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chapter 5

Duration Bisection: A User’s Guide

Trevor B. Penney and Xiaoqin Cheng

1 Introduction

Duration bisection is a prospective, perceptual timing task. Prospective be-
cause the participant is aware in advance that duration judgments will be re-
quired (Chapters 2 and 4, this volume) and perceptual because the participant 
is instructed to classify the presentation durations of probe stimuli relative to 
a standard or standards rather than to produce or reproduce a given duration. 
The major advantage of prospective timing tasks is that multiple trials can be 
conducted during a test session, thereby allowing robust estimates of timing 
behavior and, equally important, psychophysical analysis. A major advantage 
of duration perception tasks is that the motor response does not contribute to 
the estimate of timing accuracy or variability.

Duration bisection has seen extensive use since its introduction in modern 
form by Church and Deluty (1977). Although originally applied to  non- human 
animals (i.e., rats), following early work by Allan and Gibbon (1991) and 
Wearden (1991), the task has proven popular for use in human studies. Indeed, 
since 1991 more than 90 articles reporting data from the duration bisection task 
have been published (see Appendix – Table 5.1). These data come from partici-
pants ranging in age from the very young (e.g., Droit-Volet & Wearden, 2001) 
to the very old (e.g., Lustig & Meck, 2011), and although the preponderance of 
work has been in samples of healthy individuals, typically college students, 
numerous studies have applied the bisection task to clinical samples (e.g., Mel-
gire et al., 2005; Nichelli et al., 1996). In some cases, the task has been used 
to address fundamental questions about the perceptual, cognitive, and neural 
mechanisms that underlie interval timing (e.g., How does subjective time scale 
with objective time?; Church & Deluty, 1977), whereas other studies have used 
the task to elucidate whether and how interval timing interacts with other per-
ceptual and cognitive processes (e.g., Droit-Volet, Fayolle, & Gil, 2016).

In this chapter, we provide a brief overview of the duration bisection task, 
describe the analysis approaches used for duration bisection data, and con-
clude the chapter with some guidelines for use. Basic stimulus presentation 
programs and analysis code, written in matlab and R, are available at the 
book’s GitHub repository.
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2 Duration Bisection – Origins

In an early study of temporal discrimination in non-human animals (Cowles & 
Finan, 1941), rats received reinforcement for running down one alleyway of a Y 
shaped discrimination box after a 10 s restraint period and the other alleyway 
after 30 s of restraint. After 600 trials of training, six of nine animals showed 
evidence of having learned the temporal discrimination. Although this experi-
ment demonstrated that (some) rats could learn to discriminate the durations, 
it did not speak to the limits of temporal discrimination, nor to the processes 
underlying it. Later the same decade, Heron (1949) used a similar temporal 
restraint design, but a different maze layout, in an “attempt to determine the dif-
ferential limen for temporal discrimination”. Eleven rats were initially trained to 
discriminate 5 and 45 s and then progressed to more difficult discriminations. 
Eight rats learned to discriminate 5 vs. 35 s and 5 vs. 25 s, but only one learned 
to discriminate 5 vs. 10 s.

Approximately twenty years later, Stubbs (1968) reported a procedure that 
examined timing of a range of durations during a single test session. Specifi-
cally, he reinforced pigeons for responding on one keylight for durations from 
1 to 5 s and a second keylight for durations from 6 to 10 s (Experiment 1). Sub-
sequently, Stubbs (1976) developed a task that measured the bird’s subjective 
experience of time by not reinforcing intermediate durations. Pigeons con-
trolled the illumination color (green or red) of a reinforcement key by pecking 
on a separate changeover key. Whether pecking on the reinforcement key was 
rewarded depended on the key’s color and how long it had been illuminated. 
For example, in one condition, reinforcement followed pecks on the green key 
after 2 to 4 s of illumination and pecks on the red key after 60 to 64 s of illumi-
nation.  However, pecking during the period from 4 to 60 s was not reinforced. 
The critical measure of interest was when pigeons switched the color of the 
 reinforcement key from green to red by pecking on the changeover key, thereby 
changing the response from the short interval key (green) to the long interval 
key (red).

3 Duration Bisection – Modern Form

Church and Deluty (1977) reported the first use of the duration bisection task 
in what is now its most common form. In an initial training phase, rats re-
ceived reinforcement for pressing one lever following presentation of a short 
duration stimulus (short anchor) and a second lever following presentation 
of a long duration stimulus (long anchor). In the test phase, these short and 
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long anchor durations were presented and correct responses reinforced, but 
unreinforced durations intermediate to the short and long anchors were also 
presented. Hence, classification of the intermediate durations provided infor-
mation about the animal’s subjective judgment of time.

The human version of duration bisection is similar. In the test phase, the 
anchor durations and intermediate durations are presented, but feedback is 
provided for the anchor durations only, which ensures that the task measures 
subjective perception of duration. However, the training/anchor learning 
phase is not as extensive for human participants. It usually involves a relatively 
limited number of presentations of each of the anchor durations only (i.e., 4 to 
10), with each presentation followed by feedback indicating whether it was the 
long or short anchor, and a single training session prior to testing rather than 
multiple sessions.

It is worth noting that there is a variant of duration bisection in which 
 participants are not explicitly trained on the anchor durations. Rather, in this 
partition version of the duration bisection task for humans (e.g., Droit-Volet &  
Rattat, 2007; Wearden & Ferrara, 1995; Wiener et al., 2014) participants are 
merely asked to classify each presented stimulus as short or long. Importantly, 
after the participants have had some experience with the range of probe du-
rations, the response functions calculated from subsequent trials in the test 
session are sigmoidal. This indicates that participants are able to categorize 
the probe durations appropriately in the absence of explicit training with the 
anchor durations.

In animal studies, the anchor durations typically comprise 50% of the trials 
(25% each for short and long), whereas in human studies all durations, wheth-
er anchor or intermediate, are usually presented an equal number of times. 
 Notably, the presentation probability of the anchor durations does  affect 
 stimulus classification (Akdoğan & Balcı, 2016). For example, when fewer short 
than long anchor stimuli are presented in the test phase, mice are more like-
ly to classify a given probe duration as long as compared to when the short 
and long anchors are presented with equal frequency during the test  session. 
 Moreover, in animal work, correct classification of the anchor durations in 
the test phase  is normally reinforced on less than 100% of the correct trials. 
This ensures that animals continue to respond on the intermediate probe 
 trials, which are never reinforced, rather than learning to discriminate rein-
forced anchor durations from unreinforced probe durations (i.e., learning not 
to respond on the intermediate probes as they do not lead to reward). Indeed, 
with   extensive  training and 100% reinforcement on the anchor  durations, 
rats learn not to respond following intermediate probe durations (Brown et al.,  
2011).
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In contrast, human participants are usually given feedback on all an-
chor duration trials, unless the researcher has a specific reason for omitting 
 feedback (e.g., Wiener et al., 2014). Human participants are also frequently told 
to  consider the classification task as indicating whether the probe duration 
is “closer to” short or long judgment rather than as an endorsement that the 
probe duration is exactly the same as the short or long exemplar.

Neither human nor non-human animal participants are normally reinforced 
for classifications of the intermediate probe durations (but see Kim et al.,  
2013, and Ward et al., 2009, for exceptions). Consequently, the classification is a 
measure of the participant’s subjective judgment of time rather than a test of 
whether the participant remembers being reinforced for making a  particular 
response for a particular duration.

