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a b s t r a c t

In a symbolic matching to sample task, six pigeons learned to associate different sample durations with
different comparison stimuli. On “Short” trials, choice of Red and Green keylight comparisons were rein-
forced following 3-s and 9-s samples, respectively; on “Long” trials, Blue and Yellow keylight comparisons
were reinforced following 9-s and 27-s samples, respectively. In contrast with previous studies, the com-
eywords:
ouble temporal bisection
earning-to-Time model
sychometric function
igeons

parison keys were available during the samples. After the temporal discriminations were learned, new
pairs of comparison keys were presented and the preference for each was assessed during 27-s samples.
One pair in particular, Green and Blue, was critical because it tested the predictions of two timing models,
Scalar Expectancy Theory (SET) and the Learning-to-Time (LeT) model. The results showed that prefer-
ence for Green increased during the sample, a result consistent with LeT but not with SET. Other test

edict
calar Expectancy Theory
iming

results, however, were pr

. Introduction

Throughout the last decades, our understanding of how animals
ime events has increased significantly. Researchers have developed
variety of procedures to explore, among other issues, the accuracy
f temporal regulations, the discriminability of different intervals
f time, or the distortions of time perception (e.g., Gallistel, 1990;
ichelle and Lejeune, 1980; Shettleworth, 1998). To account for the
esults obtained with these procedures, quantitative models have
een developed and tested. The present study continues a series of
xperiments (Arantes and Machado, 2008; Machado and Arantes,
006; Machado and Keen, 1999; Machado and Pata, 2005; Oliveira
nd Machado, 2008) designed to contrast two of these models,
calar Expectancy Theory or SET (Gibbon, 1977, 1981, 1991) and
he Learning-to-Time or LeT model (Machado, 1997; Machado and
evik, 1998).

The experiments used a double temporal bisection task, which is

combination of two simple temporal bisection tasks. In a simple

emporal bisection task (e.g., Church and Deluty, 1977) a subject
earns to associate two sample durations with two comparison
timuli. To illustrate (see Fig. 1), suppose a pigeon is presented with
white light for 1 s or 4 s and then two choice keys are lit with

ed and Green lights. Choices of Red and Green are reinforced after
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ed by neither model.
© 2009 Elsevier B.V. All rights reserved.

the 1-s and 4-s samples, respectively. We call these trials “Short”
trials. After the pigeon learns this discrimination, another simple
bisection task is introduced, but with a different pair of sample
durations, 4 s and 16 s, and a different pair of comparison keys, Blue
and Yellow. Choices of Blue and Yellow are reinforced after the 4-
s and 16-s samples, respectively. We call these trials “Long” trials.
After the pigeon learns the second discrimination, the Short and
Long trials are presented within the same session – hence, a double
temporal bisection task.

The additional complexity introduced by the double bisection
task is justified by the fact that the simple bisection task does
not differentiate the two models of timing. Consider the typi-
cal stimulus generalization test used in simple bisection tasks.
After learning to choose the Red and Green keys following 1-s
and 4-s samples, respectively, a pigeon is presented with inter-
mediate sample durations and its preference for, say, the Red
key, is assessed. The psychometric function relating the probabil-
ity of choosing Red to sample duration has two key properties
(see, e.g., Catania, 1970; Church and Deluty, 1977; Fetterman and
Killeen, 1991; Platt and Davis, 1983; Stubbs, 1968). First, the point
of subjective equality (PSE) is close to the geometric mean (i.e.,√

(1 × 4)) of the two training durations. Second, the psychomet-
ric functions obtained with different pairs of training durations
with the same ratio (e.g., 1-s vs. 4-s samples in the first discrim-

ination, and 4-s vs. 16-s samples in the second discrimination,
such that 1/4 = 4/16) superimpose when plotted in relative time.
Unfortunately for model comparison, both SET and LeT predict
these properties of the psychometric function (Gibbon, 1981, 1991;
Machado, 1997).

http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
mailto:Iflobode@wustl.edu
mailto:armandom@iep.uminho.pt
dx.doi.org/10.1016/j.beproc.2008.12.021
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The double bisection task enables the experimenter to run
ore sensitive tests. In addition to the stimulus generalization test

escribed above, the experimenter can also run stimulus–response
eneralization tests in which new pairs of keylights are presented
ollowing samples of different durations. Returning to the example
n Fig. 1, the test that gives the pigeon a choice between Green and
lue following samples that vary from 1 s to 16 s is critical because it
ifferentiates clearly the SET and LeT models. Fig. 2 shows the pre-
ictions of each model. Whereas SET (top left panel) predicts that
he pigeon will be indifferent between Green and Blue regardless
f sample duration, LeT (top right panel) predicts that the pigeon’s
reference for Green will increase monotonically with the signal
uration.

