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Hick's law was generalized to the case of absolute judg
ment by measuring S's judgment time (IT) to unidimensional
ly varying, visual stimuli. The linear component of the
regression of JT on transmitted information was highly
significant, and was the only significant component, thus
confirming Hick's law. Discriminability alone was found to
be incapable of accounting for JT variance, although the
results verified that, in the range manipulated, discriminabi
lity does affect performance. Further analyses revealed that
stimulus-onset uncertainty does not, as Hick supposed, have
the effect of adding one more state of the alternatives, and
that Hick's law does not hold when applied to JTs to indi
vidual stimuli.

Application of Shannon's (1949) information mea
sure to behavioral research has led to important
generalizations about the human's "channel capacity"
and also his "rate of gain" of information. Miller
(1956) reviewed the absolute judgment (AJ) literature
and concluded that the maximum number of uni
dimensionally varying stimuli that Ss can accurately
identify is about seven. When E requires S to
attempt to identify more than seven stimuli, S's
error rate increases so as to stabilize the average
amount of information transmitted, T(S;R) (Attneave,
1959), at approximately 2.7 bits. Hick (1952) showed
that " .•• the rate of gain of information is, on the
average, constant with respect to time ••. ", This
generalization, which has come to be known as
Hick's law, is based upon research in which Ss
depressed one of a set of response keys when one
of a set of stimulus lights was lit. The hypothesis
of constancy of rate of gain was confirmed by the
linearity of the regression of reaction time (RT)
on information.

Assuming that stimulus-onset uncertainty (S-OU)
added uncertainty to the stimulus display in an
amount exactly equivalent to one more state of the
stimulus set, Hick plotted RT against log (n +1) in
stead of log n (when n is the number of stimulus
alternatives). He supported this assumption in two
ways: (1) with n+1, the best fitting linear functions
extrapolated back through the origin, and (2) the
n+1 expression consistently fit his data better.

Hick's experiment was not an AJ procedure, since
all of the comparison stimuli, the unlit bulbs, were
present on every trial. Furthermore, the dimen
sionality of the stimulus set he used is extremely
difficult to specify. Stimuli varying along the "di-

mension" of spatial position are clearly not uni
dimensional in Miller'S sense since, if Ss were to
count, T(S;R) would be limited only by the number
of stimuli. Such is not the case with pitch, loudness,
brightness, length of line, or any other dimension
with which Miller dealt.

Whereas Ss in the studies reviewed by Miller
were allowed virtually unlimited time to make AJs
of unidimensional stimuli, Hick's Ss were pressed
for time to respond to stimuli of unknown dimen
sionality. Replications of Hick's study have also used
stimuli of unspecifiable dimensionality (Hyman, 1952;
Fitts & Switzer, 1962; Lamb & Kaufman, 1965). The
present research joins certain aspects of Miller's
and Hick's paradigms by requiring Ss to make AJs
of stimuli of known dimensionality as rapidly as
they can. Thus, Hick's law will be tested for an AJ
task with known dimensionality. Considering Cross
man's (1955) original contention, later withdrawn
(1964), that HiCk'S law was an artifact of the con
founding of information with discriminability, or
"confusabllity" (the C term in Crossman, 1955,
Equation 9), an additional goal of the present re
search is to evaluate the effect of discriminability
on choice time. Miller's generalization is already
established (Miller, 1956) for the stimulus dimen
sion employed, so no effort will be made to present
enough stimulus information (H(S» to measure S's
channel capacity.

Specifically, the present research is aimed at
testing three experimental hypotheses. (1) Hick's
law-the amount of information which S transmits
in an AJ task is a linear function of JT. (2) Hick's
additional assumption that S-OU adds uncertainty
equivalent to one more state of the stimulus set.
(3) Crossman's hypothesis that the increase in JT
can be explained strictly on the basis of differences
in confusab1l1ty.