4 Data Presentation

Data from the duration bisection task are most often plotted as the probability 
with which a given test duration is classified as ‘long’, although in some early 
papers the ‘short’ classification probability was plotted (e.g., Gibbon, 1981). If 
the participant has learned the temporal discrimination, the probability of a 
long response should be zero or close to zero for the short anchor duration and 
100% or close to 100% for the long anchor duration. Due to variance in timing, 
classification of the intermediate probes as ‘long’ increases relatively smooth-
ly with increasing duration (see Figure 5.1). That is to say, the  psychometric 
 response function usually has the form of a sigmoidal function rather than 
a step function. Absent timing variation, a step function should manifest be-
cause all durations below some magnitude would be consistently classified as 
short on all trials and all durations above that magnitude would be classified 
as long on all trials.

The parameters of interest that can be derived from the psychometric 
response function include the bisection point (bp; also known as the Point 
of Subjective Equality or pse), the difference limen (dl), and the Weber 
 fraction (wf; also known as the Weber ratio or wr). The bp is the duration 
value at which the participant is equally likely to classify the stimulus (i.e., 
test duration) as short or long. The bp can be determined in a variety of 
ways from the response function. For example, Church & Deluty (1977) fitted 
a straight line to the three most central durations in the range presented to  
participants to  determine the duration corresponding to 50% long classi-
fications.  Fitting a  mathematical function (e.g., sigmoidal, pseudo-logistic, 
Weibull) and  determining the bp from that fitted function is also a common 
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approach. When the psychometric response functions are smooth, the method 
of  determination of the bp is unlikely to greatly influence the values obtained 
(Figure 5.2). The maximum smoothness or resolution of the response function 
generated for individual participants is a consequence of the number of trials 
presented at each probe duration (i.e., 10 trials for each probe duration equals 
p(‘long’) steps of .1). Hence, ensuring presentation of an adequate number of 
probe trials is important, but it is also important to ensure that the experimen-
tal session is not so long that performance declines due to participant fatigue 
and boredom.

The steepness of the psychometric response function reflects temporal sen-
sitivity and can be characterized by the difference limen (dl), with smaller 
dls (steeper slopes) indicating greater temporal sensitivity. The dl is usually 
defined as one half of the difference between the duration corresponding to 
a p(‘long’) of 75% and the duration corresponding to a p(‘long’) of 25%. The 
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Figure 5.� Mean proportion of ‘long’ responses by a single human participant trained on an-
chor durations of .8 s and 3.2 s. The psychometric response function shows the typical 
sigmoidal form obtained with the duration bisection task.

Trevor B. Penney and Xiaoqin Cheng - 9789004280205
Downloaded from Brill.com05/19/2023 07:04:52PM

via free access



�03Duration Bisection

<UN>

75% and 25% p(‘long’) durations also can be determined in several different 
ways. Church and Deluty (1977) used the same fitted line they used to deter-
mine the bp (see above), but other fitted functions are equally appropriate. 
The wf, which is obtained by dividing the dl by the bp, provides a measure of 
temporal sensitivity corrected for the magnitude of the durations used in that 
experimental condition. If Weber’s Law holds for time, then the wf should be 
constant for different anchor duration pairs (Gibbon, 1981) and the psycho-
metric response functions should superimpose (see Figure 5.3).

5 Location of the Bisection Point (bp)

The location of the bp is important theoretically because it constrains the 
models that can account for bisection performance. For example, whether 
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Figure 5.� Fits of pseudo-logistic, sigmoidal, and Weibull functions to duration bisection  
data of a single subject.
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bisection occurs at the geometric mean (gm) or the arithmetic mean (am) 
has been interpreted as an indicator of whether the temporal scale is linear or 
logarithmic and whether the response decision rule operates on ratios or dif-
ferences between the currently elapsing time on a trial and memory represen-
tations of previously reinforced durations. Church and Deluty (1977) presented 
probe durations at the gm, the harmonic mean, and the am of the anchor du-
rations with the goal of determining the location of classification indifference 
in rats. They found that across four pairs of short (S)/ long (L) durations (i.e., 
1s:4s, 2s:8s, 3s:12s, 4s:16s), the bp was closer to the gm than either the am or the 
harmonic mean. The authors interpreted this as indicating that the underlying 
temporal scale was logarithmic, rather than linear. The basic idea being that 
if animals select a response lever based on the arithmetic difference between 
the current duration and the memory representations of the S and L dura-
tions, then the midpoint will be at the gm when the time scale is  logarithmic. 
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Figure 5.3 Group mean psychometric response functions from three long (L)/short (S) anchor 
duration ratios following normalization by the group function bisection point. Data 
replotted from the ‘No Distracter’ condition in Experiment 2 of Penney, Yim, and Ng 
(2014).
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 However, they also noted that a linear timescale with a different decision rule 
could result in bisection at the gm rather than the am.

Gibbon (1981) provided a detailed analysis of the combination of timescale 
and decision processes that can account for the form and location of the du-
ration bisection psychometric function. He noted that Weber’s Law for time 
requires that “the discriminability of two durations remains constant at constant 
ratios of these durations, regardless of their absolute durations” and that “the 
subjective “middle” between two time values appears to lie at the geometric mean 
of these values” (p. 59). Accordingly, different probe durations, T1 and T2, from 
two different test conditions will be classified ‘short’ with the same probability 
when the T/S ratio is equivalent in both conditions and the S/L ratio is  constant. 
For example, if the ‘short’ report probability is .75 after 3 s has elapsed when S 
is 2 s and L is 8 s, then we would expect the short report probability to be .75 
at 6 s when the S and L durations are 4 and 16 s, respectively. Indeed, Church 
and Deluty (1977) found that the Weber Fraction was constant across anchor 
duration conditions that had gms of 2, 4, 6, and 8 s, indicating that timing 
variability scaled with the duration being timed. Although Gibbon’s analyses 
ruled out certain combinations of timescale and decision process (e.g., Pois-
son timing with a likelihood decision rule and Scalar timing with a likelihood 
decision rule), they did not allow him to discriminate among log timing with a 
likelihood decision rule, log timing with a similarity decision rule, and Scalar 
timing with a similarity decision rule. That said, subsequent work by Gibbon 
and colleagues generally modeled duration bisection as a Scalar timing pro-
cess with a similarity decision rule.

Although early experiments in rats and pigeons (e.g., Church & Deluty, 1977; 
Platt & Davis, 1983), as well as some work in humans (Allan & Gibbon, 1991), in-
dicated that the bp was closer to the gm than the am, this result has not been 
found consistently for human participants. Indeed, bisection at or close to the 
am of the short and long anchor durations (e.g., Wearden, 1991; Wearden & 
Ferrara, 1995) is found as frequently, if not more frequently, than bisection at or 
close to the gm. It is clear from the literature that various experimental design 
factors, such as stimulus spacing (Wearden & Ferrara, 1995) and stimulus range 
(Wearden & Ferrara, 1996), have a substantial effect on the location of the bp. 
Indeed, studies reporting gm bisection in humans have typically used loga-
rithmic spacing of probe stimuli whereas those reporting am bisection have 
typically used linear spacing. Indeed, Allan (2002) advised that because the bp 
was susceptible to bias due to paradigm features such as stimulus spacing, L/S 
ratio, and duration range, it should not be interpreted as indicating the time 
value that is equally confused with the S and L anchor durations. We briefly 
describe the effects of stimulus spacing and stimulus range below.
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5.1 Stimulus Spacing
In rats, Church and Deluty (1977) failed to obtain evidence for an effect of stim-
ulus spacing on the location of the bp with L/S pairs of 4:1. However, Raslear 
(1983, 1985), also with rats, found a significantly larger bp for linear as com-
pared to logarithmic spacing with an L/S ratio of 100:1, but no spacing effects 
for less extreme L/S ratios.