To understand these predictions, consider the structure of each
odel. SET (bottom left panel; for mathematical details see Gibbon,

981, 1991) postulates a pacemaker that emits pulses at a high and
ariable rate. These pulses are added in an accumulator for the dura-
ion of the sample. If, after the sample, the subject is reinforced for
hoosing, say, the Red key, then the pulses in the accumulator are
ransferred to a memory store associated with the Red key. Accord-
ng to SET there is a different memory store associated with each
einforced comparison (in this case, with each of the four keylight
olors). In addition, the contents of each memory store represent
he duration of the sample associated with the reinforced compar-
son. Hence, in the double bisection task, the four stores, which

e label “Red”, “Green”, “Blue”, and “Yellow”, will represent the

urations of 1 s, 4 s, 4 s, and 16 s, respectively. To decide which
ey to choose, say, Red or Green, after a stimulus with duration
, the animal compares the number of pulses in the accumulator
t the end of the stimulus, XT, with a sample retrieved from the
ed store, XRed, and a sample retrieved from the Green store, XGreen.

ig. 1. Structure of the two types of training trials on a double bisection task. On
hort trials, samples of 1 s or 4 s are associated with Red (R) or Green (G) comparison
timuli, respectively. On Long trials, samples of 4 s or 16 s are associated with Blue
B) or Yellow (Y) comparison stimuli, respectively.
Processes 81 (2009) 286–292 287

If XT/XRed < XGreen/XT the animal will choose Red, otherwise it will
choose Green.

In SET, the contents of a memory store depend only on the corre-
sponding sample. The Green and Blue stores, for instance, will both
represent 4-s durations regardless of the fact that the two compar-
ison stimuli occur in different contexts (i.e., whereas the context
for Green is the 1-s sample associated with Red, the context for
Blue is the 16-s sample associated with Yellow). It follows that the
Green and Blue memory stores will be statistically identical and for
that reason the comparison between any test duration and samples
extracted from the Green and Blue stores will yield, on the average,
indifference between the two keys. To summarize, because in SET
the temporal representations are context independent, the model
predicts no effect of sample duration on the preference for Green
over Blue.

LeT (bottom right panel; for mathematical details see Machado,
1997; Machado and Pata, 2005) assumes a series of behavioral states
that are linked with the instrumental responses. The states become
active in succession during the sample. We refer to the behav-
ioral states active at the end of 1-s samples as the initial states,
the ones active at the end of 4-s samples as the middle states, and
the ones active at the end of 16-s samples as the final states. The
strength of the associative links, equal at the onset of training, will
vary with the reinforcement contingencies. For example, because
the 1-s samples are associated with Red, the links between the
initial states and Red will become strong through reinforcement,
whereas the links between these states and Green will become
weak through extinction. The opposite will be true for the mid-
dle states (i.e., their association will be strong with Green and weak
with Red). The same reasoning applies to the Long trials, but in
this case Blue will become strongly associated with the middle
states and weakly associated with the final states, whereas Yellow
will become strongly associated with the final states and weakly
associated with the middle ones. Notice that LeT is not context
independent because the strength of the links will reflect the spe-
cific contingencies of the discrimination task (i.e., which choices
are reinforced and extinguished after which specific sample dura-
tions). Therefore, given a choice between Green and Blue, after 1-s
samples the initial states are the most active and because their asso-
ciation with Green is weak, the pigeon will avoid Green and choose
Blue; after 16-s samples the final states are the most active and
because their association with Blue is weak, the pigeon will avoid
Blue and choose Green; after 4-s samples the middle states are the
most active and since their association with both Green and Blue is
equally strong, the pigeons are indifferent between the two colors.
More generally, LeT predicts that preference for Green over Blue
will increase with the sample duration.

This context effect (i.e., preference for Green over Blue increases
with sample duration, even though Green and Blue were associ-
ated with the same 4-s samples) has been obtained using different
kinds of tests (Machado and Arantes, 2006; Machado and Keen,
1999; Machado and Pata, 2005) and versions of the double bisec-
tion procedure (Arantes and Machado, 2008; Oliveira and Machado,
2008). The effect provides strong support for LeT and casts serious
doubt on SET’s account of temporal discrimination.

