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Abstract

The aim of the study was to assess the ability to maintain a steady pace during a counting task, aloud or silently, when a
fast (28 counts every 900 ms) or slow (18 counts every 1,400 ms) pace is adopted (target = 25,200 ms), and to test whether
ability is the same for musician and nonmusicians. The study analyzes the mean and variability of 30 temporal productions.
The results show more variability (a larger coefficient of variation: standard deviation/mean production) in the condition
where the pace is slow, a finding consistent with previous reports with this task. This finding applies here in both the aloud
and silent counting conditions and, most importantly, applies to both musicians and nonmusicians. The results also indicate
that there is no significant difference for the absolute error (Imean production — target durationl). In brief, the capacity to
keep variability low when maintaining a pace seems to gain benefit from musical training, and this training difference does
not depend on counting aloud versus silently and is not restricted to brief intervals.
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In the time-perception literature, there is a search for a mech-
anism that would account for the capability to keep track of
time. Several cognitive models were proposed, including,
for instance, those based on the hypotheses that there is an
internal clock, like the scalar expectancy theory (SET; Gib-
bon, 1977) and the attentional gate model (AGM; Zakay &
Block, 1997); and those not positing the presence of such a
clock, as is the case for the dynamic attending theory (DAT;
Jones, 2019; Jones & Boltz, 1989), and, more recently, for
the trace theory of perception (TToP; Killeen & Grondin,
2022). The neuroscientific literature also proposes several
models and the contribution of numerous cerebral structures
to account for the capacity to process temporal informa-
tion (e.g., Meck et al., 2008; Merchant et al., 2013; Mioni
et al., 2020; Nani et al., 2019; Teghil et al., 2019). Such a
theoretical quest relies implicitly on the belief that a given
mechanism, or network, would account for the processing
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of intervals distributed over an extensive range, as if there
is a continuity in the experience of time.

The psychophysical literature dedicated to time percep-
tion reveals that there is one good reason to believe that
there is no such continuity. Some of the abovementioned
models (SET, AGM) posit the assumption that time judg-
ments are based on a pacemaker-counter device (an internal
clock) having a scalar property. This property means that the
variability of time judgments should increase proportion-
ally with the magnitude of time intervals. In psychophysical
terms, this means that the Weber fraction (variability to time
ratio) should be constant. Several portions of the literature
indicate that the Weber fraction for time is not constant,
with this fraction increasing at some point when intervals
get longer. This point is circa 1.5 s according to Gibbon
et al. (1997), but more likely between 1 and 1.5 s as reported
with several psychophysical tasks in Grondin (2012; see also
Halpern & Darwin, 1982; Madison, 2001).

This increase of the Weber fraction when one keeps track
of time has also been observed in a nonconventional task.
Instead of using interval discrimination, production, or
reproduction, participants were asked to simply count, up
to a certain number (target), keeping a constant pace after
hearing a series of brief sounds setting this pace (Grondin
et al., 2015). This task was repeated several times (many

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.3758/s13414-024-02970-y&domain=pdf

2570

Attention, Perception, & Psychophysics (2024) 86:2569-2574

trials), and the mean (expected to be close to the target) and
variability of these trials were estimated. It was found that
when the intersound intervals lasted 1.6 s, the variability was
much higher than when they lasted .8 s. In this task, it was
also determined that counting aloud may reduce variability
(Plamondon & Grondin, 2020).

The time-perception literature also reveals that there are
several factors affecting the processing of temporal inter-
vals (see Grondin, 2020). These factors include memory and
attentional mechanisms (Block et al., 2010; Brown, 2008;
Macar et al., 1994), and, more generally, executive functions
(Brown et al., 2013). Another portion of the timing literature
also indicates that the capability to process temporal inter-
vals would be linked to musical training (Agrillo & Piffer,
2012; Rammsayer & Altenmiiller, 2006). The superiority of
musicians for temporal processing is not observed only when
interval changes are embedded within a musical excerpt, as
in Grondin and Laforest (2004), but also in various duration
and rhythm discrimination tasks, and this finding is not lim-
ited to the processing of time within the auditory modality,
but extends to the visual modality (Rammsayer et al., 2012).
It has also been shown that musicians are more efficient at
keeping track of very long intervals (6 to 24 s) when allowed
to use a counting or a singing strategy (Grondin & Killeen,
2009).