METHOD
Subjects

The Ss were 36 unpaid volunteers from E's classes
in general and child psychology at the University
of Connecticut. They were randomly assigned to six
experimental conditions, with the restriction that each
condition have six Ss ,

Apparatus
A hand switch operated by S presented visual
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stimuli in a Gerbrands Harvard tachistoscope and
started a Hunter Klockounter. A verbal response
activated a Gerbrands voice key, terminating stim
ulus presentation and stopping the Klockounter. Oper
ation of the hand switch by S eliminated S-OU.

The stimuli were single, straight black lines of
different lengths on plain white backgrounds. Appro
priate differences in length were determined by
preliminary psychophysical research. The stimuli
were made by placing lengths of 3/16 in. wide, black
graph tape on 8-1/2 x 11 in. oak tag cards. The
center of the line was in the same place on each
card, displaced slightly above the exact center of
the card. The lines were in a geometric progression,
the shortest being 1 tn., the rest successive mul
tiples of 1 in. by 1.05. Two stimulus sets were
selected from this series. A low discriminability
(HARD) set was made up of the first eight stimuli,
with a range of from 1 in. to 1.41 in. The high dis
criminability (EASY) set was every fourth length,
beginning with the first, the range for eight stimuli
being from 1 in. to 3.92 in. For an average S, the
adjacent stimuli differed from one another by about
three DLs in the HARD set, and about 12 DLs in
the EASY set.

Design
The two discriminability levels were factorially

combined with three H(S) levels, yielding six ex
perimental conditions. Discriminability was manip
ulated by having Ss respond to either the HARD or
EASY stimulus sets. The number of equiprobable
stimuli (n) varied such that n= 2, 4, or 8. For n= 2,
the stimuli were the two shortest; for n=4, the four
shortest. The H(S) was manipulated by having Ss
respond to only one of the above alphabet sizes.
Maximum H(S) for the three conditions was 1, 2,
and 3 bits per stimulus, for 2, 4, and 8 stimuli,
respectively.

In order to maximize S-R compatibility (Fitts &
Deininger, 1954; Fitts & seeger, 1953) and minimize
the influence of practice, the numbers 1 through 8
were selected as the responses, the shortest stim
ulus being named 1, the next shortest, 2, etc. The
numbers were pronounced ''bun, boo, bee, bore, bive,
bix, bev, and bate" to minimize constant differences
in voice key activation.

Precellure
First, E administered 15 simple reaction time

(SRT) trials to Sa. These consisted of having Ss
respond ''bu" as quickly as they could to E's vari
ably delayed tachistoscopic presentation of a blank
stimulus field. Thus, SRT refers to RT as a function
of S-oU. The E then showed S the stimuli appro
priate to the condition to which S had been assigned,
naming the stimuli for S and instructing S to name
the stimuli as he looked at them. Blocks of 25 ran-

2

domized [udgment trials were then administered
until S indicated unwillingness to continue. The Ss
were generally administered 125 to 175 judgment
trials, in only one case as few as 100. A judgment
trial consisted of four steps: (1) E inserted the
stimulus card and reset the Klockounter and voice
key. The voice key reset button made an audible
click, cueing S that the apparatus was ready. (2) S
operated the hand switch which presented the stim
ulus. (3) S verbalized the response as soon as he
could. (4) E announced the correct response and S's
judgment time (JT). After each block of trials, S
rested briefly. Preceding each block after the first,
S was given one practice trial, the stimulus for
which was always the last stimulus of the preced
ing block.

RESULTS AND DISCUSSION
Infol111ational effeclS

Each S's JT and number of errors per block were
plotted for blocks of eight trials, and asymptotic
performances were visually estimated from these
plots. Mean JT (JT) and T(S;R) at asymptote were
then calculated separately for each S (see Table 1).
For both discriminability conditions the linear com
ponent of the regression of JT on T(S;R) was statis
tically significant (EASY: F=22.94, df=I/14, p< .001;
HARD: F=19.49, df=I/14, p< .001), while the quad
ratic and cubic components failed to attain acceptable
levels of significance. Significant linear components,
coupled with nonsignificant higher-order components,
provide the strongest possible evidence for the gen
eralization of HiCk'S law to AJs.

