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Superior voice timbre processing in musicians
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bstract

After several years of exposure to musical instrument practice, musicians acquire a great expertise in processing auditory features like tonal pitch
r timbre. Here we compared the performance of musicians and non-musicians in two timbre discrimination tasks: one using instrumental timbres,
he other using voices. Both accuracy (d-prime) and reaction time measures were obtained. The results indicate that the musicians performed

etter than the non-musicians at both tasks. The musicians also took more time to respond at both tasks. One interpretation of this result is that the
xpertise musicians acquired with instrumental timbres during their training transferred to timbres of voice. The musician participants may also have
sed different cognitive strategies during the experiment. Higher response times found in musicians can be explained by a longer verbal-auditory
emory and the use of a strategy to further process auditory features.
2006 Elsevier Ireland Ltd. All rights reserved.

n
e
t

t
c
w
e

a
t
t
d
p
i
v
W
f

eywords: Voice; Musicians; Expertise; Musical training

n auditory perception, one of the most studied forms of exper-
ise has been that of musicians. Practicing a musical instru-

ent usually starts during childhood or adolescence and after
everal years of exposure these people acquire great expertise
ith processing of auditory features like tonal pitch or timbre

13,10]. Musical training requires and involves different kinds
f auditory processes such as recognition and discrimination
f instrument tones, and musicians improve all those processes
ver time. Musicians’ expertise with processing of timbre of
usical instruments has also been demonstrated [13].
Electrophysiological data show that musical training is

ccompanied by specific cortical modifications. The P2 and N1c
sub-component of N1 occuring at electrode T8) components
f the auditory evoked potential in response to music sounds
re found to be enhanced in musicians [14]. The neuromag-
etic N1m component is likewise enhanced in musicians [11],
specially for the musical timbres of their own instrument [12].
oreover, when non-musicians are trained at pitch discrimina-
ion with 40 Hz amplitude modulated tones, the P2 component
s enhanced bilaterally and the N1c is enhanced in the right
emisphere [3]. The P2 is a particularly sensitive indicator of
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eural plasticity since it can be enhanced early in childhood, for
xample when 4- to 5-year-old children are exposed to musical
raining [16].

Both behavioral and electrophysiological data demonstrate
hat changes occur in musicians and that these changes are
losely associated with the processing of musical features. But to
hat extent can musical expertise with musical timbres be gen-

ralized to other types of timbre from other sound categories?
The American National Standards Institute [1] defined timbre

s “that attribute of auditory sensation in terms of which a lis-
ener can judge that two sounds, similarly presented and having
he same loudness and pitch, are different”. However, another
efinition of timbre, which is “an invariant quality based on
erceivable transformations across pitch and/or loudness that
s assumed to underlie the ability to identify one instrument or
oice” [7] has been used often in the psychoacoustic literature.
e find this definition of timbre being more operational and use-

ul for the present research, because each musical instrument can
ave its own timbre across different pitches and it extends the
otion of timbre to other categories such as voice.

In order to find out if musicians have a superiority over non-
usicians in processing timbre, Pitt [13] observed how the two
roups perceived dimensions of timbre and pitch. He asked par-
icipants to tell if two consecutive musical tones were different
n timbre and/or pitch. Participants had a four-choice categoriza-
ion task: no change, pitch change, instrument change, and both

mailto:jean-pierre.chartrand@umontreal.ca
dx.doi.org/10.1016/j.neulet.2006.06.053
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hanges. Results showed that when timbre changed, the musi-
ians were far more accurate than the non-musicians. Because
he participants had a four-choice task, they had to focus on both
imbre and pitch variations on each trial. It has been shown that
imbre variations can affect the judgement of pitch [9,15], espe-
ially in non-musicians [13]. It is possible that the non-musicians
ho participated in Pitt’s study were more impaired than musi-

ians when they had to judge timbre variations because they
eeded to concentrate on both dimensions simultaneously and
hus were. That study only partially demonstrated that musi-
ians do have a superiority over non-musicians in processing
usical timbres, because it could have been a consequence of

