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Abstract  The ability to discriminate pitch and duration is fundamental for the processing of both music and spoken lan-
guage. There is now consistent evidence that an intensive musical training may improve the ability to discriminate sound 
changes not only in musical but also in linguistic stimuli so that studying music may help learning foreign languages. By 
contrast, evidence for the reverse claim - a real transfer from linguistic experience to musical aptitude - is still lacking. This 
research investigates whether linguistic and musical competences can mutually influence each other especially as far as 
pitch and duration are concerned. Three groups of subjects (i.e. Naïves, Musicians and Bilinguals) performed a discrimina-
tion task on sound stimuli that were either linguistic (Japanese words) or musical (isolated notes), and differed in either 
duration (tempi and syllable lengths) or pitch (tones and stresses). Results showed that besides regular music practice, also 
an early but not a late exposure to foreign languages strongly improves pitch but not duration discrimination.  
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1. Introduction 
A suggestive theory claims that language and music 

evolved from the same ancestor, the “musilanguage” system 
(Brown, 2001). Apart from any anthropological remark, 
there is no doubt that language and music share some 
structural elements and an overlapping structural processing 
mechanism (Fedorenko, Patel, Casasanto, Winawer and 
Gibson, 2009).  

Among these structural elements, two features seem to be 
essential for music and language perception, learning and 
production: pitch and duration. It is quite pleonastic to dis-
cuss the role that pitch and duration play in music. By con-
trast, it may be worthy to note that in tone languages (i.e. 
Mandarin, Cantonese, Thai and many African languages) the 
same sequence of phonemes pronounced with subtle changes 
in pitch conveys very different meanings (e.g. in Mandarin: 
ma mother vs. mâ horse). Analogously, duration is essential 
for the recognition and comprehension of verbal messages so 
that in quantity languages such as Finnish and Japanese, 
subtle changes in duration can imply relevant semantic dif-
ferences (e.g. in Finnish: puro stream vs puuro porridge). It 
follows that the ability to discriminate these two features is 
fundamental for the analysis of linguistic stimuli as it is for 
musical ones (Patel, 2006).  
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Consistent evidence suggests that humans have an innate 
sensitivity to changes in duration and pitch along with other 
critical features of language and music like meter and timbre 
(see Trehub, 2003 and Levitin and Tirovolas, 2009, for re-
views). For instance, it has been demonstrated that a few 
month-old infants can detect a small change in tempo of an 
isochronous sequence (Drake and Bertrand, 2001), as well as 
discriminate subtle pitch differences (Hannon and Trehub, 
2005). As children mature, some musical abilities naturally 
improve, while others decline. In particular, while the sensi-
tivity to harmonic structure increases (Trehub, 2003), the 
ability of pitch processing seems to become less accurate 
year after year, unless subjects are exposed to an intensive 
musical training (Tervaniemi, Just, Koelsch, Widmann and 
Schröger, 2005). 

Even untrained adults (i.e. people who have not received a 
formal musical training), however, maintain a certain ability 
to process duration and pitch changes in all sound stimuli. 
For instance, undergraduate non-musician students pre-
sented with short extracts of Scottish music played at deviant 
(i.e. hastened or slackened) durations from the original tune 
turned out to be capable of making consistent duration 
judgments (Quinn and Watt, 2006). As for pitch processing, 
it is now accepted that, with the sole exception of amusic 
subjects (Stewart, 2008), also untrained adults can under-
stand the difference between consonant and dissonant in-
tervals (Bigand and Poulin-Charronnat, 2006; Hannon and 
Trainor, 2007). Quite obviously, language studies may en-
hance linguistic capacities and, in turn, an intensive musical 
training may prevent the natural decline of some abilities of 
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music processing. In this vein, linguistic expertise facilitates 
the processing of phonemically relevant acoustic cues in 
speech sounds while musical expertise facilitates the proc-
essing of subtle changes in pitch and in duration of harmonic 
sounds (see Marie, Kuala and Besson, 2010, for a review). 

