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A B S T R A C T

Perceptual and sensorimotor timing skills can be thoroughly assessed with the Battery for the

Assessment of Auditory Sensorimotor and Timing Abilities (BAASTA). The battery has been used for

testing rhythmic skills in healthy adults and patient populations (e.g., with Parkinson disease), showing

sensitivity to timing and rhythm deficits. Here we assessed the test-retest reliability of the BAASTA in

20 healthy adults. Participants were tested twice with the BAASTA, implemented on a tablet interface,

with a 2-week interval. They completed 4 perceptual tasks, namely, duration discrimination,

anisochrony detection with tones and music, and the Beat Alignment Test (BAT). Moreover, they

completed motor tasks via finger tapping, including unpaced and paced tapping with tones and music,

synchronization-continuation, and adaptive tapping to a sequence with a tempo change. Despite high

variability among individuals, the results showed good test-retest reliability in most tasks. A slight but

significant improvement from test to retest was found in tapping with music, which may reflect a

learning effect. In general, the BAASTA was found a reliable tool for evaluating timing and rhythm skills.
�C 2018 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Humans are well equipped to process the temporal information
of events in the environment. Most of us have a good grasp of the
duration of events ranging from a few milliseconds to several years
[1]. This highly developed skill is particularly evident in the ability
to perceive and move along to a temporally regular stimulus such
as the beat of music or the ticking of a clock. These abilities, shared
by musicians and non-musicians alike [2,3], are sustained by a
complex neuronal network involving both subcortical (e.g., basal
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ganglia and cerebellum) and cortical brain structures (e.g., pre-
motor cortex and supplementary motor area) [4–7].

In the last 2 decades, timing abilities have been assessed by a
variety of tests, from perceptual tasks such as comparison of
durations (duration discrimination [8,9]), detection of shifts in
regular sequences (anisochrony detection [3,10,11]), to sensori-
motor tasks (e.g., finger tapping with regular sequences [12,13]).
Data collected with these tasks have fueled the development of a
few influential models and theories such as the Scalar Expectancy
Theory (e.g., [14]), neural-integration based models [15–17], and
the Dynamic Attending Theory [18]. A surge of interest in timing
and rhythmic skills in recent years has been motivated by growing
evidence that these skills are linked to important cognitive abilities
such as working memory and reading skills [19,20] and may play a
role in literacy and language acquisition [7,21,22]. In addition,
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malfunctioning of rhythm processing co-exists with motor or
cognitive deficits in several disorders (for a review, see [23]), such
as Parkinson disease [24–26], attention deficit hyperactivity
disorder [27], or autism [28]. In these cases, rhythmic stimuli
can be useful tools for rehabilitation. For example, auditory
rhythmic stimulation, whereby rhythmic stimuli (metronome or
music) are presented to a patient, has beneficial effects on motor
behaviour (e.g., gait in Parkinson disease [24,29,30]) and speech
perception and production [22,31–36]. In the context of rehabili-
tation, fine-grained evaluation of rhythm and timing skills is likely
useful to develop individualized rhythmic training for patients
with movement disorders [47].

In the last few years, tools for the systematic assessment of
timing abilities have been devised. For example, Fuji and Schlaug
[37] proposed the Harvard Beat Alignment Test (H-BAT), based on
the original Beat Alignment Test (BAT [38]). These batteries include
perceptual and sensorimotor beat-based tasks, aimed at testing the
ability to extract a beat from a complex auditory sequence. These
tasks consist in judging whether a sequence of isochronous tones is
aligned to the beat of music or not, to compare duple or triple
meters, and to perceive changes in sequences of tones (perception
tasks). Moreover, the battery includes tapping tasks to the beat of
music or metrical sequences (production tasks). Merchant and
collaborators [39] developed a battery of duration-based tests
(categorization, discrimination, and reproduction of durations)
and beat-based tests with non-musical material (synchronization-
continuation, i.e., continue tapping at the same rate right after an
isochronous sequence is presented, and synchronization by circle
drawing). The battery allowed for discriminating between differ-
ent profiles of timing impairments in Parkinson disease.

