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Abstract

Musical expertise is acknowledged to lead to better performance in temporal discrimination. However, the ability to discrimi-
nate time intervals vary according to the modality that delimits the time interval, as well as the duration of the interval itself.
In this study, we investigated the effect of musical training (16 musicians and 16 non-musicians) on the discrimination of
empty time intervals with the combination of three types of sensory signals: auditory (A), visual (V), and tactile (T). Three
intramodal conditions (AA, VV, TT) and six intermodal conditions (AT, AV, VA, VT, TA, VT) were used. All conditions
were tested for two different durations, around 250 ms (sub-second range) and 1,250 ms (supra-second range). Overall,
results indicate that the superiority of musicians over non-musicians is not limited to the AA condition, but extends to the
VV, TT, and intermodal conditions, and this finding applies to both duration ranges. Also, performance levels were much
more homogenous between the two range durations for musicians. Our findings support the idea that musical expertise acts
on one general internal timing mechanism and highlight the different temporal discrimination levels associated with the use
of different marker-type and duration-range conditions. Data for this experiment are available upon publication (https://osf.
io/8rxmp).

Keyword Musicians - Time discrimination - Sensory modalities - Sub -and supra-second intervals

Temporal discrimination involves making a judgment based
on the processing of two temporal intervals (Grondin,
2008). The discrimination levels are influenced by several
factors, including the modality that delimits time interval
and the duration of the interval itself (Azari et al., 2020,
2023; Grondin & Rousseau, 1991). Some types of expertise
also influence temporal discrimination (Giiclii et al., 2011;
Rammsayer & Altenmiiller, 2006; Rammsayer et al., 2012).
Musicians are an example of individuals receiving a training
that should result in an improvement in temporal informa-
tion processing. The aim of this study is to determine to
what extent musical expertise influences the discrimination
of time intervals.
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Theoretical models of time perception

There are several ways of explaining how it is possible to
estimate time (Gilden & Mezaraups, 2022; Jones, 2019; Kil-
leen & Grondin, 2022), but the scalar expectancy theory
(SET; Gibbon et al., 1984) is likely the most cited one.
According to SET, time processing involves an internal
clock, consisting of a pacemaker that emitting pulses and
the accumulation of these pulses forms the basis for judging
duration. The number of pulses accumulated is transferred to
working memory, where it is compared with those already
stored in memory. The variability of temporal judgments
can be explained by the variance at the clock level or by
the memory and decision-making components involved in
the process (Gibbon et al., 1984). According to SET, the
perception of time has a scalar property (see Gibbon, 1977):
The variability in the representation of time increases lin-
early with the magnitude of the interval to be timed. In other
words, the variability-to-time ratio should be constant.
Along the lines proposed by SET, the attentional gate
model (AGM) was developed (Zakay & Block, 1996)
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deepening the contribution of attention in the temporal judg-
ments proposed by SET. While SET already acknowledged
the contribution of a switch mechanism between the pace-
maker and the accumulator to account for the variability
of the onset and offset marking internally the period to be
timed, the AGM proposed the contribution of an attentional
gate to account for the fact that one might be paying more
or less attention to time during the interval to be timed. The
more attention an individual pays to the passage of time,
the greater the number of pulses accumulated, and, conse-
quently, the longer an interval is perceived. The opposite
also applies: The less attention the individual pays to time,
the fewer pulses accumulated and the shorter the perceived
interval.

Effect of sensory modalities on duration
discrimination

It is well known that the sensory modality marking empty
time intervals significantly impacts the estimation of the
interval discrimination levels (Azari et al., 2020, 2023;
Grondin & Rousseau, 1991). An empty interval is defined as
the duration between successive brief stimuli. There are sev-
eral types of empty intervals in the timing literature, given
that the stimuli marking intervals could be delivered from
the same sensory modality (intramodal intervals) or from
different modalities (intermodal intervals). Studies indicate
that discrimination is much better when intervals are intra-
rather than intermodal (Rousseau et al., 1983). In the case of
intramodal intervals, using an auditory sequence (AA) leads
to much better discrimination than using a visual (VV) or a
tactile (TT) intervals (Azari et al., 2020; Grondin & Rous-
seau, 1991). Results concerning the differences between VV
and TT are rather confusing, as performance seems to be
better in VV under certain conditions, at 250 ms, but not at
1,000 ms (Grondin et al., 1999; Grondin, 2003). Meanwhile,
it is acknowledged that intramodal interval processing (AA,
VYV, and TT) is more accurate than intermodal interval pro-
cessing (AT, AV, VA, VT, TA, TV; Azari et al., 2020; Gon-
tier et al., 2013). No differences between intermodal condi-
tions are reported, even for conditions involving an auditory
marker (Azari et al., 2020). In this regard, it is suggested
that the processing of intermodal intervals is associated with
nontemporal noise such as the need to switch attention from
one modality to another (Gontier et al., 2013).