More interestingly, several studies in both children and 
adults provided convincing evidence that, besides the proc-
essing of musical stimuli, a specific musical training may 
improve the processing of speech sounds, too (Patel, 2008). 
For instance, in a behavioral and electrophysiological study, 
Milovanov and colleagues tested Finnish elementary school 
children’s ability to process sound duration of both foreign 
(i.e. English) language sentences and melodic tunes and 
found that musical competence positively correlates with the 
linguistic one (Milovanov, Huotilainen, Esquef, Alku, 
Välimäki and Tervaniemi, 2009). In turn, Marques and col-
leagues (Marques, Moreno, Castro and Besson, 2007) pre-
sented some adult native French speakers (musicians and 
non-musicians) with a series of Portuguese declarative sen-
tences ending with disyllabic words which could be 
prosodically congruous, weakly incongruous or strongly 
incongruous and asked them to judge the last word of the 
sentence as normal or strange. On the most difficult condi-
tion (i.e. weakly incongruous stimuli) musicians performed 
significantly better than non-musicians, likely because mu-
sical expertise can facilitate the detection of subtle pitch 
variations in word utterances (Magne, Scho ̈n and Besson, 
2006). Moreover, musical expertise has proved to enhance 
the ability to extract prosodic information from spoken 
phrases (Thompson, Schellenberg and Husain, 2004), as well 
as the metric structure of words (Marie, Magne and Besson, 
2011). In sum, musicians are supposed to detect pitch and/or 
duration violations better than non-musicians in both musi-
cal and linguistic stimuli (Schön, Boyer, Moreno, Besson, 
Peretz and Kolinsky, 2008). 

While there is now a consistent corpus of literature inves-
tigating whether musical training improves non-musical (i.e. 
linguistic) abilities, few studies consider the reverse effect, 
namely whether linguistic training can improve music pitch 
and/or duration processing. In fact it seems that some lin-
guistic competences can enhance music pitch and duration 
detection. For instance, it has been demonstrated that 
speaking Mandarin may help an individual acquire absolute 
pitch (Deutsch, Henthorn, Marvin and Xu, 2006), and that a 
native experience with a tone language enhances pitch en-
coding in both speech and non-speech contexts (Krishnan, 
Swaminathan and Gandour, 2009). However, supportive 
evidence is lacking for direct comparison of both language 
and music pitch and duration detection in groups of adults 
with either linguistic or musical skills. Moreover, in most 
studies subjects were tested in a foreign language that they 
were quite familiar with: for example Milovanov et al. (2009) 
adopted English for testing Finnish children and Marques et 
al. (2007) presented French adults with Portuguese sentences. 
By contrast, some recent researches have focussed on the 
comparison between tonal languages and tonality in music. 
In this vein, Japanese children have proved to be clearly 

superior to their North-American peers in retaining the pitch 
level of familiar music (Trehub, 2003) and native Mandarin 
speakers have proved to be more sensitive than both English 
amateur musicians and English non-musicians to pitch 
changes in both music and language (Bidelman and Krishnan, 
2009).  

For the purpose of this study, we conducted an experi-
mental investigation aimed at exploring whether linguistic 
and musical competences can mutually influence each other. 
In other words, whether subjects with linguistic or musical 
skills better process linguistic and/or musical stimuli, espe-
cially as far as the features of pitch and duration are con-
cerned.  

2. Methods 
Participants 

Forty-eight healthy young adults (27 females and 21 males, 
ranging in age from 19 to 28 years) with a normal hearing 
ability gave their informed consent to participate in this 
study which was carried out in accordance with the guide-
lines of the Declaration of Helsinki. 

All the 48 subjects were born in Italy and were Italian na-
tive speakers. According to their linguistic and musical ex-
perience and competence, they were divided into three 
groups of sixteen members each. The first group was labeled 
as “Bilinguals” and included subjects without any musical 
experience apart from compulsory school programs, but very 
proficient in one or more foreign languages. Six of them 
were subjects whose parents come from foreign countries 
and who had been exposed to their family's language (i.e. 
Romanian, Mandarin, American and British English) since 
birth. Given that none of them reported any further linguistic 
experience apart from compulsory school programs, fol-
lowing Lightbown and Spada (2006), we called them "Si-
multaneous Bilinguals". The remaining ten subjects studied 
foreign languages at University and got one or more lan-
guages certifications (i.e. Spanish, German, French and 
English) each corresponding to a C2 level according to the 
Common European Framework of Reference for Languages 
(CEFR). Following the definitions by Lightbown and Spada 
(2006), we called them "Sequential Bilinguals". The second 
group was labeled as “Musicians” and included subjects with 
a degree in Music Theory and Solfeggio, but no linguistic 
experience apart from compulsory school programs. All of 
them practiced their instruments (i.e. drums, piano, guitar 
and sax) at least two hours a day since the age of 6. The third 
group was labeled as “Naïves” and included university stu-
dents with neither musical nor linguistic practice apart from 
compulsory school programs. 