In the present study, our aim was to check the generality and
robustness of the context effect using a new version of the bisec-
tion task. Following Platt and Davis (1983; see also Stubbs, 1976),
we made the two choice keys available from the beginning of the
sample. Returning to the example above, instead of illuminating
the sample key with white light and then, at the end of sample,

presenting the two choice keys, we lit the two choice keys and
then apply the same reinforcement contingencies after the sam-
ple duration elapses. That is, after the sample duration is over, the
first peck is reinforced only if it is at the correct key. We predicted
that, instead of engaging in idiosyncratic behaviors during the sam-
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le (see Machado and Keen, 1999; Arantes and Machado, 2008), the
igeons would peck the choice keys, perhaps even following a spe-
ific pattern: on Short trials, start pecking the Red key and then, if
he trial continues, switch to the Green key; similarly, on Long tri-
ls, start pecking the Blue key and then, if the trial continues, switch
o the Yellow key (Machado and Keen, 2003). In the present study
e asked whether the context effect would be preserved when the
igeon pecks during the sample.

Although we have stressed the Green vs. Blue stimulus–response
eneralization test, three other tests are possible, Red vs. Yellow,
reen vs. Yellow, and Red vs. Blue. Fig. 2 (top panels) shows the
redictions of both models for these new pairs of comparison stim-
li. In the Red vs. Yellow test, both models predict a monotonically
ecreasing curve. For the Green vs. Yellow and Red vs. Blue tests,
ET predicts curves that are scale transforms of the Red vs. Yellow
urve. On the other hand, LeT predicts a U-shaped curve for the Red
s. Blue test and an inverted U-shaped curve for the Green vs. Yellow
est. Previous studies (Machado and Keen, 1999; Machado and Pata,
005) have supported LeT’s predictions. Therefore, in the present
tudy we asked whether those predictions remain adequate when
he choice keys are available during the sample stimulus.

The final purpose of the study was to determine whether the
esults mentioned above would be obtained with a different ratio
etween the two pairs of sample durations. Instead of the 4:1 ratio
sed in previous studies, in the present experiment we used a 3:1
atio, associating Red with 3 s, Green and Blue with 9 s, and Yellow
ith 27 s.

. Method
.1. Subjects

Six pigeons (Columba livia) were used in the experiment. All sub-
ects had previous experience with a concurrent timing task. The

ig. 2. Predictions for the stimulus–response generalization tests (top) and structure (bott
Processes 81 (2009) 286–292

pigeons were maintained at 80% of their ad lib weight. Water and
grit were continuously available in their home cages, and a 14:10 h
light/dark cycle (lights on at 7:00 a.m.) was in effect in the pigeon
colony.

2.2. Apparatus

Three identical LehighValley® experimental chambers for
pigeons were used. The front panel of each chamber contained three
keys centered on the wall, 2.5 cm in diameter, 8 cm apart center to
center, and 22 cm above the wire mesh floor. The side keys could be
illuminated from behind with red, green, blue, or yellow light, and
the center key could be illuminated with white light. A 6 cm × 5 cm
hopper opening centered on the wall directly below the center key
gave access to mixed grain when it was raised and illuminated with
a 7.5-W white light. Another 7.5-W white light, situated on the back
wall of the chamber, provided general illumination. Each intelli-
gent panel was enclosed by an external box equipped with a fan
to provide ventilation and mask extraneous noises. Three personal
computers programmed in C++ controlled the experimental events
and recorded the data.

2.3. Procedure

The experiment was divided into three phases: training, pre-
testing, and testing. In the training phase, the pigeons learned
the two basic discriminations; in the pre-testing phase, sessions
included Short and Long trials, but some of these trials were in
extinction; the testing phase included the stimulus–response gen-

eralization tests.

