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Required pecking alters judgments of the
passage of time by pigeons

THOMAS R. ZENTALL, ANDREA M.FRIEDRICH, and TRICIAS. CLEMENT
University ofKentucky, Lexington, Kentucky

There is evidence that how humans perceive time is affected by the activity in which they are en-
gaged when they are judging time. In humans, typically, the more demanding the task, the faster time
seems to pass. Weasked whether a similar effect could be found in pigeons. Pigeons were trained to
discriminate between a short- (2-sec) and a long- (lO-sec) duration stimulus. Depending on the color
of the stimulus (white or blue), the pigeons were required to peck (at least once per second or the trial
was aborted) or to refrain from pecking (pecks aborted the trial). Once these tasks had been acquired
to a high degree, probe trials involving white and blue stimuli were presented at durations between 2
and 10 sec. On trials in which the pigeons were required to peck, the point of subjective equality (i.e.,
the point at which pigeons are equally likely to choose the stimulus associated with long stimuli as
the stimulus associated with short stimuli) was almost 1 sec longer than on trials in which the pigeons
were required to refrain from pecking. In other words, on trials that required pecking, more time
passed before the pigeons indicated that the probe duration was at the subjective midpoint between 2
and 10 sec than on trials that did not require pecking. This result suggests that like humans, the pigeons .
underestimated the passage of time when they were active or when attention to time-related cues had
to be shared with attention to satisfying the response rate requirement.

It is said that time flies when one is having fun (or more
likely when one is attending to things other than time).
Conversely, every undergraduate knows how slowly time
passes during an uninteresting lecture. Chastain and Fer-
raro (1997) have suggested that in humans, the subjectiv-
ity ofestimates oftime durations may reflect the nature of
the cognitive operations occurring during the estimates.
The greater the cognitive load, the greater the underesti-
mation ofthe passage oftime, whether the intervals being
judged are very short (such as fractions of a second; see
Chastain & Ferraro, 1997) or much longer (such as min-
utes; see Hoekstra, 2005).

This effect occurs both retroactively, when subjects are
asked to judge the passage of time after the fact, and pro-
actively, when they are told in advance that they will be
asked to judge the duration ofan interval (Block & Zakay,
1997). According to Chaston and Kingstone (2004), the
subjective compression of time when one is engaged in a
demanding task results from the relative inattention given
to cues provided by the internal clock (see also Church,
1978); specifically, they suggest that the passage oftime is
judged by the accumulation ofpulses coming from a pulse
generator (pacemaker). Chaston and Kingstone proposed
that if attention is not directed at the timing ofan interval
due to the cognitive demands ofa task, it is because either
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the pulse output is slowed or some of the pulses may have
been lost (see also Zakay, 1993). In either case, the ac-
cumulation of pulses will be less than the time that has
actually elapsed, resulting in an underestimation of the
passage of time.

The notion of an internal clock that is used to time in-
tervals has also been extended to account for interval tim-
ing in animals (see, e.g., Gibbon & Church, 1984). If at-
tention to the internal clock can also affect time judgments
by animals, then one might expect the demands of a task
to similarly affect the animals' estimation of an interval's
duration.

Pigeons have often been used in experiments in which
reinforcement either occurs at an expected time (a fixed in-
terval schedule) or does not occur (extinction); a pigeon's
peak rate of responding at the expected time is taken as a
measure of its ability to judge the duration of the interval
(Roberts, Cheng, & Cohen, 1989).

Pigeons have also been used in conditional discrimina-
tion experiments in which they must determine which of
two (sample) stimulus durations has occurred, a short in-
terval or a long interval (Stubbs, 1976). This procedure has
been used to help describe the nature ofpigeons, underly-
ing timing scale. To determine the scale of time, pigeons
are trained with a short (e.g., 2 sec) sample stimulus and
a long (e.g., 8 sec) sample stimulus. Responses to one test
(comparison) stimulus are reinforced following the short
sample and responses to the other comparison stimulus
are reinforced following the long sample. On test trials,
sample stimuli of various intermediate durations are pre-
sented and the proportion of "long" choices is plotted at
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each test duration. The resulting psychophysical function
indicates the degree to which each intermediate sample
stimulus duration is judged as short or long.

When describing the underlying time scale, the point
of subjective equality (the sample duration at which the
pigeons are as likely to choose the comparison stimulus
that in training was associated with short sample stimuli
as the comparison stimulus associated with long sample
stimuli) is of particular interest. The typical finding is
that the point of subjective equality falls very close to the
geometric rather than the arithmetic mean of the training
durations (Gibbon, 1986; Platt & Davis, 1983; Stubbs,
1976). In the example given, with samples of2 and 8 sec,
the geometric mean would be 4 sec.