Materials and Procedure 

Our experiment assessed subjects’ performance on two 
domains: Language and Music. In turn, each domain in-
cluded two tasks: Pitch discrimination and Duration dis-
crimination. In the overall four tasks, subjects were pre-
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sented with a series of stimuli each formed by two sounds - 
either words or musical notes - separated by a fixed full 
period of 1 second. Participants were requested to verbally 
report whether the two sounds were same or different. The 
order of the four tasks (Language Pitch and Language Du-
ration, Music Pitch and Music Duration) was counterbal-
anced across the subjects according to an A-B-B-A design. 
All subjects were tested singularly in a separate quite room 
where they were comfortably seated on a chair back to back 
with the examiner. Such an arrangement made verbal 
communication very easy, meanwhile preventing subjects to 
receive non-verbal feedback from the examiner. Before each 
task a short training session was administered. The whole 
experiment lasted about 30 minutes, including a short pause 
between tasks. 

A commercial music notation software (GarageBand, 
Apple, Inc.) was used to generate all musical stimuli whereas 
linguistic stimuli were built from Japanese Grammar CDs 
(Banno, 1999). Both musical and linguistic stimuli were 
stereo sampled at 22050 Hz and stored in a wave format with 
16-beat length by means of an open source software (Au-
dacity, Inc.). Another commercial software program 
(E-Prime, Psychology Software Tools, Inc.) was used to 
implement the experimental paradigm. All the experiments 
were conducted on an IBM compatible notebook provided 
with a standard Toshiba audio card. Professional headphones 
set at normal volume levels served to deliver the stimuli. The 
examiner used the keyboard of the notebook to enter the 
participants’ answers and to run the experiment. 

Hereafter we provide further details on the stimuli used in 
the different tasks. The full list of the stimuli is reported in 
the Appendix. 
1. Language Stimuli 

All Language stimuli consisted of Japanese real words 
built from three mono recordings made by three (two males 
and a female) native Japanese speakers. More precisely, each 
speech stimulus contained two Japanese words which could 
be identical or different in consonant stress (pitch) or length 
(duration).  

We chose Japanese because it is a pitch accent language; 
that is, the meaning of homographic words can change with 
different accent positions, in a much more restricted way 
than tonal languages like Chinese (Yip, 2002). Japanese is 
actually built on specific quantitative syllables and rhyth-
mical flows of words. Such a rhythm is given by adequate 
and recurring intervals between syllables or words which 
attribute a melodic fluency to the sequence of each sentence 
(Jomori and Hoshiyama, 2009). Furthermore, Japanese is 
also a quantitative language, because consonant and vowel 
quantities carry semantic information and the meaning of a 
word is related also to the correct production of the phoneme 
duration. So, in Japanese vowel and consonant quantities are 
fundamental not only from a phonetic point of view, but also 
- and above all - from a semantic perspective since the 
meaning of a word completely changes if the duration of the 
phoneme is longer or shorter. Finally, Japanese was chosen 

for being a language that all the participants were unfamiliar 
with.  

In the Language Pitch task twelve words were employed to 
generate the stimuli. These words were combined for a total 
of twelve couples of identical words (i.e. same stimuli) and 
twelve stimuli made of differently stressed words (i.e. dif-
ferent stimuli). Different words in a pair presented deviant 
stress position: the stress could be on the first syllable, or on 
the second syllable or just absent. Considering that it is easier 
to recognize the difference between a word accented on the 
first syllable and the homograph word accented on the sec-
ond syllable than the difference between stressed and un-
stressed words (Howell, 1993), according to the stress posi-
tion in the words of a pair, different stimuli were classified as 
easy (e.g. imà vs. ìma) or difficult (e.g. sake vs. saké). In 
each experimental session, the twelve same and twelve dif-
ferent stimuli were presented according to a completely 
random sequence. Then, this cycle of trials was repeated for 
a total of forty-eight experimental stimuli. 

