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Pigeon reaction time, Hick’s law, and intelligence

CORYN VICKREY and ALLEN NEURINGER
Reed College, Portland, Oregon

Pigeons’ choice reaction times (RTs) increased as a linear function of log, number of potential tar-
get stimuli (Experiments 1-3), as would be predicted by Hick’s law. The values of intercepts and slopes
decreased with training (Experiments 2 and 3) and with differential reinforcement of short RTs under
percentile reinforcement contingencies (Experiment 3). RT functions obtained from human subjects
were also consistent with Hick’s law, but slopes for pigeons were significantly lower than those for hu-
mans (Experiments 4 and 5). These results extend the generality of Hick’s law to pigeons but are in-
consistent with Jensen’s claim that the parameters of the Hick function are related to intelligence.

Reaction time (RT) is often used to measure cognitive
processes in human subjects (Luce, 1986; Posner, 1986).
One common procedure is for subjects to sit in front of a
display that contains one, two, four, or eight potentially
lighted bulbs, or potential targets (PTs), each with a small
button beneath it. Also present is a centrally located but-
ton. The subject must press the center button to initiate a
trial. After a variable interval, a randomly selected bulb is
illuminated, and the subject must press the associated but-
ton as quickly as possible. In the one-bulb case, only a sin-
gle PT can be lighted, all others being masked by a metal
plate; in the two-bulb case, two PTs are available, with the
other six masked, and one of the two, randomly selected,
is illuminated; and so on (Jensen, 1980, 1982). The obtained
relationship, often referred to as Hicks law, is that RT
varies as a linear function of log, PT, or bits of informa-
tion, with 1 PT = 0 bits, 2 PTs = 1 bit, 4 PTs = 2 bits, and
8 PTs = 3 bits (Hick, 1952; Hyman, 1953).

Jensen reported negative correlations between 1Q and
both the intercept and the slope of the Hick function (Jensen,
1980, 1987; Jensen & Munro, 1979). People scoring high
on tests of IQ respond faster (have shorter RTs), on average,
than people scoring lower on those tests (difference in in-
tercepts), and RTs of high-IQ subjects increase less rapidly
with increasing PTs than do those of the low-IQ individu-
als—that is, the difference in RT between high- and low-IQ
subjects increases with number of PTs, or complexity (dif-
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ference in slopes). RT increases with bits of information,
according to this interpretation, because each binary deci-
sion takes a constant amount of time and choosing among
eight PTs takes three binary decisions, whereas choosing
between two PTs takes only one (Jensen, 1980). Intelligence
is correlated with the Hick function, because high intelli-
gence depends on rapid processing of information (Jensen,
1980). Considerable empirical evidence has been offered in
support of these claims (e.g., Carroll, 1987; Jensen, 1987,
Neubauer, 1990), although contradictory findings have also
been reported (e.g., Beauducel & Brocke, 1993).

The simplicity of Hick’s procedure has enabled com-
parisons across diverse human populations and suggests
that the procedure could be used to compare RTs and, pos-
sibly, intelligence across species, although there have been
few such studies. In one notable case, Laursen (1977)
showed that, in vervet monkeys, the form of the Hick func-
tion is similar to that in humans.

The goals of the present research are three. The first is
to test whether Hick’s law applies to pigeons. The second
is to determine whether the slope and intercept of the Hick
function change with experience. This question is important,
because Jensen (1980) reports that, in his studies, practice
and experience leave these parameters unaffected—a re-
sult consistent with the claim that intelligence involves g,
an inherited general factor—but there is conflicting evi-
dence (Teichner & Krebs, 1974; Widaman & Carlson,
1989). Animal models may be especially useful in testing
claims about experience, because of their controlled rear-
ing and experimental histories. The third goal is to deter-
mine whether slopes from pigeon subjects are steeper than
those from human subjects. For cross-species compar-
isons, slope will be more important than intercept (or av-
erage RT), because the latter is affected by particulars of
apparatus and procedure, as well as by the subject’s anatomy.
If g has cross-species relevance, steeper slopes would be
expected from pigeons than from people. As will be dis-

Copyright 2000 Psychonomic Society, Inc.



285 VICKREY AND NEURINGER

cussed later, alternatives to the general factor theory of in-
telligence lead to different predictions.

EXPERIMENT 1
A Test of Hick’s Law in Pigeons

Method

Subjects. Five experimentally naive adult Birmingham Roller pi-
geons were maintained at 85% of their free-feeding body weights.