The magnitude of the differences in the discrimination
levels between the VV and TT conditions, and between the
intermodal and intramodal conditions depends on the range
of duration under investigation. As the magnitude of dura-
tion increases, say from 250 ms to 1,000 ms, the differences
between marking conditions tend to decrease. However, even
at 1 s, discrimination remains better in AA. The proportional
contribution of the nontemporal variability, caused by the
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marking properties of the signals and the need to switch
attention or not from one modality to another, observed
in the overall variance during the discrimination process,
diminishes gradually. This description is consistent with the
generalized form of Weber’s law. While Weber’s law states
that the variability-to-magnitude ratio (Weber fraction)
should be constant, the ratio should tend to get higher with
very low magnitudes. For intermodal intervals, the reduction
of the Weber fraction is reported to not vary that much from
100 to 900 ms (Mayer et al., 2014) or between 250 and 1,000
ms (Rousseau et al., 1983), but was significantly reduced
from 300 to 900 ms in Azari et al. (2020).

Effect of musical expertise on temporal processing

Musicians seem to develop, through long-term training,
complex and specialized auditory and sensorimotor skills,
which enable them to achieve the highest levels of perfor-
mance in playing a musical instrument (Hyde et al., 2009;
Pando-Naude et al., 2021). Keeping accurate rhythm con-
tinuously in a musical piece requires precise timekeeping
of sub-second events (Giiclii et al., 2011). Numerous stud-
ies have demonstrated that musicians synchronize to short
and long durations more accurately and more precisely than
non-musicians (Drake et al., 2000; Repp, 2010), can detect
slight tempo variations (Grondin & Laforest, 2004), and can
keep track of long intervals with counting or singing more
efficiently than non-musicians (Grondin & Killeen, 2009).
Furthermore, more accurate timing capacities by musicians
seem to generalize across different experimental paradigms
(Agrillo & Piffer, 2012), duration lengths (Giiclii et al.,
2011), perceptual tasks (Rammsayer & Altenmiiller, 2006),
and sensory modalities (Rammsayer et al., 2012).

Several studies have demonstrated that musicians are
more accurate than non-musicians in temporal discrimina-
tion involving auditory stimuli (Rammsayer & Altenmiiller,
2006; Rammsayer et al., 2012). Additionally, Rammsayer
and Altenmiiller (2006) compared musicians’ and non-musi-
cians’ performance in other auditory temporal tasks. More
accurate time processing for musicians was also shown for
auditory fusion and rhythm perception. It should be noted
that these tasks are characterized by the fact of using rather
automatic temporal information processes. The better tem-
poral abilities of musicians, therefore, seem to be noticeable
only in tasks that involve more automatic processing of tem-
poral information. Interestingly, Rammsayer and Altenmiil-
ler (2006) used a generalization task (standards at 75 ms
and 1,000 ms) but found no difference between musicians
and non-musicians. According to these authors, this non-
difference is due to the involvement of a cognitive compo-
nent in the process, a generalization task requiring keeping
a standard value active in memory. Moreover, in Rammsayer
and Altenmiiller (2006), the weak correlations between the
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tasks, in both musicians and non-musicians, does not sup-
port the idea of a temporal information processing system
common to all tasks.

Giicli et al. (2011) compared musicians and non-musi-
cians in four interval discrimination tasks: with auditory
versus tactile signals marking intervals in two standard con-
ditions, 500 ms and 3,000 ms. The results indicate better per-
formance for musicians than non-musicians in the auditory
modality, but there was no such superiority of musicians
in the tactile condition. These authors proposed that musi-
cians’ superior temporal processing is modality dependent.
However, the results of Rammsayer et al. (2012) indicate
that musicians outperform non-musicians in both the audi-
tory and visual modalities in several psychophysical tasks
(i.e., duration discrimination in sub and 1-s range, tempo-
ral generalization in the 1-s range, rhythm perception, and
temporal fusion), except for the temporal generalization in
the 1-s range (in accordance with Rammsayer & Altenmiil-
ler, 2006). Although performance in the auditory modality
was better than that in visual, the expertise effect remains
present in visual modality. These results do not support the
idea that musical training leads to modality-specific effects
but rather support the idea that there is one general internal
timing mechanism that underlies different aspects of timing
performances (Rammsayer et al., 2012). The lack of differ-
ence between musicians and non-musicians in the generali-
zation task was explained by positing the use of qualitatively
different timing mechanisms in discrimination and gener-
alization tasks. In other words, the expertise effect disap-
pears when a standard stimulus must remain in memory for
a period longer than the period of retention a discrimination
task requires (Rammsayer & Altenmiiller, 2006; Rammsayer
et al., 2012).