In the Language Duration task eight words were combined 
to generate a total of eight different and eight same stimuli. 
In the different stimuli the two words were homographic and 
homophonous apart from a consonant which was doubled in 
one part of the pair (e.g. soto vs. sotto, sanen vs. sannen), so 
that the two words were only slightly deviant in duration and 
the degree of difference was the same across the eight dif-
ferent stimuli. In each experimental session, same and dif-
ferent stimuli were presented according to a completely 
random sequence. In order to get forty-eight experimental 
stimuli, three cycles of trials were administered. 
2. Music Stimuli 

All Music stimuli were generated through an electronic 
grand piano tone and consisted of a sequence of two musical 
notes which could be identical or different in pitch or dura-
tion.  

With the explicit aim to discard the culture-specific prin-
ciples that govern pitch and duration relationships in melodic 
and harmonic progressions (Tramo, Cariani, Delgutte and 
Braida, 2001), we preferred to use isolated notes instead of 
chords (“vertical combinations”) and music lines (“hori-
zontal combinations”). Thus, subjects were presented with 
pairs of isolated sounds which could differ each other for the 
sole parameter of pitch or duration. 

In the Music Pitch task six quarter notes in G clef were 
employed. These musical notes were combined for a total of 
twelve different and six same stimuli. As with Language 
stimuli, different stimuli were ranked according to the degree 
of difference between notes as easy (i.e. a tone and a half, 
like the stimulus E-G), difficult (i.e. a tone, like the stimulus 
D-C) and very difficult (i.e. a semitone, like the stimulus 
E-F). In each cycle, the six same stimuli were doubled to 
obtain an equal number of same and different stimuli which 
were all presented according to a completely random se-
quence. Then, the cycle of trials was repeated for a total of 
forty-eight stimuli for each experimental session. 

In the Music Duration task three tempi (i.e. 1/8 note, 1/4 
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note and 1/2 note) were combined to generate three same and 
six different stimuli, ranked according to the degree of dif-
ference between notes as easy (e.g. 1/2 note vs. 1/8 note), 
difficult (e.g. 1/4 note vs. 1/2 note) and very difficult (1/4 vs. 
1/8). The same stimuli were doubled leading to a total of 
twelve stimuli presented according to a completely random 
sequence. Four cycles of trials were run for a total of 
forty-eight stimuli for each experimental session. 

3. Results 
Given that the level of difficulty was different across tasks 

and considering that the main question of interest was 
whether the performance of the three groups of participants 
was the same or different across tasks, we analyzed each task 
separately using univariate ANOVA with subjects’ accuracy 
as the dependent variable and Group (three levels: Bilinguals, 
Musicians, and Naïves) as the between-subjects factor. 
Bonferroni correction for multiple comparisons was applied 
and a p-value of <.05 was considered to indicate statistical 
significance. Before analyzing the data, however, further 
methodological considerations have to be taken into account. 
In each task, on each trial, subjects were requested to judge 
whether the two stimuli in a pair were same or different. In 
other words, they had to detect a difference. It follows that, 
qualitatively speaking, subjects’ responses could belong to 
any one of these four categories: Hits, Misses, Correct Re-
jections and False Alarms. Hits occurred when subjects 
correctly detected differences (i.e. they responded “different” 
on different trials), and Misses occurred when subjects 
missed to detect differences (i.e. they responded “same” on 
different trials). Analogously, Correct Rejections occurred 
when subjects avoided to report a difference when it was 
absent (i.e. they responded “same” on same trials), and False 
Alarms occurred when subjects reported the presence of a 
difference when it was absent (i.e. they responded “different” 
on same trials). However, quantitatively speaking, it is 
noteworthy that in three out of the four tasks (i.e. Language 
Duration, Language Pitch, and Music Pitch) subjects were 
extremely accurate on same trials with a number of False 
Alarms absolutely negligible (i.e. less than 2%). For such a 
reason, in these three tests we only considered subjects’ 
performance on different trials by using the number of 
Misses as index of accuracy. By contrast, in the Music Du-
ration task, besides Misses, we also recorded a large number 
of False Alarms. With the aim to provide a truer representa-
tion of discrimination sensitivity of different subjects, we 
used d’ [d' = z(FA) - z(H)] to take into account both Hit and 
False Alarm rates. Hereafter we describe the results of each 
task listed according to the number of errors.  