One way to assess the effect ofcertain variables on the
subjective judgment of time passage would be to look for
a shift in the point of subjective equality. If subjective
time were passing slowly for pigeons relative to actual
time, then on a plot of choices of the comparison associ-
ated with long samples, the point of subjective equality
would shift to a higher value (i.e., a longer sample du-
ration), because the pigeons would be choosing "short"
more than "long" when the test-trial sample duration was
equal to the geometric mean. However, when we judge
the passage of time as being shorter than it actually is,
we say that time passed more quickly, or that more time
has elapsed than we thought. Thus, when subjective time
passes slowly, it means that actual time passes quickly.
Whether time seems to pass slowly or quickly depends on
the perspective from which the judgment is being made.
For example, a student taking an examination might look
at his watch and say, "Have 45 minutes passed already? I
thought it was more like 30 minutes." Subjective time has
slowed relative to actual time, but we would say that time
has passed quickly.

The purpose of the present experiment was to deter-
mine if adding a response requirement that necessitated
additional attention or created a heavier cognitive load
while pigeons were discriminating between short and long
intervals would result in a shift in their point ofsubjective
equality. The rationale was that imposing a strict response
requirement (as compared with no response requirement)
on pigeons would be analogous to imposing a higher in-
formation processing or attentional load on humans. If
attention to the response requirement (or the task load)
had an effect on time judgments that was similar to that
reported for humans, the pigeons would show a shift in the
point of subjective equality to longer sample durations as
compared with the point ofsubjective equality in a control
condition for which the response requirement required less
attention (or was less demanding). Thus, it is hypothesized
that when the pigeons have to fulfill a response require-
ment while judging time, actual time should pass quickly
relative to subjective time.

The pigeons in the present experiment were trained on
two duration-sample matching tasks. Each task involved
samples of2 and 10 sec. One task was signaled by a white
stimulus on the center response button, which for one
group was followed by red and green comparison stimuli;

the other task was signaled by a blue stimulus on the cen-
ter response button, which was followed by a circle and a
plus comparison stimulus. The important difference be-
tween the two tasks was the response requirement to the
samples. In the task thought to be more demanding, the
pigeons were required to peck at a minimum rate of1 peck
per second to both the short and the long sample. In the
task thought to be less demanding, they were required to
refrain from pecking for the duration ofsample.

METHOD

Subjects
The subjects were 12 White Carneau pigeons (Columba livia)

of unknown sex obtained from the Palmetto Pigeon Plant (Sumter,
sq. Thepigeons hadpreviouslyparticipatedin matehing-to-sample
experimentsbut had no experiencein experimentsthat involvedthe
timing of events.The pigeons were individuallyhoused in a colony
roommaintainedunder a 12:12-hlight:darkcycle.They weremain-
tained at 85% of their free-feedingweights for the duration of the
experiment,but had freeaccessto waterand grit in theirhomecages.
The pigeons were cared for in accordancewith Universityof Ken-
tucky animal care guidelines.

Apparatus
The experimentwas conductedin a standard test chamber(BRS/

LYE, Inc., Laurel, MD) that measured 33 em high and 35 em from
response panel to back wall; the response panel measured 31 em
across.The response panel contained three horizontallyalignedre-
sponse buttons (2.5 em in diameter, 8 em apart center to center),
which could be illuminated by projectors (Industrial Electronics
Engineering, Model 10, Van Nuys, CA) mounted behind them. A
houselight located above the center response button providedgen-
eral illumination during intertrial intervals.All of the events in the
chamberwerecontrolledby a microcomputerlocated in an adjacent
room. Reinforcementconsistedof 1.5 sec of access to mixed grain
(Purina Pro Grain) from an illuminated feeder located below the
center response button.

Procedure
Pretraining. Initially, all the pigeons were trained to peck at the

red, green, circle, and plus stimuli projected on the side response
buttons.Then 6 pigeonswere trained to peckat a whitestimuluspre-
sentedon the center responsebutton, and the peck requirementwas
graduallyincreased to a ftxedratio (FR) of 10pecks.The remaining
6 pigeons received FRIOtraining with a blue stimulus.Pretraining
with the center response button continued for 144trials or until the
pigeons reliably completedthe FRIOschedule.