Although Allan and Gibbon (1991) found the bp was closer to the gm than 
the am for both arithmetic (Exp. 1) and logarithmic spacing (Exp. 2) condi-
tions in humans, the same year Wearden (1991) reported duration bisection at 
the am for conditions using 200 vs. 800 ms and 100 vs. 900 ms anchor duration 
pairs. Subsequently, Wearden and Ferrara (1995) explicitly compared logarith-
mic and linear spacing. They found leftward shifts in the response functions 
for logarithmic as compared to linear spacing at both duration ranges tested 
(Exp. 1: 200 vs. 800 ms and 100 vs. 900 ms). In a second experiment, they used 
unequal arithmetic spacing, such that in some conditions there was a larger 
number of shorter than longer durations. Response functions in these condi-
tions were shifted to the left compared to those conditions with a larger num-
ber of longer than shorter durations.

Wearden, Rogers, and Thomas (1997) used longer durations (1 vs. 4 s and 2 vs. 
8 s), but included a concurrent task to prevent counting (verbally shadowing 
visually presented digits). Response functions appeared leftward shifted in the 
logarithmic spacing condition as compared to linear spacing, but there was no 
statistical difference between the bps. They also examined L/S ratios of 2:1 and 
5:1, but found little effect on the location of the bp, although the bp was closer 
to the am than the gm in all conditions. Interestingly, participants showed 
greater timing sensitivity for the more difficult L/S ratios (see Kopec & Brody, 
2010, for a brief review).

Wearden and Ferrara (1995) proposed that stimulus spacing affects the loca-
tion of the bp because participants calculate the midpoint of the distribution 
of probe durations presented in the test phase and decide whether to respond 
short or long based on the magnitude of the current duration relative to the 
midpoint. The midpoint of a logarithmically spaced S/L range will be smaller 
than the midpoint of a linearly spaced S/L range. For example, the midpoint 
of a log spaced 2:8 s range (i.e., 2, 2.52, 3.17, 4.00, 5.04, 6.35, and 8.00) is 4.44, 
whereas the midpoint of a linearly spaced 2:8 s range (i.e., 2, 3, 4, 5, 6, 7, 8) is 
5.00. Hence, the psychometric response functions will differ between these two 
spacing conditions. Although this explanation accounts well for some spacing 
effects, it doesn’t provide an explanation for all findings. As noted above, the 
L/S ratio impacts the presence or absence of stimulus spacing effects (Raslear, 
1983, 1985). Indeed, task difficulty, indicated by L/S ratio, was greater in Allan 
and Gibbon (1991) than in Wearden (1991).
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5.2 Stimulus Range
The presence of spacing effects for some L/S ratios, but not others, suggests 
that the stimulus range (i.e., ratio of the short and long anchor durations) the 
participant experiences also impacts the location of the bp. Wearden and Fer-
rara (1996) examined stimulus range effects in humans using the partition 
method of bisection (see above). For three groups of participants, they exam-
ined L/S ratios of 5:1 and 2:1 in situations where the difference between the S 
and L values was kept constant at 400 ms. For another three groups the L/S 
ratio was kept constant at 4:1, but the difference between short and long values 
ranged from 300 to 600 ms. They obtained bisection at the am for all groups 
except the 2:1 group, which showed gm bisection. Experiment 2 of the same 
study explored linear and logarithmic spacing, L/S ratios of 2:1 (450 vs. 900 ms) 
and 19:1 (50 vs. 900 ms), and explicitly trained the participants on the S and 
L anchor durations instead of using the partition method. They obtained an 
effect of stimulus spacing for the large 19:1 ratio, but not the 2:1 ratio, and a 
bp close to the gm for the 2:1 ratio. Hence, they concluded that gm bisection 
manifests for small L/S ratios and that linear versus logarithmic spacing ef-
fects manifest only when L/S ratios are large. They also showed that Wearden’s 
modified difference model (Wearden, 1991) accounted for the obtained data 
patterns reasonably well. Unfortunately from the perspective of finding gen-
erally applicable models, it does not account for the stimulus spacing effects 
described in the preceding section.

With a view toward developing a single model that could account for the 
idiosyncrasies found in the duration bisection literature, including effects of 
stimulus spacing and stimulus range such as those described above, Kopec 
and Brody (2010) analyzed data from 148 experiments reported in 18  different 
 studies of human duration bisection. They developed a two-step decision 
 model in which the participant first determines whether the probe dura-
tion is  one of the anchor durations and, if not, conducts the second step in 
which the  relative distance of the probe duration from the anchor durations 
is compared.

5.3 Timing Precision
As noted above, the dl and wf provide measures of temporal sensitivity in 
the duration bisection task. The steeper the participant’s response function, 
the more precise (i.e., less variable) the participant’s timing on a trial-to-trial 
basis. Several studies in human and non-human animals have shown more 
precise timing performance with more difficult L/S ratios (e.g., Church & De-
luty, 1977). However, when the L/S ratios are extremely difficult (e.g., 3 vs. 3.6 s), 
timing anomalies may arise. For example, Penney et al. (2008) found reversals 
in the psychometric response functions, meaning that participants classified a  
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duration close to the gm as shorter more often than a probe duration that was 
more distant from the gm and closer to the S anchor value. This pattern held in 
humans, mice, and pigeons, although the difficulty level eliciting the anomaly 
differed among species.

6 Analysis of Duration Bisection Data

6.1 Atheoretical
Data from the duration bisection task are often analyzed in what could be 
termed an atheoretical manner. The simplest approach is to compare the prob-
ability of a long classification, p(‘long’), at each test phase duration between 
conditions. In other words, probe duration and experimental condition can be 
treated as factors in an anova. This analytic approach can reveal whether dura-
tion classification differs between conditions, but it has several shortcomings.

First, even when there are substantial condition effects at intermediate 
probe durations the stimulus classifications at or very close to the anchor du-
rations may not be different. Both human and non-human subjects often clas-
sify the shortest and longest stimuli as ‘short’ and ‘long’ with perfect, or near 
perfect, accuracy (e.g., Droit-Volet & Wearden, 2001; Meck, 1983). Given a main 
effect of Condition collapses across the test durations, a condition difference 
among intermediate probe durations could be concealed. Although a Condi-
tion difference may manifest as a Duration x Condition interaction, detecting 
a significant interaction often requires greater statistical power as compared to 
detecting a significant main effect.

Second, in the event a Duration x Condition interaction manifests, one 
would typically then test the effect of Condition at each level of test duration. 
This may result in significant differences at some intermediate test durations, 
but not others, particularly when one corrects for multiple comparisons. How-
ever, inconsistent effects at the intermediate probe durations may be difficult 
to interpret in a meaningful manner.