1. Language Duration  

In this task, participants made very few errors, if any 
(overall accuracy = 97%). Although the number of Misses 
was too small to be entered into any quantitative analysis, 
some qualitative observations on the pattern of performance 

are possible. First, Misses were more likely to occur the 
slighter was the difference between the stimuli so that the 
more difficult the item the more frequent the errors. Sec-
ondly - and most importantly - the pattern of performance 
varied across the different groups: while all Musicians per-
formed flawless, 5 Naïves and 7 Bilinguals (2 Simultaneous- 
and 5 Sequential-Bilinguals) made some Misses. None of 
them, however, missed more than 25% of different trials so 
that the average of Misses was very low for both Naïves and 
Bilinguals (mean percentage of Misses = 3% and 6%, re-
spectively) and no difference was observed between the two 
subgroups of Bilinguals.  
2. Music Pitch  

Participants were very accurate also in this task (overall 
accuracy = 94%). Like in the previous task, the error rate 
tended to parallel the difficulty of the trials, and the pattern of 
performance varied across groups. Once again, all Musicians 
performed flawless, while 10 Naïves and 9 Bilinguals made 
several errors leading to a significant effect of the factor 
Group [F(2,45) = 5.151; p = .010]. However, although Na-
ïves (mean percentage of misses = 11%) performed overall 
worse than Bilinguals (mean percentage of misses = 5%), 
only the difference between Naïves and Musicians reached 
statistical significance (p = .007). Finally, it is interesting to 
note that the two sub-groups of Bilinguals performed quite 
differently from each other in this task. Indeed, all Bilinguals 
who made errors were Sequential-Bilinguals (mean per-
centage of misses = 8%). In other words, while all Simulta-
neous Bilinguals performed flawless like Musicians, all 
Sequential-Bilinguals but one made several Misses like 
Naïves.  
3. Language Pitch  

Participants’ performance markedly worsened in the 
Language Pitch task with only 8 Musicians, 3 Bilinguals 
and 2 Naïves making no errors. Notwithstanding the con-
siderable inter-subjects variability found in this task, 
ANOVA revealed a significant effect of the factor Group 
[F(2,45) = 4.515; p = .016]. Indeed, Musicians (mean per-
centage of Misses = 5%) turned out to be overall more ac-
curate than Bilinguals (mean percentage of Misses = 13%) 
and Naïves (mean percentage of Misses = 23%), although 
only the differences between Musicians and Naïves reached 
significance (p = .013). Also in this task, however, a strong 
difference in the performance of Simultaneous Bilinguals 
compared with Sequential Bilinguals was detected. Actually, 
all the Bilinguals who performed flawless were Simultane-
ous Bilinguals. Moreover, while the performance of Se-
quential Bilinguals was very similar (mean percentage of 
Misses = 26,5%) to that of Naïves, the performance of Si-
multaneous Bilinguals (mean percentage of Misses = 3.5%) 
was as good as that of Musicians. Finally, it is worth noting 
that the difference between Simultaneous and Sequential 
Bilinguals was statistically significant even when the per-
formance of the six Simultaneous Bilinguals was compared 
with that of the six Sequential Bilinguals best scorers by 
means of an independent samples T-test: [t(10) = 2.341, p 
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= .041].  
4. Music Duration 