Training. On each trial,whiteor blue samplescouldbe presented
for either 2 or 10 sec. The 6 pigeons pretrained to peck the white
stimuluswere required to makea minimumof2 pecksper each2-sec
white sample (24 trials per session)and a minimumof 10pecksper
each IO-secwhite sample (24 trials per session).Failureto meet the
requirement led to the terminationofthe trial, followed by a IO-sec
intertrial interval and the restartofthe trial, with a maximumof five
repeats per trial. Completion of the sample requirement was fol-
lowedby the presentationof red and green comparisons. Pigeonsre-
ceived reinforcementwhen they chose the red comparisonon 2-sec
sample trials and the green comparisonon IO-sec sampletrials.

On blue sample trials, the same pigeons were required to refrain
from pecking (known as differentialreinforcementof other behav-
ior, or DRO) for 2 sec on 2-sec sample trials (24 trials per session)
and to refrain from pecking for 10 sec on IO-sec sample trials (24
trials per session). The absenceofpecking on these trials led to the
presentation of a circle on one side response button and a plus on
the other side response button as comparisons. Pigeons received
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reinforcements when they chose the circle on 2-sec sample trials and
the plus on 10-sec sample trials. Failure to refrain from pecking led
to the immediate termination of the trial followed by the intertrial
interval and a maximum of five repeats per trial.

For the remaining 6 pigeons, which were pretrained to peck at
a blue stimulus, the response requirements (pecking or refraining
from pecking) for the white and blue sample trials were reversed, but
the comparison stimuli following white and blue samples continued
to be red and green and circle and plus, respectively. In all other
respects, all the pigeons were treated the same.

Training sessions consisted of 96 trials: 24 each of the 2- and
10-sec white trials and 24 each of the 2- and 10-sec blue trials.

Training trials were presented in random order, and all trials were
followed by a 10-sec illuminated intertrial interval. Nonreinforced
choice trials also led to a repetition of the trial, and each trial could
be repeated up to five times. This correction procedure was removed
when 80% overall accuracy was achieved. A schematic represen-
tation of the training events for pigeons trained to peck the white
stimulus appears in Figure 1. Training continued for each pigeon
until it exhibited a stable level of matching accuracy on each of the
four training trial types and attained an overall level of matching
accuracy of at least 90% in one training session. One pigeon was
dropped from the study for failure to reach this level of matching
accuracy.

Testing. Testing sessions consisted of an additional 48 training
trials and 56 test trials. During continued training trials, the training
contingencies were in effect. On test trials, a blue or white sample
was presented for 3, 4, 5, 6, 7, 8, or 9 sec (four trials of each color
at each stimulus duration). There was no pecking requirement on
these test trials, and reinforcement was delivered on 50% of the tri-
als, independently of the subjects' choices. In all other respects test
trials were similar to training trials. The pigeons were tested for five
consecutive test sessions. In each session, the pigeons were tested
four times with white and blue samples at each of the seven dura-
tions, for a total of 56 trials per session. Training and test trials were
presented in random order.

RESULTS

Acquisition
Acquisition to criterion (one session at 90% correct

or better) data were analyzed with a two-way repeated
measures ANOVA with sample duration (2 or 10 sec) and
pecking requirement (pecking or not pecking) as factors.
The pigeons learned the 2-sec sample trials (mean = 7.6
sessions) significantly faster than they learned the 10-sec
sample trials (mean = 14.9 sessions) [F(1,10) = 7.24,
p = .02], but neither the difference in acquisition on peck-
ing (mean = 3.3 sessions) and DRO trials (mean = 19.2
sessions) [F(1,10) = 4.15, p = .07] nor the interaction of
sample duration X pecking requirement [F(1,10) = 2.46,
p = .15] was significant.

By the end of training, overall matching accuracy was
high (94.7%). A two-way ANOVA performed on the data
from the last training session indicated that accuracy on
pecking trials (97.4%) was significantly higher than on
DRO trials (92.0%) [F(1,10) = 9.99,p = .01]. However,
neither the effect of sample duration [F(1,10) < 1] nor
the pecking X sample duration interaction [F(1,10) < 1]
was significant.