The objective of this study is to identify factors influenc-
ing the capability of keeping track of time in the simple
counting strategy described above. Instead of using inter-
count intervals lasting 800 or 1,600 ms, the distance between
the short- and long-time intervals will be narrowed, as the
intervals will last 900 and 1,400 ms, respectively. More spe-
cifically, the aim of the study will be to test whether an indi-
vidual factor, musical training, affects the processing of tem-
poral information and if this training effect, if any, applies to
both short (fast pace) and long (slow pace) intervals.

Method
Participants

Forty-eight participants (21 men and 27 women) with a
mean age of 25.7 years (SD = 4.5) were recruited from Laval
University students by electronic advertisements. The par-
ticipants were separated into two conditions—a group of 24
controls who had never mastered a musical instrument and
did not play on a regular basis, and a group of 24 persons
with musical training who were still regularly playing an
instrument. Musician participants all completed a 2-year
preuniversity (college) degree in a music program. They
were then either enlisted in a music bachelor’s or master’s
degree. Both programs require several hours of practice per
week. The participants had no neurological or psychological
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issues. Each participant was required to sign a consent form
for the study and received a $10 CAD compensation at the
end of the experiment. Informed consent was obtained for
all participants. This study was approved by an independent
local ethics committee (Comité d’éthique de la recherche
de I’Université Laval: 2016-203/28-06-2016). An a priori
power analysis was performed using G*Power to estimate
sample size for an ANOVA with a within—between interac-
tion. Using a power of .80 and alpha of .05, the power analy-
sis revealed that a total sample size of 22 was sufficient to
achieve a small effect size (0.20 as per Cohen’s standards).

Material

The experiment was conducted in a quiet room using a com-
puter equipped with a 25-in. Alienware monitor with a reso-
lution of 1,920 x 1,080 pixels and a refresh rate of 120 Hz.
The task was conducted with E-Prime 3.0 software.

The stimuli marking the pace to adopt during counting
were 1-kHz sounds delivered via Logitech speakers (Model
7200 Stereo) located approximately 70 cm from the partici-
pant. Responses at the counting task were collected using
the Chronos® module.

Procedure

The task consisted of four blocks of 20 trials over a 45-min
session. At the beginning of each trial, four 10-ms audi-
tory signals marking three equal intervals of 900 or 1,400
ms were presented to participants. The task was to use the
previously heard pace to count from 1 to a target number,
x; participants pressed one of the buttons on the Chronos®
push-button module to indicate the beginning (when say-
ing “1”’) and end (when reaching the target number) of the
counting period. In the fast-paced condition (900 ms), the
participant had to count from 1 to 29, and from 1 to 19 in
the slow-paced condition (1,400 ms). The target production
time in both conditions was 25,200 ms.

Each block was dedicated to one of the four counting
conditions, two counting pace conditions, fast or slow, by
two counting type conditions, aloud or silently. The order of
presentation of the conditions was counterbalanced.

Results

Two dependent variables were of interest—the coefficient of
variation (CV; standard deviation divided by mean produc-
tion) and the absolute error (AE; Imean production — target
durationl), the target duration being 25,200 ms. Outliers
were removed from the analyses. The outliers were defined
as any data below the 25th percentile minus 20% of the CV
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interquartile range (IQR) and above 75th percentile plus 20%
of the CV IQR (Yang et al., 2019).

The results were submitted to a 2 (group) X 2 (counting
type) X 2 (interval pace) analysis of variance (ANOVA),
with repeated measures on the last two factors. The CV data
were heteroscedastic, as suggested by Levene’s tests (exper-
tise: F'=23.049, p < .001, and interval pace, F = 15.319, p
< .001). Also, the data were not normally distributed as per
the Shapiro—Wilk test (W = .914, p < .001). The CV data
were thus transformed into their natural logarithm to respect
the ANOVA’s assumptions.

As for the In(CV) (Fig. 1), the analysis revealed that the
group and interval pace main effects are both significant,

F(1,46) = 301.192, p < .001, and F(1,46) = 134.843, p
< .001, respectively. However, the counting-type effect is
not significant, F(1,46) = 1.835, p = .178. All the interac-
tion effects, including the three-way interaction, are not
significant (p > .616).