As mentioned above, differently from the other three tasks, 
in the Music Duration task, besides Misses, we also recorded 
a large number of False Alarms. Because of this, we used d’ 
to take into account both Hit and False Alarm rates [d' = 
z(FA) - z(H)]. According to this criterion, d' values near zero 
indicate chance performance, while high absolute values of 
d' indicate a large sensitivity to discriminate same and dif-
ferent pairs of stimuli. Before analyzing the data, however, a 
further methodological consideration must be taken into 
account. Computing d' is quite difficult when a respondent 
detects all differences giving a Hit rate = 1.0 and/or never 
reports the presence of a difference when absent, giving a 
False Alarm rate = 0. To avoid these problems, we adopted a 
conventional adjustment according to which subjects who 
made no Misses nor False Alarms were considered instead to 
have made 1 Miss and 1 False Alarm. Giving that there were 
24 same and 24 different stimuli, for these subjects Hit and 
False Alarm rates were = .960 and = .040, respectively. For 
all the participants, but one Naïf and one Simultaneous Bi-
lingual, d’ values were positive ranging from .616 to 3.502 
thus revealing a high inter-subjects variability. For such a 
reason the univariate ANOVA, with d’ values as the de-
pendent variable and Group as the between-subjects factor, 
was far from significance. That is the three groups of sub-
jects performed in a quite similar way with a % of Hits 
ranging from 71% for Naïves to 78% for Bilinguals and 80% 
for Musicians and a % of False Alarms which varied from  
25% for Naïves to 28% for Musicians and 40% for Bilin-
guals. Finally, no difference was observed between the per-
formance of Simultaneous and Sequential Bilinguals. 

4. Discussion  
There is now a wide consensus that humans have an innate 

predisposition for processing linguistic and musical stimuli 
(e.g. Levitin and Tirovolas, 2009). In particular, along with 
other critical features like meter and timbre, infants can 
easily detect changes in duration (Drake and Bertrand, 2001) 
and pitch (Hannon and Trehub, 2005). These abilities natu-
rally tend to decline although they are never entirely lost 
even in untrained adults (Tervaniemi et al., 2005). A specific 
(i.e. linguistic and musical) training, however, may prevent 
such a decline by enhancing the processing of linguistic and 
musical stimuli, respectively (Marie et al., 2010). More 
interestingly, linguistic and musical domains may influence 
each other. In this vein there is now increasing evidence for 
the proposition that music can facilitate the acquisition of a 
second language (Sleve and Miyake, 2006). It seems too 
simplistic to explain such a beneficial effect of music as only 
due to an increased level of arousal and attention. More 
likely, learning a foreign language can be positively affected 
by both motivational and structuring proprieties of songs 
(Schön, Boyer, Moreno, Besson, Peretz, and Kolinsky, 

2008). Consistent with this, several studies reported an ad-
vantage for musicians compared to non-musicians in the 
processing of speech sounds (Patel, 2008).  

One should expect that as musical expertise improves 
linguistic abilities, so does linguistic expertise with musical 
abilities. To the best of our knowledge, only few studies have 
addressed this issue so far. Although some reliable data 
suggest that speaking a tone language may enhance pitch 
encoding in both musical and verbal context (Deutsch et al., 
2006; Krishnan et al., 2009; Lee and Lee, 2010), conclusive 
evidence is still lacking as for the effects of linguistic train-
ing on subjects’ ability to process musical stimuli. 

Here we set out to investigate the mutual effects of lin-
guistic and musical training by directly comparing how 
people with different levels of musical and linguistic exper-
tise process musical and linguistic stimuli. For this purpose, 
three groups of participants with different levels of musical 
or linguistic expertise were tested: those with musical 
training (i.e. Musicians) those with linguistic training (i.e. 
Bilinguals, further distinguished into Simultaneous and Se-
quential Bilinguals), and those who were monolinguals and 
had no received extensive musical training (i.e. Naïves). All 
these subjects were asked to make same/different judgments 
on pairs of linguistic (Japanese words) or musical (isolated 
notes) stimuli which varied (or did not differ at all) in either 
duration or pitch. 

