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The relative-coding hypothesis of temporal discrimination asserts that humans learn to respond to the
relative duration of stimuli (“short” and “long”). The most frequently used procedure to test the hypothesis
is the double bisection task. In one task, participants learn that red and green are the correct comparisons
following 2 s (short) and 5 s (long) samples respectively. In another task, participants learn that triangle
and circle are the correct comparisons following 3.5 s (short) and 6.5 s (long) samples, respectively. Later
the samples of one task are tested with the comparisons of the other task, and vice versa. According
to the hypothesis, participants will choose red following a 3.5 s sample because that sample is short
and red is the comparison that goes with short. Similarly, they will choose circle following 5 s samples
because that sample is long and circle goes with long. We replicated this procedure and improved it by
iming
umans

introducing several sample durations during testing to obtain the whole psychometric function of each
task. Results from Experiment 1 only partially corroborated the relative-coding hypothesis. Results from
Experiment 2 did not corroborate the hypothesis. The combined data from Experiments 1 and 2 partially
corroborate the hypothesis. Alternatively, we present an explanation of relative-coding-like results that
posits exclusively absolute coding of temporal stimuli.

This article is part of a Special Issue entitled: SQAB 2012.
. Introduction

The nature of the discriminations learned in temporal bisection
asks has been a matter of debate: Do subjects learn to discriminate
he absolute or the relative duration of the stimuli? Different pro-
edures and different measures have been employed to clarify this
ssue (e.g., Carvalho and Machado, 2012; Church and Deluty, 1977;
ulse and Kline, 1993; Maia and Machado, 2009; Molet and Zentall,
008; Zentall et al., 2004). One such procedure was first proposed
y Zentall et al. (2004) for the study of timing with pigeons. Later,
olet and Zentall (2008) adapted this task to human participants.
Molet and Zentall (2008, Experiment 2) used the following dou-

le bisection task: in one bisection task, participants learned to
hoose a red comparison stimulus following a 2 s sample, and to
hoose a green comparison stimulus following a 5-s sample. In this
iscrimination, 2 s is the relatively “short” sample whereas 5 s is the
elatively “long” sample. In another bisection task, the participants

earned to choose a triangle following a 3.5 s sample, and to choose
circle following a 6.5 s sample. Here, 3.5 s is relatively “short” and
.5 s is relatively “long”. The authors evaluated a relative-coding

∗ Corresponding author at: Escola de Psicologia, Universidade do Minho, 4710-057
raga, Portugal. Tel.: +351 253 601 396.

E-mail address: marilia.pinheiro@yahoo.com.br (M.P. de Carvalho).

376-6357/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.beproc.2013.01.003
© 2013 Elsevier B.V. All rights reserved.

hypothesis according to which during the training of each bisec-
tion task the participants learn that 2 s and 3.5 s are both “short”
and that 5 s and 6.5 s are both “long” stimuli. Also, the hypothesis
holds that participants learn to respond to the relative value of the
samples according to the following diagram: short → red, long →
green, short → triangle, long → circle.

The rationale for Molet and Zentall’s (2008) procedure relies
on a common finding in human timing: the bisection point or the
point of subjective equality tends to equal the arithmetic mean of
the sample durations used during training (e.g., Wearden, 1991;
Wearden and Ferrara, 1995; Wearden et al., 1997). That is, follow-
ing a sample that equals the arithmetic mean, participants choose
each of the available comparisons with the same probability. Now,
notice that in Molet and Zentall’s study (2008, Experiment 2) the
3.5 s stimulus, the short sample in the second task, is the arith-
metic mean of the sample durations used in the first task. Hence,
if regular timing results occurred, participants would be indiffer-
ent between the ‘red’ and ‘green’ comparisons following a 3.5 s test
sample. Similarly, because 5 s, the long sample in the first task, is the
arithmetic mean of the sample durations used in the second task,
participants should be indifferent between the triangle and circle

comparisons following a 5 s test sample. However, the relative-
coding hypothesis predicts different results. If participants learned
that 3.5 s is “short”, they should choose red when given the opportu-
nity to choose between red and green, because red is a comparison

dx.doi.org/10.1016/j.beproc.2013.01.003
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
mailto:marilia.pinheiro@yahoo.com.br
dx.doi.org/10.1016/j.beproc.2013.01.003
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ssociated with “short”. Similarly, if participants leaned that 5 s
s “long”, they should choose the circle when given the opportu-
ity to choose between a triangle and a circle because the circle

s a comparison associated with “long”. In sum, according to the
elative-coding hypothesis, participants should group stimuli that
hare the same relative value (either “short” or “long”) by respon-
ing similarly to them.

Since its publication, the original study by Zentall et al. (2004)
as been replicated, producing evidence in favor of both relational
iscriminations (Molet and Zentall, 2008; Zentall et al., 2004) and
bsolute discriminations (Maia and Machado, 2009). Though the
esults reported by Zentall et al. (2004) and later by Molet and
entall (2008) raise the possibility that animals and humans encode
emporal intervals relationally, the original arguments used by the
uthors to explain the relative discrimination of temporal inter-
als were not sufficiently developed. In fact, Zentall et al. (2004)
sserted that subjects learned “[. . .] to treat the 3.5 s sample and the
s sample similarly, [and] to treat the 5 s sample and the 6.5 s sam-
le similarly” (pp. 113–114), but they did not specify what “treating
timuli similarly” meant. Subsequently, Maia and Machado (2009)
laborated Zentall et al.’s hypothesis: During training subjects learn
o respond to the absolute value of stimuli, but they may also learn
o encode the 3.5 s and the 2 s as ‘short’ and the 5 s and the 6.5 s
s ‘long’. Then, during testing, subjects choose the comparisons on
he basis of its associations with the codes ‘short’ and ‘long’. That
s, the relative code would work as a mediator response between
he stimulus duration and the choice of the comparison stimuli.

Furthermore, Zentall et al. (2004) and Molet and Zentall (2008)
id not discuss a number of procedural issues that limit our under-
tanding of relational timing in bisection tasks. One outstanding
rocedural issue is that both the studies by Molet and Zentall (2008)
nd by Zentall et al. (2004) tested relative-coding effects with two
ample durations only: In the case of Zentall et al.’s study they used
he geometric means of the trained durations; in the case of Molet
nd Zentall’s study they used either the geometric means (Experi-
ent 1) or the arithmetic means (Experiment 2). As a consequence,

heir conclusions on the relative coding of temporal intervals arose
rom an interpretation of only one point of a whole psychomet-
ic function. Furthermore, testing with only the arithmetic means
oes not provide some relevant measures of timing behavior (e.g.,
he slope of psychometric functions). A final weakness in the studies
y Molet and Zentall (2008) and Zentall et al. (2004) is that they did
ot test whether the bisection points actually occurred at the arith-
etic means. Inferring shifts in the bisection points from arithmetic
eans without knowing empirically where the bisection points
ere originally located is a risky decision.