Although by the end of training the pigeons were quite
successful in meeting the sample-response requirement,
on the last training session they still aborted an average of
9.2 pecking trials and 4.5 DRO trials. Thus, in spite of the

Figure 1. Schematic of the four training trial types for the pi-
geons trained to peck at white samples and to refrain from peck-
ing at blue samples. White sample trials appeared for 2 or 10 sec,
and the pigeons were required to make a minimum of 1 peck/see.
Pigeons received reinforcement when, following a 2-sec sample,
they chose the red comparison stimulus and, following a 10-sec
sample, they chose the green comparison stimulus. Blue sample
trials also appeared for 2 or 10 sec, but the pigeons were required
to refrain from responding for their entire duration (known as
differential reinforcement for other behavior, or DRO). For the
remaining pigeons, the response requirements associated with
white and blue samples were reversed (schematic not shown). Red
and green comparison stimuli still followed samples that required
pecking; following short sample stimuli, red was correct (S+),
and green was correct following long sample stimuli (S+). Circle
and plus comparison stimuli followed samples that required the
pigeons to refrain from pecking; following short sample stimuli,
vertical was correct (S+), and horizontal was correct following
long sample stimuli (S+).

fact that matching accuracy on DRO trials was worse than
on pecking trials, the DRO requirement was easier to meet
than the pecking contingency. A two-way ANOVA was
performed on the data from the aborted trials, with peck-
ing (pecking vs. DRO trials) and duration (2- vs. 10-sec
samples) as the two variables. Due to considerable vari-
ability among the pigeons, the effect of pecking was not
statistically reliable [F(1,10) = 1.67, p = .22], nor was
the effect of duration significant [F(1,10) = 1.74, p =
.22]. In addition, the pecking X duration interaction was
not statistically significant [F(1,10) < 1].

Testing
The point of subjective equality was estimated for each

pigeon in each condition by drawing a straight line between
the longest sample duration for which choice of the "long"
comparison was below 50% and the shortest sample dura-
tion for which choice of the "long" comparison was above
50% of the long responses, and then calculating the point
at which that line crossed the 50% long responses line.
The point of subjective equality on refrain-from-pecking



wa>
c 8
0a
a)
m
m

.6
c
0
J

ö .4
C
0r
02

a

2 3 4 5 6 7 8 9 10

REQUIRED PECKING ALTERS TIME JUDGMENTS 1041

trials was 4.20 sec, whereas the point of subjective equal-
ity on required-pecking trials was 5.18 sec (see Figure 2).
Thus, pecking resulted in a shift of almost 1 sec in the
point of subjective equality. A correlated t test performed
on the point of subjective equality for each pigeon for tri-
als on which pecking was required versus trials on which
pecking was prohibited indicated that the difference was
statistically significant [t(10) = 2.86, p = .02].

We also calculated the difference limen (DL), the dif-
ference in sample duration between 25% and 75% choices
of the long comparison, for samples that required pecking
and those that prohibited it for each pigeon. For samples
that required pecking, the mean DL was 3.1 sec. For sam-
ples that prohibited pecking, the mean DL was 3.9 sec.
This difference was not statistically reliable [t(10) = 1.42,
p = .19].

During testing, matching accuracy on training trials for
which pecking was required (94.9% correct) and on trials
for which pecking was prohibited (85.8% correct) were
both quite high, as was matching accuracy on 2-sec sam-
ple trials (92.2% correct) and 10-sec sample trials (88.5%
correct). An ANOVA performed on the training durations
during testing indicated that the effect of pecking was sta-
tistically significant [F(1,10) = 20.37, p = .001]; how-
ever, neither the effect of sample duration (training values)
[F(1,10) = 4.65, p = .06] nor the interaction [F(1,10) < 1]
was significant.

DISCUSSION

Pigeons were trained to discriminate between sample
durations of 2 and 10 sec. On some trials they had to peck
at the sample stimulus at a specified rate, whereas on other
trials they had to refrain from pecking at it. On test trials,

Sample Duration (sec)

Figure 2. Proportion of instances in which pigeons chose the re-
sponse button associated in training with the long (10-sec) sample
as various sample durations between 2 and 10 sec were presented.
The horizontal line represents equal choice of the two alternatives
(the point of subjective equality).

samples of intermediate duration were presented to deter-
mine the point of subjective equality on trials when the
pigeons were pecking and when they were not pecking.
When the pigeons were pecking at the samples, their point
of subjective equality was almost 1 sec longer than when
they were not pecking.

A longer point of subjective equality suggests two pos-
sible mechanisms. One is that actual time was passing
faster than subjective time. These results are similar to re-
sults from experiments in which human participants made
timing judgments while under a cognitive load (Hoekstra,
2005). Enforced pecking may be analogous to cognitive
load because the pigeons must maintain a relatively high
rate of pecking to avoid having the trial abort.