2.3.1. Training
After a single autoshaping session, the birds learned one of the

two basic discriminations, Short (i.e., 3 s vs. 9 s) or Long (i.e., 9 s

om) of the Scalar Expectancy Theory (left) and the Learning-to-Time (right) models.
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the new key pairs was more variable than in the presence of the
training key pairs. Therefore, on test trials, preference could not be
measured by the moment of switching and had to be measured by
relative response rate. Fig. 4 displays the average results for all four
tests. Consider the critical test, Green vs. Blue. Except for the first
L. Oliveira, A. Machado / Behav

s. 27 s), with their order counterbalanced across birds. There were
wo assignments of keylight colors to sample durations and each
ssignment was used for half of the birds: (a) Short trials, 3 s → Red,
s → Green, and Long trials, 9 s → Blue, 27 s → Yellow; and (b)
hort trials, 3 s → Yellow, 9 s → Blue, and Long trials, 9 s → Green,
7 s → Red. However, for clarity, the procedure and the experimen-
al results are described as though all birds had the first assignment
bove. The two keylight colors presented during Short or Long tri-
ls always appeared the same number of times on the left and right
eys. In addition, within each set of Short or Long trials, the number
f trials with the short sample always equaled the number of trials
ith the long sample.

Sessions comprised 64 trials, each of which had the following
equence of events: the houselight and the center key were illu-
inated with white light. A peck on the center key turned the

enter key off and illuminated the side keys with the choice colors
e.g., red and green). The peck was required to make sure that the
igeon saw the onset of the comparison stimuli. After the sample
uration elapsed (e.g., 3 s), the first peck at any of the choice keys
urned all keylights and the houselight off. If the choice was correct,
he hopper was activated from 2 to 4 s, according to the pigeon –
einforcement duration was adjusted to maintain body weight and
inimize post-session feedings. After the reinforcer, a 45-s ITI fol-

owed. If the choice was incorrect, the ITI followed immediately and
he trial was repeated (correction method). If the bird made three
onsecutive errors, only the correct key remained illuminated after
he sample duration, essentially “forcing” the pigeon to peck it and
ollect the reinforcer.

On the Long trials, most pigeons stopped pecking the white cen-
er key or had extremely long latencies. To solve this problem, the
eck on the center key was reinforced with food with a probability
hat decreased during training until it reached the value of 0.05.
his value remained in effect for the remainder of the experiment.

Once the birds learned the first discrimination (i.e., at least
0% correct choices, excluding repeated trials, for five consecu-
ive sessions), they were exposed to the second discrimination.
fter the second discrimination was learned, the two types of

rials, Short and Long, alternated across sessions until perfor-
ance stabilized. This training phase lasted from 21 to 30 sessions

mean = 26).

.3.2. Pre-testing
In this phase, each session comprised 32 Short and 32 Long trials.

n each set of 32, 16 were for the shortest and 16 were for the longest
ample durations. During the first five to eight sessions (mean = 6.2),
orrect choices were reinforced and incorrect choices repeated the
rial. These trials are called “regular trials”. In the next seven to nine
essions (mean = 7.5), extinction trials replaced some regular trials
o adapt the pigeons to the lower reinforcement rate in effect during
he test sessions. The number of extinction trials increased from 8
o 16 to 24. Besides not ending with food, extinction trials were
ot repeated. The stability criterion remained the same, at least
0% correct choices over five sessions for each of the four sample
urations.

.3.3. Testing
This phase lasted for four sessions, each comprising 40 regular

rials (20 Short and 20 Long) and 24 stimulus–response generaliza-
ion test trials. During the test trials, after the pigeons pecked the
hite center key, new pairs of choice keys appeared. Each of the

our sessions tested the pigeons’ preferences with a different pair

f choice keys. The order of the tests was Green vs. Blue, Red vs.
ellow, Red vs. Blue, and Green vs. Yellow. The duration of the test
rials was always 27 s and they ended without a reward. The two
hoice colors appeared the same number of times on the left and
ight keys. Finally, to reduce the effects of testing on the two basic
Processes 81 (2009) 286–292 289

discriminations, after each test session the pigeons received three
sessions with regular and extinction trials only (as in the pre-testing
phase).

3. Results

The pigeons needed 26 sessions on average to learn the 2 basic
discriminations. In the last five sessions of the pre-testing phase,
the overall proportion of correct responses ranged from 0.94 to
0.98 (average = 0.96), and from 0.81 to 1.0 across the four signal
durations.