The present study

The general objective of this study is to investigate to what
extent musicians and non-musicians differ in the processing
of temporal information. More specifically, the study is about
the discrimination of empty time intervals and is original
for comparing the two groups in nine different marker-type
conditions, the investigation covering two duration ranges,
sub- (around 250 ms), and supra-second (around 1250 ms).
To the best of our knowledge, this is the first experimental
design to investigate the effect of musical expertise in three
intramodal (AA, VV, and TT) and six intermodal (AT, AV,
VA, VT, TA, and TV) conditions, and to extend the study to
two duration ranges (sub- and supra-second).

On the one hand, it is argued that musical expertise has a
specific effect on auditory interval processing (Gliclii et al.,
2011), while other results suggest a generalizable effect on
visual interval processing (Rammsayer et al., 2012). The
present study will expand on either of these directions, in

addition to extending the argument to cross-modal combina-
tions in the auditory, visual, and tactile modalities. Further-
more, each intra- and intermodal condition will be tested
within temporal intervals recognized to imply different tem-
poral processes. Specifically, sub-second interval processing
would involve more sensory temporal processing, whereas
supra-second interval processing would involve more cog-
nitive processing (Murai & Yutsomoto, 2016; Rammsayer
& Lima, 1992; Thibault et al., 2023). Thus, this study will
identify whether musical expertise is manifested in both
duration ranges. Taken together, this study will deepen the
understanding of a task- and modality-independent general
timing mechanism (Rammsayer et al., 2012).The intervals
under investigation in the present study will remain within a
range where it is not obvious that there are benefits to expect
from explicit counting (Grondin et al., 1999), but some inter-
vals to discriminate will be long enough to be beyond what
is usually useful in the processing of music.

Method
Participants

Two groups of participants (N = 32), musicians and non-
musicians, participated in the study. The musician group
(n =16) included 11 men and five women aged between 20
and 61 years (M = 31.31 years; SD = 14.83 years). Partici-
pants were recruited through the Université Laval electronic
mailing list. In the musician group, all participants had been
playing an instrument on a weekly basis for at least 5 years.
Among the musicians, seven are guitarists, five are pianists,
one is a drummer, and the instruments of three musicians
remain unknown. The non-musician group (rn = 16) included
five men and 11 women aged between 21 and 29 years (M =
23.50 years; SD = 2.25 years). All non-musicians had never
played any musical instrument or had any formal musical
training. The participants had neither neurological nor psy-
chological problems. This study was approved by an inde-
pendent local ethics committee. Participants received a 20$
CAD compensation for taking part in the study.

Material and stimuli

All tasks were programmed and controlled by E-Prime 3.0.
An Alienware screen with a diagonal of 25-in. and a reso-
lution of 1,920 X 1,080 pixels (120-Hz refresh rate) was
used. The tasks included auditory, visual, and tactile stimuli
and required motor responses. Participants were seated 70
cm from the screen, in a quiet room and responded either
“short” or “long” by pressing either “1” or “3,” respectively,
on a keyboard.
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The visual stimuli were produced using a red-light-emit-
ting diode (LED: 5 mm, 2V) that was placed about 70 cm
in front of the participant and fixed at the bottom of the
screen. The auditory stimuli were 1-kHz tones at a presenta-
tion level of 65 dB SPL. These signals were presented with
Logitech speakers (Model Stereo Z200) that were located
on both sides of the screen. The tactile signals were pro-
vided through electrocutaneous stimulation. Two electrodes
were installed on the back of subjects’ non-dominant hands,
between the thumb and the index finger, placed 1 cm apart.
The electric stimulus was generated by a source emitting
constant pulses with a frequency of 50 Hz. The calibration
of its power (intensity) was adjusted by the participant to
reach a clear and comfortable perception of the stimulation.