Recently, we proposed an alternative tool for testing timing and
rhythmic skills, namely, the Battery for the Assessment of Auditory
Sensorimotor and Timing Abilities (BAASTA) [24,40]. The battery
includes 9 tasks (4 perceptual and 5 motor tests) for testing beat-
based and duration-based timing skills. Perceptual tasks include
duration discrimination, anisochrony detection (with tones and
music), and a version of the BAT. Production tasks are unpaced
tapping, paced tapping (with tones and music), synchronization-
continuation and adaptive tapping.

In recent studies [24,40–42], we demonstrated that the BAASTA
is sensitive to rhythm deficits. The battery can detect different
profiles of beat deafness [3,10,41], a condition in which healthy
individuals have difficulties with the perception and/or production
of rhythm [43–46]. The BAASTA was also used to uncover rhythm
impairments in patient populations such as adults and children
with developmental stuttering [42] and patients with Parkinson
disease [24,47] and to assess the change in perceptual and
sensorimotor rhythmic abilities following a rhythm-based training
in Parkinson disease [24,47]. These studies were particularly
successful in revealing that perceptual and sensorimotor timing
skills improved in a longitudinal test-retest design. However, a
learning effect may contribute to explaining these findings because
the tasks from the BAASTA were repeated. Hence, the test-retest
reliability of the BAASTA needs to be assessed so that it can be used
more systematically for assessing the effect of training programs
on rhythmic abilities in patient populations.

The goal of this study was to conduct a test-retest reliability
study [48] of the BAASTA in a sample of 20 older adults. This target
group was selected because it was comparable to the age group of
participants in the aforementioned training study of patients with
Parkinson disease [24,47]. Participants repeated all tests of BAASTA
twice at a 2-week interval. Test-retest reliability was expected to
provide a good index of the consistency of measures of individuals’
scores [49]. For comparison purposes, the performance obtained
with the BAASTA for a group of patients with Parkinson disease
from a previous study is also reported [24].
2. Material and methods

2.1. Participants

Twenty older adults recruited from the database of the Max
Planck Institute for Human Cognitive and Brain Sciences (Leipzig,
Germany) took part in the study. The mean (SD) age was
62.95 years (5.92) (range 50 to 76 years) and they were mostly
non-musicians (mean [SD] number of years of formal musical
training = 2.25 [3.21]). Two participants received 7 and 12 years of
formal musical training.

2.2. Tests and procedure

The BAASTA [40] consists of 4 perceptual tasks (duration
discrimination, anisochrony detection with tones, anisochrony
detection with music, and the BAT) and 5 production tasks
(unpaced tapping, paced tapping to an isochronous sequence,
paced tapping to music, synchronization-continuation, and
adaptive tapping), implemented on a tablet mobile device (LG G
Pad 8.0 model). The stimuli were delivered over headphones
(Sennheiser HD201). The mean (SD) interval between the test and
retest was approximately 2 weeks (16.25 days [3.92]). Ten
participants received the perceptual tasks before the production
tasks; the other participants performed the tasks in the reverse
order. The order within each group of tasks was fixed as indicated
above.

2.3. Perceptual tasks

For the first 3 tasks (duration discrimination, anisochrony
detection with tones and with music), a 2 down/1 up staircase
procedure [40,50] was used to obtain the perceptual threshold.
Each task included 2 trials preceded by 4 examples and 4 practice
trials with feedback.

2.3.1. Duration discrimination

This task tested the participants’ ability to compare the
duration of 2 tones (frequency = 1 kHz) presented one after the
other (interval between tones = 600 ms). The first tone (standard
duration) lasted 600 ms and the second one (comparison duration)
between 600 and 1000 ms. The participant judged whether the
second tone lasted longer than the first one.

2.3.2. Anisochrony detection with tones

This task assessed the participants’ ability to detect a time shift
in a sequence of 5 isochronously presented tones (1047 Hz, tone
duration = 150 ms, mean inter-onset interval [IOI] = 600 ms). The
4th tone was presented earlier than expected by up to 30% of the
IOI. The task was to judge whether the sequence was regular or not.

2.3.3. Anisochrony detection with music

Participants judged whether a musical sequence (i.e., 2 bars
from Bach’s ‘‘Badinerie’’ orchestral suite for flute, BWV 1067,
played with a piano timbre, inter-beat interval [IBI] = 600 ms) was
regular or not. The time shift occurred on the 4th beat (by up to 30%
of the IBI).