Apparatus. Each of five Gerbrands pigeon chambers (27.9 X
27.9 X 29.2 c¢m) consisted of a front wall with three operant re-
sponse keys (not used in the present experiment) and a food hopper
that provided access to mixed grain. An overhead light provided il-
lumination, and a small speaker provided auditory feedback. At a
right angle to the front wall was a 33-cm Apple color monitor with
a touch screen, consisting of a Carroll Touch 30.5-cm Smartframe
touch-sensitive bezel that enabled determination of the location and
timing of pecks to the monitor. Mounted 0.6 cm in front of the screen
was a plastic sheet, to protect the birds’ beaks from the monitor’s hard
surface. A movable wooden perch parallel to the monitor was posi-
tioned according to the size of the bird, so as to provide easy access
to the screen. The chambers were individually enclosed in wooden
boxes and were connected to five Macintosh LC475 computers.

Procedure. Preliminary training consisted of autoshaping the pi-
geons to peck a black square (1.3 cm per side), then to peck at a
green star (2.5 cm diameter), and finally to peck the black square
and then the green star to gain access to grain in the food hopper. In
the experimental procedure that followed, a filled black 1.3-cm
square was presented in the center of the screen; it will be referred
to as the center stimulus. Equally spaced in a virtual circle (diame-
ter of 7.6 cm) surrounding the center stimulus were one, two, four,
or eight open squares of equal size, the PTs. In the one-PT condition,
a single open box was presented simultaneously with the center
stimulus; in the two-PT condition, there were two open boxes; and
5o on. One peck to the center stimulus caused one of the PTs to be
darkened (filled black), so that it looked identical to the center stim-
ulus; this darkened alternative now becoming the target. One peck
to the target resulted in the appearance of a reinforcing star (the
green star) in the center of the screen, and a peck to the star pro-
duced food. In brief, pecking the center stimulus darkened the tar-
get, pecking the target produced the green star, and pecking the star
resulted in food. Some further details follow. After the center stim-
ulus was pecked to start a trial, that stimulus disappeared, the RT
timer was started, and a 1000-Hz tone sounded for 0.1 sec. A cor-
rect response was a peck at the darkened target within the boundary
of the accept area, an area that extended 1.27 cm past the edges of
each stimulus. (As will be discussed below, a programming error
caused the right boundary of all the stimuli to be offset, thereby re-
quiring correct responses to be to the right half of the stimulus or just
outside the right boundary.) Correct responses to the target stopped
the RT timer and were accompanied by a 1800-Hz tone for 0.1 sec.
Responses to the reinforcing star produced a 400-Hz tone for 0.2 sec
and access to food in the hopper for a designated duration that was
individualized for each bird, to maintain appropriate weights (the
duration usually being between 1.5 and 2.5 sec). During food rein-
forcement, the hopper and houselight were on.

A response outside the accept area of the target caused a different
tone sequence (a 600-Hz tone for 0.1 sec, a 500-Hz tone for 0.1 sec,
and a 400-Hz tone for 0.2 sec); the green star did not appear, and the
same trial (same number of PTs in exactly the same locations and
same location of the target) was repeated as a correction trial. Such
incorrect responses and those made during correction trials were ex-
cluded from calculations of RT. Locations of PTs (open boxes) and
targets (black box) were randomized among eight possible locations
around the virtual circle. The one-, two-, four-, and eight-PT condi-
tions were quasi-randomized (eight blocks of eight trials per session
with two trials of each PT condition in each block).

During the first session following preliminary training, the pi-
geons were presented with only the one-PT condition. During the
next session, one- and two-PT conditions were intermixed, and so on
until the pigeons were reliably responding with all eight alternatives
present. These sessions terminated after 64 correct trials.

The experiment started in the next session with the one-, two-,
four-, and eight-PT conditions intermixed randomly, as was de-
scribed above. Eleven sessions were provided, each session contain-
ing 64 correct responses, 16 per PT condition. After the 11th ses-
sion, conditioned reinforcers were introduced so that the number of
trials per session could be increased to 128 and an additional 14 ses-
sions provided. Conditioned reinforcers were the same as the food
reinforcers, except that the hopper was activated for only 0.1 sec,
this duration being too short to permit the pigeons to eat any food.
Food and conditioned reinforcers were equally probable (p = .5).
One session was provided per day, 5 days per week.

