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Monitoring attention deployment by
random number generation: An index

to measure subjective randomness
FREDERICK J . EVANS

The Institute ofPennsylvania Hospital and
University ofPennsylvania, Phi/adelphia, Pennsylvania 19139

The generation of random number sequences as a measure of attention deployment has been
limited due to the lack of a satisfactory index of pseudorandomness for relatively short response
sequences (Wagenaar, 1972). A new index of subjective randomization (RNG) is presented
that provides a sensitive measure of departures from randomness (reflecting the disproportion
with which any number follows any other number) in a series as short as 100 responses,
typically verbalized at a rate of lIsec. The RNG index of sequential response bias is a minor
modification of Tulving's (1962) subjective organization index that measures clustering in the
repeated free recall of randomly presented word lists. Calculation of the practice-free RNG index
and comparisons with another common measure are illustrated with individual data and with
data obtained from random number tables. The use of RNG as a probe or simultaneous task
to measure the deployment of attention or attentive effort is discussed.

There are more than 40 studies in the experimental
literature in which the generation of random response
patterns is the dependent variable. Although contra­
dictory findings highlight this literature (Wagenaar,
1972), it is generally agreed that individuals are not
good random generators. Hypotheses advanced to ac­
count for individual differences in the ability to ran­
domize have stressed faulty concepts of randomness
(Skinner , 1942), the facilitating (Tune, 1964) or in­
hibiting (Baddeley, 1966) effects of short-term memory,
limited channel capacity for information processing
(Baddeley, 1966), and the ability to either focus atten­
tion on (Weiss, 1964) or distract attention from (Wolitzky
& Spence, 1968) ongoing tasks. As Wagenaar (1972)
stressed, a difficulty confronting previous investigators
has been the multiplicity of often inadequate criteria
for measuring the degree of subjective randomization in
a reasonably short response series.

This paper reports the development of a new index
of randomization derived from the subject's responses to
being asked to generate random numbers using the
digits from I to 10 inclusive. The method described
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appears to have several advantages: There are no ap­
parent repeated performance practice effects ; neither
the subject nor the experimenter can easily evaluate how
well the typical subject is performing; a stable index
can be derived from a series as short as 100 numbers .
The guiding hypothesis is that random number genera­
tion may provide a sensitive index of change in the
deployment of attention over short intervals of time or
the amount of attentive effort that is expended during a
simultaneous task.

DEVELOPMENT OF AN INDEX OF
RANDOM NUMBER GENERATION

Rationale
The index of randomness selected is a measure of

sequential response bias. Intuitively , producing random
numbers has some of the characteristics of a verbal­
learning free-recall task, where the subject is required
to repeatedly recall a list of words presented several
times in a random order . Characteristically, subjects
tend to impose an organizational structure on the word
list to aid retrieval and recall, so that some words re­
peatedly cluster together.

Several procedures have been used to measure clus­
tering or response sequences in free recall: The one most
suited for adaptation to randomizing numbers isTulving's
(1962) Subjective Organization index. Tulving's pro­
cedure was directly adapted to measure sequential
response bias in the production of what is analogous to
the repeated free recall of a "list" of 10 numbers . The
index presented below, and in Table 1, involves only a
minor modification of Tulving's index: For its present
application it has been relabeled the RNG index .
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Calculation of Random Number Index (RNG):
Illustrative Example

In response to these instructions, a female volunteer subject
verbalized the following 100 responses (l/sec) in a baseline trial:

Procedure
After starting a metronome, standardly set at 1 beat/sec, the

subject is instructed : "When told to begin, commence saying
numbers aloud at the same rate as the metronome is beating
(l/sec). Just repeat numbers in random order, using numbers
from 1 to 10 inclusive. Certainly you are familiar with the
concept of randomness . For example, if you were to throw a die
many times, each of the six numbers would occur in random
sequence. Although it might not happen in a few throws, over a
large number of throws, each number would occur about as
often as every other number , and in no particular order. Your
task is to imagine tossing a 10-sided die .. . Say the numbers in
random fashion . . . in time with the metronome. . . If you
should find yourself ahead or behind the metronome, just try to
get in pace with it again. Remember to use the numbers from
1 to 10 inclusive."

Table 1
Illustrative Example of Randomization Matrix Used in the

Calculation of the Random Number Generation Index (RNG)
for a Volunteer Subject: Baseline Performance*

Rj

Ri 2 3 4 5 6 7 8 9 10 fi

1 1 2 1 3 10
2 2 3 1 1 9
3 1 1 2 1 2 1 10
4 1 3 2 1 1 1 10
5 2 1 3 1 1 10
6 3 2 1 1 1 1 10
7 1 2 1 2 1 1 2 11
8 1 2 1 2 2 1 9
9 2 3 3 2 1 2 13

10 1 1 1 2 3 8

fj 10 9 10 10 10 10 11 9 13 8 100

While all the expected frequencies in each matrix cell
are equal to 1 (with 100 responses using 10 numbers),

THE RNG INDEX AS A
MEASURE OF NONRANDOMNESS

The numerator is a function of the sum of the log of
all Cell i,j frequencies ; the denominator is a correction
factor necessary when the obtained distribution of
marginal cell frequencies deviates from (random) 10.
The randomization index reflects the disproportion of
sequence pairs within the cells adjusted by the dispro­
portion of the marginal cell frequencies . It has a range of
values from 0.0 to 1.0: A higher index reflects more
extreme departure from the theoretical expected values,
that is, it indicates poorer randomization. The RNG
value for the data in Table 1 is .2 16.