2.3.4. Beat Alignment Test

This task assessed the participants’ ability to perceive the beat
in 72 musical fragments from Bach’s ‘‘Badinerie’’ and 2 from
Rossini’s ‘‘William Tell Overture’’ (duration = 20 beats or quarter
notes, IBI = 450, 600, and 750 ms). From the 7th musical beat, a
metronome with a percussion timbre was superimposed onto the
music and aligned or not with the beat (i.e., out of phase by 33% of
the music IBI, or with a different period by 10% of the IBI). The task
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was to judge whether the metronome was aligned or not with the
musical beat.

2.4. Production tasks

In the second and third tasks (paced tapping with an
isochronous sequence and paced tapping with music), the task
was repeated twice for each excerpt and was preceded by one
practice trial.

2.4.1. Unpaced tapping

The task assessed the mean inter-tap interval (ITI) and tapping
variability in the absence of a pacing stimulus. The participants
tapped with their index finger at their preferred rate for 60 sec.

2.4.2. Paced tapping with an isochronous sequence

This task assessed the participants’ ability to synchronize their
finger tapping with a metronome (60 piano tones, with a tone
frequency of 1319 Hz, presented at 600-, 450-, and 750-ms IOI).

2.4.3. Paced tapping with music

This task was similar to the previous tapping task, but musical
excerpts taken from Bach’s ‘‘Badinerie’’ and Rossini’s ‘‘William Tell
Overture’’ (duration = 20 beats or quarter notes, IBI = 600 ms) were
used as the pacing stimuli.

2.4.4. Synchronization-continuation

This task tested the ability to continue tapping at the rate
provided by a metronome. A metronome (10 isochronous tones)
was first presented at one of 3 tempos (600-, 450-, and 750-ms IOI).
The participants synchronized with the metronome and continued
tapping at the same rate after the sequence stopped for a duration
corresponding to 30 IOIs of the pacing stimulus.

2.4.5. Adaptive tapping

This task assessed the participants’ ability to adapt their tapping
rate to a tempo change in a synchronization-continuation task. As
in the previous task, an isochronous sequence (10 tones) was
presented, but in 40% of the trials the IOIs between the last 4 tones
increased or decreased by 30 or 75 ms, or remained constant.
Participants were instructed to tap to the tones, to adapt to the
tempo change, and to keep tapping at the new tempo after the
stimulus stopped (continuation phase, corresponding to 10 IOIs).
Then, they judged whether they perceived a change in stimulus
tempo (acceleration, deceleration, or no change) after each trial.
Trials were presented in random order. A training block preceded
the first experimental trial.

3. Analyses

3.1. Perception tasks

In the duration discrimination and anisochrony detection tasks,
the task stopped after 8 turnaround points (i.e., the values
corresponding to the direction changes from up to down or from
down to up) in the staircase paradigm. The threshold was
calculated by averaging the last 4 turnaround points. This
threshold is expressed as the percentage of the standard duration
in the three tasks (Weber fraction). Trials including more than 30%
false alarms (FAs, scored when the participant reported a
difference when there was none) were rejected. The mean
thresholds across the 2 trials in each task were presented. In the
BAT, the d’ was calculated by dividing the number of Hits (when a
misaligned metronome was correctly detected) by the number of
FAs (when a misalignment was erroneously reported).
3.2. Production tasks

Pre-processing of the data included the following steps: the
first 10 taps were discarded in paced and unpaced tapping. Trials
containing fewer than 10 continuous taps and more than 30 taps
in the continuation phase of the synchronization-continuation
task were discarded. To be valid, trials in the adaptive tapping
task needed to contain at least 8 taps in the continuation phase,
and in the synchronization phase, at least 4 taps had to be in the
vicinity of the metronome sounds. Taps leading to ITIs smaller
than 100 ms were considered artifacts. Outliers, defined as taps
for which the ITI between the actual tap and the preceding tap
was smaller than Q1 � 3*Interquartile range (IQR) or greater
than Q3 + 3*IQR (Q1 = first quartile, Q3 = third quartile) were
rejected.

