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Language and music are closely related in our minds. Does musical expertise enhance the recognition of
emotions in speech prosody? Forty highly trained musicians were compared with 40 musically untrained
adults (controls) in the recognition of emotional prosody. For purposes of generalization, the participants
were from two age groups, young (18–30 years) and middle adulthood (40–60 years). They were
presented with short sentences expressing six emotions—anger, disgust, fear, happiness, sadness,
surprise—and neutrality, by prosody alone. In each trial, they performed a forced-choice identification
of the expressed emotion (reaction times, RTs, were collected) and an intensity judgment. General
intelligence, cognitive control, and personality traits were also assessed. A robust effect of expertise was
found: musicians were more accurate than controls, similarly across emotions and age groups. This effect
cannot be attributed to socioeducational background, general cognitive or personality characteristics,
because these did not differ between musicians and controls; perceived intensity and RTs were also
similar in both groups. Furthermore, basic acoustic properties of the stimuli like fundamental frequency
and duration were predictive of the participants’ responses, and musicians and controls were similarly
efficient in using them. Musical expertise was thus associated with cross-domain benefits to emotional
prosody. These results indicate that emotional processing in music and in language engages shared
resources.
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Language and music share important features. Both are finely
structured systems of expression and communication based on
perceptually discrete units organized into flowing acoustic se-
quences; both are universal in the human species and have ancient
origins (Mithen, 2005). The comparative analysis of language and
music is an active area of study in cognitive neuroscience: to
which extent is each of them subserved by domain-specific mech-
anisms, or do both rely on common resources? Answers to this
question will illuminate debates on modularity and evolution
(Hauser & McDermott, 2003). Neuropsychological research sug-
gests that musical abilities like tonal encoding of pitch are domain-
specific (e.g., Peretz, 2008; Peretz & Coltheart, 2003). Neuro-
imaging and behavioral evidence indicates that other components
of language and music might be domain-general (for a review,
Patel, 2008a). This is the case of syntactic operations (Patel, 2003),
perception of phrase boundaries (Knösche et al., 2005), pitch
processing (Fitch, 2006; Marques, Moreno, Castro, & Besson,

2007; Schön, Magne, & Besson, 2004; Trehub & Hannon, 2006),
and conceptual processing (Koelsch et al., 2004; Schön, Ystad,
Kronland-Martinet, & Besson, 2010). The expression of emotions
is one of the shared features of language and music. From a
neurocognitive point of view, the question that arises is whether
the processing of emotions in both domains engages common
mechanisms. The present study examines this question by deter-
mining the effects of musical expertise on the recognition of
emotional speech prosody.

Emotions can be communicated through speech prosody, that is,
the modulation of suprasegmental properties of spoken language
including pitch, loudness, tempo, rhythm, and timbre (Grandjean,
Bänziger, & Scherer, 2006; Schirmer & Kotz, 2006). Emotions
that are recognizable across cultures (e.g., Sauter, Eisner, Ekman,
& Scott, 2010), like anger, happiness, sadness, and fear, have
characteristic prosodic profiles (Banse & Scherer, 1996). Listeners
can accurately identify a range of different emotions from speech,
even in the absence of emotional semantic content, as in sentences
that are neutral (the table is set) or composed of pseudowords (e.g.,
Castro & Lima, 2010), or sentences in an unknown language (Pell,
Monetta, Paulmann, & Kotz, 2009). The ability to recognize
emotions in prosody is pivotal for skilful communication (Carton,
Kessler, & Pape, 1999) and might be compromised in neuropatho-
logical conditions such as Parkinson’s disease and autism spec-
trum disorders (Golan, Baron-Cohen, & Hill, 2006; Pell & Leon-
ard, 2003). Music is also a powerful means to express emotions
through dynamic acoustic events unfolding in time, and emotions
lie at the heart of music appreciation (Juslin & Västfjäll, 2008).
The scientific study of emotions in music reveals that different
emotional qualities are recognized accurately (e.g., Peretz,
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Gagnon, & Bouchard, 1998; Vieillard et al., 2008) and universally
(Fritz et al., 2009).

The relationship between emotions in speech and in music has
long been debated, but relevant empirical evidence emerged only
in the last years (Bowling, Gill, Choi, Prinz, & Purves, 2010;
Curtis & Bharucha, 2010; Juslin & Laukka, 2003; Scherer, 1995).
In a meta-analytic review of studies on vocal expression and music
performance, Juslin and Laukka (2003) showed that the acoustic
profiles that correspond to specific emotions in both domains are
remarkably similar. This was observed for happiness, sadness,
tenderness, anger, and fear. Happiness, for instance, is perceived in
fast speech rate or musical tempo, medium-high intensity, and
medium high-frequency energy, fundamental frequency (F0) that
is high, rising and highly variable, fast voice onset or tone attacks,
and little microstructural regularity; sadness is a mirror image of
this pattern (slow rate/tempo, low intensity, and little high-
frequency energy, low and falling F0 with reduced variability,
slow onsets/attacks, and microstructural irregularity). The authors
(ibd.) suggested that such similarities explain why we perceive
emotions in music: by mimicking voice-like attributes of emotion,
music would engage neural circuitries primarily dedicated to
speech, thereby acquiring emotional salience.