Results and Discussion

Median RTs were calculated for each subject, based on
the initial 200 correct responses in each of the four PT
conditions at the beginning of training and, separately, for
the last 200 correct trials per PT at the end of training.
Arithmetic averages of the 5 birds’ median RTs are shown
in Figure 1, left, for both initial and last trials (filled crosses
and open circles). Least squares best-fitting lines offer
good approximations of average performances, with 80%
and 95% of the variances accounted for (correlation coef-
ficients, r, are shown in the figures, and explained vari-
ance equals the square of the correlation, or r2). Slopes of
the initial and terminal functions were .015 and .017 sec/bit,
respectively, and intercepts were .412 and .385 sec. The r
values for the individual subjects over the last 200 trials
were .89, .93, .94, .94, and .95. The slopes and intercepts
did not differ significantly between initial and terminal
blocks.

RT showed a positive linear relationship to log, PT, con-
sistent with the findings from people. However, the pi-
geon slopes were considerably lower than those generally
reported for human subjects (Jensen, 1980, 1982). If slope
is, as hypothesized, inversely related to intelligence, this
finding is puzzling.

EXPERIMENT 2
Blocks of Contiguous Potential Targets

Three aspects of the procedure in Experiment 1 may
have contributed to the pigeons’ low slopes. First, in Ex-
periment 1, locations of PTs and targets were randomized,
whereas Jensen and others did not randomize. Second, in
human experiments, the locations of the PTs were always
contiguous and fixed—in the four-PT condition, for ex-
ample, the locations, assuming that positions are indicated
clockwise from 1 to 8, were 3, 4, 5, and 6—whereas ran-
domization in Experiment 1 resulted in noncontiguous
PTs. Third, in human experiments, the PT conditions were
presented in ascending blocks—for example, 15 trials of
the one-PT condition were presented first, then 15 trials of
the two-PT condition, and so on (Jensen, 1982). In Exper-
iment 1, there was no blocking, and the PT conditions
were intermixed in quasi-random order (e.g., one PT, eight
PTs, two PTs, eight PTs, four PTs, etc.)
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Figure 1. The left graph shows average reaction times for the 5 subjects in Experiments 1 and 2 as a function of log, of the
number of potential targets (PTs) or bits of information. The first 200 trials per PT are indicated by filled crosses and trian-
gles, and the last 200 trials by open circles and squares. The right graph shows average reaction times for the 7 subjects under
percentile reinforcement contingencies in Experiment 3, again for the first (Xs) and last (circles) 200 trials per PT.

There were reasons to randomize (see Detterman, 1987;
Widaman & Carlson, 1989). As was indicated above, the
Hick function has been interpreted as resulting from a se-
ries of binary decisions, but an alternative interpretation is
based on results that show that repeating the location of a
target stimulus may itself shorten RT (Kornblum, 1969;
Luce, 1986). In Jensen’s research, repetitions were more
likely in the two-PT case than in the four-PT case, and
more likely in the four-PT case than in the eight-PT case.
The reason is that, if the same two lights are always the
only possibilities in the two-PT case, the probability of a
light repeating is .5; if the same four lights are the only
possibilities in the four-PT condition, the repetition prob-
ability is .25; and so on. The linear function relating RT to
log, PT may, therefore, have been influenced by different
probabilities of repetitions in the different PT conditions.
Randomization of stimulus locations in Experiment 1 con-
trolled for repetitions, because probabilities of repetition
were equal across the PT conditions.

However, the blocking in the human experiments may
have led to the formation of expectancies by the subjects,
which would also influence the slopes. To increase the sim-
ilarity between pigeon and human procedures while avoid-
ing the confounding effects of repetition, we modified the
procedure in the following way. Both blocking of PT con-
ditions and contiguity of PT locations were employed (as
in the human procedures)—for example, 10 correct re-
sponses were required in the four-PT condition, followed
by 10 correct in the one-PT condition, then 10 in the eight-
PT condition, and so on. This blocking permitted forma-

tion of the same expectancies as those in the human case.
However, the order of the blocks was randomized, and
the location of the contiguous PTs, within and without a
block, was also randomized. Thus, on Trial 1 within a
four-PT block, the PTs might be at Locations 3, 4, 5, and
6; on Trial 2, within the same block, the PTs might be at
Locations 6, 7, 8, and 1; and so on. This type of random-
ization avoided the artifact of location repetition. One ad-
ditional change was made: A misalignment of the stimuli
was corrected midway through this experiment. In brief,
Experiment 2 more closely approximated human proce-
dures, while avoiding the potential confounds of location
repetition.