Our study deals with these pending issues about relative timing.
n Experiment 1, we tried to replicate the results found by Molet
nd Zentall (2008) with human participants, but we introduced
everal testing durations in order to evaluate a whole psychomet-
ic function. In Experiment 2, we conducted tests at two different
oments, so that we could make more reliable conclusions about

hifts in the bisection points and about shifts in the psychometric
unctions. Finally, we attempt to provide an alternative explanation
f apparent relative coding by positing exclusively absolute coding
f temporal stimuli.

. General method

.1. Apparatus
Experimental sessions were run in a small quiet room equipped
ith an ASUS L5800 Notebook PC. Black, yellow (both 161 × 102
ixels), red and green rectangles (both 135 × 51 pixels), as well as
dark-gray triangle and a dark-gray circle (both 90 × 90 pixels)
ocesses 95 (2013) 40–49 41

served as stimuli and were presented against a light-gray colored
computer screen with a pixel resolution of 1400 × 1050. Responses
were given through a standard computer mouse. A Visual Basic
2005 (Microsoft®) program was used to control all experimental
events and record data.

2.2. Procedure

Each participant was trained and tested in one session that
lasted from 45 to 55 min. During the session, the participant was
exposed to two different tasks, one involving 2 s and 5 s samples
(Range 1), the other involving 3.5 s and 6.5 s samples (Range 2). For
clarity purposes we will call the trained sample durations standard
durations. The training order was counterbalanced across partici-
pants so that half of the participants first learned Range 1, whereas
the other half first learned Range 2. After or during training (see
below), the participants performed one or more stimulus general-
ization tests with temporal stimuli other than the standards.

Training and testing involved delayed-matching-to-sample tri-
als. At the beginning of a trial, a yellow rectangle (6 cm wide × 4 cm
high) that stood for the sample stimulus appeared at the center of
the computer screen. The yellow rectangle lasted for the duration
of a temporal interval. After the sample had elapsed, the rectangle
turned black and a pair of comparison stimuli was presented at the
bottom of the screen, one on the left side and one on the right side.
The participant had to choose one of the comparison stimuli by
clicking on it with the mouse cursor. Then the comparison stimuli
were turned off. Each correct choice was rewarded during training
trials by adding 1 point to the number of points earned by the sub-
ject, and the total number of points already earned was displayed
in a window at the bottom of the screen. Incorrect choices (as well
as choices during test trials) were never rewarded. In all cases, a 2 s
ITI signaled by the black rectangle followed each trial.

As shown in Fig. 1, training trials for Range 1 used 2 s (“short 1”,
or S1) and 5 s (“long 1”, or L1) samples, whereas training trials for
Range 2 used 3.5 s (S2) and 6.5 s (L2) samples. Testing trials within
Range 1 employed stimuli of 2.8 s, 3.5 s and 4.3 s, while testing trials
of Range 2 employed stimuli of 4.3 s, 5 s and 5.8 s. Notice that the
sample stimulus of 3.5 s employed in testing within Range 1 equals
the arithmetic mean of the standard durations for this range; simi-
larly, the sample stimulus of 5 s employed in testing within Range 2
equals the arithmetic mean of the standard durations for this range.

For half of the participants, the comparison stimuli presented
during Range 1 training were a red and a green rectangle (5 cm
wide × 2 cm high), and the pair of stimuli presented during Range
2 training were a black triangle and a black circle. The opposite
assignment held for the other half of the participants. For clarity
however, from now on we will describe the procedure as if all the
participants had learned the assignments, ‘2 s → red, 5 s → green’
and ‘3.5 s → triangle, 6.5 s → circle’ (Fig. 1). The position (left or
right) of the comparison stimuli on each trial was random. In all
cases, the red rectangle and the black triangle were the correct
comparisons following the “short” standards, whereas the green
rectangle and the black circle were the correct comparisons fol-
lowing the “long” standards.

2.3. Experiment 1

This experiment replicated the procedure employed in Molet
and Zentall’s (2008) second experiment. Our research question
was the same as theirs: While being trained on temporal bisec-
tion tasks, do humans learn the discrimination on the basis of the

relative value of the stimuli (“short” and “long”), and afterwards
tend to respond similarly to different stimuli that share the same
relative value? In other words, when presented with standard S2,
will the participants choose the comparison previously associated
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2 s

(S1)

5 s

(L1)

2.8 s 3.5 s

(arit. mean)

4.3 s

Range 1

Sample

Comparisons

Red Grn

3.5 s

(S2)

6.5 s

(L2)

4.3 s 5 s

(arit. mean)

5.8 s

Range 2

Sample

Comparisons

Blk Tri Blk Cir

Fig. 1. Training (solid lines) and testing (dashed lines) stimuli used in the experiments. ‘S1’ and ‘L1’ stand respectively for the “short” and “long” standards in Range 1. ‘S2’
and ‘L2’ stand respectively for the “short” and “long” standards in Range 2. ‘Red’ and ‘Grn’ stand respectively for the red and green comparisons used with Range 1. ‘Blk Tri’
and ‘Blk Cir’ stand respectively for the black triangle and black circle comparisons used with Range 2. For illustrative purposes, the figure shows only one assignment of the
comparison pairs to ranges 1 and 2.

Table 1
Experimental design of Experiment 1.

Group 1 Group 2

Phase 1 – Training 2.0 s vs. 5.0 s (Range 1) 3.5 s vs. 6.5 s (Range 2)
Phase 2 – Training 3.5 s vs. 6.5 s (Range 2) 2.0 s vs. 5.0 s (Range 1)
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Phase 3 – Training Mixed Range 1 and Range 2
Phase 4 – Testing Mixed training and testing: Range 1 and Range 2

ith standard S1, thereby showing that they have grouped the
wo “short” standards under the same response? Additionally,
hen presented with standard L1, will the participants choose the

omparison previously associated with standard L2, thereby show-
ng that they have grouped the “long” standards under the same
esponse? The major difference between our experiment and Molet
nd Zentall’s is that we tested several intermediate stimulus dura-
ions in the test phase instead of testing only the arithmetic mean
f the standards.

.3.1. Participants
Sixteen female and four male undergraduate students from the

niversity of Minho were recruited by means of e-mail advertise-
ent (median age: 22 years, range: 18–33). None of them had prior

xperience with bisection tasks or any other type of timing exper-
ment. The participants were randomly and equally distributed
etween two groups that differed only in the order of training the
wo ranges.