As for the AE (Fig. 2), the analysis revealed no signifi-
cant effect, with all p values > .325, except the Interval
Pace x Counting Type interaction (p = .131).
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Fig.1 Mean In(CV) as a function of the interval length (counting pace) for the counting types for the musicians (left panel) and nonmusicians

(right panel). (Color figure online)
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panel). (Color figure online)
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Discussion

The main results of this experiment are related to the CV.
The results clearly show that there is much more variabil-
ity when keeping track with long-time than with short-
time intervals. This finding is consistent with previous
results using this counting task (Grondin et al., 2015; Pla-
mondon & Grondin, 2020), where there was much more
variability in the 1,600-ms than in the 800-ms condition.
In the current study, although musicians exhibit reduced
variability in both 900-ms and 1,400-ms conditions, this
pace factor does not interact with music expertise. This
result could indicate that musical training does not sup-
press this variability difference between short and long
intervals. While musicians maintain lower overall vari-
ability than non-musicians, they also encounter greater
difficulty with longer than with shorter intervals.

This significantly higher CV at 1,400 ms than at 900
ms is another demonstration of the limitation of the scalar
property for timing, a demonstration extended to musi-
cians in the present study. The scalar property (or con-
stancy of the Weber fraction, or of the CV) over a given
range of durations is a key feature of some of the main
models in the timing literature. In both the SET (Gibbon
et al., 1984) and the AGM (Zakay & Block, 1997), a pace-
maker-counter device is at the heart of a so-called internal
clock. In this device, the pacemaker emits pulses that are
accumulated, and this accumulation provides the basis of
the experienced duration. Several factors may affect this
accumulation or cause timing errors, including the pace of
emission of pulses. Overall, though, the increase of timing
variability should be proportional to the increase of the
time interval to be processed. Clearly, there is no such pro-
portional increase, with more variability at 1,400 ms than
at 900 ms. If there is such an internal clock for processing
intervals in these duration ranges, clearly, the clock loses
part of its efficiency with longer intervals. Indeed, it was
mostly between 1,200 and 1,600 ms, more than between
800 and 1,200 ms, that an increased CV was observed
with this counting task (Grondin et al., 2015; Plamon-
don & Grondin, 2020). That said, it cannot be excluded
that different mechanisms are at play with short and long
intervals. This hypothesis is reasonable considering that
an increase of the Weber fraction or CV was also observed
when using classical interval production (Madison, 2001)
or discrimination tasks (Drake & Botte, 1993; Grondin,
2012). Recent data based on an EEG investigation reveal
that the perception of time intervals above and below 1.2
s is supported by distinct brain dynamics and networks
(Thibault et al., 2023).

Another observation related to CV should be noted.
The counting-type effect, aloud versus silently, was not
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significant (p = .178). This result did not reveal an influ-
ence of counting on variability in the production of time
intervals. Note, however, that stutterers gain benefits from
counting aloud in such a task when the counting pace is
slow (i.e., every 1.6 s; Plamondon & Grondin, 2020).

Although the higher variability in the 1,400-ms than in
the 900-ms condition applies to both groups, musicians
exhibit less variability than nonmusicians in both interval-
pace conditions. Musicians were shown to outperform non-
musicians in several types of tasks requiring the process-
ing of temporal information (Rammsayer & Altenmiiller,
2006; Rammsayer et al., 2012). This group difference can
be attributed to the intrinsic connection between music and
the processing of auditory events in succession over time.
Therefore, extensive musical training would necessarily lead
to an improved capability to process time intervals. Such
an interpretation though could be challenged by alternative
hypotheses, especially considering that just an hour of prac-
tice in an interval-tapping task is sufficient to reduce vari-
ability of nonmusicians to the variability level of musicians
(Madison et al., 2013). One avenue is to posit that musicians
became musicians because they already had timing skills
that led them to music. Also, it cannot be discarded that
superior performances are not limited to timing but extend
to other magnitude systems (Agrillo & Piffer, 2012); it has
also been suggested that musical training leads to enhanced
IQ (Criscuolo et al., 2019; Schellenberg, 2004), and there are
empirical demonstrations of the link between the processing
of temporal information and general intelligence (Madison
et al., 2009; Rammsayer & Brandler, 2002, 2007). Another
alternative hypothesis to account for the lower CV of musi-
cians over nonmusicians is the possibility that people in the
former group are simply more motivated, and maybe more
competitive, knowing that they participate in the experiment
because of their status as musicians.

In brief, the investigation clearly shows that musicians
are more efficient (lower CV) in this temporal-counting task
than nonmusicians, and this superiority is not restricted to
the processing of short intervals. It extends to maintaining
a pace of one count every 1,400 ms. Even more important,
the study also shows that despite the advantage that musi-
cal training may have provided, the CV is clearly higher in
the 1,400-ms than in the 900-ms condition for the musician
group, which is inconsistent with the scalar property for
time. Therefore, although musical training provides over-
all benefits for executing the task, it does not prevent the
increased variability observed when intervals get longer.
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