Consequently, rather than analyzing p(‘long’) values, researchers often ana-
lyze the bp, dl, and wf values derived from the response function. Differences 
in the bp indicate whether the manipulation of interest shifted the response 
function to the left or right and changes in temporal sensitivity are revealed by 
differences in the dl or wf.

Whether a manipulation shifts the psychometric response function in an  
additive or multiplicative manner provides critical information for under-
standing the putative psychological mechanisms underlying effects on interval  
timing. For example, within the Scalar Timing Theory (STT; Gibbon, Church, 
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& Meck, 1984) framework, if a manipulation affects the  pacemaker rate, then 
the shift in bp will be multiplicative across duration ranges. More concretely, if 
the bp changes from 4 to 4.4 s for a 2 vs. 8 s anchor duration pair, then it should 
shift from 4.24 to 4.67 s for a 3 vs. 6 s anchor pair and from 6.93 to 7.63 s for a 4 
vs. 12 s anchor pair. In contrast, if the manipulation affects detection of the on-
set of the timing stimulus, then the shift in bp will be additive (i.e., a constant 
absolute amount) across anchor duration pairs because the magnitude of the 
timing signal will not materially impact the gain (loss) of timing signal due 
to improved (worsened) stimulus detection. Hence, if a manipulation allows 
the onset of the timing stimulus to be detected 200 ms faster, then the corre-
sponding perceived duration will be lengthened by 200 ms whether the timing 
stimulus is objectively 4 s long or 8 s long.

Ideally, to determine whether a manipulation shifts the bp in an additive 
or multiplicative manner, the experiment should comprise at least three an-
chor duration pairs. This allows the between condition bp difference to be 
calculated for each anchor duration pair and whether the shift is a constant 
absolute amount or a constant proportional amount (i.e., a linear increase), or 
some other functional form, to be determined. In practice, very few duration 
bisection studies have used more than one or two pairs of anchor durations. 
Consequently, most discussions of additive versus multiplicative shifts in the 
bisection function have centered on whether there is evidence for superimpo-
sition of the response functions after normalization by their respective bisec-
tion points. We return to this issue below.

The dl, which reflects the steepness of the psychometric response func-
tion, provides a measure of the participant’s temporal sensitivity or acuity. The 
more consistent a participant is in categorizing the same stimulus duration 
in the test phase, then the steeper the participant’s response function and the 
smaller the corresponding dl. For example, continuing with the 2 vs. 8 s an-
chor pair example described above, a participant who has a 25% long value of 
3.17 s and a 75% long value of 5.04 s has a much sharper response function and 
smaller dl than a participant with a 25% long value of 2.52 and a 75% long 
value of 6.35 (.93 vs. 1.92).

As noted above, the wf provides a measure of temporal sensitivity that is 
corrected for the magnitude of the timed duration, which in the case of dura-
tion bisection means dividing the dl by the bp. If Weber’s Law holds, then the 
wf is constant across conditions. However, to determine the constancy of the 
wf, researchers usually statistically test whether there is a between condition 
difference in the wf and, if not, conclude that Weber’s Law holds. Obviously, 
the failure to find a statistical difference among wf values does not comprise 
particularly strong evidence that the wfs are equivalent.
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It is worth noting that the Scalar Property for time imposes a stricter re-
quirement on response functions than mere equivalence of wf values. Rather, 
when normalized by t/bp, where T is a probe duration, the entire psychomet-
ric response function should superimpose (Gibbon, 1981; Penney et al., 2000). 
However, response function superimposition is usually tested “by eye” in com-
bination with the wf analysis approach just described. One could subject the 
normalized p(‘long’) values for all test durations to a statistical analysis to de-
termine whether values differ between conditions, but this approach also en-
tails the “accepting the null hypothesis” problem.

To determine whether superimposition held in the presence of a bp dif-
ference between auditory and visual timing stimuli, Penney et al. (2000) 
compared  the superimposition of the response functions when normalized in 
different ways. These were multiplicative normalization in which p(‘long’) was 
plotted against t/bp (i.e., the typical approach) and what the authors termed 
“lateral” normalization in which they rescaled the objective time axis by add-
ing one half of the difference between the auditory and visual bps to each  
T value for the auditory modality and subtracted half of the bp difference for 
the visual modality. Sigmoidal equations were fit to the resulting response 
functions and the quality of the fit used as a measure of the degree of superim-
position. A statistical test revealed that fit quality was better for the multiplica-
tive normalization than the lateral normalization, a result that was taken as 
support for a clock speed interpretation of the shift rather than a timing onset 
interpretation.

Balcı and colleagues introduced a more principled method for examining 
shifts in psychometric response functions obtained from the duration bisec-
tion task (Balcı & Gallistel, 2006; Çoşkun et al., 2015). Although not explicitly 
used for this purpose in their papers, the approach can easily be applied to 
test superimposition of two, or more, response functions. First, the best fitting 
cumulative normal distribution function (or another sigmoidal function that 
best describes the data) is determined for the p(‘long’) data in each condition 
and the log likelihood of each data point for each distribution fit is calculated. 
These log likelihoods are summed to obtain the likelihood of the data under 
 different cumulative distributions with different mean and variance parame-
ters (i.e., the non-superimposition model). The superimposition model can be 
obtained, for instance, by applying one of the best fitting distributions obtained 
in the first step to the data from all conditions. As above, log likelihoods of each 
data point are obtained and summed to obtain the likelihood of the data un-
der the single cumulative distribution model. The superimposition and non-
superimposition models can then be compared. The likelihood of the data will 
always be higher for the latter than the former model, but this difference might  
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not be large enough to legislate choosing the non-superimposition model over 
the superimposition model after the difference in number of  free-parameters 
is considered. Thus, the difference between the sum of log likelihoods should 
be penalized by some function of the extra number of parameters that the 
non-superimposition model has. This constitutes the essence of many model 
comparison statistics widely used in the literature (e.g., Bayesian information 
criterion, Akaike information criterion).

6.2 Theory-based Analysis
Many different theoretical models have been applied to data from the duration 
bisection task. Perhaps the most popular applications have been of models 
that fall within the framework provided by Scalar Expectancy Theory (set; 
Gibbon, 1977) and its information processing companion model, Scalar Tim-
ing Theory (stt; Gibbon, Church, & Meck, 1984). There are several different 
duration bisection models within the set/stt framework, with the differences 
among models centering on what parameters are allowed to vary and the deci-
sion rules assumed to apply. For example, Meck (1983) applied Gibbon’s Refer-
ents Known Exactly (rke) model to account for pharmacological and electric 
shock induced effects on timing. As the name suggests, this model assumes 
that perceptual variance is greater than the variance in the values stored in 
reference memory. However, the Sample Known Exactly (ske) model has been 
more commonly used. It was originally proposed by Gibbon (1981) and, sub-
sequently, modified by various researchers to account for a broader range of 
experimental results (e.g., Meck, 1984; Penney, Gibbon, & Meck, 2000, 2008). 
The ske model posits that the participant maintains a veridical representa-
tion of the probe duration presented on the test trial (i.e., the current sample 
is known exactly), whereas there is variability in the memory representations 
for S and L. In its simplest form, the model has two free parameters: g, which 
reflects variation in the S and L memory representations, and b, which repre-
sents bias to respond long. The decision rule to respond “long” in the ske mod-
el is [m(T)2] > (wSwL)/b, where m(T) represents mean subjective time, and wS 
and wL are samples from the memory distributions for S and L. In the absence 
of bias, this decision rule results in bisection at the geometric mean of S and 
L. Of course, many other duration bisection models exist in the literature (e.g., 
Allan, 2002; Balcı & Simen, 2014; Kopec & Brody, 2010; Machado & Pata, 2005; 
Rodríguez-Gironés & Kacelnik, 2001; Wearden, 1991).