.3.2. Procedure
As shown in Table 1, the procedure was divided into four phases.

hases 1–3 involved training the temporal discriminations. Phase
involved testing.

Phase 1 – Training the first discrimination. After sitting in front of
he computer the participant read the following message1: “Thank
ou for participating in our study on timing. You will see a yellow light
hat will come on for some period of time. The yellow light will be fol-
owed by a choice between two buttons. For each of two durations of
he yellow light you will have to figure out which button is the cor-

ect one. The position of the buttons is not important; it is the color
r the geometric shape of the buttons that matters. If you choose cor-
ectly, you will be given a point on the screen. Please do not count or

1 All instructions have been translated from European Portuguese.
perform rhythmic activities during the experiment”. At the bottom of
the screen there was a button that displayed the message “Click here
to start”. After clicking the button, the experiment proper began.

There was a minimum of 40 training trials comprising 20 trials
with a “short” standard as sample (either 2 s or 3.5 s, depending
on the range being trained) and 20 trials with a “long” standard
(either 5 s or 6.5 s). The presentation order of the two types of trials
was randomized. Training proceeded with correction: any particu-
lar trial was repeated until a correct choice was made. Only choices
made on the first presentation of each trial were considered for data
analysis. Phase 1 lasted until participants reached a criterion of 7
correct trials out of 9 trials for each of the two standards.

Phase 2 – Training the second discrimination. Right after the crite-
rion for Phase 1 was met the following instructions appeared on the
screen: “Good! Now there will be a new problem with new durations.
Once again, you will have to figure out which button is the correct one
for each duration. Please do not count or perform rhythmic activities
during the experiment”. After clicking on the “Click here to start” but-
ton, Phase 2 began. This phase was identical to Phase 1, except that
the participants first trained with Range 1 were now trained with
Range 2 and vice versa. There was a minimum of 40 trials, 20 for
the “short” standard and 20 for the “long” standard. The learning
criterion was the same as in Phase 1.

Phase 3 – Mixed training. Right after the criterion for Phase 2 was
met the following instructions appeared on the screen: “Now we are
going to combine the two problems to see if you can perform both of
them at the same time. Please do not count or perform rhythmic activ-
ities during the experiment”. After clicking on the “Click here to start”
button, 40 trials were presented, 10 for each of the four standard
durations previously trained. Phase 3 lasted until a criterion of 4
correct trials out of 5 was reached for each of the four standards.

Phase 4 – Stimulus generalization testing. After Phase 3, the fol-
lowing instructions appeared on screen: “Now we are going to
continue, but you will not receive feedback after your choices. You will
still be given points, but they will not appear on the screen. Please do
not count or perform rhythmic activities during the experiment”. After
clicking on the “Click here to start” button, testing began. Phase 4
had 40 training trials similar to the trials of Phase 3 (10 trials for
each of the four standards) and 60 testing trials, 10 for each of the
testing durations. On 10 of the 60 testing trials, the 3.5 s standard

was displayed along with the pair of comparison stimuli that had
previously been used during training the 2 s vs. 5 s task. On another
10 of the 60 testing trials, the 5 s standard was displayed along with
the pair of comparison stimuli that had been used during training
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he 3.5 s vs. 6.5 s task. At the end of Phase 4, we asked participants
n a brief interview whether they had counted or performed any
hythmic activity during the experiment.

.3.3. Results and discussion
We analyzed the proportion of choices of the comparisons asso-

iated with the “Long” standards as a function of sample duration.
e will call such choices “Long” responses. Thus, choosing ‘green’

nd ‘circle’ were the “long” responses in Ranges 1 and 2 respec-
ively.

.3.3.1. Acquisition. Data from three participants revealed propor-
ions of “Long” responses to the “short” standards that were greater
han 0.5 or proportions of “Long” responses to the “long” standards
hat were lesser than 0.5. Though the acquisition criterion did not
redict a maximum number of training trials, we considered that
hese three participants failed to acquire the baseline discrimina-
ions. Because of that, their data were excluded from further data
nalysis.

In Phase 1, 8 out of 10 participants trained with Range 1 and 9
ut of 10 participants trained with Range 2 reached the learning
riterion within the required minimum of 40 trials. In Phase 2, 7
ut of 10 participants trained with Range 1 and 9 out of 10 partic-
pants trained with Range 2 reached the learning criterion within
he required minimum of 40 trials.

Mann–Whitney tests revealed that the number of trials needed
o learn Range 1 in Phase 1 (median = 40 trials) did not differ sig-
ificantly (U = 46, ns) from those needed to learn it in Phase 2
median = 40 trials). Similarly, the number of trials needed to learn
ange 2 in Phase 1 (median = 40 trials) did not differ significantly
U = 49.5, ns) from those needed to learn it in Phase 2 (median = 40
rials). This suggests that there was no order effect on learning
ach range. A Wilcoxon signed rank test revealed no significant dif-
erence (Z = −1.07, ns) between learning Range 1 first (median = 40
rials) and learning Range 2 second (median = 40 trials) or between
earning Range 2 first (median = 40 trials) and learning Range 1
econd (median = 40 trials). This suggests that the number of tri-
ls required for acquiring the discriminations was independent of
heir ranges.

.3.3.2. Testing. Fig. 2 shows the group averaged psychometric
unctions obtained for each range. A visual inspection of the func-
ions reveals that the proportion of “Long” responses increased

onotonically with sample duration. This pattern of behav-
or resembles those reported in previous bisection studies with
umans (e.g., Allan and Gibbon, 1991; Wearden, 1991; Wearden
nd Ferrara, 1995, 1996).

One-way repeated measures ANOVAs revealed a significant
ffect of duration for both Range 1 [F(4,64) = 87.34, p < .0001] and
ange 2 [F(4,64) = 68.73, p < .0001], confirming that participants
mitted more “Long” responses as sample duration increased.

For comparison purposes, we performed Molet and Zentall’s
2008) analyses on our data. First we calculated the mean pro-

ortion of “Long” responses during testing trials for both the 3.5 s
nd the 5 s samples, obtaining values of P (“Long”) equal to 0.429
nd 0.647 respectively (Table 2). One-sample t-tests showed that
(“Long”) for the 3.5 s sample was not statistically different from

able 2
ummary statistics for Experiment 1. P (“Long”) at arithmetic mean is the mean propor
95% and U95% are respectively the lower and the upper limits of the 95% confidence inte

Discrimination P (“Long”) at arithmetic mean Bisectio

Mean L95% U95% Mean

Range 1 0.43 0.30 0.55 3.75
Range 2 0.65 0.503 0.79 4.69
data from the present study; filled dots (at the arithmetic means) represent data
reported by Molet and Zentall (2008). Standard error bars are displayed for each
sample duration.

chance [t(16) = −0.99, p = .17, one-tailed], whereas P (“Long”) for the
5 s sample significantly differed from chance [t(16) = 1.79, p = .05,
one-tailed]. These results indicate that the participants did not
group the “short” standards from both tasks under the same code;
nevertheless, participants may have grouped the “long” standards
from both tasks under the same code, as suggested by Molet and
Zentall (2008). In terms of individual data, 12 out of the 17 partici-
pants presented a proportion of “Long” responses above 0.5 for the
5 s sample.