As anticipated, the availability of the choice keys during the trial
promoted the following behavior in all subjects: When the choice
keys were illuminated, the pigeons started to peck the key asso-
ciated with the shortest duration (Red on the Short trials, Blue
on the Long trials); they continued to peck that key until either
the trial ended with reinforcement or an interval of time between
the two training durations (i.e., between 3 s and 9 s on Short trials
and between 9 s and 27 s on Long trials) had elapsed, whichever
occurred first. If the latter, then the pigeons switched to the other
choice key, associated with the longer duration, and pecked it until
the end of the trial. This pattern accounted for 81% of all trials
(range across pigeons: 73–91%). On the remaining trials, the pigeons
switched keys at least twice, did not peck one of the keys, or pecked
the keys in the opposite order (e.g., the pigeon started to peck
the key associated with the longest duration). We excluded these
“anomalous” trials from the analysis.

Given the time of the last peck at the first key (t1) and the time
of the first peck at the second key (t2), we estimated the moment of
switching on each trial, tS = (t1 + t2)/2. From the distribution of the
tS values, we computed the probability of switching as a function
of time into the trial.

Fig. 3 displays the average probability that a pigeon was still
pecking the Red or Blue keys as a function of trial duration. The
sample durations on the Long trials were divided by three so
that both curves could be compared directly. The results show a
clear superimposition of the two curves, which decreased mono-
tonically with stimulus duration and had PSEs close to 5.5 s,
slightly above the geometric mean of the training durations
(5.2).

In the testing phase, the pigeon’s behavior in the presence of
Fig. 3. Probability of choosing Red on the Short trials and Blue on the Long trials as
a function of sample duration. The durations on the Long trials were divided by 3 so
that the curves could be directly compared.
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s, the curve reproduces the context effect, that is, preference for
reen tends to increase with sample duration. The context effect is
onsistent with LeT but not with SET. The discrepant data from the
rst 2 s must be interpreted with caution because overall response
ate was significantly lower during that period than during subse-
uent periods. Hence, preference during the initial segment of the
urve may be unreliable.
The curve for the Red–Yellow test shows that preference for Red
ecreased with sample duration, an effect predicted by both mod-
ls. The curve for the Green–Yellow test shows that preference for
reen increased initially and then decreased almost linearly until

ig. 4. Average results for the four new key pairs in the stimulus–response general-
zation tests. Each panel shows the probability of choosing Red or Green as a function
f sample duration.
Fig. 5. Individual results for the stimulus–response generalization test between the
Green and Blue keys. The probability of choosing the Green key is plotted against
the sample duration.

the end of the trial. However, for the reason mentioned above, the
initial segment of the curve may be unreliable. The result from this
test is not consistent with either model because both models pre-
dict a strong preference for Green at 9 s, the duration associated
with Green. Finally, the curve for the Red–Blue test shows that
preference for Red remained strong for the first 6 s, decreased to
0.1 at 15 s, and then increased slightly until the end of the sam-
ple. This result is only partly consistent with each model because,
on the one hand, SET does not predict the late increase in pref-
erence for Red and, on the other hand, LeT does not predict such
strong preference for Red during the first seconds and it predicts
too strong an increase in that preference at the end of the sample
(see Fig. 2).

Individual differences were more pronounced in the
Green–Yellow and Red–Blue tests than in the Red–Yellow and
Green–Blue tests. Because the Green-Blue test is theoretically
the most important, Fig. 5 shows the individual results. Despite
differences in the PSEs (e.g., P403 and P295), it is clear that, after
the first 1 or 2 seconds, preference for Green tends to increase with
sample duration – the context effect.

4. Discussion

This study extended Platt and Davis (1983) version of the bisec-
tion task to a double bisection procedure. Pigeons learned to
associate four different colors, presented in two pairs, to three sam-
ple durations. However, unlike in previous studies, the choice keys
were available throughout the samples.

All pigeons learned the double bisection task. Moreover, they
seemed to learn it considerably faster than when the choice keys
were unavailable until the end of the sample. In fact, whereas in
the present study the pigeons needed 26 sessions on average to
learn the task, in previous studies, with the choice keys unavailable

until the end of the sample, they needed from 31 to 43 sessions
on average to learn an easier task (the task was easier in previous
studies because the sample durations were in a 1–4 ratio whereas
in the present study they were in a 1–3 ratio).
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One way of explaining why learning was faster in the present
tudy is as follows. When the choice keys are unavailable, most
igeons develop stereotypical behaviors during the sample (e.g.,
achado and Arantes, 2006; Machado and Keen, 1999). These

ehaviors may provide additional cues that facilitate the temporal
iscrimination (Fetterman et al., 1998; for a discussion of mediat-

ng behaviors, see Richelle and Lejeune, 1980; Staddon and Ayres,
975; Staddon and Simmelhag, 1971). When the choice keys are
vailable during the sample, the pigeons do not need to develop
tereotypical behaviors because they may simply peck the keys. Not
nly does pecking behavior emerge faster, it may also provide bet-
er additional cues (perhaps related to total number of pecks) that
acilitate the temporal discrimination.