As further evidence for the dependence of RT on
information, Hick has adduced positive correlations
between Hi(R), the residual uncertainty in the re
sponses when the stimuli are given, and both RTi
and RT j' the RTs associated with individual stimuli
and responses, respectively. Hick implied that this
relationship was similar to that between RT and
T(S;R) and supported the constancy hypothesis, Hick's
law. It does not. It violates Hick's law. The quantity
Hi(R) is not a measure of information extracted,
but rather of information left over. The positive
correlation between Hi(R) and RTi means that Ss
were responding faster to those stimuli on which
they were more frequently correct. The same re
lationship holds in the data of the present study.
The correlations for most Ss are positive. Inspec
tion of Hick's Table I and of the data of the present
study reveals that the positive correlations are due
primarily to the operation of an "end effect"; the
Ss identified extreme stimuli both more accurately
and more rapidly. Some function other than HiCk'S
law, therefore, describes Ss' behavior with respect
to the individual stimuli.

Within the narrow range in which H(S) was man
ipulated, T(S;R) varied directly with H(S), the slopes
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Table 1. Values of individual S's mean judgment time (JT) in sec;

and transmitted infonnation T(S;R) in bits per stimulus.

of the regressions of T(S;R) on H(S) being virtually
identical for the two discriminability conditions. It
might be noted in this context that Es who disregard
even a relatively small percentage of errors are
introducing into their analyses a source of poten
tially serious bias. Ss' T(S;R) values in this study
were markedly below their H(S) values. The infor
mation loss is greatest with the first few errors,
especially in the presence of a systematic response
bias.

As has been clearly pointed out· by Kornblum
(1967), in a random series of equiprobable events,
there is a confounding of information with the nwnber
of repetitions of events. Since the RT is shorter to
repetitions than to alternations, or nonrepetitions
(Bertelson, 1961, 1963, 1965, 1966; Kornblum, 1967),
the confounding is crucial to the interpretation of
Hick's law. Each S's data, therefore, was separated
into repetitions and alternations, and JT and T(S;R)
measures calculated separately for each. Removal
of the repetitions from the data matrices raised the
linear correlation between T(S;R) and JT for the
EASY condition from .72 to .89, and lowered that
for the HARD condition from .78 to .75. There were
too few repetitions in the high information conditions
to permit an overall analysis of the repetitions per
se, Since, however, there was an approximately equal
number of repetitions and nonrepetitions in the n = 2
conditions, these data were examined in detail. The
JTs were virtually identical for the HARD condition
Ss, the means differing by only 6 msec, The EASY
n=2 ss, however, tended to be both faster (t=1.36,
df=5, ns) and more accurate (t=1.77, df=5, ns) on

. the nonrepetitions. The T(S;R) values for the HARD
Ss also tended to be higher for the nonrepetitions
(t=1.43, df=5, ns), While these differences are not
significant, they are in the opposite direction of

Table 2. Values of Crossman's (l9~~) Confusabiliiy function (C)

5-0U effects
Hick's assertion that S-OU has the effect of adding

one more stimulus alternative has been repeatedly
challenged (Klemmer, 1957; Welford, 1962; Lamb
& Kaufman, 1965). This study provided further evi
dence against Hick's n+1 assumption. Hick's position
demands that the extrapolation of the JT/T(S;R)
regression intersect the ordinate at the one alterna
tive, S-oU present point. This point is provided by
the mean of the SRT data (SRT). For both the EASY
and HARD conditions, SRT= .272 sec, while the
intercept constants were .335 and .484 sec, respec
tively. The obtained (i.e., extrapolated) and theoretical
(Le,; SRT) intercept values were significantly dif
ferent (EASY: t=4.85, er-as, p< .001; HARD: t=
16.30, df=35, p c .001). The data fail to support
Hick's position.