Mean ITI and motor variability (coefficient of variation, CV, of
the ITI) for unpaced tapping and motor variability for the
continuation phase of synchronization-continuation and adap-
tive tapping were calculated. Circular statistics [51] were used for
the analysis of synchronization performance as in previous
studies [3,10,20,42,52,53]. In circular statistics, a circle of
3608 degrees represents the inter-stimulus interval (ISI) where
zero degrees on the circle indicate the sound or beat. Each tap is
represented by an angle on the circleand refers to a unit vector.
The resultant vector R is calculated on the basis of the unit vectors
for all taps in a trial. The length of R, between 0 and 1, is an index
of consistency of the performance and reflects the variability of
the relative phase between taps and pacing stimuli. A value of
1 means that all the taps and pacing stimuli occur exactly at the
same time, and a value of 0 means that the distribution is totally
random (i.e., lack of synchronization). The direction of R is
expressed in degrees and represents the accuracy of synchroni-
zation, namely, whether taps occurred before or after the pacing
stimulus. A positive direction means that the taps occurred after
the tones or beats, on average, and a negative one means that the
taps anticipated the tones or beats (1808 is the antiphase). If the
participants’ synchronization was below chance level, as assessed
by the Rayleigh test for circular uniformity [51,54], accuracy was
not calculated. A logit transformation was applied to the vector
length before further statistical analyses [40–42]. The mean
performance of the 2 trials is presented for paced tapping and
synchronization-continuation.

Finally, an adaptation index, defined by the value of the slope of
a regression line fitted to the ITIs of the final sequence tempo and a
sensitivity index (d’) for detecting tempo changes were calculated
for adaptive tapping.

3.3. Test-retest analysis

We compared the first and the second testing sessions by
standard t test when the distributions were normal in both
sessions and by Wilcoxon-Mann-Whitney U test when at least one
of the distributions was not normal (Shapiro-Wilks test). Rejection
of the null hypothesis implies a significant difference between the
2 sessions and reveals a systematic error that may result from an
experimental bias such as the effect of weariness or learning. To
control for sources of error due to chance (random error; e.g.,
biological variability), we calculated the intraclass correlation
coefficient (ICC3.1). The ICC3.1 is considered a good index of test-
retest reliability with the same experimenter because it does not
include the variance associated with systematic error (bias)
[48,49,55]. The ICC is commonly used as a measure of relative
reliability, namely, the consistency of the relative position of one
individual in a group [56]. Following Shrout and Fleiss [57], ICC
values were interpreted as > 0.75, excellent; 0.40–0.75, good;
and < 0.40, poor. The other form of reliability is absolute reliability



Table 1
Measures of reliability for the Battery for the Assessment of Auditory Sensorimotor and Timing Abilities (BAASTA) in healthy participants compared with patients with

Parkinson disease (PD) from Benoit et al. (2014).

Healthy participants

(n = 20)

PD patients

(n = 15)

Task Variable Session 1

Mean (SD)

Session 2

Mean (SD)

Relative

reliability

indices

Absolute reliability indices Mean (SD)

P ICC SEM SEM% CR CR%

Duration

discrimination

Threshold (Weber fraction) 16.49 (5.45) 18.08 (3.47) 1 0.39 3.29 19.06 9.13 52.82 34.1 (11.00)**

Anisochrony

detection with

tones

Threshold (Weber fraction) 13.67 (3.27) 12.92 (2.86) 1 0.68 1.74 13.08 4.82 36.25 10.73 (3.26)

Anisochrony

detection with

music

Threshold (Weber fraction) 11.06 (3.54) 13.20 (3.86) 1 0.45 2.75 22.65 7.61 62.75 14.96 (7.12)

Beat Alignment

Test

d’ 1.67 (1.36) 1.82 (1.49) 1 0.94 0.36 20.69 1.00 57.22 2.49 (1.02)

Paced tapping Metronome (consistency) 0.91 (0.12) 0.91 (0.11) 1 0.75 0.46 16.45 1.29 45.71 0.94 (0.06)

Metronome (accuracy) �3.84 (4.21) �3.63 (4.01) 1 0.80 0.46 �12.43 1.29 �34.54 11.55 (5.51)**

Music (consistency) 0.73 (0.20) 0.77 (0.19) < 0.05 0.96 0.24 16.62 0.67 45.80 0.83 (0.18)

Music (accuracy) 0.21 (6.68) 1.88 (6.03) 0.62 0.77 0.24 23.28 0.67 64.16 19.63 (14.49)**

Adaptive tapping Adaptation index (acceleration) 1.76 (1.00) 1.47 (0.55) 1 0.83 0.34 20.95 0.94 58.16 1.78 (0.77)