When the choice keys were available during the sample, the
igeon’s typical behavior consisted in pecking the key associated
ith the shorter duration and then switching to the key associated
ith the longer duration. From the distribution of the switching
oints it was possible to assess the preferences for the two keys
uring the sample. The results showed that preference for the key
ssociated with the shorter duration lasted until approximately the
eometric mean of the two training durations. In addition, the pref-
rence curves on the Short and Long trials superimposed when
lotted on a common axis, a clear demonstration of the scalar
roperty. Although not shown, an alternative analysis based on rel-
tive response rate instead of the distribution of switching times
ielded the same findings, almost complete superimposition of the
wo curves and PSEs at the corresponding geometric means. These
esults are consistent with the results obtained in previous stud-
es with the double bisection procedure (e.g., Machado and Keen,
999; Oliveira and Machado, 2008). They are also consistent with
he predictions made by both the LeT and SET models.

In the stimulus–response generalization tests, four new color
ombinations were presented in 27-s trials. Behavior during the
ample was more variable than during the previous phases, but
reference could still be measured by relative response rate. The
esults from the critical test between the Green and Blue keys
howed that preference for the Green key tended to increase with
ample duration – the context effect. With two exceptions, the pref-
rence function obtained with the choice keys available during the
ample was similar to the preference function obtained with the
hoice keys unavailable. The exceptions were (a) the stronger pref-
rence for Green during the first 2 s of the sample and (b) the higher
SE when the choice keys were available (according to previous
tudies, the PSE should have been close to 9 s, the duration asso-
iated with the Green and Blue keys, and not to 15 s). The first
xception may be unreliable because the number of responses dur-
ng the first 2 s was very low. We discuss the second exception
elow.

The preference function from the Red–Yellow tests also repro-
uced the function obtained in previous studies except that, again,
he PSE was located around 15 s, significantly above 9 s, the geomet-
ic mean of durations associated with Red (3 s) and Yellow (27 s).

ith respect to the preference functions from the Green–Yellow
nd Red–Blue tests, their trends were somewhat similar to the
nes obtained in previous experiments (Machado and Keen, 1999;
achado and Pata, 2005) in the sense that preference for Green

ver Yellow and for Red over Blue generally decreased with sample
uration. However, the exact shapes of the functions differed, par-
icular at the shortest and longest sample durations. Specifically, the
unction for Green–Yellow showed a weaker preference for Green
t 9 s than when the keys were unavailable and the function for

ed–Blue showed a stronger initial but a weaker final preference
or Red than when the keys were unavailable. In contrast with the
reen–Blue and Red–Yellow tests, the Green–Yellow and Red–Blue

ests yielded more individual differences between the preference
unctions. These differences preclude any stronger conclusions.
Processes 81 (2009) 286–292 291

We mentioned above that the PSE for the Green–Blue test (≈15 s)
was greater than when the keys were unavailable during the sam-
ple. One post hoc account of this result could be that the pigeons did
during the test trial what they had learned to do during the training
trials, namely, to switch away from Blue around 15.6 s, the geomet-
ric mean of 9 s (Blue) and 27 s (Yellow). But this account means that
while pecking the Blue key during the test trials, the color of the
alternative key did not affect the moment of switching. This account
is incompatible with the PSE obtained in the Red–Yellow tests. In
fact, if the pigeons had done during the test trials what they had
learned to do during the training trials, namely, to switch away from
Red around 5.2 s, the geometric mean of 3 s (Red) and 9 s (Green),
the account would predict a PSE of 5.2 s during the Red–Yellow tests,
whereas the obtained value was close to 15 s.

Alternatively, one could think that the second key controlled
the moment of switching. Because during training the pigeons
learned to switch to Yellow at approximately 15 s, they switched
at 15 s during the Red–Yellow test trials. Unfortunately, the same
account would predict a PSE at 5.2 s in the Blue–Green tests. In
summary, neither account can explain the PSEs of the Green–Blue
and Red–Yellow preference functions. The issue remains to be
explained.