11.57
25.15
40.10

Discriminability Condition
Hard Easy

47.17
102.65
162.34

2
4
8

what has previously been reported. To see if this
"gambler's fallacy" effect was due to long runs of
repetitions, the JTs of the EASY n = 2 sa were sepa
rated into alternations, first repetitions, second.
third, fourth, and fifth and higher-order repetitions.
In contrast with Bertelson (1961, 1966) there was a
tendency for JT to increase with repetition. The
effect, however, was present on the first repetition.
The repetition analysis cannot very well be carried
out in more detail since this study was not designed
to manipulate information and number of· repetitions
independently. The above results do show, never
theless, that the informational effects are not an
artifact of the confounding with repetition, although
repetition is an important determinant of RT. The
results are also of interest to anyone concerned
with the repetition effect per Be. Since they are the
opposite of Bertelson's and Kornblum's findings,
methodological differences may shed some light on
the controlling variables. The two major differences
seem to be the following. First, this study used a
discrete task, with long response-signal intervals;
theirs were self-paced with short intervals. Bertel
son's (1961, 1966) studies showed that the repetition
effect decreases as this interval increases up to
1 sec. Since, in the present study, the response
signal interval was several seconds, it is quite
possible that the repetition effect actually reverses
itself over time, much as time-order error. second,
the AJ task in the present study is a radically dif
ferent one from those employed by Bertelson and
Kornblum.

No. of Stimul i

Discriminabil ity Condition
Hard Easy_

T(S;R) JT T(S;R) JT

0.0389 .368 0.8851 .330
0.0640 .416 0.5796 .608
0.1346 .439 0.6825 .387
0.4370 .625 0.7498 .630
0.0449 .432 0.2059 .440
0.0031 .464 0.6473 .463
0.5758 .643 0.9542 .545
0.4537 .841 1.5690 .708
0.6592 .652 1.5066 .878
0.4476 .874 0.8404 .451
0.6998 .653 1.4543 .673
0.6949 .751 1.5654 .786
0.7132 .858 1.5763 .912
0.9751 .977 1.8403 .682
1.4220 1.119 2.0744 .763
1.5740 .676 1·3025 .660
1.0289 .625 1.6419 .672
1.0947 .898 1.9645 .857

2

4

8

No. of Stimuli
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oiscriminability effects
Crossman's (1955) C function is a measure of

discriminability which takes into account the number
of stimuli in a set as well as the differences in
stimulus magnitude. The value of C was calculated
for each of the six sets of stimuli (see Table 2) and
the C function was evaluated by plotting each S's
JT against the value of C appropriate to S's con
dition. separate regression lines were fitted to the
EASY and HARD data, and the differences between
the slopes tested. The regression coefficients were
significantly different (t=5.78, df=32, p< .001). Dis
criminability differences as measured by the C
function cannot alone, therefore, account for the re
lationship between T(S;R) and JT, at least not in
the discriminability range sampled. This is not to
say that discriminability does not affect performance.
Looking again at the relationship between T(S;R) and
JT, this time with discriminability as a parameter
there are no significant differences between the
HARD and EASY conditions with respect to the
slopes of the regressions of JT on T(S;R) (t= .87,
df=32, ns) or of T(S;R) on JT (t=1.28,·df=32, ns),

Nor is there a difference between the HARD and
EASY JTs (t=l.OO, df=32, ns) , A test of the dif
ference between JTs is not, however, an entirely
satisfactory assessment of the influence of discrim
inability on JT, since the Ss in the two conditions
transmitted radically different amounts of informa
tion. Testing the JT differences equated for T(S;R)
yields highly significant t values throughout the
T(S;R) range. Finally, the EASY condition Ss trans
mitted significantly more information than did the
HARD condition Ss (t=4.99, df=32, p< .001). The
absence of statistically significant differences in the
slopes, coupled with the differences in the levels of
the functions, suggest that the two independent vari
ables in this study, information and discriminability,
affect JT in an additive fashion.
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author is indebted to H. M. Kaufman, who directed the research.
The computational part of this work was carried out by the Comput
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