applied to each 100 occurrences.83

84
3.2 Run Test85
The run test is a non-parametric test to test the randomness for a two valued data sequence86
[35]. A run test is based on the null hypothesis that from the same distribution, each element87
in the sequence has been drawn independently.88
Let us consider the following hypothesis:89
H0: The occurrences of numbers in a table are in random manner.90
H1: The occurrences of the numbers in the table are not in random manner.91
Let, U = Number of observed runs yielded by n successive numbers in a table. Then, U92
follows a binomial distribution with expectation E(U) and variance V(U) given by and93

, respectively.94

Then for large n, under H0, the test statistic Z = ̴ N(0, 1)95

One has to accept or reject the null hypothesis H0 on comparing the values of |Z| with the96
corresponding theoretical value of |Z| namely 1.96 (at 5% level of significance) and 2.58 (at97
1% level of significance).98

99
3.3 Deviation Test100
The statistic t can be considered as the ratio of the departure of the estimated value of a101
parameter from its hypothesized value to its standard error. The t-test is any statistical102
hypothesis test in which the test statistic follows a Student's t-distribution under the null103
hypothesis [36, 37].104
Let di = di (N) be the deviation of the observed number of occurrences of the digit i from its105
theoretical number of occurrences among N occurrences of the 10 digits (i = 0, 1, 2, 3, 4, 5,106
6, 7, 8, 9). Then among the 10 deviations, independent values can be assumed by any nine.107
Now, if the occurrences of the 10 digits are random, then di = 0 in the ideal situation.108
However, due to chance error, di may assume non-zero value.109
Thus, di’s chance errors but not assignable error if the occurrences of the 10 digits in the set110
of the N occurrences. The chance variables are assumed to be independently & identically111
distributed.as N (0, σ2). Testing of randomness of occurrences of the 10 digits is equivalent112
to testing the hypothesis H0 that E(di) = 0 for i = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.113

Test statistic can be expressed as t = ̴ ,where and s2 =114

115
H0 is rejected at the significance level α if the calculated value of t is found to be exceeding116
its corresponding theoretical value that corresponds to the level of significance α with (n-2)117
degrees of freedom.118

119
4. FINDINGS OF THE RANDOMNESS TESTS120

121
4.1 Findings of the χ2 Test122
It is reported for Tippet’s random number table that the highest observed chi-square value123
with 9 degrees of freedom is 15.814, whereas the theoretical value of chi-square with 9124
degrees of freedom at 5% level of significance is 16.919. Thus, the lack of randomness of125
Tippet’s random number table was found insignificant at 5% significance level. However, the126
observed chi-square value corresponds to its theoretical value at 7.5% level of significance.127
In other words, the lack of randomness of Tippet’s random number table can be regarded as128



significant at the level of significance >7.5% and insignificant at the level of significance <129
7.5% [23].130
In case of Fisher and Yates random number table, it was observed that the highest observed131
chi-square value with 9 degrees of freedom is 26.118, which is higher than the theoretical132
value of chi-square with 9 degrees of freedom at both 5% and 1% significance level (16.919133
and 21.666, respectively). Thus, the lack of randomness of Fisher & Yates random number134
table can be regarded as significant not only at 5% level of significance but also at 1% level.135
However, the observed chi-square value corresponds to its theoretical value at 0.055% level136
of significance. In other terms, the lack of randomness of Fisher and Yates random number137
table can be regarded as significant at the level of significance > 0.055% and insignificant at138
the level of significance < 0.055% [25].139
It was mentioned for Kendall and Smith’s random number table that the highest observed140
chi-square value with 9 degrees of freedom is 13.4, which is less than the corresponding141
theoretical value of chi-square at 5% level of significance. Thus, the lack of randomness of142
Kendall and Smith’s random number table was found insignificant at 5% significance level.143
However, the observed chi-square value with 9 degrees of freedom namely 13.4144
corresponds to the theoretical value of chi-square with 9 degrees of freedom at 18.1% level145
of significance. Thus, the lack of randomness of Kendall and Smith’s random number table146
can be regarded as significant at the level of significance >18.1% and insignificant at the147
level of significance < 18.1% [23].148
For the random number table due to Rand Corporation, it was observed that the highest149
observed chi-square value with 9 degrees of freedom is 12.518, which is less than the150
corresponding theoretical value of chi-square at 5% significance level. Thus, the lack of151
randomness of random number table due to Rand Corporation can be regarded as152
insignificant at 5% significance level. However, the observed chi-square value with 9153
degrees of freedom namely 12.518 corresponds to the theoretical value of chi-square with 9154
degrees of freedom at 24% significance level. In other words, the lack of randomness of155
random number table due to Rand Corporation can be regarded as significant at the level of156
significance >24% and insignificant at the level of significance < 24% [23].157
From the findings based on χ2 test, it is clear that highest degree of randomness is present158
in random number table due to RAND Corporation followed by due to Kendall and Smith,159
Tippet, Fisher and Yates, respectively.160