heir superiority in pitch processing.
Münzer et al. [10] conducted three experiments to determine

f musician’s familiarity with tonal processing can be generalised
o other kinds of superiority when processing other auditory
eatures. In different recognition tasks, they found that musicians
ere better than non-musicians with musical instrument timbres,

peech, and tones.
Speaker discrimination can be viewed as a particular case of

imbre processing within a homogeneous category of sounds,
nd it is not known whether discriminating human voices and
usical instruments involve different or similar processes. The

resent experiment asked the question of whether musical exper-
ise with instrument timbres transfers to vocal timbres. In other
ords, will musicians be better than non-musicians at a vocal

imbre discrimination task? We compared groups of musicians
nd non-musicians at two timbre discrimination tasks, one intru-
ental and one vocal. We predicted that musicians would per-

orm better than non-musicians at both tasks, based on the results
f Münzer et al. [10]. However, it is possible that musicians do
ot perform better than non-musicians since voice processing is
common and frequent task in both groups.

Thirty-six participants were recruited at the University of
ontreal. Most of them were undergraduate students. The sam-

le was composed of 17 musicians (9 women, 8 men) and
9 non-musicians (11 women, 8 men). A one-way ANOVA
as performed to compare age differences between musicians

mean = 24.23, S.D. = 5.3) and non-musicians (mean = 23.94,
.D. = 5.93). The difference between groups was not significant
F(1, 34) = 0.023, p > 0.05). Musicians had at least 3 years of
egular practice with an instrument or singing when included
n this group (the years of training varied from 3 to 25 years).
ut of the 17 musicians, there were 3 participants who were

ingers. When they were questioned about their musical train-
ng history, they reported that they also had courses with musical
nstruments, such as piano. Considering their specific training
ith voice production, they might be better than the other musi-

ians at discriminating voices. However, the number of singers
s so small that it would not make a large difference in the
esults. None of the musicians reported having absolute pitch.
oth musicians and non-musicians reported having no auditory

mpairment. They participated on a voluntary basis and were not

aid.

Two classes of stimuli were used: sounds of musical instru-
ents and human voices. Thirty-two samples coming from four

ategories of musical instruments (piano, strings, guitar, brass)

a
A
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o
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ere created on a Roland JV-80 keyboard synthesizer. Each cat-
gory included four instruments which played two sequences
f notes: C-D-G and C-E-G. Those stimuli were recorded with
ooledit software (Syntrillium, 2000) in stereo and converted

o mono with a sampling frequency of 22.05 kHz and a 16 bit
esolution. The musical instrument samples had a mean length
f 857 ms (S.D. = 27).

The human voices were taken from recordings of American
owels kindly provided by Hillenbrand [8]. The samples were
lso arranged in four categories: voices from women, men, boys,
nd girls. Each category contained four speakers pronouncing
he syllables “had” and “heed”. The samples were recorded in

ono with a sampling frequency of 16 kHz and a 16 bit resolu-
ion. The mean length was 591 ms (S.D. = 87). Both classes of
timuli were normalized on mean energy (RMS) using Matlab
Mathworks).

Tasks were designed to be as similar as possible for the instru-
ent and voice sounds. Sounds were presented in pairs with a 1 s

nter-onset-interval. Half of the pairs came from the same source
same instrument, or same voice); but all the pairs differed on
he spectro-temporal pattern, whether the source was the same
r not: the two melodies of a pair were always different for the
nstruments task, and the two syllables of a pair were always
ifferent for the speakers task. The experiment was divided into
blocks of 96 pairs, 2 for the instruments and 2 for the voices.
esponse time was recorded from the onset of the sound. The
ext trial was initiated 2 ± 0.5 s after the response to the preced-
ng pair. Accuracy was measured with the d-prime (d′) measure
f sensitivity [6].

Participants were set in a sound proof cabin in front of a com-
uter keyboard. On each trial, a pair of stimuli was presented via
eyerdynamic DT 770 headphones. Instructions were exactly

he same for the voice and instrument tasks: “Indicate with the
eyboard if the two sounds presented are produced from the
ame sound source or not, while responding as fast as possible
nd maintaining the lowest error-rate possible”; i.e., same or
ifferent instrument, or same/different speaker.