Method

Subjects and Apparatus. The subjects and apparatus were the
same as those in Experiment 1.

Procedure. The procedure was similar to that in Experiment 1
with the following differences. Trials with the same number of PTs
(one, two, four, or eight) were blocked, rather than randomly dis-
tributed, 10 correct trials now constituting one block. There were
four blocks of each PT condition per session, the order of blocks
being quasi-randomized. In any given trial, PTs were always adja-
cent to one another, although the particular set of locations was ran-
domly chosen, as was the location of the target. Sessions lasted for
160 correct trials. Food followed correct responses with a .4 proba-
bility, the other correct responses producing conditioned reinforce-
ment, as was described in Experiment 1.

After 20 sessions, the programming error was identified that had
resulted in the accept coordinates around each stimulus being offset
1.9 ¢m to the right. (This offset was also present in Experiment 1.)
After correction, an additional 11 sessions were provided.
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Results and Discussion

Figure 1, left, shows the RT functions, averaged across
the 5 subjects’ initial (filled triangles) and terminal (open
squares) 200 trials per PT condition. RT was again linearly
related to bits of information. Slopes and intercepts were
lower at the end of the present experiment than at the end of
Experiment 1, with only the intercept difference reaching
significance [F(1,4) = 11.627, p = .02]. The individual sub-
jects’ r values during the terminal 200 trials were .78, .78,
.94, .94, and .98. Slopes and intercepts did not differ signif-
icantly pre- versus postcorrection of the stimulus alignment.

The main conclusion was that blocking and contiguity
of PTs did not increase slopes. On the contrary, the obtained
slopes were even more unlike those commonly found in
human experiments, where low slopes have been sug-
gested as a correlate of high intelligence.

EXPERIMENT 3
Reaction Time and Percentile Reinforcement
Contingencies

Consequences in operant experiments and payoff ma-
trices in signal detection experiments affect response ac-
curacies and RTs (Luce, 1986). However, in research with
Hick’s paradigm, explicit RT-based feedback is not pro-
vided, and instructions are generally of the form respond
as fast and accurately as possible. Such instructions might
mean different things to different individuals, and nonhu-
man animals cannot be verbally instructed. It might be es-
pecially important for cross-population or cross-species
comparisons to use a procedure in which the contingen-
cies explicitly motivated fast-as-possible responding. In
Experiment 3, therefore, a percentile reinforcement con-
tingency was added to the Hick procedure. Under per-
centile contingencies, developed by Platt and Galbicka
(e.g., Galbicka, 1994; Platt,1973), each subject’s recent
RTs were used to determine an RT threshold. If a current
RT was longer than the threshold, it was not reinforced.
The percentile contingencies continually “pushed” a sub-
ject to respond as fast as possible. The first question in the
present experiment was whether explicitly reinforcing
fast-as-possible responding would influence slopes. A
second goal of the present experiment was to study whether
slopes and intercepts changed with practice when speed
contingencies selectively reinforced fast responding. As
was indicated in the introduction, there is disagreement in
the human literature concerning the effects of practice.

Method

Subjects. Seven young adult White King pigeons were main-
tained at 85% of their free-feeding body weight.

Apparatus. The apparatus was the same as that in Experiments 1
and 2.

Procedure. The procedure was similar to that in Experiment 2,
with the same stimuli presented in the same blocks, contiguity of the
PTs, and randomization of location. However, under a percentile re-
inforcement contingency, reinforcement was contingent on rela-

tively short RTs: A subject’s response was reinforced only if it was
among the fastest 70% of the subject’s recent responses. Arrays were
maintained of the last 10 correct responses, separately for the one-,
two-, four-, and eight-PT conditions. Because RTs may have differed
at different stimulus locations, separate arrays were maintained for
each of the eight physical locations. Thus, the number of percentile
reinforcement arrays was 32: 4 PT conditions X 8 physical loca-
tions. Prior to each response, the appropriate array was ordered from
shortest RT to longest. The current response was reinforced only if
(1) it was correct (i.e., emitted to the target) and (2) it was faster than
the third slowest RT (70th percentile) within the relevant array. Re-
sponses that met both the location and the speed criteria were rein-
forced with the green star. Food occurred with .4 probability, and
conditioned reinforcement with .6 probability, as in Experiment 2.
Responses that did not meet the speed contingency or were to the
wrong location generated downward tones and terminated the trials,
with only wrong-location trials being excluded from the arrays and
repeated, as in Experiments 1 and 2. The RT arrays were initially
seeded (prior to the first experimental session only ) with 1-sec val-
ues, considerably longer than most RTs. Only after at least two ses-
sions did the arrays fill with the subject’s RTs. Arrays were main-
tained across sessions. Preliminary training was similar to that in
Experiment 1. Twenty sessions were provided under the percentile
reinforcement contingencies.