In conclusion, the present results show that (a) pigeons can learn
a double temporal bisection task in which the comparison stimuli
are presented during the sample; (b) having learned the task, the
pigeons reproduce the context effect on stimulus–response gener-
alization tests, the effect predicted by LeT, but not by SET; however,
(c) several features of the data including the shape and PSE of the
preference functions and the substantial variability among subjects
on some generalization tests remains to be explained.

Acknowledgement

Research supported by a grant from the Portugese Foundation
for Science and Technology (FCT) to the second author.

References

Arantes, A., Machado, A., 2008. Context effects in a temporal discrimination task:
further tests of the Scalar Expectancy Theory and Learning-to-Time models. J.
Exp. Anal. Behav. 90, 33–51.

Catania, A.C., 1970. Reinforcement schedules and the psychophysical judgments:
a study of some temporal properties of behavior. In: Schoenfeld, W.N. (Ed.),
The Theory of Reinforcement Schedules. Appleton-Century-Crofts, New York,
pp. 1–42.

Church, R.M., Deluty, M.Z., 1977. Bisection of temporal intervals. J. Exp. Psychol. Anim.
Behav. Process. 3, 216–228.

Fetterman, J.G., Killeen, P.R., 1991. Adjusting the pacemaker. Learn. Motiv. 22,
226–252.

Fetterman, J.G., Killeen, P.R., Hall, S., 1998. Watching the clock. Behav. Process. 44,
211–224.

Gallistel, C.R., 1990. The Organization of Learning. Bradford Books/MIT Press, Cam-
bridge, MA.

Gibbon, J., 1977. Scalar Expectancy Theory and Weber’s law in animal timing. Psychol.
Rev. 84, 279–325.

Gibbon, J., 1981. On the form and location of the psychometric bisection function for
time. J. Math. Psychol. 24, 58–87.

Gibbon, J., 1991. Origins of scalar timing theory. Learn. Motiv. 22, 3–38.
Machado, A., 1997. Learning the temporal dynamics of behavior. Psychol. Rev. 104,

241–265.
Machado, A., Arantes, J., 2006. Further tests of the Scalar Expectancy Theory (SET) and

the Learning-to-Time (LeT) model in a temporal bisection task. Behav. Process.
72, 195–206.

Machado, A., Cevik, M., 1998. Acquisition and extinction under periodic reinforce-
ment. Behav. Process. 44, 237–262.

Machado, A., Keen, R., 1999. Learning to Time (LET) or Scalar Expectancy Theory
(SET)? A critical test of two models of timing. Psychol. Sci. 10, 285–290.
Machado, A., Keen, R., 2003. Temporal discrimination in a long operant chamber.
Behav. Process. 62, 157–182.

Machado, A., Pata, P., 2005. Testing the Scalar Expectancy Theory (SET) and the Learn-
ing to Time model (LeT) in a double bisection task. Learn. Behav. 33, 111–122.

Oliveira, L., Machado, A., 2008. The effect of sample duration and cue on a double
temporal discrimination. Learn. Motiv. 39, 71–94.



2 ioural

P

R

S

S

tion of its implications for the principles of adaptive behavior. Psychol. Rev. 78,
92 L. Oliveira, A. Machado / Behav

latt, J.R., Davis, E.R., 1983. Bisection of temporal intervals by pigeons. J. Exp. Psychol.
Anim. Behav. Process. 9, 160–170.
ichelle, M., Lejeune, H., 1980. Time in Animal Behavior. Pergamon Press, Oxford,
UK.

hettleworth, S.J., 1998. Cognition, Evolution, and Behavior. Oxford University Press,
NY.

taddon, I.E.R., Ayres, S.L., 1975. Sequential and temporal properties of behavior
induced by a schedule of periodic food delivery. Behaviour 54, 26–49.
Processes 81 (2009) 286–292

Staddon, I.E.R., Simmelhag, V.L., 1971. The “superstition” experiment: a reexamina-
3–43.
Stubbs, A., 1968. The discrimination of stimulus duration by pigeons. J. Exp. Anal.

Behav. 11, 223–238.
Stubbs, A., 1976. Scaling of stimulus duration by pigeons. J. Exp. Anal. Behav. 26,

15–25.


	Context effect in a temporal bisection task with the choice keys available during the sample
	Introduction
	Method
	Subjects
	Apparatus
	Procedure
	Training
	Pre-testing
	Testing


	Results
	Discussion
	Acknowledgement
	References