The results were very interesting. First, subjects’ per-
formance varied across different tasks so that they were 
overall extremely accurate in the Language Duration task, 
made an increasing number of errors across Music Pitch and 
Language Pitch tasks, and scored markedly worse in the 
Music Duration task. Although a direct comparison between 
tasks is not possible, it seems that - at least under the condi-
tions of our experiment - duration discrimination was easier 
than pitch discrimination in the linguistic domain whereas 
the opposite was true in the musical domain, as pitch dis-
crimination was easier than the duration one. Another hy-
pothesis, not mutually exclusive, can be put forward to ex-
plain these findings. Listeners rarely experience linguistic 
and musical stimuli as isolated sounds (Drake and Bertrand, 
2001), like the single notes we used in our musical tasks. In 
fact, we are usually exposed to sequences of verbal or mu-
sical sounds (words and music lines, at least) and the ability 
to discriminate some fundamental elements allows us to 
catch the pauses between words. In this vein, our claim can 
be re-phrased by stating that under the ecological conditions 
in which subjects were requested to discriminate embedded 
sounds (i.e. linguistic tasks), duration discrimination turned 
out to be easier than pitch discrimination, while under the 
somehow unnatural conditions in which we investigated 
subjects’ absolute capacity to discriminate sounds in isola-
tion (i.e. musical tasks), they were much more accurate in 
discriminating pitch than duration. This issue could be spe-
cifically addressed in a further investigation in which musi-
cal notes are to be compared with syllables (sounds in iso-
lation) and musical lines are compared with words (embed-
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ded sounds). 
Secondly, but most importantly, our research did reveal 

reliable differences between the different groups of subjects 
across the different tasks. That is, the three groups behaved 
quite differently from each other when requested to dis-
criminate pitch either in the musical or in the linguistic do-
main, while they performed in a more similar way when 
asked to discriminate the duration of linguistic or musical 
stimuli. Indeed, while in the Music Duration task the per-
centages of Hits and False Alarms were absolutely compa-
rable across groups leading us to the conclusion that the 
performances of Naïves, Bilinguals and Musicians were 
substantially equivalent, a subtle difference between groups 
was detected in the Language Duration task: Musicians 
performed flawless, while some Naïves and Bilinguals made 
some errors. With the caution that must be used in inter-
preting negative results (i.e. those from Music Duration task) 
as well as differences not supported by a statistical evidence 
(i.e. those from Language Duration task), these findings can 
be explained by arguing that even subjects with neither lin-
guistic nor music training can distinguish syllables duration 
very accurately. Nonetheless, a musical, rather than a lin-
guistic, training can be effective in further improving this 
spontaneous ability (Sleve and Miyake, 2006). On the other 
hand, neither a musical, nor a linguistic intensive training has 
any effect on the subjects’ ability of discriminating music 
duration, at least when isolated notes are compared.  

As said before, more consistent differences between 
groups were found in tasks requiring a pitch discrimination. 
On both Music and Language Pitch task, Musicians per-
formed at or near ceiling, thus they turned out to be overall 
more accurate than Bilinguals who, in turn, were overall 
more accurate than Naïves. Although only the differences 
between Musicians and Naïves reached statistical signifi-
cance, these findings seem to suggest that a musical and, 
even in a lesser degree, a linguistic intensive training may 
improve the subjects’ ability of pitch discrimination in both 
the musical and the linguistic domains.  

The conclusion that musical training is correlated with 
better pitch discrimination cannot be taken as especially 
surprising or novel. Indeed, several studies demonstrated a 
consistent advantage for musicians compared to 
non-musicians in processing musical and linguistic stimuli in 
general (e.g. Schön et al., 2008; Patel, 2008) and in dis-
criminating pitch in particular (e.g. Magne et al., 2006; 
Marie et al., 2010). By contrast, only few studies demon-
strated the reverse effect, namely that linguistic competences 
can enhance pitch encoding in both speech and non-speech 
contexts (e.g. Krishnan et al., 2009). Thus, our findings add 
supportive evidence to the hypothesis that a language to 