Results and Discussion

Figure 1, right, shows arithmetic averages across the 7
pigeon’s median 200 initial and 200 terminal trials. As in
Experiments 1 and 2, linear functions relating RT to bits of
information provide good approximations of the averaged
data, accounting for 85% and 82% of the variance. Over the
200 terminal trials, individual » values were .26, .78, .78,
.92, and .95, with two of the subjects’ values not being de-
fined, because the slopes were zero. The across-session
change is shown in Figure 2, with intercept on top and slope
on bottom. Arithmetic averages of the 7 subjects’ intercepts
and slopes are drawn. Analyses of these data show that the
decrease in intercept was highly significant [F(19,114) =
14.40, p = .0000] and that the decrease in slope approached
significance [F(19,114) = 1.528, p = .0887]. Thus, when
rapid responding was explicitly reinforced, the intercept of
the Hick function decreased with practice, and there is some
indication that the slope also decreased.

To increase the power of the analysis, we combined
across all pigeons (Experiments 1-3) and compared the
first versus the last 200 trials. Again, the decrease in in-
tercept was highly significant [F(1,11) = 22.803, p =
.0003], and the decrease in slope was very close to attain-
ing significance [F(1,11) =4.627, p = .0545].

The other main question was whether explicit rein-
forcement of relatively short RTs under percentile contin-
gencies would affect slopes. The results show that the
slopes were lower than those in the previous two experi-
ments. Average slope during the last 200 trials of the pre-
sent experiment was .004 sec/bit, whereas at the end of
Experiment 2, it was .011 sec/bit, a significant difference
[£(1,10) = 14.074, p = .0038]. Thus, contingencies that
selectively reinforced fast responding generated lower
slopes than did contingencies that were more permissive.
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Figure 2. Intercept (top) and slope (bottom) of the Hick func-
tion across the 20 sessions of Experiment 3, where percentile re-
inforcement contingencies were applied. Plotted are the averages
for the 7 subjects.

EXPERIMENT 4
Human Touch Reaction Times

To compare human and pigeon RT functions directly,
the procedure in Experiment 2 was repeated with human
subjects. That procedure was chosen because of its simi-
larity to those used in previous human studies, while, as
was explained above, it avoided the confound of location
repetitions.

Method

Subjects. Six males and 5 females of college age volunteered.

Apparatus. A Macintosh II computer and monitor with a touch
screen, identical to those used in Experiments 1 and 2, were located
on a bench in a laboratory room.

Procedure. The program and contingencies were almost identi-
cal to those in Experiment 2. A picture of an eight-PT condition was
shown to the subjects, and the task was explained. The subjects were
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told to touch the black square in the center and then to touch the tar-
get when it darkened. As in most other studies with human subjects
under the Hick procedure, the subjects were instructed to respond as
rapidly as possible while making few errors. There was a short prac-
tice session prior to the experimental session, to familiarize the sub-
Jects with the touch screen: 10 black squares appeared in random lo-
cations, and the subject was instructed to touch them to make them
disappear. Immediately following was the experimental procedure
from Experiment 2, until 40 correct trials per PT were completed.
Reinforcement consisted of points added to a counter in the upper
left-hand corner of the screen.

Results and Discussion

The upward pointing triangles in Figure 3 show median
RTs based on the 40 correct trials at each of the four PT
conditions. A linear function accounted for 89% of the
variance, with the average slope equaling .034 and the in-
tercept .293. The individual » values were .79, .79, .85,
.85, .87, .90, .91, .94, .97, 1.00, and 1.00.