Adaptation index (deceleration) 1.05 (0.76) 1.06 (0.93) 1 0.01 0.84 79.65 2.32 220.18 1.16 (0.59)

d’ (acceleration) 2.46 (0.54) 2.7 (0.65) 1 0.20 0.53 20.95 1.46 55.97 2.62 (0.57)

d’ (deceleration) 2.46 (0.61) 2.70 (0.56) 1 0.16 0.54 21.11 1.51 58.54 2.51 (0.57)

Synchronization-

continuation

Motor variability (CV ITIs) 0.08 (0.13) 0.11 (0.12) 1 0.31 0.10 107.66 0.28 293.26 0.04 (0.01)*

Unpaced tapping Inter-tap interval (ms) 493.20 (167.66) 537.73 (264.89) 1 0.32 182.74 35.35 506.18 97.91 597.4 (334.99)

Motor variability (CV ITIs) 0.12 (0.15) 0.16 (0.19) 1 0.17 0.15 109.94 0.43 305.18 0.05 (0.03)

ICC: intraclass correlation coefficient; CR: coefficient of reliability. Note. P-values are obtained with standard t tests or Wilcoxon-Mann-Whitney U tests depending on the

normality of the distributions, and were submitted to Bonferroni correction based on the number of comparisons. PD patients’ performance was compared to Session 1 from

healthy controls: *P < 0.05, **P < 0.01.

2 The version of BAASTA from Benoit et al. (2014) [24] was slightly different from

the one used in this study (the adaptive algorithm was different in perceptual tasks,

and a triangle timbre was used instead of a woodblock for the superimposed

metronome in the BAT). Moreover, in perceptual tasks and in paced tapping, the

best performance across trials was considered, whereas the mean performance was

computed in this study.

V. Bégel et al. / Annals of Physical and Rehabilitation Medicine 61 (2018) 395–400398
[48,49], which deals with the degree to which measurements vary
and provides an index of the expected trial-to-trial noise in the
data. SEM, SEM%, and coefficient of reliability (CR, also referred to
as the smallest real difference, or minimum difference) were used
to assess absolute reliability. The SEM is expressed in the same unit
as the measurement of interest and quantifies the variability
between the 2 sessions. It is calculated as the square root of the
within-subjects error variance. CR represents the 95% confidence
interval, a value for which any retest score outside that interval
would be interpreted as having 95% chances to reflect a real
difference. It is calculated by multiplying the SEM by 2.77 (H2
times 1.96). For comparison between tasks in different units, the
SEM% and CR% were calculated by dividing the SEM or the CR by
the mean of all measurements from both sessions and multiplied
by 100.

4. Results

Results are presented in Table 1. Systematic error tests showed
a significant change from test to retest for synchronization
consistency (t(19) = �3.91, P < 0.05 with Bonferroni correction)
only in paced tapping with music. All the other tasks showed no
significant differences between the 2 times of testing. In the
perceptual tasks, the ICC just failed to reach the threshold for good
reliability (= 0.40) in duration discrimination (0.39) and was good
to excellent (0.45 to 0.94) in the other tasks. In the production
tasks, the ICC was excellent for accuracy and consistency in all the
paced tapping tasks (0.75 to 0.96). However, it was poor in unpaced
tapping, synchronization-continuation, and adaptive tapping
(0.01 to 0.32) except for the adaptation index (acceleration) in
adaptive tapping (0.83).

The SEM% was between 13.08 and 22.65 in the perception tasks
and between 12.43 and 109.94 in the production tasks. The CR%
ranged from 34.54 to 305.18. Note that the changes observed
between the first and the second sessions were not related to the
age of participants. Indeed, correlations between age and the
difference between the second and the first sessions did not reach
significance in any of the tasks (average r < 0.14).

Finally, we compared the current results obtained with the
BAASTA in a sample of healthy participants to those of a patient
population that can benefit from the assessment of rhythmic
abilities. To this aim, we report in Table 1 the results obtained in a
previous study with a group of patients with Parkinson disease
(n = 15, Benoit et al., 2014 [24])2. Patients’ performance was
compared to the results for healthy participants at pre-test.
Patients were impaired in a few measures, such as the threshold in
duration discrimination and accuracy in the paced tapping tasks.
Because these measures showed good reliability, they are
appropriate targets for testing the effect of rhythmic training on
the performance of patients with Parkinson disease.