The idea that cognitive load may affect the psychophys-
ical test functions has also been examined by Sutton and
Roberts (2002). Although they found some evidence that
the point of subjective equality occurred later when the
cognitive load was greater, there was also a general flat-
tening of the psychometric function (i.e., generally poorer
control by sample duration) when the cognitive load was
greater. However, Sutton and Roberts required that their
pigeons be able to choose comparisons, sometimes on
the basis of the duration of the sample and at other times
on the basis of the line orientation that was presented. It
may be that if the cognitive load is too great, the generally
poorer performance on the timing task can mask changes
in the rate at which subjective time passes.

An alternative account of the shift in the point of sub-
jective equality is that the start or stop times that the pi-
geons used to estimate the intervals differed depending
on the type of trial. If on trials that required pecking the
pigeons started timing later, this would also result in a
shift in the point of subjective equality to longer sample
durations. It may be that on trials that did not permit peck-
ing, the pigeons began timing immediately; however, on
trials on which the pigeons had to peck, they started tim-
ing only once they had begun pecking. In fact, consistent
with the hypothesis that the start of timing was delayed
on trials that required pecking, the slopes of the two psy-
chophysical functions as measured by the DL were quite
similar. Inconsistent with this hypothesis, however, is the
crossover in the two functions at samples of 7 sec (see
Figure 2). In any case, if the pigeons did start timing later,
this would be consistent with the hypothesis that requiring
pecking adds to the cognitive load of the timing task.

Alternatively, it may be that the pigeons were simply
less accurate on trials that did not require pecking because
they were less attentive to the sample duration. Of course,
being less attentive on those trials could also account for
their poorer performance on short sample trials. But this
would not account for the difference in the point of subjec-
tive equality, which should not be influenced by the level
of matching accuracy on short and long sample trials.

Positing that pecking involves a greater cognitive load
may seem strange, since matching accuracy was better
when the pigeons were required to peck than when they
were required to refrain from pecking. This paradox can be
resolved by positing the presence of two different mech-
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anisms. First, matching accuracy may have been worse
when the pigeons were required to refrain from pecking
because in avoiding pecking the sample response button,
they were also less accurate in detecting when the sample
terminated. Such variability in sample offset would likely
lead to a general decrease in accuracy. Second, the cog-
nitive load produced by the pecking requirement either
altered the subjective passage of time or delayed the start
of timing, which in either case would lead to a systematic
shift in the psychophysical function.

Although cognitive load has been posited to be the
mechanism responsible for the shift in the point of subjec-
tive equality, shared attention may also be involved. When
attention is directed away from duration judgments, either
slower duration judgments or a delay in the start of such
judgments may result.

Recently, Miki and Santi (2005) have reported that
when pigeons judge the duration of dark versus light in-
tervals, the dark intervals yield an earlier point of sub-
jective equality. As pigeons typically peck at lit samples
even when not required to and refrain from pecking at
dark samples, these results are consistent with those of the
present experiment. On the other hand, it is not clear how
either cognitive load or shared attention can account for
the effects of other manipulations. For example, Maricq,
Roberts, and Church (1981) found that for rats, amphet-
amine consumption caused the point of subjective equal-
ity to shift to shorter sample durations, which suggests
that the effect of amphetamine is to increase the subjective
passage of time (but see Stubbs & Thomas, 1974). Also,
there is evidence that a decrease in stimulus intensity can
result in a later point of subjective equality (Kraemer,
Brown, & Randall, 1995; Wilkie, 1987). Thus, decreasing
the intensity of a timed stimulus appears to make time
pass more slowly.

In the present experiment, we assumed that it was the cog-
nitive load or shared attention associated with the required
(relatively high) response rate that was responsible for the
shift in the point of subjective equality, rather than the act
of responding per se. One way to test this hypothesis would
be to require that pigeons time intervals while performing
a relatively difficult schedule, such as the differential rein-
forcement of low rates of responding (DRL), which requires
little responding. With this schedule, a pigeon would have
to space its responses to the short and long samples with a
minimum interresponse time of, say, 1 sec before the com-
parison stimuli would appear. Such a schedule should add
to the cognitive load or shared attention without requiring
many responses. If a DRL requirement also shifts the point
of subjective equality to longer sample durations, it would
offer support for the cognitive load hypothesis.

Whether shifts in the psychophysical function found in
the present experiment result from a change in the pro-
duction (or accumulation) of pulses or from differential
latency of the start of duration judgments, the phenom-
enology associated with the subjective passage of time in
animals is worthy of further research.
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