Experiments 1-3 showed that intercepts and slopes de-
creased with experience, and we therefore compared pi-
geon with human subjects across an equal number of
training trials. Since the humans experienced a rotal of 40
correct trials per PT condition, we used the first 40 correct
trials per PT generated by the 5 Birmingham Rollers in
Experiment 1 and by the 7 White Kings in Experiment 3.
Although the two pigeon functions are difficult to dis-

o PIGEON KINGS y = 0.017x + 0.487 r = .942
] PIGEONROLLERS Y = 0.016x + 0.489 r = .839
A PEOPLETOUCH Y = 0.034x + 0.293 r = .943
V. PEOPLEPECK y = 0.044x + 0.407 r = .951

REACTION TIME (SEC)

BITS

Figure 3. Average reaction times for 5 White King pigeons in
Experiment 1, 7 Birmingham Roller pigeons in Experiment 3, 11
human subjects in Experiment 4 who touched the monitor, and
10 human subjects in Experiment 5 who “pecked” the monitor.
The x-axis shows log, of the number of potential targets (PTs), or
bits. In all cases, averages are based on the first 40 correct trials
per PT.
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criminate (two lines are drawn), circles represent the av-
erages for the Birmingham Rollers, and squares those for
the White Kings. Slopes for the two groups of pigeons
over the first 40 responses per PT were .017 and .016 sec/
bit; intercepts were .487 and .489 sec. For purposes of sta-
tistical analysis, the 12 pigeons were compared with the
11 human subjects. Intercepts for the pigeons were sig-
nificantly higher than those for the humans [F(1,21) =
32.946, p = .0000], and slopes for the pigeons were sig-
nificantly lower [F(1,21) =4.418, p = .0478].

EXPERIMENT 5
Human “Peck” Reaction Times

Evidence in the human literature indicates that the type
of stimulus and of response influences slope. Teichner and
Krebs (1974) showed that when the stimulus was audibly
naming the number of a response button, both intercepts
and slopes were higher than those in the more common
case in which the stimulus was a light just above the but-
ton (see also ten Hoopen, Akerboom, & Raaymakers,
1982). On the other hand, when the response was to name
the presented stimulus, the slopes were lower than when
an associated button had to be pushed (Theios, 1975). In
Experiments 1-4, the stimuli presented to people and to
pigeons were identical, but the responses differed: Pi-
geons pecked, whereas people touched. Associated with
this difference was the fact that the pigeon’s head was
much closer to the monitor than was the human subject’s.
It is, of course, difficult, if not impossible, to equate the re-
sponses in terms of topography, difficulty, naturalness,
and other dimensions. We chose, therefore, a response for
the human subjects that was topographically similar to the
pigeon’s—namely a “peck” at the screen. The main ques-
tion is whether the human slopes would differ as a func-
tion of response topography.

Method

Subjects. Ten subjects, of the same age range as those in Exper-
iment 4, were used. Three of the subjects had participated in Exper-
iment4, 5 volunteered to participate, and the other 5 were each paid $5.

Apparatus. The apparatus was identical to that in Experiment 4,
with one exception. A plastic animal “beak” (purchased in a toy
store) was attached to the subject’s face atop the nose and was held
in place by an elastic strap around the head. The beak was 11.2 cm
long, from open base to tip.

Procedure. The procedure was identical to that in Experiment 4,
with two exceptions. First, “pecks” of the beak were required, rather
than touches of the index finger. Second, because pecking was an
unusual response for the human subjects, the preliminary training
phase, in which the subjects responded to random black squares, was
permitted to last as long as the subject chose. The subjects spent less
than 2 min in this preliminary phase.

Results and Discussion

The results are shown by the downward pointing trian-
gles in Figure 3. The linear fit accounted for 90% of the
variance, and thus, Hick’s law holds, whether people touch
squares or peck them. The individual » values were .77,
.85, .88, .89, .94, .95, .96, .97, .97, and 1.00. Compared

with the touch responses in Experiment 4, the peck re-
sponses in the present experiment led to higher slopes
(.044 sec/bit in the present experiment and .034 in Exper-
iment 4), although the difference was not statistically sig-
nificant. Intercepts increased from .293 in Experiment 4
to .407 in the present experiment, this difference being
statistically significant [F(1,19) =4.790, p = .0413].

We compared pigeons with people when both pecked
the monitor. The difference in intercepts between the two
species was no longer statistically significant [F(1,20) =
2.685, p = .1169]. The pigeon slopes were again signifi-
cantly lower than the human peck slopes [F(1,20)=12.016,
p=.0024].