Formula for RNG
The formula for the index of randomization, after

Tulving (1962), is:

RNG = [~(fij) • log(fij)]/ [~(fi) • log(fi)] .

Dfij) 'log(fij)
RNG =-:::---­

Dfi)olog(fi)

D21og2 + 310g3 + 210g2 + . .. 21og2 + 31og3)

frequency, f 1 , for each of the 10 possible response categories
or numbers should be 10.

DIOloglO + 910g9 + 1010g10+ . . . 131og13+ 81og8)

21.6869

100.3376

=.216

Note-As 1log1 = 0, and thus where frequency of Cell ij is 0
or 1, these do not directly enter calculations.
"Subject 's 100 responsesare tabulated in text.
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These responses are tabulated in a 10 by 10 matrix , as shown
in Table 1. The matrix is arranged to reflect the frequency with
which any number follows any other number in the 100 con­
secutive responses. This subject's first response, "7," is followed
by the response "1," so a tally is entered at the intersection
of the row (i) corresponding to "7 " and the column (j) corre­
sponding to "I." The second response, "I," is followed by the
third response, "5," and a corresponding tally is made at Cell i j
(i.e., the intersection of row 1 and column 5). In general, the
nth response is cross-tabulated with the (n + l)th response
for each of the 100 responses in turn . (The 100th response, in
this case "1," is cross-tabulated against the initial response,
"7," for convenience, although it can be tabulated against
101st response if it is available, with little or no effect on the
magnitude of the index.)

In the series of 100 numbers, several sequences are repeated
more than once. For example , the response "9" occurs a total
of 10 times. When "9" was used as the subject's 35th, 42nd, and
61st responses, it was followed by the response "4 ." When " 9"
was used as the 14th, 77th, and 98th responses, it was followed
by the response "5 ." Note that the response "9" is never fol­
lowed by the response "I." Therefore, the corresponding fre­
quency in Cell 9,4 is 3, Cell 9,5 is 3, and Cell 9,1 is O. However,
Cell j 9 frequency is also 3. Thus, whenever this subject re­
spond'ed "9," it was never followed by the response "I ," but
when the 48th, 60th, and 90th responses were "1," each was
followed by " 9."

In a random sequence of 100 responses, each of the 10
numbers would theoretically follow each other number only
once. It is this frequent usage of repeated pairs of sequences
(such as "9,4"; "9,5"; " 1,9" in the example) which builds up the
value of the RNG index, calculated using the formula presented
below and in Table 1.

Following the tabulation of all such pairwise sequences
marginal frequencies are determined by summation. The mar­
ginal frequency, f1 , of all responses of "1" is 10, for all re­
sponses of "9" is 13. Theoretically, the expected marginal



this is a theoretical distribution that would be approxi­
mated only by an infinite sequence of random re­
sponses: An index of 0.00 would be statistically highly
improbable in a short series. Operationally , the RNG
index measures nonrandomness or departures from
randomness. The sampling fluctuations that could be
expected in a 100-response series were tested by cal­
culating the RNG value from 40 subsets drawn randomly
from four sets of published random number tables. The
mean randomness index was .236 (SD = .025).

The main index previously preferred in studies of
human randomization has been a derivative of the H
statistic drawn from information theory (Attneave,
1959). In terms of the matrix, in Table I the index
H/Hmax is calculated only from the marginal fre­
quencies (usually of a longer string of responses). This
value and the denominator of the RNG index are per­
fectly correlated. The RNG index and H/Hma x cor­
related .34 in the 40 subsets of random number tables,
indicating that the two indices are at least in part measur­
ing different aspects of nonrandomness.

Two D1ustrative Examples
Some of the properties of the RNG index can be illustrated

with two sets of data from the same subject . The first, sum­
marized above and in Table 1, was obtained from a standard
baseline administration . This subject then generated random
numbers while simultaneously performing a paper and pencil
version of the difficult Stroop color-naming test (Messick, 1964),
in which the subject is required to write down the color of the
ink with which words naming a different color are printed
(i.e., to write " red" when the word "green" is printed in red
ink). During this simultaneous task , this subject's 100 random
numbers were:

1. 3; 5; 7; 6; 8; 5; 3; 2; 1;,
7' 6; 5; 4 ' 2 ' 1; 3; 7' 10; 9;, , , ,
8; 6; 5; 4 ' 3; 2; 1; 7; 6; 5;
9; 10; 6; 5; 10; 10; 10; 3; 2; 1;