Molet and Zentall (2008) argued that averaging the data from
3.5 s trials and 5 s trials for each participant would correct for
possible deviations from the arithmetic mean and that this averag-
ing would provide a better test of the relative-coding hypothesis.
Hence, we performed a one-sample t-test on the averaged data and
found that the mean proportion of choices of the comparisons asso-
ciated with S1 and L2 equalled 0.609, which was not significantly
different from chance [t(16) = 1.68, p = .06, one-tailed]. Though not
significant, the average response proportion was greater than 0.5
in 11 out of 17 participants.

In addition to the proportion of “Long” responses at arith-
metic means, the psychometric functions for both temporal ranges
enabled us to obtain additional information, including bisection
points and slopes. Table 2 shows the average results.

Individual bisection points were determined by linear inter-
polation (Wearden and Ferrara, 1995, 1996) and then averaged.
A one-sample t-test revealed that the mean bisection point of
Range 1 (M = 3.75; SE = 0.15) was not significantly different from the
arithmetic mean of 3.5 s [t(16) = 1.64, p = .06, one tailed]. Another
one-sample t-test revealed that the mean bisection point of Range 2
(M = 4.69; SE = 0.16) was significantly below the arithmetic mean of
5 s [t(16) = −1.92, p = .037, one tailed]. This later result is consistent
with the relative-coding hypothesis: If the participants learned that

5 s is a “long” stimulus, and thus, emitted more “Long” than “Short”
responses in the presence of a 5 s sample, the corresponding psy-
chometric function should cross the horizontal line of 50% to the left
of 5 s and show a bisection point below the arithmetic mean (dotted

tion of “Long” responses when the sample duration equaled the arithmetic mean.
rval for the mean.

n points (s) Slope of the psychometric function

L95% U95%

3.19 4.35 0.15
4.4 4.97 0.17
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Table 3
Experimental design of Experiment 2.

Group 1 Group 2

Phase 1 – Training 2 s vs. 5 s (Range 1) 3.5 s vs. 6.5 s (Range 2)
Phase 2 – Testing Range 1 Range 2
4 I. Spínola et al. / Behaviou

urve in Fig. 2). However, although consistent with the relative-
oding hypothesis, this result might just as well be assigned to the
ong/short standards ratio employed. When the L/S ratio falls below
:1, the bisection point tends to be closer to the geometric mean
f the standards (Allan and Gibbon, 1991; Wearden and Ferrara,
996). Since the long/short ratio in the discrimination between 3.5 s
s. 6.5 s is 1.86, the bisection point is expected to be closer to the
eometric mean (Range 2 geometric mean = 4.77 s).

The slopes of the psychometric functions for both temporal
anges were estimated by dividing the difference limen of each psy-
hometric function by its bisection point, yielding the Weber ratio
or each curve. The obtained Weber ratios were 0.15 (median = 0.13)
nd 0.17 (median = 0.13) for Range 1 and Range 2 respectively.

Wilcoxon signed rank test revealed no significant differences
etween the Weber ratios (Z = −0.22, ns), suggesting that there
ere no differences in temporal sensitivity between the temporal

anges employed.
Overall the results of Experiment 1 provide mixed evidence

egarding the relative-coding hypothesis put forward by Molet
nd Zentall (2008). On one hand, both the mean proportion of
Long” responses at the 5 s sample and the bisection point of
he psychometric function for Range 2 provide statistically sig-
ificant evidence consistent with the assumed grouping of the
long” standards. On the other hand, no statistically significant
vidence was found to support a grouping effect with respect
o the “short” standards, even though the trend of the results
as in the same direction as that reported by Molet and Zentall

2008). (Interestingly, Zentall et al. (2004) also concluded in favor
f the relative-coding hypothesis on the basis of partially favorable
esults. Their evidence for grouping occurred with respect to the
short” standards).

Molet and Zentall (2008) justified their relational-coding
ypothesis by assuming both that the bisection point for human
articipants lies at the arithmetic mean of the standards, and that
eviations from arithmetic-mean bisection involved a grouping of
emporal stimuli based on their relative duration (either “short”
r “long”). However, Molet and Zentall did not evaluate directly
hether the bisection point was indeed at the arithmetic mean. As
entioned before, although arithmetic-mean bisection is the most

ommon finding in human timing, it is not ubiquitous. The partic-
pants in Molet and Zentall’s study might have shown deviations
rom arithmetic-mean bisection even before the second task. If this
as the case, the relative-coding hypothesis would be seriously

hallenged. Reliable conclusions based on changes in the bisection
oint or the shape of the psychometric function for the first task
an be reached only by measuring them before and after training
n the second task. Experiment 2 was conducted to address this
ssue.

.4. Experiment 2

This experiment was designed so that we could evaluate the
ffects of the second task on the psychometric function from the
rst task. To this end, we obtained a psychometric function per-
aining to the first task both before and after training on the second
ask, and then compared the two functions.

.4.1. Participants
Nineteen students and a staff member from the University of

inho (7 women and 13 men) participated. Ages ranged from 18
o 47 years (median: 20). No participant had prior experience with

isection tasks.

.4.2. Apparatus
Same as in Experiment 1.
Phase 3 – Training 3.5 s vs. 6.5 s (Range 2) 2 s vs. 5 s (Range 1)
Phase 4 – Training Mixed Range 1 and Range 2
Phase 5 – Testing Mixed training and testing: Range 1 and Range 2

2.4.3. Procedure
As in Experiment 1, we used separate training phases for each

range (Phases 1 and 3 in Table 3), a mixed training phase with both
ranges (Phase 4) and a final testing phase with both ranges (Phase
5). However, in contrast to Experiment 1 a testing phase (Phase 2 in
Table 3) was added after learning the first range. Here we describe
the testing phase that was introduced in Experiment 2. All other
experimental details remained unchanged.