GENERAL DISCUSSION

We asked three questions, the first of which was whether
Hick’s law describes choice RTs in pigeons. The answer is
yes. Experiments 1-3 demonstrated linear relationships
between RT and log, number of potential targets, or bits of
information. Thus, the same relationship is observed in
people, monkeys, and pigeons.

The second question was whether parameters of the Hick
function were affected by training. Jensen (1982) concluded
that “We have found no indication of practice effects in any
of the samples tested . . . either across trials in a single ses-
sion or across sessions from day to day” (p. 280). Eysenck
(1987) concurred, writing that “There is an absence of prac-
tice effect, which supports the hypothesis that the RT mea-
sure does not involve anything that could be called learning,
association, ... memory scanning...[or] ... cognitive
strategies in the usual sense of the term” (p. 290). However,
in an earlier review of the literature on visual choice RT,
Teichner and Krebs (1974) showed that practice caused
both intercepts and slopes to decrease (see also Longstreth,
1984; Luce, 1986; Widaman & Carlson, 1989). Jensen
(1987) came to conclude that training did not matter in Ais
experiments, where relatively few trials were provided. But
in order to interpret RT-IQ correlations, it is important to
know whether training of any length affects the function pa-
rameters of Hick’s law. In the present research with pigeons,
intercepts and slopes decreased with training, this being es-
pecially clear when percentile reinforcement contingencies
selectively reinforced fast responding. The decrease in in-
tercept occurred consistently across the three experiments
with pigeons, whereas the decrease in slope was noisier and,
in some cases, did not attain statistical significance. One
possible reason was that the slopes were low to begin with,
and thus, a floor effect might have been involved. In gen-
eral, the results for pigeons are consistent with Teichner and
Krebs (1974).

The third question was whether slopes for pigeons were
higher than those for humans. This question was motivated
by some researchers’ use of choice RT to support inherited
differences in intelligence across human individuals and
races. We reasoned that, if parameters of the Hick function
in fact represent heritable differences in intelligence, these
should be manifest across species. Because pigeons are



generally thought to be less intelligent than people, we
predicted that slopes for pigeons would be higher than
those for humans. No predictions were made with respect
to intercept, because intercepts are influenced by the par-
ticulars of procedure, such as travel distance between the
center response and the PT, and by the physical attributes
of the subjects.

Slopes for pigeons were found to be significantly lower
than those for humans when people touched the targets.
Because the literature indicates that different types of re-
sponses may result in different slopes (e.g., Theios, 1975),
we also studied RTs when people “pecked” the targets and
found that the slopes for pigeons were again significantly
lower than those for humans (Experiment 5). Thus, if
slopes are inversely related to intelligence and this finding
has cross-species generality, then pigeons are more intel-
ligent than people. We consider alternative interpretations
below.

In Jensen’s studies, human subjects were required to
press a center button until a PT became a target, and, there-
fore, he was able to distinguish between the time taken to
lift the finger from the center button and the time taken to
move the finger from the center button to the target. In our
case, because the pigeon response is ballistic, we could
not separate the two. Since movement-time functions are
relatively flat in humans and tend to show the same rela-
tionship with IQ as lift time, the present comparisons with
pigeons are possible.

Jensen (1980) proposed that another measure—namely,
within-subjects variability—was also inversely related to
intelligence (see also Jensen, 1987). He calculated stan-
dard deviations (SDs) at each PT for each subject and then
calculated a group mean for each PT. Since SDs are af-
fected by the magnitude of the mean, Jensen’s SDs did not
provide an independent statistic. In any case, he concluded
that the greater the SD, the lower the intelligence. Were
pigeons more variable (higher SDs) than people under the
Hick task? To control for differences in magnitudes of the
means, we calculated within-subjects coefficients of vari-
ation. We considered the first 40 responses for all the pi-
geons in Experiments 1 and 3 and compared them with the
human subjects in Experiment 4 (touch PT). Because out-
lying values greatly influence both SD and coefficient of
variation and because these were the first 40 responses and,
therefore, included a number of long pauses in many cases,
we excluded the longest five RTs from our calculations.
Thus, we estimated coefficients of variations based on the
fastest 35 of 40 responses per PT for pigeons and people.
The group X bit interaction was significant [F(3,63) =
10.951, p =.0000], with human subjects showing signifi-
cantly lower coefficients of variation at the 1-, 2-, and
3-bit values. We also compared the human data with the
pigeon’s terminal 40 responses. Again, the group X bit in-
teraction was highly significant [F(3,63) = 22.722, p =
.0000], but now the only difference was at the 0-bit con-
dition, where human coefficients of variation were signif-
icantly higher than those for the pigeons. Similar results
were obtained when the human peck data were compared
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with the data for the pigeons. Thus, with respect to coeffi-
cients of variation, a conservative conclusion is that it is
not clear that pigeons are more variable than people.