The design of the experiment was 2 × 2 mixed factorial,
ith musical training (musician versus non-musician) as the
etween-participants factor and task (voice discrimination ver-
us instrument discrimination) as the within-participants factor.
wo ANOVAs were performed, in which the dependent vari-
bles were accuracy (d′) and reaction time. Since there was
o main effect of participant gender on reaction times (F(1,
4) = 0.624, p > 0.05) and discrimination performance (F(1,
4) = 0.562, p > 0.05), data were pooled across male and female
articipants. Mean response times of the participants were cal-
ulated for each task after removing responses that were two
tandard deviations above the mean for that participant were
emoved. Thus, corrected response time means were computed
nd used in the analyses. All the required ANOVA assumptions
ere checked during the analysis. Homogeneity of variance was

qual across all categories (i.e., musicians versus non-musicians

nd voices versus musical instruments) for between-participant
NOVAs. In addition, Greenhouse–Geisser correction was used

or repeated measures analysis to correct for potential violations
f the sphericity assumption.
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ig. 1. Mean d′ score (+S.E.) and response time for non-musicians and musi-
ians in voice and instrument discrimination tasks.

There was a main effect of task on d′ scores, (F(1,
4) = 31.482, p < 0.05). The voice discimination task was more
ifficult than the musical instruments discrimination task for
ll the participants. There was also a main effect of group:
he musicians were found to perform significantly better than
on-musicians at both the voice discrimination and the instru-
ent discrimination tasks, (F(1, 34) = 10.834, p < 0.05). The

nteraction between musical training and task was almost sig-
ificant, (F(1, 34) = 2.950, p = 0.095), suggesting that musicians
ad a greater advantage over the non-musicians in the instru-
ent discrimination task. The results are shown in Fig. 1.
weak but significant correlation was found between voice

nd instrument discrimination performance (r = 0.359, p < 0.05).
n order to eliminate outliers, individual ratios were com-

uted and then transformed into z-scores. No participants
ad z-score ratios above or below 3.29 standard deviations
rom the mean ratio, so no participants were removed from
he correlation. As shown in Fig. 2, the singing musicians

ig. 2. Correlation between instruments and voices discrimination tasks perfor-
ance (d′) for both musicians and non-musicians.
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ad particularly good voice and instrument discrimination
erformance.

Response times tended to be longer for musicians, (F(1,
4) = 3.497, p = 0.07). The musical training × task interaction
as not significant, (F(1, 34) = 0.315, p > 0.05). The simple

ffect of musical training on the voice discrimination task was
ignificant, (F(1, 34) = 4.16, p < 0.05), the musicians having sig-
ificantly longer response times than the non-musicians (cf.
ig. 1).

As predicted, the musicians were found to perform better than
he non-musicians at both voice and musical instrument discrim-
nation tasks. The musicians took more time to respond in the
oice discrimination task. Participants performed better at the
nstrument discrimination task than at the vocal discrimination
ask, but this.

One interpretation of the results is that expertise with musi-
al instrument timbres generalizes to other timbre tasks, such
s voice discrimination. Human voice is special in the sense
hat it is the carrier of speech and contains rich paralinguis-
ic information about the speaker’s identity, gender, emotional
tate [2]. But when it comes to auditory processing of acoustical
eatures, it is unknown whether voice discrimination involves
rocesses that are different from the ones implicated in instru-
ent discrimination or not. Since there is a relation between

he participants’ musical education and timbre discrimination
erformance, we suppose that during their musical training, the
usicians have learned to better discriminate timbres of various

ound sources, but this remains to be further assessed. However,
ince the singing musicians seemed to be among the best per-
ormers in both discrimination tasks, experiments exploring the
pecific link between singing and timbre processing should be
onducted.