10; 9; 8; 7; 6; 4; 3; 7; 5; 10;
9; 8; 6; 7 ' 9; 8; 3; 2; 1; 3;,
2; 6; 5; 9; 8; 2' 1; 4 ' 10; 4;, ,
5; 7; 10; 9; 8; 7' 10 ; 1; 2; 3;,
5; 9; 3; 2' 1; 6; 7; 8; 9; 3;,
9; 2; 1; 3; 7 ' 5; 4 ; 3; 2; 1.,

The RNG index is .427 (see Table 2). Several changes in the
Table 2 matrix are apparent. The number of cells with a zero
frequency has almost doubled, and some cells have unusually
high frequencies compared to Table 1. While most of the di­
agonal cells have zero entries (subjects typically avoid repeating
the same number , even though this kind of response sequence
should by chance be as frequent as any other), the off-diagonal
cells in Table 2 have very high frequencies . This represents
repeated reverse counting (e.g., 7,6 ; 7,6,5; 8,7,6 ; etc .) : Counting
in short strings (forward , backward, odd numbers, even numbers,
etc.) becomes a typical strategy when a substantial cognitive
stress is imposed during randomization.

The change in RNG of .216 to .427 from baseline to simul­
taneous Stroop test conditions represents a deterioration in
randomization of about 4.5 standard deviation (z-score) units ,
based on parametric data from similar subjects . In contrast, the
marginal frequen cies, from which- the previously favored H
indices are calculated , are not noticeably different, and do not
depart from the expected frequencies of 10 (x' =1.6,
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Table 2
llIustrative Example of Deterioration in Randomization for the

Same Subject Simultaneously Performing the Stroop
Word~olor Interference Test-

Rj

Ri 1 2 3 4 5 6 7 8 9 10 fi

1 1 1 4 1 2 11
2 9 1 1 11
3 7 2 3 13
4 1 3 1 1 6
5 1 3 2 3 2 11
6 1 5 2 1 9
7 2 4 1 1 3 11
8 1 1 2 2 1 8
9 2 6 1 10

10 1 1 1 1 4 2 10

fj 11 11 13 6 11 9 11 8 10 10 100

Note-RNG = .427
·Subject's 100 responsesare tabulated in text.

p > .9; x2 = 3.4, p > .9, respectively, for df = 9). The corre­
sponding H/Hmax indices calculated from Tables 1 and 2 are
.0034 and .0078, respectively. The mean H/Hmax values (which
are highly correlated with x2

) derived from random number
tables is .0170 (SD =.0092, N =40).

The H-derived measure is not sensitive to the changes in
randomization performance from Table 1 to Table 2, and in
fact suggests that both performances are slightly better than is
obtained from random number tables. This impressionistic
evidence, that RNG yields significant findings whereas the
H-derived measures do not , has been repeatedly confirmed in
our ongoing research .

SOME PARAMETERS OF RNG PERFORMANCE

In a number of samples varying in size from 10 to
84, the mean RNG index , based on 100 numbers pro­
duced at l/sec, is about .300 (SD = .045).

Retest reliability correlations vary between .40 and
.73 (N =12, N =16) and tend to be higher if the first
trial is excluded. The first trial is sometimes erratic;
performance stabilizes as subjects presumably become
adapted to the procedure as they tryout a number of
strategies, some of which they may reject as unsuccessful.

In one sample of 12 subjects , mean scores on three
successive trials were .292 , .291, and .294 , illustrating
the lack of practice and sequence "effects.

A number of factors have relatively small effects on
RNG scores, in all cases being less than .5 of a standard
deviation in size. Thus, slightly better randomization
scores are found in males than in females, younger
subjects, science rather than liberal arts majors, and
subjects who are allowed to select their own perfor­
mance speed (usually giving a response about every
1.7sec).'

RNG AS AN INDEX OF ATIENTION DEPWYMENT

Two kinds of studies are currently being conducted
to evaluate the validity of RNG as an index of attention
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deployment. As a baseline (single task) measure, it is
being used to predict individual differences on other
variables presumed to reflect attentional processes. For
example , Graham and Evans (1977) reported that more
hypnotizable subjects had significantly lower (more
random) RNG indices than did less hypnotizable sub­
jects. The randomization procedure should also prove
effective as a probe or simultaneous task during other
activities that require attentive effort. Graham and
Evans (Note 1) asked subjects to perform the randomiza­
tion task while simultaneously learning a two-hand
motor coordination task. The initial deterioration of
RNG from baseline, and then the gradual improvement
as learning occurred , was a sensitive index of the acquisi­
tion process of the motor skill. Even when the motor
task was being performed perfectly, RNG continued to
recover, returning to baseline level only as overlearning
led to automatic and effortless performance on the
motor task. Other related studies in several areas, in­
cluding hypnosis , pain, sleep, and a variety of cognitive
and performance tasks in both normal and clinical
populations , support the hypothesis that the RNG
index is a sensitive measure of attentional processes.
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NOTE

1. Typically, subjects respond verbally with 1 response/sec.
However, subjects can write their responses (preferably in a
10 by 10 matrix) without changing the basic randomization
parameters. Different response rates (including unpaced) can be
used, though randomization indices may vary when different
rates are used or when the subject paces his own performance.
A different number of response choices and a longer series can
be used, though RNG parameters will then vary.

(Receivedfor publication March 14, 1978.)
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