These auditory, visual, and tactile stimuli were all eas-
ily detectable and lasted 10 ms. Two successive stimuli
were used in each trial to mark the empty duration to be
judged. There were three types of intramodal interval con-
ditions (AA, VV, and TT) and six types of intermodal con-
ditions (AV, AT, VA, VT, TA, and TV). There were also
two orders of duration. The sub-second intervals were 240
ms and 260 ms in the AA condition, 225 ms and 275 ms
in the VV and TT conditions, and 210 ms and 290 ms in
all intermodal conditions. The supra-second intervals were
five times longer: 1,200 ms and 1,300 ms in AA; 1,125 ms
and 1,375 ms in VV and TT; and 1,050 ms and 1,450 ms in
intermodal conditions. Interval lengths differ according to
modality and condition (although the midpoint is the same
for all) due to differences already well identified in the lit-
erature—notably, the superiority of performance in an audi-
tory intramodal context (Giiclii et al., 2011; Rammsayer &
Altenmiiller, 2006; Rammsayer et al., 2012). Moreover, this
choice of parameters aims to achieve an average level of
correct responses in each condition that would be close to
70-75% and is based on previous brief empty time interval
discrimination studies.

Procedure

A discrimination task was used in each session of the study.
There were two sessions: one with intervals around 250 ms
(sub-second) and one with intervals around 1,250 ms (supra-
second). There was one practice block of six trials and nine
experimental blocks of 60 trials each. At the beginning of
each session, instructions were displayed on-screen, fol-
lowed by the practice block (duration of the intervals were
300 ms and 400 ms for each modality condition). Then, the
three intramodal blocks were presented, followed by the six
intermodal blocks. Specifically, half of the musician and
control participants performed the intramodal conditions in
a first order (AA, VV, TT), while the other half performed
the intramodal conditions in a second order (AA, TT, VV).
Subsequently, all participants performed the intermodal
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conditions in the following order: AT, TA, AV, VA, VT, TV.
Each experimental block began with the presentation of the
two intervals (short and long). Then, participants were asked
to press the space bar when they were ready to begin the
60 trials. After each interval presentation, they responded
by pressing either “1” (short) or “3” (long) on a keyboard.
There was a 1-s pause between each participant’s response
and the presentation of the next interval. The presentation
of short and long intervals was random within each block.

Results

Statistical analyses were performed using R Studio (R Core
Team, 2021), with an alpha = .05. Outliers were identified
and removed using the 1.5 interquartile range (IQR) method,
where data points lying below the first quartile minus 1.5
times the IQR or above the third quartile plus 1.5 times the
IQR were considered outliers. This method was used for
each group, under each condition. Thirteen data points out
of 576 were removed (2.23%). The mean percentage of cor-
rect responses in each experimental condition for musicians
and non-musicians are reported in Fig. 1 (intramodal) and
Fig. 2 (intermodal).

Each analysis was conducted on the percentage of correct
responses. For the AA condition, we conducted a 2 (exper-
tise) X 2 (duration range) analysis of variance (ANOVA),
with repeated measures on the last factor. For the VV and
TT conditions, we used a 2 (expertise) X 2 (duration range)
X 2 (modality) ANOVA, with repeated measures on the last
two factors. For the intermodal conditions, we conducted a
2 (expertise) X 2 (duration range) X 6 (modality) ANOVA,
with repeated measures on the last two factors. Post hoc
analyses were performed using the Bonferroni multiple
comparison method. Finally, to determine the relationship
between performance in each condition for musicians and
for non-musicians, Pearson correlations were performed,
also on the percentages of correct responses.

Analysis conducted for AA condition indicated a sig-
nificant difference between musicians and non-musicians,
F(1,29)=10.30, p = .003, n* = .156. Results indicate that
musicians have a significantly higher percentage of cor-
rect responses than non-musicians. No significant effect
was observed for the duration range and for the interaction
between the expertise and duration range (ps > .05).

Analysis on VV and TT indicated significant effects of
expertise, F(1,27) = 22.60, p < .001, #*= .187, modality,
F(1,27) = 35.66, p < .001, #*> = .094, and duration range
F(1,27)=17.15, p = .013, > = .060. In sum, results indi-
cate that musicians have an overall percentage of correct
responses higher than non-musicians. Moreover, all groups
perform better in VV than TT, as well as in supra-second
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for musicians and non-musicians in both sub- and supra-second inter-
vals across intramodal conditions. Note. M = Musicians; NM = Non-

(around 1,250 ms), rather than sub-second (around 250
ms). No interaction effect was significant.