Also, to accept this interpretation, we need to suppose that
oice timbre and instrument timbre discrimination involve sim-
lar processes. If voice and instrument timbre processing were

ediated by different processes, one would have expected the
usicians to have only performed better at the instrument dis-

rimination task. Musicians and non-musicians would have been
xpected to perform at the same level with the voice timbre dis-
rimination task, since voice processing is a common domain of
xpertise across the whole population [2]. Not only did the musi-
ians perform better than non-musicians at both tasks, but they
howed a tendency to have a greater advantage in the instruments
iscrimination task. This result is not in direct contradiction with
he proposal that the processes involved in the two tasks are sim-
lar. Considering the training that musicians have received with

usical instruments, they were much more familiar than the non-
usicians with the task involving instrument timbres. While the

resent study was limited to the question of timbre process-
ng across different sound categories, it raises the question of
unctional modularity of timbre processing. Other experiments
hould be performed to examine whether the two types of tim-
re discrimination can interfere with each other (see Gauthier

nd Kurby [5], for an example of an interference task in visual
erception).

An alternative explanation of the musicians’ better perfor-
ance is that they could have a greater non-verbal I.Q. This
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haracteristic was not measured in our experiment. A study
onducted by Brandler and Rammsayer [4] tested different
spects of mental abilities across musicians and non-musicians.
t demonstrated that musicians were significantly superior only
n auditory verbal memory and reasoning scales. It is true that a
arger short-term auditory memory might explain why musi-
ians outperformed non-musicians. Actually, auditory short-
erm memory was not measured in this study. However, if this
xplanation was true, then other studies would need to be con-
ucted in order to assess whether this difference between musi-
ians and non-musicians is caused by musical practice. Since
ittle is known about musical instrument and voice timbre pro-
essing, for the moment it is difficult to attribute direct links
etween specific processes and good auditory discrimination
erformance. These results may partially explain our finding
hat the musicians had longer response times in both tasks.

The musicians’ longer response times can be explained by
rguments proposed by Münzer et al. [10]. In conclusion to
heir experiments, these authors said that musicians could pro-
ess sound at a deeper level when they were given more time
o encode the stimuli (168 and 200 ms versus 68 ms stimulus
uration). The authors estimated that given more time for encod-
ng, performance increases and an advantage for the musicians
hows up. They proposed that musicians could have proceeded
ven further with the analysis of the auditory features. Although
he participants were all instructed to respond as fast as possible
hile maintaining the lowest error-rate possible, the musicians

ook more time to respond overall and may have processed the
ounds at a deeper level than the non-musicians, or used different
ognitive strategies.

Finally, participants performed less well at the voice discrim-
nation task than at the instrument discrimination task, but this
iece of result is less relevant, since the objective of this study
as to assess the link between musical training and timbre pro-

essing and thus to compare the two groups. The task demands
ere exactly identical in the two discrimination tasks, except for

he timbre source. There were three differences though. While
oices contained approximately one pitch during the whole syl-
able, musical instruments constituted of three different pitches.
his may have lowered the difficulty of the instrument discrim-

nation task. Also, some might argue that voice pairs differed
n another aspect of timbre by having different vowels. This
ifference between musical instruments and voices could have
asily led to a lower voice discrimination performance, since
oice samples always differed in timbre, as opposed to musical
nstruments, which half of the time only differed in melodies. A
ifference in stimuli length can be noted too. The voice sounds

ad a mean total duration of 650 ms while the instrument sounds
ad a mean duration of 850 ms. The participants had 200 ms
ore of auditory information to process. Those two differences

etween voice and musical instrument sounds by themselves

[

[
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an explain why the instrument discrimination task led to better
erformance.

The main goal of the present study was to assess if musical
imbre expertise can be generalized to timbres of other audi-
ory domains, like voices. Our results suggest that it can, but
his statement is not without limitations. First of all, it is not
nown yet if musicians are better than non-musicians at other
oice processing tasks, like voice recognition for example. Sec-
nd, it is also not known yet if musicians would perform better
ith other kinds of auditory stimuli, like environmental sounds.
uture studies need to focus on multiple types of sound cate-
ories and other types of sound processing to further evaluate
ifferences between muscians and non-musicians.
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