The major benefit of a theoretical analysis is that it provides an interpre-
tive framework for understanding the pattern of results obtained in an experi-
ment. For example, determining whether a between condition difference is 
due to a clock speed effect or a memory storage effect. Meck (1983) used the 
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duration bisection procedure in the context of examining pharmacological 
(methamphetamine, haloperidol, physostigmine, atropine) and stress (foot-
shock) effects on interval timing. He found that when animals were trained 
in a non-drug state (i.e., following saline administration), dopamine (da) 
agonists shifted the bisection response function to the left, whereas da an-
tagonists shifted the response function to the right. For the cholinergic drugs, 
the agonist (i.e., physostigmine) decreased the remembered duration of the 
reinforced interval, such that the psychophysical response function was left 
shifted, whereas an ACh antagonist (i.e., atropine) increased the remembered 
duration of the reinforced interval, such that the response function was right 
shifted. Interpreting this result within the stt framework, Meck concluded 
that da agonists selectively increased clock speed and antagonists selectively 
decreased it, whereas ACh agonists increased memory storage speed while an-
tagonists decreased it.

7 Implementation Recommendations

What constitutes best practice in the bisection task depends on the question 
being asked. For example, if one wishes to unambiguously demonstrate that a 
shift in the psychometric response function is multiplicative rather than addi-
tive, then three sets of anchor duration pairs should be used in a within-subjects  
design. However, interference between sets of learned anchor durations is  
a concern when more than one duration pair is presented within the same 
test session. Moreover, particularly when using seconds range durations,  
the test session may be rather lengthy. Consequently, very few duration bisec-
tion papers published within the past decade have used more than two pairs of 
anchors durations and most have used a single anchor duration pair.

The selection of L/S range is also important. The task should not be too 
difficult as this may result in poor performance. However, it also should not 
be too easy as this may result in participants not being particularly attentive. 
 Perhaps the most commonly used L/S range has been 4:1, although most of 
these  studies came from the same research group or closely related groups. 
Choice of stimulus spacing is less critical, but if one intends to compare the 
results with previous findings in the literature, then it should be considered 
carefully because, as described above, it can influence the location of the bp.

We recommend presenting at least 10 trials at each probe duration during 
the test phase of the task. The goal is to have enough resolution in the timing 
measure to provide relatively smooth response functions, while not inducing 
task fatigue in the participants. Of course, how many trials can be run  without 
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participant fatigue depends on the participants themselves. We have conduct-
ed duration bisection eeg experiments in which 56 trials were presented at 
each probe duration (Ng et al., 2011). This was necessary to ensure adequate 
trials for the eeg analysis, in spite of our concerns about participant fatigue. 
However, as shown in Figure 5.4, even at the individual participant level data 
quality from the fourth quarter of the test session was quite good. Notably, 
the participants were university students and the test durations were relatively 
short (anchor durations of .8 and 3.2 s). It seems unlikely that children, or indi-
viduals with neurological problems, would be as attentive from start to finish 
of such a lengthy trial sequence.

For normal, adult participants, we recommend using seven durations in 
the test phase (i.e., two anchor durations and five intermediate probes). This 
number of durations is more likely to reveal the true form of the response 

Duration (s)

Session Quarter
1st Quarter
4th Quarter

p(
'lo

ng
')

0.8

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.0 1.2 1.6 2.0 2.5 3.2

Figure 5.4 Data from a single subject illustrating performance early and late in a duration bi-
section test session that comprised 392 trials. Each response function was generated 
by randomly selecting 10 trials for each probe duration from the first and the last 
quarter of the test session.
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 function and provide a more accurate estimate of the bp and dl/wf. However, 
in situations where the amount of time available for testing is limited or one is 
concerned about participant fatigue (e.g., with certain patient  populations or 
young children), then it may be necessary to reduce the number of  intermediate 
probe durations to three for a total of five test phase durations.

In sum, the duration bisection task is relatively easy to implement across a 
wide range of participant populations and, therefore, has seen substantial use, 
particularly in situations where one wants to eliminate the influence of motor 
responding on the duration estimate. However, the details of task implemen-
tation can have a profound impact on the data obtained. Consequently, task 
parameters must be carefully considered in light of the particular psychologi-
cal question being asked.
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 Appendix

Table 5.� These publications present data from variants of the duration bisection task. 
Duration range (milliseconds – ms or seconds – s) and subject species are indicated 
for each publication.

Duration Subjects Reference

s Pigeons Stubbs, A. (1968). The discrimination of stimulus duration by 
pigeons. Journal of the Experimental Analysis of Behavior, 11, 
223–238.

s Pigeons Stubbs, D.A. (1976). Scaling of stimulus duration by pigeons. 
Journal of the Experimental Analysis of Behavior, 26, 15–25.

s Rats Church, R.M., & Deluty, M.Z. (1977). Bisection of temporal 
intervals. Journal of Experimental Psychology: Animal Behavior 
Processes, 3, 216–228

s Rats Meck, W.H. (1983). Selective adjustment of the speed of 
internal clock and memory processes. Journal of Experimental 
Psychology: Animal Behavior Processes, 9, 171–201.

s Pigeons Platt, J.R., & Davis, E.R. (1983). Bisection of temporal 
intervals by pigeons. Journal of Experimental Psychology: 
Animal Behavior Processes, 9, 160–170.

ms & s Rats Raslear, T.G. (1983). A test of the Pfanzagl bisection model 
in rats. Journal of Experimental Psychology: Animal Behavior 
Processes, 9, 49–62.

s Rats Meck, W.H. (1984). Attentional bias between modalities: 
Effects on the internal clock, memory, and decision stages 
used in animal time discrimination. In J. Gibbon & L. Allan 
(Eds.), Timing and time perception (pp. 528–541). New York: 
New York Academy of Sciences.

s Rats Siegel, S.F., & Church, R.M. (1984). The decision rule in 
temporal bisection. In J. Gibbon & L. Allan (Eds.), Timing and 
time perception (pp. 643–645). New York: New York Academy 
of Sciences.

ms & s Rats Raslear, T.G. (1985). Perceptual bias and response bias in 
temporal bisection. Perception & Psychophysics, 38, 261–268.

s Humans 
– adults

Allan, L.G., & Gibbon, J. (1991). Human bisection at the 
geometric mean. Learning and Motivation, 22, 39–58.
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Duration Subjects Reference

ms Humans 
– adults

Wearden, J.H. (1991). Human performance on an analogue 
of an interval bisection task. The Quarterly Journal of 
Experimental Psychology, 43, 59–81.

ms Humans 
– adults

Wearden, J.H., & Ferrara, A. (1995). Stimulus spacing effects 
in temporal bisection by humans. The Quarterly Journal of 
Experimental Psychology, 48, 289–310.