Analysis on intermodal conditions indicated significant
effects of expertise, F(1, 26) = 35.80, p < .001, n?> = .106,
and duration range, F(1, 27) = 177.33, p < .001, #* = .543.
Musicians have a higher percentage of correct responses
in all intermodal conditions. Moreover, all participants are
better in the supra-second interval treatment. There was
no effect of the modality conditions (p = .309) and no
significant interaction effect.

Correlations between the percentage of correct
responses in each experimental condition are reported in
Fig. 3. The figure clearly illustrates that the links between
all the conditions are much weaker for non-musicians
in sub-second. As for the relationships between supra-
second tasks, the difference between musicians and non-
musicians is less clear-cut. Moreover, for musicians, the
difference between the two types of intervals is also much
less marked than for non-musicians. In other words, the
strength of the links between the tasks is similar in musi-
cians’ processing of sub- and supra-second intervals.

Musicians; A = Auditory; V = Visual; T = Tactile. The sub- and
supra-second intervals are around 250 ms and 1,250 ms, respectively

Discussion

The aim of this study was to determine whether musical
training contributes to the improvement of temporal inter-
vals processing regardless of the sensory modality of the
signals marking these intervals. More specifically, nine
marker-type intervals were tested, three intramodal and six
intermodal, and these tests were conducted in two duration
ranges, around 250 and around 1,250 m:s.

Some of the results support previous portions of the
time perception literature. In an intramodal context, the
results regarding better performance by musicians in the
auditory are in line with previous literature (Rammsayer
& Altenmiiller, 2006; Rammsayer et al., 2012). In addi-
tion, for each group, performances are better in VV than
in TT around 250 ms (Grondin & Rousseau, 1991). How-
ever, the superiority of musicians in the tactile modality
differs from the results obtained by Gii¢lii et al. (2011).
All previous studies have evaluated the effect of musical
expertise in an intramodal context, one supporting the idea
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of an effect specific to the auditory modality (Giiclii et al.,
2011) and the other indicating a general effect applying
to both auditory and visual modalities (Rammsayer et al.,
2012). Our results clearly support the idea that musical
expertise leads to better temporal discrimination abilities
in all intramodal conditions, even tactile. In this regard, it
is possible that the effect of expertise in the tactile modal-
ity is modulated by the specific motor demands of the
instruments under study, mainly piano or guitar. Further
research involving musicians who play other instruments
would be valuable to confirm the effect observed in the
tactile modality. Nevertheless, the fact that musical train-
ing leads to better performances in each of the intramodal
conditions is consistent with the idea that a general timing
mechanism is operating, whatever the modalities serving
to mark intervals to be estimated are.

Furthermore, previous findings indicate that auditory
discrimination abilities are superior to those in visual
(Rammsayer et al., 2012) or tactile modalities (Giiglii et al.,
2011). Although the difference between the short and long
intervals to discriminate in AA was much smaller than in
VV or TT, the discrimination level was as good. This shows
once again the superiority of audition for processing time
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Musicians; A = Auditory; V = Visual; T = Tactile. The sub- and
supra-second intervals are around 250 ms and 1,250 ms, respectively

intervals. Moreover, the results indicate that performance
is better in VV than in TT, for each group. Temporal dis-
crimination is therefore more accurate in the visual modality
than in the tactile modality, regardless of interval duration,
in both groups. Although expertise is evident in each of the
intramodal conditions, the results still show differences in
the processing of temporal information depending on the
modality, as performance is superior in VV than in TT.
Additionally, in intramodal contexts, in both visual and tac-
tile modalities, musicians and non-musicians have higher
discrimination levels around 1,250 ms than around 250 ms.
The importance of the sensory noise associated with visual
and tactile markers gradually fades with longer intervals.
However, this was not the case in AA. The auditory system
is very efficient for processing very brief intervals, and this
explains why, in optimal conditions (using auditory signals),
it is possible to even observe an increase of the Weber frac-
tion when intervals are longer than about 1.2 or 1.3 s (Bizo
et al., 2006; Getty, 1975; Grondin, 2012, 2014; Grondin
etal., 2015).