Phase 2 – Generalization test for the first task. After meeting the
learning criterion in the first task (Phase 1), the following message
appeared on the computer screen: “Now we are going to continue,
but you will not be given feedback. You will still be given points, but
they will not appear on the screen. Please do not count or perform
rhythmic activities during the experiment”. After reading the instruc-
tions, the subject clicked on the “Click here to Start” button and the
test began. Each participant was tested with respect to the temporal
range learned in Phase 1, that is, half of the participants were tested
with Range 1 and the other half was tested with Range 2 (see Fig. 1).
This phase had 40 trials: 8 training trials for each standard duration,
and 8 testing trials for each of the remaining sample durations.

2.4.4. Results and discussion
2.4.4.1. Acquisition. During Phase 1, 8 out of 10 participants trained
with Range 1 and 9 out of 10 participants trained with Range 2 met
the learning criterion within the required minimum of 40 trials. In
Phase 3, 7 out of 10 participants trained with Range 1 and 9 out
of 10 participants trained with Range 2 reached the learning crite-
rion within the required minimum of 40 trials. A Mann–Whitney
test showed that the number of trials needed to learn Range 1 in
Phase 1 (median = 40 trials) did not differ significantly from those
needed to learn it in Phase 3 (median = 40), U = 40, ns. In the same
way, the number of trials needed to learn Range 2 in Phase 1
(median = 40) did not differ significantly from those needed to learn
it in Phase 3 (median = 40), U = 45, ns. This suggests that no order
effect occurred with respect to learning the baseline temporal dis-
criminations. A Wilcoxon signed rank test revealed no significant
difference between learning Range 1 first (median = 40) and learn-
ing Range 2 s (median = 40) (Z = −1, ns), or between learning Range 2
first (median = 40) and learning Range 1 s (median = 40) (Z = −1.34,
ns). This suggests that the acquisition of both tasks was indepen-
dent of the absolute durations used in each range. Accordingly,
acquisition results were similar to the ones obtained in the first
experiment.

2.4.4.2. Testing in Phase 5. The same analysis from Experiment 1
was carried out on the test data obtained after both temporal tasks
had been learned in Experiment 2. Fig. 3 shows the group averaged
psychometric functions for each range. One-way repeated meas-
ures ANOVAs revealed a significant effect of duration on the Range
1 function [F(4,64) = 116.52, p < .0001] and on the Range 2 function
[F(4,64) = 76.59, p < .0001], confirming that the proportion of “Long”
responses increased with sample duration.

Regarding the proportion of “Long” responses at the arith-

metic means, one-sample t-tests showed that the mean proportion
of “Long” responses at the 3.5 s sample (M = 0.43) [t(16) = −1.04,
p = .16, one-tailed] and the mean proportion of “Long” responses at
the 5 s sample (M = 0.56) [t(16) = 0.82, p = .21, one-tailed] were not
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ig. 3. Psychometric functions obtained in the final testing phase of Experiment 2.
tandard errors are displayed for each sample duration.

ignificantly different from chance. This suggests that a grouping
ffect based on relative values occurred neither for the “short” nor
or the “long” standard (contrary to what was observed in Experi-

ent 1). A one-sample t-test with the averaged data from the 3.5 s
nd the 5 s samples revealed that the mean choice proportions
f the comparisons associated with S1 and L2 (M = 0.56) was not
ignificantly different from chance [t(16) = 1.09, p = .15, one-tailed].

Regarding the bisection points, a one-sample t-test showed
hat the bisection point of the psychometric function for Range

(M = 3.67; SE = 0.12) was not significantly different from the
rithmetic mean of 3.5 s [t(16) = 1.48, p = .08, one-tailed]. Another
ne-sample t-test showed that the bisection point for Range 2
M = 4.88; SE = 0.18) was not significantly different from the arith-

etic mean of 5 s either [t(16) = −0.66, p = .26, one-tailed], contrary
o what was observed in Experiment 1. Though the shifts in the
isection points with respect to the arithmetic means were in the
irection predicted by the relative-coding hypothesis, they did not
each statistical significance.

The Weber ratios obtained for Range 1 and Range 2 were
espectively equal to 0.16 (median = 0.19) and 0.18 (median = 0.11).

Wilcoxon signed rank test revealed no significant differences
etween either Weber ratio (Z = −0.52, ns). We conclude that tem-
oral sensitivity for was similar for both ranges. Table 4 summarizes
hese results.

.4.4.3. Comparing data from Experiment 1, Phase 4, and Experi-
ent 2, Phase 5. We conducted two one-way mixed ANOVAS, one

or Range 1 and the other for Range 2 with stimulus duration
s within-subjects factor and experimental group as a between-
ubjects factor. The ANOVA on the data from Range 1 revealed a
ignificant effect of stimulus duration [F(4,128) = 199.65, p > .0001],
o significant group effect [F(1,32) = 0.18, ns], and no significant

nteraction effect [F(4,13) = 0.14, ns]. The ANOVA on the data from

ange 2 revealed a significant effect of duration [F(4,13) = 144.63
< .0001], no significant group effect [F(1,32) = 0.22, ns], and
o interaction effect [F(4,13) = 0.47, ns]. These statistical results

able 4
ummary statistics for Experiment 2. P (“Long”) at arithmetic mean is the mean propor
95% and U95% are respectively the lower and the upper limits of the 95% confidence inte

Task P (“Long”) at arithmetic mean Bisection poi

Mean L95% U95% Mean

Range 1 0.43 0.33 0.54 3.67
Range 2 0.56 0.43 0.70 4.88
Fig. 4. Psychometric functions from Experiment 1, Phase 4, and Experiment 2, Phase
5. Standard errors are displayed for each sample duration.

confirm the visual impression of a superposition of the psycho-
metric functions obtained in the two experiments (Fig. 4).

A t-test for independent samples showed that the bisection
point of the psychometric function for Range 1 in Experiment 1
(M = 3.75; SE = 0.15) did not differ significantly [t(32) = 0.39, p = .70,
two-tailed] from the bisection point of the psychometric func-
tion for Range 1 in Experiment 2 (M = 3.67; S.E. = 0.12). Another
t-test for independent samples showed that the bisection point for
Range 2 in Experiment 1 (M = 4.69; S.E = 0.16) did not differ signifi-
cantly [t(32) = −0.78 p = .44, two-tailed] from the bisection point of
the psychometric function for Range 2 in Experiment 2 (M = 4.88;
S.E. = 0.18).

A Mann–Whitney test revealed that the Weber ratio for Range
1 in Experiment 1 (median = 0.15) did not differ significantly
(U = 72.5, ns) from the Weber ratio for Range 1 in Experiment
2 (median = 0.16). Another Mann–Whitney revealed no signifi-
cant differences (U = 85, ns) between the Weber ratio for Range 2
in Experiment 1 (median = 0.17) and for Range 2 in Experiment
2 (median = 0.18). This suggests that the participants from both
experiments had a similar sensitivity to temporal stimuli.