One additional contribution of the present research was
to demonstrate the usefulness of a procedure that selec-
tively reinforced rapid-as-possible RTs—namely, percen-
tile reinforcement (Galbicka, 1994). Under these contin-
gencies in Experiment 3, the subjects were reinforced for
only the shortest 70% of their RTs over the recent past,
thereby continually pressuring them to respond as fast as
possible. The slopes and intercepts of the Hick function de-
creased across training. In measures of intelligence more
generally, explicit contingencies may be useful. When con-
tingencies are vague or unspecified, differences in perfor-
mance may reflect differences in perceived demands and
consequences.

The present findings extend the generality of Hick’s law
as a description of choice RT to pigeons. As with human
subjects, orderly data are obtained from pigeons. How-
ever, the results also raise questions about whether choice
RT is a useful measure of intelligence. Most important are
three findings: (1) the slopes and intercepts of the RT ver-
sus PT functions decreased with training; (2) the type of
response affected the slope and the intercept; and (3) the
slopes for the pigeons were lower than those for the hu-
mans. The first two findings are important in evaluating
the claim that intelligence has a major unmodifiable com-
ponent. Choice RT was thought to be a good measure of
intelligence, because both RT and IQ did not depend on
experience (Eysenck,1987; Jensen, 1980). Consistent with
other findings in the literature (Longstreth, 1986; Luce,
1986; Teichner & Krebs, 1974), the present results show
that RT functions are influenced by training and response
topography.

Explanations of the third result—slopes for pigeons are
lower than those for humans—could take one of four forms:
(1) the procedures were insensitive, and therefore, the data
are misleading; (2) pigeons use a different tactic (or method
of responding) than do human subjects; (3) pigeons are
more intelligent than people; or (4) slopes of the Hick
function do not provide a useful measure of heritable gen-
eral factor intelligence. We discuss each of these.

1. The orderly functions obtained from pigeons and peo-
ple support the adequacy of the procedures, as do the sig-
nificant influences of parametric manipulations. The pre-
cision of the recording apparatus might have influenced
the slopes, but the apparatus was identical for both pi-
geons and people. Thus, it is unlikely that differences be-
tween the slopes for pigeons and humans were caused by
inadequacies in the procedure.

2. We are aware of no evidence that different response
tactics underlie complex choice RTs in pigeons and peo-
ple. There is evidence, to the contrary, that pigeons use
modes of serial processing that are similar to those of hu-
mans (e.g., Roberts, 1987). Furthermore, if Hick func-
tions differ between pigeons and people because of dif-
ferent ways of confronting the task, the same might be the
case for individuals, groups, or races. Response tactics,
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not intelligence, would then account for RT effects (see
Detterman, 1987).

3. In an influential paper on the comparative psychol-
ogy of intelligence, Macphail (1987) writes, “It was—as
it still is—generally accepted that man is the most intelli-
gent of organisms” (p. 645). If intelligence is taken to be
a function of a general heritable g factor—and Hick’s pa-
rameters are valid measures—then the counterintuitive
conclusion follows that pigeons are more intelligent than
people. An alternative view assumes that different intelli-
gences or factors are employed in different situations by
different individuals, groups, and species (see Carlson &
Widaman, 1987; Gardner, 1983; Sternberg, 1985). The
theory of multiple intelligences is compatible with the hy-
pothesis that, because of their evolutionary histories, pi-
geons respond faster than people in some complex choice
situations. To survive, pigeons forage, often in flocks, for
small pieces of grain, as well as for insects that move and
fly. Such foraging requires rapid choices to be made from
simultaneously available objects. Thus, the pigeon might,
in fact, be capable of more rapid choices among potential
food items than are people. According to this interpreta-
tion, Hick functions show that pigeons are more adept at
choosing among concurrently available targets (at least in
the type of situation studied) but indicate nothing about
general capabilities or g.

(4) Taken together, our results do not support complex
RT as an index of heritable general intelligence. Parame-
ters are affected by training, thus arguing against heri-
tability; and functions for pigeons indicate an intelligence
that is higher than that of humans, thus arguing against a
generally valid measure.
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