As for the results in intermodal conditions, the musi-
cal training effect still stands out. The findings suggest
that musicians have better discrimination abilities than
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non-musicians, regardless of intermodal condition and
interval duration. Note, however, that the difference is less
pronounced in AV around 250 ms (Fig. 2). Focusing on the
various intermodal conditions, our results show no differ-
ence between AT and VT, in contrast to Azari et al. (2020).
That said, these results are new, as this is the first study to
assess the effect of musical expertise on the discrimination
of intermodal intervals. The results therefore seem to sup-
port the idea that musical expertise enables enhanced tem-
poral discrimination, regardless of the modality used to mark
the beginning or end of a time interval. Despite the addition
of the non-temporal noise accompanying the processing of
intermodal intervals, the superiority of musicians for pro-
cessing temporal information remains intact. The general
effect of musical expertise in an intermodal context is also in
line with one general internal timing mechanism that under-
lies different aspects of timing performance (Rammsayer
et al., 2012).

The superiority of musicians is also shown to extend
to much longer intervals (around 1,250 ms). This means
that the improved temporal discrimination abilities of
musicians generalize to the different mechanisms that
could be involved in the processing sub- and supra-sec-
ond intervals (Murai & Yutsomoto, 2016; Rammsayer &
Lima, 1991; Thibault et al., 2023). In other words, musi-
cians’ best performances apply both to intervals involving

Non-Musicians; A = Auditory; V = Visual; T = Tactile; Corr = Cor-
relation coefficient. The sub- and supra-second intervals are around
250 ms and 1,250 ms, respectively

a faster, automatic, and sensory procedure (sub-second)
and to those involving a slower, selective, and cognitive
process (supra-second). Although these two circuits are
distinct, it is proposed that they are functionally corre-
lated (Rammsayer & Troche, 2014). Thus, our results pro-
pose that musical expertise occurs in both types of circuit
involved, regardless of the modalities at play.

For the processing of supra-second intervals, the effect
of musical expertise on cognitive components can be inter-
preted from the perspective of memory capacities proposed
by the SET (Gibbon et al., 1984). In this sense, musical
expertise might allow for greater accuracy in the memory
representation of a presented time interval or a more precise
retention of temporal representations in memory. However,
the lack of difference between musicians and non-musicians
when memory demands are greater (i.e., in a generalization
task) suggests that the hypothesis of training memory abili-
ties is limited to certain tasks (Rammsayer & Altenmiiller,
2006; Rammsayer et al., 2012). Nevertheless, the better per-
formance in musicians might be linked to increased atten-
tional abilities, in line with AGM (Zakay & Block, 1996),
suggesting that musicians pay more attention to the duration
of a time interval, enabling them to acquire a more accurate
number of pulses in memory. Further research would be
needed to identify the specific cognitive and/or attentional
contribution to the musical expertise effect.
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Regarding the correlations between conditions, results
clearly indicate that the relationships across the different
modality conditions are very similar for intervals around 250
ms and intervals around 1,250 ms in the musician group, but
not in non-musician group. It appears that the benefit pro-
vided by musical training extends to all conditions, regard-
less of the modality and duration range, with one notable
exception: The few weak correlations in the musician group
are related to the AA condition in the sub-second range. In
contrast to the low correlations in non-musicians around 250
ms, the much greater uniformity in all conditions amongst
musicians, except in AA at 250 ms, also supports the idea
that musical expertise acts on one general internal tim-
ing mechanism, rather than several modality-dependent
mechanisms.

Finally, it is possible that the task benefits the musicians
across all conditions, and accounts for the homogeneous per-
formance of this group. In fact, it cannot be excluded that a
learning effect in the task is involved among musicians: this
group would learn the short and long stimuli better within a
condition. However, the outcome of this remains that musi-
cians are more sensitive to time intervals. In parallel, there
is a debate related to the notion of expertise, about the num-
ber of hours required to develop it. The selection of par-
ticipants in the musician group was not based on a criterion
such as “at least 4,000 hours” or at least “10,000 hours” of
training. These participants were active musicians during
at least the past 5 years, and this is apparently sufficient to
observe important differences in the numerous conditions of
this experiment, with participants having no experience as
a musician. What cannot be sorted out, though, is whether
this apparent temporal expertise is indeed a talent that was
already there that led to the choice of playing music, or if it
is the consequence of training.

Conclusion

In conclusion, the present study clearly shows better tempo-
ral discrimination in musicians than in non-musicians and
we now know that the superior ability of musicians for pro-
cessing time intervals applies to both intra- and intermodal
conditions and even extends to sub- and supra-second inter-
vals. In general, musicians having the higher discrimination
levels in one condition will also have higher discrimination
levels in other conditions; such conclusion does not apply to
non-musicians in the 250-ms duration range. Taken together,
our results show that musical expertise manifests itself in
all the modality and duration conditions, a finding that is
compatible with the idea that musical training acts on one
general internal timing mechanism.
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