That the psychometric functions obtained in Experiment 1 did
not differ from those obtained at the end of Experiment 2 sug-
gests that behavior in the latter experiment was not influenced
by the earlier, additional testing phase. Furthermore, given the
absence of significant differences in terms of the proportion of
“Long” responses, the location of the bisection points, or steepness
of the slopes, we combined the psychometric functions from both
experiments to increase the statistical power of our analyses.

2.4.4.4. Combining data from both Experiments. Fig. 5 shows the
psychometric functions arising from the combined data. The mean
proportion of “Long” responses at the arithmetic mean (M = 0.432)
did not differ significantly from chance [t(33) = −1.45, p = .079,
[t(33) = 1.87, p = .035, one-tailed] for Range 2 (M = 0.61; SE = 0.06).
A one-sample t-test revealed that the mean bisection point

of Range 1 (M = 3.71; SE = 0.09) was significantly above the

tion of “Long” responses when the sample duration equaled the arithmetic mean.
rval for the mean.

nts (s) Slope of the psychometric function

L95% U95%

3.47 3.88 0.16
4.56 5.20 0.18
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ig. 5. Psychometric functions for the combined data (data from 34 subjects).
tandard errors are displayed for each sample duration.

rithmetic mean of 3.5 s [t(33) = 2.23, p = .016, one-tailed]. Another
ne-sample t-test revealed that the mean bisection point of Range
(M = 4.78; SE = 0.12) was significantly below the arithmetic mean
f 5 s [t(33) = −1.78, p = .042, one tailed].

By combining data from both experiments, we obtained a pat-
ern of results closer to that reported by Molet and Zentall (2008).
oth the proportion of “Long” responses at the arithmetic mean
nd the location of the bisection point suggest that the participants
esponded similarly to the “long” standards from each temporal
ange. Also, there was a slight indication for a grouping of the
short” standards because the bisection point for Range 1 was sig-
ificantly above the arithmetic mean.

.4.4.5. Testing in Phase 2. Testing in Phase 2 allowed us to obtain
easures of behavior in the absence of any relative-coding effect

nduced by the second task. Thus, the obtained psychometric func-
ions served as baseline for the test performed in Phase 5, giving us
better grasp of possible changes in the psychometric functions.

ig. 6 shows the psychometric functions obtained in Phase 2.
A repeated-measures ANOVA revealed that participants tended

o give more “Long” responses as stimulus duration increased
oth for Range 1 [F(4,32) = 43.58, p < .0001] and for Range

[F(4,28) = 48.39, p < .0001]. The mean proportion of “Long”

esponses at 3.5 s (M = 0.56) and at 5 s (M = 0.58) were not signif-
cantly different from chance [t(8) = 0.58, p = .58, two-tailed, and
(7) = 1.67, p = .14, two-tailed, respectively]. The bisection points

0

0,2

0,4

0,6

0,8

1

0 1 2 3 4 5 6

M
e

a
n

 P
ro

p
o
rt

io
n
 (

"L
o
n
g

")

Stimulus duration (s)

2s vs. 5s

3.5s vs. 6.5s

ig. 6. Psychometric functions from Phase 2 of Experiment 2. Standard errors are
isplayed for each sample duration.
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were observed at 3.25 s and 4.91 s for Range 1 and Range 2,
respectively.

Extending the argument by Molet and Zentall (2008), relative
coding implies that training on the second temporal task should
induce a rightward shift in the psychometric function for Range 1
and a leftward shift in the psychometric function for Range 2, as
compared to the psychometric functions obtained in Phase 2. To
evaluate this hypothesis, we compared the psychometric functions
obtained in Phases 2 and 5.

2.4.4.6. Comparing the data from Phase 2 and Phase 5. We conducted
two repeated measures ANOVAS (within subjects factors: stimulus
duration and test phase), one for Range 1 and the other for Range
2. One ANOVA revealed a significant [F(4,32) = 110.33, p < .0001]
effect of duration, no significant effect of test phase [F(1,8) = 3.93,
ns], and no significant interaction effect [F(4,32) = 0.82, ns] for
Range 1. The other ANOVA revealed a significant effect of
duration [F(4,28) = 62.46, p < 0.0001], no significant effect of test
phase [F(1,7) = 1.58, ns], and no significant interaction effect
[F(4,28) = 0.88, ns] for Range 2. These results demonstrate that there
was no difference in the global pattern of the two psychometric
functions obtained for each temporal range in two testing phases.

According to the relative-coding hypothesis as proposed by
Molet and Zentall (2008), the proportion of “Long” responses at
3.5 s, which is both the arithmetic mean of Range 1 and the “short”
standard in Range 2, should decrease in Phase 5 as compared do
Phase 2. Also, the proportion of “Long” responses at 5 s, which is
the arithmetic mean of Range 2 and the “long” standard in Range
1, should increase in Phase 5. We found that the proportion of
“Long” responses at 3.5 s in Phase 2 (M = 0.56, SE = 0.1) and in
Phase 5 (M = 0.46, SE = 0.1) were not significantly different from
each other [t(8) = −0.69, p = .26, one tailed]. Another paired-samples
t-test revealed no significant differences [t(7) = 0.45, p = 33, two
tailed] between the proportion of “Long” responses for 5 s in Phase 2
(M = 0.58, SE = 0.05) and in Phase 5 (M = 0.62, SE = 0.13). Though the
differences in the proportion of “Long” responses at the arithmetic
means were not statistically significant across testing phases, they
were in the direction predicted by the relative-coding hypothesis.

A paired-samples t-test showed that the bisection point for
Range 1 in Phase 2 (M = 3.25; S.E = 0.19) was significantly smaller
[t(8) = −1.92, p = .04, one-tailed] than the bisection point for Range
1 in Phase 5 (M = 3.67; S.E = 0.16). Such a downward shift in the
bisection point is consistent with the relative-coding hypothesis
(Molet and Zentall, 2008), and entails a shift of the psychometric
function to the right from Phase 2 to Phase 5 (Fig. 7). Another paired-
samples t-test revealed no significant difference [t(7) = 0.59, p = .29,
one-tailed] between the bisection points for Range 2 obtained in
Phase 2 (M = 4.91; S.E. = 0.19) and in Phase 5 (M = 4.79; S.E. = 0.30).
The psychometric function for Range 2 did shift slightly to the left
(Fig. 7), but the magnitude of the shift from Phase 2 to Phase 5 was
smaller than that observed with Range 1.

A Wilcoxon signed rank test revealed no significant difference
(Z = −0.28, ns) between the Weber ratios for Range 1 in Phase 2
(median = 0.11) and in Phase 5 (median = 0.17). Another Wilcoxon
signed rank test revealed no significant difference (Z = −0.41, ns)
between the Weber ratios for Range 2 in Phase 2 (median = 0.12)
and in Phase 5 (median = 0.19). In sum, timing sensitivity for either
stimulus ranges did not change significantly through training on
the second task.