ms & s Humans 
– adults

Nichelli, P., Alway, D., & Grafman, J. (1996). Perceptual  
timing in cerebellar degeneration. Neuropsychologia, 34, 
857–873.

ms Humans 
– adults

Wearden, J.H. (1996). Stimulus range effects in temporal 
bisection by humans. The Quarterly Journal of Experimental 
Psychology: Section B, 49, 24–44.

s Rats Al-Zahrani, S.S.A., Ho, M.Y., Al-Ruwaitea, A.S.A., Bradshaw, 
C.M., & Szabadi, E. (1997). Effect of destruction of the 
5-hydroxytryptaminergic pathways on temporal memory: 
quantitative analysis with a delayed interval bisection task. 
Psychopharmacology, 129, 48–55.

s Humans 
– adults

Wearden, J.H., Rogers, P., & Thomas, R. (1997). Temporal 
bisection in humans with longer stimulus durations. The 
Quarterly Journal of Experimental Psychology: Section B, 50, 
79–94.

s Humans 
– adults

Penney, T.B., Gibbon, J., & Meck, W.H. (2000). Differential 
effects of auditory and visual signals on clock speed and 
temporal memory. Journal of Experimental Psychology: 
Human Perception and Performance, 26, 1770–1787.

ms Humans 
– adults

Allan, L.G. & Gerhardt, K. (2001). Temporal bisection with 
trial referents. Perception and Psychophysics, 63, 524–540.

s Humans 
– children

Droit-Volet, S., & Wearden, J.H. (2001). Temporal bisection 
in children. Journal of Experimental Child Psychology, 80, 
142–159.

s Humans 
– children

Rattat, A.C., & Droit-Volet, S. (2001). Variability in 5-and 
8-year-olds’ memory for duration: An interfering task in 
temporal bisection. Behavioural Processes, 55, 81–91.

Table 5.� These publications present data from variants of the duration bisection task. (cont.)
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ms & s Humans 
– adults

Rodríguez-Gironés, M.A., & Kacelnik, A. (2001). Relative 
importance of perceptual and mnemonic variance in human 
temporal bisection. The Quarterly Journal of Experimental 
Psychology: Section A, 54, 527–546.

s Humans 
– adults

Allan, L.G. (2002). The location and interpretation of 
bisection point. The Quarterly Journal of Experimental 
Psychology, 55B, 43–60.

s Humans 
– adults

Droit-Volet, S., Clément, A., & Fayol, M. (2003). Time and 
number discrimination in a bisection task with a sequence of 
stimuli: A developmental approach. Journal of Experimental 
Child Psychology, 84, 63–76.

ms Humans 
– adults & 
children

Droit-Volet, S., Tourret, S., & Wearden, J. (2004). Perception 
of the duration of auditory and visual stimuli in children and 
adults. Quarterly Journal of Experimental Psychology Section 
A, 57, 797–818.

ms Humans 
– adults

Brown, G.D., McCormack, T., Smith, M., & Stewart, N. (2005). 
Identification and bisection of temporal durations and tone 
frequencies: common models for temporal and nontemporal 
stimuli. Journal of Experimental Psychology: Human 
Perception and Performance, 3, 919–938.

s Pigeons Machado, A., & Pata, P. (2005). Testing the scalar expectancy 
theory (set) and the learning-to-time model (LeT) in a 
double bisection task. Animal Learning & Behavior, 33, 
111–122.

ms & s Humans 
– adults

Melgire, M., Ragot, R., Samson, S., Penney, T.B., Meck, W.H., 
& Pouthas, V. (2005). Auditory/visual duration bisection in 
patients with left or right medial-temporal lobe resection. 
Brain and Cognition, 58, 119–124.

s Humans 
– adults

Penney, T.B., Meck, W.H., Roberts, S.A., Gibbon, J., & 
Erlenmeyer-Kimling, L. (2005). Interval-timing deficits 
in individuals at high risk for schizophrenia. Brain and 
Cognition, 58, 109–118.

s Humans 
– adults

Balcı, F., & Gallistel, C.R. (2006). Cross-domain transfer of 
quantitative discriminations: Is it all a matter of proportion? 
Psychonomic Bulletin & Review, 13, 636–642.
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ms & s Humans 
– adults

Effron, D.A., Niedenthal, P.M., Gil, S., & Droit-Volet, S.  
(2006). Embodied temporal perception of emotion. Emotion, 
6, 1–9.

ms & s Humans 
– adults & 
children

Droit-Volet, S., & Rattat, A.C. (2007). A further analysis 
of time bisection behavior in children with and without 
reference memory: The similarity and the partition task. Acta 
Psychologica, 125, 240–256.

s Humans 
adults & 
children,

Droit-Volet, S., Meck, W.H., & Penney, T.B. (2007). Sensory 
modality and time perception in children and adults. 
Behavioural Processes, 74, 244–250.

ms & s Humans 
– adults

Lee, K.H., Egleston, P.N., Brown, W.H., Gregory, A.N., Barker, 
A.T., & Woodruff, P.W. (2007). The role of the cerebellum 
in subsecond time perception: Evidence from repetitive 
transcranial magnetic stimulation. Journal of Cognitive 
Neuroscience, 19, 147–157.

ms & s Humans 
– adults

Ortega, L., & Lopez, F. (2008). Effects of visual flicker on 
subjective time in a temporal bisection task. Behavioural 
Processes, 78, 380–386.

s Pigeons, 
Mice, 
Humans 
– adults

Penney, T.B., Gibbon, J., & Meck, W.H. (2008). Categorical 
scaling of duration bisection in pigeons (Columba livia), mice 
(Mus musculus), and humans (Homo sapiens). Psychological 
Science, 19, 1103–1109.

ms & s Humans 
– adults

Tipples, J. (2008). Negative emotionality influences the 
effects of emotion on time perception. Emotion, 8, 127–131.

ms & s Humans 
– adults

Gil, S., & Droit-Volet, S. (2009). Time perception, depression 
and sadness. Behavioural Processes, 80, 169–176.

s Pigeons Ward, R.D., Barrett, S.T., Johnson, R.N., & Odum, A.L. (2009). 
Nicotine does not enhance discrimination performance in a 
temporal bisection procedure. Behavioural Pharmacology, 20, 
99–108.

s Pigeons Johnson, R.N., Ward, R.D., & Odum, A.L. (2010). Baseline 
training history and effects of methamphetamine on 
performance of pigeons on an interval-bisection task. 
Behavioural Processes, 84, 484–489.

ms & s Humans 
– adults

Tipples, J. (2010). Time flies when we read taboo words. 
Psychonomic Bulletin & Review, 17, 563–568.