161
4.2 Findings of the Run Test162
On comparing the observed values with the corresponding theoretical Z values, the lack of163
randomness in the three parts containing 19th, 21st and 25th 200 trials respectively in Tippet’s164
random number table can be regarded as significant at 5% level but not at 1% level while the165
lack of randomness in the other parts can be treated as insignificant [38].166
The lack of randomness in Fisher and Yates random number table was found to be non-167
significant at 5% level by comparing the observed values with the corresponding theoretical168
Z values [38].169
The lack of randomness in the parts containing 1st, 2nd, 26th, 33rd, 36th, 45th, 46th, 48th, 65th,170
68th and 70th 200 trials respectively in Kendall and Smith’s random number table was found171
significant at 5% significance level but not at 1%, while the lack of randomness in the other172
parts of the table can be treated as insignificant [26].173
It was found on comparing the observed values with the corresponding theoretical Z values,174
that the lack of randomness in the four parts containing 35th, 52nd, 73rd, 94th 200 trials175
respectively in Rand Corporation random number table can be regarded as significant at 5%176
significance level but not at 1% level, while the lack of randomness in the other parts of the177
table can be considered as insignificant [38].178
From the findings based on run test, it is clear that highest degree of randomness is present179
in random number table due to Fisher and Yates followed by due to Tippet, RAND180
Corporation, Kendall and Smith, respectively.181



182
4.3 Findings of the Deviation Test183
On comparing the observed values with the corresponding theoretical t values, that the lack184
of randomness of Tippet’s random number table can be treated to be highly significant i.e.185
significant at both 5% and 1% significance level, except the four parts corresponding to the186
four sets of trials specifically 1st 2000, 10th 2000, 17th 2000 and last 1600 trials. However, the187
lack of randomness in these four parts of the table was found significant at 5% level [39].188
By comparing the observed values with the corresponding theoretical t values, that the lack189
of randomness of Fisher and Yates random number table was found to be highly significant190
i.e. significant at both 5% and 1% significance level, except the two parts corresponding to191
the two sets of 11th and 13th 1000 trials. However, the lack of randomness in these two parts192
of the table was found at 5% level of significance [39].193
The lack of randomness of Kendall and Smith’s random number table can be treated to be194
highly significant i.e. significant at both 5% and 1% level of significance except the part195
corresponding to the set of 5th 2000 trials, by comparing the observed values with the196
corresponding theoretical values of t. However, the lack of randomness in this particular part197
of the table is significant at 5% level [39].198
On comparing the observed values with the corresponding theoretical t values, the lack of199
randomness of Rand Corporation random number table was found significant both at 5%200
and 1% level of significance except the five parts corresponding to the five sets viz. 3rd, 7th,201
20th, 23rd and 25th sets of 2000 trials. However, the lack of randomness in these five parts of202
the table was significant at 5% level [39].203
From the findings based on the deviation test, it is clear that highest degree of randomness204
is present in random number table due to Kendall and Smith followed by due to Fisher and205
Yates, RAND Corporation, Tippet respectively.206

207
5. CONCLUSION208

209
Degree of randomness present in different random number tables (Tippet's random number210
table, Fisher and Yates random number table, Kendall and Smith's random number table211
and Random number table of RAND Corporation) based on χ2 test, run test and deviation212
test are presented in table 1.213

214
215

Table 1. Ranks of the four random number tables216
217

Random Number
Table

Rank with respect to
the degree of
presence of

randomness based
on χ2 test

Rank with respect to
the degree of
presence of

randomness based
on run test

Rank with respect to
the degree of
presence of

randomness based
on deviation test

Tippet's random
number table

3 2 4

Fisher and Yates
random number table

4 1 2

Kendall and Smith's
random number table

2 4 1

Random number table
due to RAND
Corporation

1 3 3

218
It can observed that the findings obtained in the studies based on different tests are not219
alike. Consequently, there is necessity to search for the reasons of the difference between220



these findings. Moreover, it can also be concluded that attempts should be made by the221
researchers to construct new random numbers table with enhanced degree of randomness222
than that of the existing tables.223
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