music transfer is possible and extensive linguistic experience 
may improve, to some extent, individuals’ ability to dis-
criminate pitch in music. One should claim, however, that 
such an evidence is quite weak, since neither in the Music, 
nor in the Language Pitch tasks, the difference between 
Bilinguals and Naives reached statistical significance. Bi-
linguals, however, did not behave as a homogeneous group. 
On the opposite, the two subgroups of Bilinguals performed 
quite differently from each other: while the performance of 
Sequential Bilinguals was absolutely undistinguishable from 
that of Naïves, the performance of Simultaneous Bilinguals 
was as accurate as that of Musicians. Although the sample of 
the two subgroups was too small to allow us to draw any 
definite conclusion, the differences were too clear-cut to be 
mere coincidence. Moreover, it seems unlikely that Simul-
taneous Bilinguals differed from Sequential Bilinguals in 
motivation or other non-specific factors such as basic audi-
tory ability etc. A more plausible explanation is that Simul-
taneous vs. Sequential Bilinguals differences reflect different 
effects of natural “early” bilinguism compared to artificial 
“late” bilinguism (Bialystok and Depape, 2009). In particular, 
these findings corroborate the idea that, analogously to mu-
sical competence, linguistic competence - provided it has 
been acquired in early infancy and childhood - can improve 
subjects’ abilities to detect slight pitch variations in both the 
linguistic (Kaushanskaya and Viorica, 2009) and the musical 
(Bidelman and Krishnan, 2009) domains. 

This claim, however, needs to be further substantiated by 
collecting data from a larger sample of Simultaneous and 
Sequential Bilinguals. Even more interesting, different 
groups of Simultaneous Bilinguals should be tested to ad-
dress the issue whether linguistic competence differs de-
pending on the spoken native languages especially with 
regard to tone languages. In line with recent suggestions 
(Schellenberg and Trehub, 2008; Pfordresher and Brown, 
2009), it would be interesting to observe whether studying 
“just any” second language can enhance pitch or duration 
perception or, vice-versa, the exposure to different mother 
tongues where pitch and duration discrimination is crucial 
(i.e. tone and pitch accent languages and quantitative lan-
guages) can imply a different development of the ability to 
discriminate musical sounds also in non-musicians. 
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Appendix 
Table 1.  Language Pitch stimuli. 

DIFFERENT COUPLES DEGREE OF  
DIFFERENCE  

hàshi (chopsticks) - hashi (edge) Easy 
hashì (bridge) - hashi (edge) Easy 

kaki (persimmon) - kàki (oyster)  Easy 
kaki (persimmon) - kakì (fence) Easy 
sàke (salmon) - sake (alcohol) Easy 
sake (alcohol) - sàke (salmon) Easy 

hashì (bridge) - hàshi (chopsticks) Difficult  
hàshi (chopsticks) - hashì (bridge) Difficult  

ìma (now) - imà (living room) Difficult 
imà (living room) - ìma (now) Difficult 

kàki (oyster) - kakì (fence) Difficult 
nihòn (Japan) - nìhon (two sticks of) Difficult 

As for the "same" couples, each word was repeated twice. 
Ex.: ìma (now) - ìma (now); kàki (oyster) - kàki (oyster) 
and so on. 

Table 2.  Language Duration stimuli. 

DIFFERENT COUPLES DEGREE OF  
DIFFERENCE 

issei (all at once) - isei (opposite sex) Easy 

isei (opposite sex) - issei (all at once) Easy 

maki (scroll) - makki (last period) Easy 

makki (last period) - maki (scroll)  Easy 

sannen (three years) - sanen (three yen) Easy 

sanen (three yen) - sannen (three years) Easy 

soto (outside) - sotto (softly) Easy 

sotto (softly) - soto (outside) Easy 

As for the "same" couples, each word was repeated 
twice. Ex.: isei (opposite sex) - isei (opposite sex); 
makki (last period) - makki (last period) and so on. 

Table 3.  Music Pitch stimuli. 

DIFFERENT 
COUPLES 

DEGREE OF 
DIFFERENCE 

B-C Easy 

C-B Easy 

F-E  Easy 

E-F Easy 

F-G  Difficult 

G-F Difficult 

D-C  Difficult 

C-D Difficult 

E-G  Very Difficult  

G-E Very Difficult 

D-B  Very Difficult  

B-D Very Difficult 

As for the "same" couples, each note was repeated 
twice. Ex.: B - B; C - C and so on. 

Table 4.  Music Duration stimuli. 

DIFFERENT  
COUPLES 

DEGREE OF  
DIFFERENCE  

1/2 - 1/8 Easy 
1/8 - 1/2 Easy 
1/4 - 1/2 Difficult 
1/2 - 1/4 Difficult 
1/8 - 1/4 Very difficult 
1/4 - 1/8 Very difficult 

As for the "same" couples, each note was repeated 
twice. Ex.: 1/8 - 1/8 and so on. 
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