Table 5.� These publications present data from variants of the duration bisection task. (cont.)
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s Rats Brown, B.L., Höhn, S., Faure, A., von Hörsten, S., Le Blanc, P., 
Desvignes, N., El Massioui, N., & Doyère, V. (2011). Temporal 
sensitivity changes with extended training in a bisection 
task in a transgenic rat model. Frontiers of Integrative 
Neuroscience, 5, 10.

ms & s Humans 
– adults & 
children

Gil, S., & Droit-Volet, S. (2011). Time perception in response 
to ashamed faces in children and adults. Scandinavian 
Journal of Psychology, 52, 138–145.

s Humans 
– adults & 
children

Lustig, C., & Meck, W.H. (2011). Modality differences in 
timing and temporal memory throughout the lifespan. Brain 
and Cognition, 77, 298–303.

ms & s Humans 
– adults

Ng, K.K., Tobin, S., & Penney, T.B. (2011). Temporal 
accumulation and decision processes in the duration 
bisection task revealed by contingent negative variation. 
Frontiers of Integrative Neuroscience, 5, 10.

ms & s Humans 
– infants

Provasi, J., Rattat, A.C., & Droit-Volet, S. (2011). Temporal 
bisection in 4-month-old infants. Journal of Experimental 
Psychology: Animal Behavior Processes, 37, 108–113.

ms & s Humans 
– adults

Tipples, J. (2011). When time stands still: Fear-specific 
modulation of temporal bias due to threat. Emotion, 11, 
74–80.

ms & s Humans 
– adults & 
children

Zélanti, P.S., & Droit-Volet, S. (2011). Cognitive abilities 
explaining age-related changes in time perception of short 
and long durations. Journal of Experimental Child Psychology, 
109, 143–157.

s Pigeons Carvalho, M.P.D., & Machado, A. (2012). Relative versus 
absolute stimulus control in the temporal bisection task. 
Journal of the Experimental Analysis of Behavior, 98, 23–44.

ms & s Humans 
– children

Gil, S., Chambres, P., Hyvert, C., Fanget, M., & Droit-Volet, S. 
(2012). Children with autism spectrum disorders have “the 
working raw material” for time perception. PLoS ONE, 7, 
e49116.

ms & s Humans 
– adults

Shi, Z., Jia, L., & Müller, H.J. (2012). Modulation of tactile 
duration judgments by emotional pictures. Frontiers in 
Integrative Neuroscience, 6. 24.

ms & s Humans 
– adults & 
children

Droit-Volet, S., & Zélanti, P. (2013). Development of time 
sensitivity: duration ratios in time bisection. The Quarterly 
Journal of Experimental Psychology, 66, 671–686.
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ms Humans 
– adults

Fallow, K.M., & Voyer, D. (2013). Degree of handedness, 
emotion, and the perceived duration of auditory stimuli. 
Laterality: Asymmetries of Body, Brain and Cognition, 18, 
671–692.

ms Humans 
– adults

Iordanescu, L., Grabowecky, M., & Suzuki, S. (2013). Action 
enhances auditory but not visual temporal sensitivity. 
Psychonomic Bulletin & Review, 20, 108–114.

s Rats Kim, J., Ghim, J.W., Lee, J.H., & Jung, M.W. (2013). Neural 
correlates of interval timing in rodent prefrontal cortex. The 
Journal of Neuroscience, 33, 13834–13847.

ms Humans 
– adults

Kroger-Costa, A., Machado, A., & Santos, J.A. (2013). Effects 
of motion on time perception. Behavioural Processes, 95, 
50–59.

s Humans 
– adults

Lindbergh, C.A., & Kieffaber, P.D. (2013). The neural 
correlates of temporal judgments in the duration bisection 
task. Neuropsychologia, 51, 191–196.

s Humans 
– adults

Martínez-Cascales, I., Fuente, J.D.L., & Santiago de Torres, J. 
(2013). Space and time bisection in schizophrenia. Frontiers 
in Psychology, 4, 823.

ms & s Humans 
– adults

Nicol, J.R., Tanner, J., & Clarke, K. (2013). Perceived duration 
of emotional events: Evidence for a positivity effect in older 
adults. Experimental Aging Research, 39, 565–578.

s Humans 
– adults

Spínola, I., Machado, A., de Carvalho, M.P., & Tonneau, 
F. (2013). What do humans learn in a double, temporal 
bisection task: Absolute or relative stimulus durations? 
Behavioural Processes, 95, 40–49.

ms & s Humans 
– adults

Balcı F. & Simen, P. (2014) Decision processes in temporal 
discrimination. Acta Psychologica, 149, 157–168.

ms & s Humans 
– adults

Fayolle, S.L., & Droit-Volet, S. (2014). Time perception and 
dynamics of facial expressions of emotions. PLoS ONE, 9, 
e97944.

s Humans 
– adults

Jozefowiez, J., Polack, C.W., Machado, A., & Miller, R.R. 
(2014). Trial frequency effects in human temporal bisection: 
Implications for theories of timing. Behavioural Processes, 
101, 81–88.

Table 5.� These publications present data from variants of the duration bisection task. (cont.)
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s Humans 
– adults

Penney, T.B., Yim, E.N., & Ng, K.K. (2014). Distractor 
expectancy effects on interval timing. Timing & Time 
Perception, 2, 1–19.

ms Humans 
– adults

Wiener, M., Thompson, J.C., & Coslett, H.B. (2014). 
Continuous carryover of temporal context dissociates 
response bias from perceptual influence for duration. PLoS 
ONE, 9, e100803.

s Humans 
– adults

Çoşkun, F., Sayalı, Z.C., Gürbüz, E., Balcı, F. (2015). Optimal 
time discrimination. Quarterly Journal of Experimental 
Psychology, 68, 381–401.

ms & s Humans 
– adults

Droit-Volet, S., Lamotte, M., & Izaute, M. (2015). The 
conscious awareness of time distortions regulates the effect 
of emotion on the perception of time. Consciousness and 
Cognition, 38, 155–164.

s Humans 
– adults

Herbst, S.K., Chaumon, M., Penney, T.B., & Busch, N.A. 
(2015). Flicker-induced time dilation does not modulate 
eeg correlates of temporal encoding. Brain Topography, 28, 
559–569.

ms Humans 
– adults

Jia, L., Shi, Z., Zang, X., & Müller, H.J. (2015). Watching a 
real moving object expands tactile duration: The role of 
task-irrelevant action context for subjective time. Attention, 
Perception, & Psychophysics, 77, 2768–2780.

ms & s Humans 
– adults

Jusyte, A., Schneidt, A., & Schönenberg, M. (2015). Temporal 
estimation of threatening stimuli in social anxiety disorder: 
Investigation of the effects of state anxiety and fearfulness. 
Journal of Behavior Therapy and Experimental Psychiatry, 47, 
25–33.

ms & s Humans 
– adults

Kliegl, K.M., Watrin, L., & Huckauf, A. (2015). Duration 
perception of emotional stimuli: Using evaluative 
conditioning to avoid sensory confounds. Cognition and 
Emotion, 29, 1350–1367.

s Humans 
– adults

Levy, J.M., Namboodiri, V.M., & Shuler, M.G.H. (2015). 
Memory bias in the temporal bisection point. Frontiers in 
Integrative Neuroscience, 9, 44.

ms Humans 
– adults

Voyer, D., & Reuangrith, E. (2015). Perceptual asymmetries 
in a time estimation task with emotional sounds. Laterality: 
Asymmetries of Body, Brain and Cognition, 20, 211–231.
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ms & s Humans 
– adults

Zhang, Z., Jia, L., & Ren, W. (2015). Time changes with 
feeling of speed: an embodied perspective. Frontiers in 
Neurorobotics, 8.

s Mice Akdoğan, B., & Balcı, F. (2016). Stimulus probability effects 
on temporal bisection performance of mice (Mus musculus). 
Animal Cognition, 19, 15–30.