Again, our results do not provide clear evidence in favor of the
relative-coding hypothesis. There was a significant change in the
bisection point for Range 1 that was related to a decrease in the

proportion of “Long” responses to the shorter sample durations
in this range. However, analysis of the slopes of the psychomet-
ric functions did not confirm changes in timing sensitivity due
to the changes in the bisection point. None of the other analyses
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ig. 7. Comparison of the psychometric functions obtained for each range in Phase
ange 2.

ielded significant results, indicating that either the effect reported
y Molet and Zentall (2008) is not robust, or that larger data sets are
eeded to detect effects of responding on the basis of the relative
alue of temporal stimuli.

. General discussion

In the present study we evaluated the robustness of a find-
ng reported with humans (Molet and Zentall, 2008) and pigeons
Zentall et al., 2004) and in which the subjects tend to respond sim-
larly to stimuli that share the same relative value across temporal
iscrimination tasks. The authors of these studies suggested that
ubjects group temporal stimuli as “short” or “long” regardless of
he absolute durations involved.

The critical test of this relative-coding hypothesis in humans
s to use the arithmetic mean within a given range as a standard
uration along with comparisons from another range (Fig. 1). It

s well documented that human participants tend to bisect tem-
oral intervals at the arithmetic mean of the trained standards
Wearden, 1991; Wearden and Ferrara, 1996; Wearden et al., 1997),
nd, therefore, tend to respond equally to each comparison stimu-
us when presented with a sample located at the arithmetic mean of
ts training range. According to Molet and Zentall (2008) and Zentall
t al. (2004), participants who group “short” stimuli together as
ell as “long” stimulus together should choose comparisons previ-

usly associated with “short” following “short” samples and should
hoose comparisons previously associated with “long” following
long” samples. More specifically, when forced to choose between a
air of comparison stimuli, participants should choose the compar-

son previously associated with a “short” stimulus (S1, for example)
hen presented with a “short” arithmetic mean (S2), and should to

hoose the comparison associated with a “long” stimulus (L2) when
resented with a “long” arithmetic mean (L1).

However, the relative-coding hypothesis stands on two data
oints, those corresponding to the arithmetic mean of each tem-
oral task. The lack of data concerning the location of the bisection
oints and the shape of psychometric functions makes further eval-
ation of this hypothesis difficult. Here we replicated the basic
rocedure from Molet and Zentall’s (2008) Experiment 2, but we
lso improved it by introducing several sample durations during
esting, as is commonly done in bisection studies with humans
Allan and Gibbon, 1991; Wearden, 1991; Wearden and Ferrara,

995, 1996).

The results from our experiments were unclear with regard to
he relative-coding effect. The results from our Experiment 1 were

ixed. On the one hand, within Range 1 neither the proportion of
d 5. The left panel shows the data for Range 1. The right panel shows the data for

“Long” responses at the arithmetic mean nor the location of the
bisection point provided statistically significant evidence in favor
of a grouping of the “short” standards. On the other hand, both the
proportion of “Long” responses at the arithmetic mean and the posi-
tion of the bisection point within Range 2 supported the hypothesis
of a grouping of the “long” standards. Furthermore, the results
from Experiment 2 showed no significant relative-coding effect
with respect to either the “short” or the “long” standards. However,
after combining the data from both experiments, we found results
compatible with a relational grouping of the “long” standards and
some indication for a possible grouping of the “short” standards.
Although our findings were not as robust as those reported by
Molet and Zentall (2008), both the confidence intervals for the
mean proportion of “Long” responses and the bisection points sug-
gest that our participants’ behavioral patterns were in the direction
predicted by the relative-coding hypothesis (Tables 2 and 4).

The comparison of the psychometric functions obtained in
Phases 2 and 5 of Experiment 2 was crucial for evaluating changes in
the shape of the psychometric functions that might suggest group-
ing effects (Table 5). We found that the psychometric function for
Range 1 was shifted to the right in Phase 5 (as compared to Phase 2)
and that the psychometric function for Range 2 was shifted slightly
to the left. However, these shifts were not of sufficient magnitude to
translate into changes of temporal sensitivity, because the Weber
ratios did not vary significantly between Phase 2 and Phase 5.

Overall, our results suggest that a change might occur in the pat-
tern of responding after training on the second task. But because
consistent positive evidence emerged only after combining data
from two different Experiments, the detectability of the relative-
coding effect may depend on increased sample size and reduced
variability. Alternatively, our results (including the shifts of the psy-
chometric functions from Phase 2 to Phase 5) may be explained in
terms of alternative processes that do not rely on relative coding.

Consider the following proposition. When trained on a single
bisection task, participants might learn to set a decision criterion
that guides their choices of the comparisons associated with “short”
or “long” standards. We can further assume that on the average,
the criterion is centered on the arithmetic mean of the “short”
and “long” standards. In Fig. 8 (panel I), hypothetical distributions
of the criteria for a 2 s vs. 5 s discrimination and for a 3.5 s vs.
6.5 s discrimination are represented on the left and right panels,
respectively. The criteria are centered over the hypothetical distri-

butions of each temporal range and are represented in Fig. 8 (panel
I) as vertical lines. Notice that one criterion passes over the arith-
metic mean of Range 1 (x = 3.5) and the other over the arithmetic
mean of Range 2 (x = 5). However, due to some intrinsic variability,
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Table 5
Summary statistics of Phases 2 and 5 of Experiment 2. P (“Long”) at arithmetic mean is the mean proportion of “Long” responses when the sample duration equaled the
arithmetic mean. L95% and U95% are respectively the lower and the upper limits of the 95% confidence interval for the mean.

Discr. P (“Long”) at arithmetic mean Bisection points (s)

Mean L95% U95% Mean L95% U95%

Range 1 Phase 2 0.56 0.38 0.73 3.25 2.89 4.10
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Phase 5 0.46 0.28
Range 2 Phase 2 0.58 0.49

Phase 5 0.62 0.38

ometimes the criterion will fall above or below the arithmetic
ean. The participant will choose the comparison associated with

he “short” standard if the sample presented is smaller than the cri-
erion, and will choose the comparison associated with the “long”
tandard if the sample is larger than the criterion.