5. Discussion

We conducted a test-retest study of the BAASTA, a tool for the
systematic assessment of perceptual and sensorimotor timing
skills [40]. Twenty adults completed the battery on 2 occasions,
2 weeks apart. The results of the 2 measurements were compared
by using reliability indices. First, a standard comparison of the
mean differences with repeated measures tests was used to assess
systematic error [49]. The performance remained stable in most of
the tasks at both times of testing, which indicates that the
performance in these tasks is robust and not affected by a learning
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effect or annoyance resulting from task repetition. However, we
found a difference between the test and retest in paced tapping to
music. Participants slightly but significantly improved their
performance, showing lower variability at retest than at test
(i.e., an improvement of 4.05% in synchronization consistency)
when tapping to the beat of the music. This improvement likely
reflects a learning effect because the same music excerpts were
used to assess synchronization with music at both testing times.

The ICC was used to assess the consistency of the performance at
an individual level. It is encouraging to observe that ICC values
ranged from satisfactory to excellent, especially in the perceptual
tasks and in paced tapping with a metronome and music, regardless
of the age of participants. However, test-retest reliability was poor
for the mean ITI in unpaced tapping and for variability in unpaced
tapping and synchronization-continuation. In addition, 3 of the
4 variables of adaptive tapping yielded poor ICCs, in perception (d’
for acceleration), and in production (adaptation index for decelera-
tion). Despite poor test-retest reliability for some measures in the
adaptive tapping task, some of them (e.g., the adaptation index, d’)
have been found useful to discriminate individuals with rhythmic
deficits [24,41]. Moreover, they are likely to be successful predictors
of the response of patients with Parkinson disease to a rhythm-
based protocol [47]. Thus, it is still valuable to include these
measures in a systematic evaluation of rhythmic skills using the
BAASTA, with the caveat that the variability of these measures at
different times may be high for an individual.

One critical aspect of the BAASTA is that the whole battery takes
2 hours, on average, to complete [40]. This is an important
limitation especially for assessing timing and rhythmic abilities in
a patient population in a clinical setting. Thus, the most relevant
tasks sufficient to provide a screening of patients’ rhythmic
abilities must be selected. The current study suggests that motor
variability in unpaced tapping or in a synchronization-continua-
tion test, as well as the interval between the taps in unpaced
tapping, yielded poor test-retest reliability. Exclusion of these
tasks may be advisable to reduce the testing time while increasing
the reliability of the BAASTA. In adaptive tapping, poor test-retest
reliability was limited to a certain variable, namely the adaptation
index for deceleration and the sensitivity indices (d’). Therefore,
this task may not be excluded as a whole.

Finally, indices of absolute reliability were provided. The SEM
was used to define the boundaries around which a participant’s
true score lies, and the CR is useful to estimate whether a
performance in a test-retest experiment is likely to reflect a real
difference (i.e., an improvement or a deterioration of performance).
These indices will be valuable in future studies to consider the
performance of individuals, in particular older adult populations,
in light of test-retest reliability. The comparison of the results
obtained in healthy controls with previous results from a group of
patients with Parkinson disease shows that some measures from
the BAASTA with good reliability may be valuable indicators of the
beneficial effects of a rhythmic training in this population. More
generally, further experiments are needed to test the reliability of
the battery in a test-retest protocol in patient populations, such as
patients with Parkinson disease.
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[3] Sowiński J, Dalla Bella S. Poor synchronization to the beat may result from

deficient auditory-motor mapping. Neuropsychologia 2013;51:1952–63.
[4] Coull JT, Cheng RK, Meck WH. Neuroanatomical and neurochemical substrates

of timing. Neuropsychopharmacol 2011;36:3–25.
[5] Merchant H, Harrington DL, Meck WH. Neural basis of the perception and

estimation of time. Annu Rev Neurosci 2013;36:313–36.
[6] Schwartze M, Rothermich K, Kotz SA. Functional dissociation of pre-SMA and

SMA-proper in temporal processing. Neuroimage 2012;60:290–8.
[7] Schwartze M, Kotz SA. A dual-pathway neural architecture for specific tem-

poral prediction. Neurosci & Biobehav R 2013;37:2587–96.
[8] Grondin S. Duration discrimination of empty and filled intervals marked by

auditory and visual signals. Percep Psychophys 1993;54:383–94.
[9] Merchant H, de Lafuente V. Neurobiology of interval timing. New York:

Springer; 2014.
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