s Humans 
– adults

Akdoğan, B., & Balcı, F. (2016). The effects of payoff 
manipulations on temporal bisection performance. Acta 
Psychologica, 170, 74–83.

ms Humans 
– adults

Colonnello, V., Domes, G., & Heinrichs, M. (2016). As time 
goes by: Oxytocin influences the subjective perception of 
time in a social context. Psychoneuroendocrinology, 68, 
69–73.

ms & s Humans 
– adults

Droit-Volet, S., Fayolle, S., & Gil, S. (2016). Emotion and time 
perception in children and adults: The effect of task difficulty. 
Timing & Time Perception, 4,7–29.

ms & s Humans 
– adults

Eberhardt, L.V., Huckauf, A., & Kliegl, K.M. (2016). Effects 
of neutral and fearful mood on duration estimation of 
neutral and fearful face stimuli. Timing & Time Perception, 4, 
30–47.

s Rats Es-seddiqi, M., El Massioui, N., Samson, N., Brown, B.L., & 
Doyère, V. (2016). The amygdalo-nigrostriatal network is 
critical for an optimal temporal performance. Learning & 
Memory, 23, 104–107.

s Pigeons Fox, A.E., Prue, K.E., & Kyonka, E.G. (2016). What is timed in 
a fixed-interval temporal bisection procedure? Learning & 
Behaviour, 44, 366–377.

ms Humans 
– adults

Ishikawa, K., & Okubo, M. (2016). Overestimation of the 
subjective experience of time in social anxiety: Effects of 
facial expression, gaze direction, and time course. Frontiers in 
Psychology, 7, 711.

s Pigeons Laude, J.R., Daniels, C.W., Wade, J.C., & Zentall, T.R. (2016). 
I can time with a little help from my friends: Effect of social 
enrichment on timing processes in Pigeons (Columba livia). 
Animal Cognition, 19, 1205–1213.
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ms & s Humans 
– adults

Millot, J.L., Laurent, L., & Casini, L. (2016). The influence of 
odors on time perception. Frontiers in Psychology, 7, 181.

ms Humans 
– adults

Mioni, G., Grondin, S., Forgione, M., Fracasso, V., Mapelli, 
D., & Stablum, F. (2016). The role of primary auditory and 
visual cortices in temporal processing: A tDCS approach. 
Behavioural Brain Research, 313, 151–157.

s Rats Peterson, J.R., & Kirkpatrick, K. (2016). The effects of a 
time-based intervention on experienced middle-aged rats. 
Behavioural Processes, 133, 44–51.

ms & s Humans 
– adults

Pillai, J.S., & McLoughlin, A. (2016). Exercise and time 
perception: An exploration of the impact of high intensity 
cardio exercise (Zumba) on human timing. Timing & Time 
Perception, 4, 343–353.

s Pigeons Pinheiro de Carvalho, M., Machado, A., & Tonneau, F. (2016). 
Learning in the temporal bisection task: Relative or absolute? 
Journal of Experimental Psychology: Animal Learning and 
Cognition, 42, 67–81.

ms & s Humans 
– adults

Righi, S., Galli, L., Paganini, M., Bertini, E., Viggiano, M.P., 
& Piacentini, S. (2016). Time perception impairment in 
early-to-moderate stages of Huntington’s disease is related to 
memory deficits. Neurological Sciences, 37, 97–104.

ms & s Humans 
– adults

Schirmer, A., Ng, T., Escoffier, N., & Penney, T.B. (2016). 
Emotional voices distort time: Behavioral and neural 
correlates. Timing & Time Perception, 4, 79–98.

ms & s Humans 
– adults

Terhune, D.B., Sullivan, J.G., & Simola, J.M. (2016). Time 
dilates after spontaneous blinking. Current Biology, 26, 
R459–R460.

s Humans 
– adults

Yamamoto, K., & Miura, K. (2016). Effect of motion 
coherence on time perception relates to perceived speed. 
Vision Research, 123, 56–62.

ms Humans 
– adults

Zhang, J., Nombela, C., Wolpe, N., Barker, R.A., & Rowe, J.B. 
(2016). Time on timing: Dissociating premature responding 
from interval sensitivity in Parkinson’s disease. Movement 
Disorders, 31, 1163–1172.

s Pigeons Araiba, S., & Brown, B.L. (2017). The effect of the long 
anchor duration on performance in the temporal bisection 
procedure. Behavioural Processes, 135, 76–86.

Trevor B. Penney and Xiaoqin Cheng - 9789004280205
Downloaded from Brill.com05/19/2023 07:04:52PM

via free access



Penney and Cheng��6

<UN>

Duration Subjects Reference

ms Humans 
– children

Casini, L., Pech-Georgel, C., & Ziegler, J.C. (2017). It’s about 
time: Revisiting temporal processing deficits in dyslexia. 
Developmental Science, e12530.

ms Humans 
– adults

Charras, P., Droit-Volet, S., Brechet, C., & Coull, J.T. (2017). 
The spatial representation of time can be flexibly oriented 
in the frontal or lateral planes from an early age. Journal of 
Experimental Psychology: Human Perception and Performance, 
43, 832–845.

s Dogs Domeniconi, C., & Machado, A. (2017). Temporal bisection 
task with dogs: An exploratory study. Psychology & 
Neuroscience, 10, 101–108.

ms & s Humans 
– adults & 
children

Droit-Volet, S. (2017). Time dilation in children and adults: 
The idea of a slower internal clock in young children tested 
with different click frequencies. Behavioural Processes, 138, 
152–159.

ms & s Humans 
– adults

Gable, P.A., Neal, L.B., & Poole, B.D. (2017). Sadness speeds 
and disgust drags: Influence of motivational direction on 
time perception in negative affect. Motivation Science, 2, 
238–255.

ms & s Humans 
– adults

Gonidis, L., & Sharma, D. (2017). Internet and Facebook 
related images affect the perception of time. Journal of 
Applied Social Psychology, 47, 224–231.

ms Humans 
– adults

Jones, C.R., Lambrechts, A., & Gaigg, S.B. (2017). Using 
time perception to explore implicit sensitivity to emotional 
stimuli in autism spectrum disorder. Journal of Autism and 
Developmental Disorders, 47, 2054–2066.

ms Humans 
– adults

Makwana, M., & Srinivasan, N. (2017). Intended outcome 
expands in time. Scientific Reports, 7, 6305.

ms & s Humans 
– adults

Lamotte, M., & Droit-Volet, S. (2017). Aging and time 
perception for short and long durations: A question of 
attention? Timing & Time Perception, 5, 149–167.

ms & s Humans 
– adults

Sarigiannidis, I., Ernst, M., Grillon, C., Roiser, J., & Robinson, 
O. (2017). Induced anxiety leads to underestimating time. 
Biological Psychiatry, 81, S352.

Table 5.� These publications present data from variants of the duration bisection task. (cont.)
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ms & s Humans 
– adults

Zhang, M., Zhang, L., Yu, Y., Liu, T., & Luo, W. (2017). Women 
overestimate temporal duration: Evidence from Chinese 
emotional words. Frontiers in Psychology, 8, 4.

ms Humans 
– adults

Wiener, M., Parikh, A., Krakow, A., & Coslett, H.B. (2017). 
Causal role of beta oscillations in time estimation. bioRxiv, 
165233.
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