When participants are trained on two different tasks, they may
earn to set two different criteria, one appropriate for the first task
nd another appropriate for the second task (Fig. 8, panel II). How-
ver, each criterion is set in a different context. One is set in the
ontext of the comparisons available in, say, Range 1 (context 1),
nd the other is set in the context of the comparisons trained in,
ay, Range 2 (context 2).
When a sample that was trained in one context (say, context
) is presented in another context (say, context 2), the participant
ay be confused on a small percentage of trials (e.g. 10% of trials)

0

0,2

0,4

0,6

0,8

1

1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5

Stimulus Duration (s)

1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5

Criterion (s)

2s vs. 5s

1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5

Criterion (s)

2s vs. 5s

M
e

a
n

p
ro

p
o

rt
io

n

‘L
o

n
g

’ r
e

s
p

o
n

s
e

s

ig. 8. Panel I shows hypothetical distributions of the criteria for a discrimination betwee
ollowing a single bisection training. Panel II shows the distribution of the criteria followin
or each discrimination task (black function) and the shifts in the psychometric functions
0.63 3.67 3.37 3.97
0.67 4.91 4.54 5.27
0.87 4.79 4.22 5.36

and on those trials, instead of using the “correct” criterion acquired
in context 1, uses the criterion acquired in context 2 (Fig. 8, panel
II). Because the “correct” criterion will guide performance in less
than 100% of the trials, specific shifts in the psychometric functions
would be induced, depending on the “incorrect” criterion being
above or below the “correct” one (Fig. 8, panel III). If below the
“correct” criterion, there should be a leftward shift in the psycho-
metric function (Fig. 8, panel III, right panel). If above, there should
be a rightward shift (Fig. 8, panel III, left panel).

Consider how the explanation applies to our procedure. Partic-
ipants trained on Range 1 should learn to respond ‘red’ following
the 2 s standard and ‘green’ following the 5 s standard. This is so

because the criterion in this task is set at the arithmetic mean
(3.5 s), above 2 s and below 5 s (Fig. 8, panel I, left panel). Similarly,
training on Range 2 should lead participants to choose the triangle

1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5

Stimulus Duration (s)

1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5

Criterion (s)

3.5s vs. 6.5s

1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5

Criterion (s)

3.5s vs. 6.5s

(I)

(II)

(III)

n 2 s vs. 5 s (left panel) and for a discrimination between 3.5 s vs. 6.5 s (right panel)
g a double bisection task. Panel III shows the corresponding psychometric functions
induced by training in the second discrimination task (dashed function).



ral Pr

f
s
a

r
(
s
d
(
t
w
a
p

a
3
t
B
i
“
p

c
i
n
r
r
Z

I. Spínola et al. / Behaviou

ollowing the 3.5 s standard and the circle following the 6.5 s
tandard, because the criterion in this task is set at 5 s, above 3.5 s
nd below 6.5 s (Fig. 8, panel I, right panel).

When durations within Range 1 are tested in the context of
ed and green comparisons, participants may pick the 5 s criterion
developed for Range 2) on a small percentage of trials, because
ample durations presented in testing Range 1 overlap with sample
urations pertaining to Range 2. Because the “incorrect” criterion
5 s) is above the “correct” one (3.5 s) (Fig. 8, panel II, left panel),
he participant would be biased toward the comparison associated
ith the “short” standard, that is, red. This bias would translate as
rightward shift of the psychometric function for Range 1 (Fig. 8,
anel III, left panel).

When durations within Range 2 are tested in the context of tri-
ngle and circle comparisons, participants may mistakenly pick the
.5 s criterion on a small percentage of trials because, again, dura-
ions within Range 1 overlap with the durations within Range 2.
ecause 3.5 s is below 5.0 s (Fig. 8, panel II, right panel), the partic-

pant would present a bias toward the option associated with the
long” standard. Hence we would observe a leftward shift in the
sychometric function of Range 2 (Fig. 8, panel III, right panel).

The foregoing explanation accounts reasonably well for relative-
oding-like data on the assumption of absolute coding of temporal
ntervals plus a probabilistic mixture of two criteria. Because it does

ot invoke higher or more complex processes, we argue that the
elative-coding hypothesis is not needed to explain the pattern of
esults observed here and in other studies (Molet and Zentall, 2008;
entall et al., 2004).
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Acknowledgements

The work here reported is part of the Master thesis pre-
sented by the first author to the School of Psychology of the
University of Minho. The work was supported by grants from the
Portuguese Foundation for Science and Technology (FCT) to the
co-authors.

References

Allan, L.G., Gibbon, J., 1991. Human bisection at the geometric mean. Learn. Motiv.
22, 39–58.

Carvalho, M.P., Machado, A., 2012. Relative versus absolute stimulus
control in the temporal bisection task. J. Exp. Anal. Behav. 98 (1),
23–44.

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

Hulse, S., Kline, C., 1993. The perception of time relations in auditory tempo discrim-
imantion. Learn. Behav. 21, 281–288.

Maia, S., Machado, A., 2009. Representation of time intervals in a double bisection
task: relative or absolute? Behav. Process. 81, 280–285.

Molet, M., Zentall, T., 2008. Relative judgments affect assessments of stimulus dura-
tion. Psychon. Bull. Rev. 15, 431–436.

Wearden, J.H., 1991. Human performance on an analogue of an interval bisection
task. Q. J. Exp. Psychol. 43B, 59–81.

Wearden, J.H., Ferrara, A., 1995. Stimulus spacing effects in temporal bisection by
humans. Q. J. Exp. Psychol. 48B, 289–310.

Wearden, J.H., Ferrara, A., 1996. Stimulus range effects in temporal bisection by

humans. Q. J. Exp. Psychol. 49B, 24–44.

Wearden, J.H., Rogers, P., Thomas, R., 1997. Temporal bisection in humans with
longer stimulus durations. Q. J. Exp. Psychol. 50B, 79–94.

Zentall, T., Weaver, J., Clement, T., 2004. Pigeons group time intervals according to
their relative duration. Psychon. Bull. Rev. 11, 113–117.


	What do humans learn in a double, temporal bisection task: Absolute or relative stimulus durations?
	1 Introduction
	2 General method
	2.1 Apparatus
	2.2 Procedure
	2.3 Experiment 1
	2.3.1 Participants
	2.3.2 Procedure
	2.3.3 Results and discussion
	2.3.3.1 Acquisition
	2.3.3.2 Testing


	2.4 Experiment 2
	2.4.1 Participants
	2.4.2 Apparatus
	2.4.3 Procedure
	2.4.4 Results and discussion
	2.4.4.1 Acquisition
	2.4.4.2 Testing in Phase 5
	2.4.4.3 Comparing data from Experiment 1, Phase 4, and Experiment 2, Phase 5
	2.4.4.4 Combining data from both Experiments
	2.4.4.5 Testing in Phase 2
	2.4.4.6 Comparing the data from Phase 2 and Phase 5



	3 General discussion
	Acknowledgements
	References