A heuristic hypothesis is that processing emotions in speech and
in music engages common mechanisms (Besson, Magne, & Schön,
2002; Juslin, Liljeström, Västfjäll, & Lundqvist, 2010; Juslin &
Västfjäll, 2008; Patel, 2008b; Peretz, 2010). One strategy to test
this hypothesis is to determine whether musical expertise transfers
positively to emotional prosody. To achieve expert performance,
musicians spend a massive amount of time in music learning and
deliberate practice, usually 10 or more years (e.g., Ericsson &
Lehmann, 1996; Ericsson & Towne, 2010). A central component
of this practice concerns the production and perception of fine-
grained modulations of complex acoustic patterns for expressive
purposes. Indeed, years of music training correlate positively with
the accuracy with which emotions are perceived in music (Lima &
Castro, 2011; Livingstone, Muhlberger, Brown, & Thompson,
2010). If mechanisms are shared for emotion recognition in music
and speech, then musicians should exhibit enhanced processing of
emotional prosody. Regarding pitch, an important prosodic cue of
emotion, Moreno and colleagues (2009) have shown that music
training induces enhanced pitch processing. However, emotions
expressed in speech are integrated patterns of multiple acoustic
properties, not just pitch, and so emotional prosody requires direct
examination. To our knowledge, only two studies analyzed the
effects of musical expertise on emotional prosody, and they
yielded conflicting results. Thompson, Schellenberg, and Husain
(2004) reported suggestive evidence of a positive effect. There was
an advantage of musicians (young adults) compared with untrained
participants in a forced-choice identification of four emotions
(happiness, sadness, fear and anger) in tone sequences that were
melodic analogues of spoken sentences (Experiment 1); however,
the untrained participants performed at chance-level in all emo-
tions—they might not have understood the task, or the stimuli
might not have been effective in conveying the emotions. With
sentences in English and in a foreign language unknown to the
participants (Tagalog), the advantage of musicians was restricted
to two emotions, sadness and fear (not happiness or anger), and the
main effect of expertise was not significant (Experiment 2). Finally
(Experiment 3), in an emotion discrimination task (happy vs. sad,

fearful vs. angry pairs) children assigned to music lessons for a
year had better accuracy than children without music lessons, but
only for the subset on the discrimination between fearful and angry
stimuli. These results are based on stimuli produced by a single
female speaker, and this limits their generalizability. More re-
cently, Trimmer and Cuddy (2008) reported negative evidence.
One hundred undergraduate students with different degrees of
music training were presented with sentences, and gliding tone
analogues derived from the sentences, expressing happiness, sad-
ness, fear, anger, or neutrality through prosody; their task was to
rate the prominence of each emotion on 11-point scales. Music
training did not correlate with the recognition of emotional pros-
ody, and it was not a significant predictor in regression analyses.
Interestingly, it was emotional intelligence that correlated and
predicted the results on emotional prosody, specifically the expe-
riential dimension of the Mayer-Salovey-Caruso emotional intel-
ligence test (that assesses perceiving and facilitating emotions; the
other dimension is strategic, and deals with understanding and
managing emotions). The authors concluded that learning music is
not associated with benefits in the recognition of emotional pros-
ody and speculated that there might be a cross-modal system,
unrelated to music training, that is responsible for recognizing
emotions. However, it was not specified how many participants
were indeed musically trained, just how many years of practice, on
average, they had: 6.5 years. This is relatively low in comparison
with studies on the effects of music training on language process-
ing with adult participants, where musicians typically have an
average of 12 or more years of training (e.g., Marques et al., 2007;
Parbery-Clark, Skoe, Lam, & Kraus, 2009; Schön, Magne, &
Besson, 2004; Thompson et al., 2004). Because the vocal expres-
sion and discrimination of emotions is a basic biological function
and thus, in all likelihood, efficient even in the absence of specific
training (Hauser & McDermott, 2003; Patel, 2008a; Scherer, John-
stone, & Klasmeyer, 2003), it is possible that a fairly extensive
period of musical practice is needed to detect differences in adults,
especially in an offline behavioral task.

Taking into account the inconsistencies of the available evi-
dence, the hypothesis that musical expertise has an impact on
emotional speech prosody remains open, and we set out to reex-
amine it in the present study. Forty highly trained musicians, with
12 years of training on average, were compared with 40 musically
naı̈ve adults (hereafter, controls) in the recognition of emotional
speech prosody. With respect to previous studies, important dif-
ferences in the procedure were introduced. First, we covered a
wider range of emotions by including the six emotions usually
considered in emotion perception research: anger, disgust, fear,
happiness, sadness, surprise, plus neutrality. Second, the stimuli
underwent previous perceptual and acoustic validation (Castro &
Lima, 2010), so that it was known beforehand that they effectively
conveyed the intended expressions. Third, two additional measures
were taken, reaction times (RTs) and intensity ratings. RTs were
collected to control for possible speed–accuracy trade-offs; musi-
cians are trained to carefully analyze acoustic signals, and they
might have longer response latencies than controls (Chartrand &
Belin, 2006). Intensity ratings were collected in order to control for
the possibility that musicians might have increased responsiveness
to emotional salience. Fourth, participants were from two age
groups, young and middle-aged adults, to verify whether the
possible effect of expertise is general and long-lasting, or whether
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it is contingent on intensive formal training at the moment of
testing, as was the case of most young musicians. Because previ-
ous research indicates that basic acoustic properties of vocal stim-
uli, such as F0 and duration, are used to identify emotions (acous-
tic cues predict the participants’ categorizations, e.g., Banse &
Scherer, 1996; Juslin & Laukka, 2001), we also conducted multi-
ple regression analyses to explore how acoustic cues would be
relied upon by musicians and controls. Finally, apart from general
intellectual functioning and cognitive control, participants were
also assessed for personality and sociocommunicative traits be-
cause these may influence emotion processes (Ashwin, Chapman,
Colle, & Baron-Cohen, 2006; Hamann & Canli, 2004). If the
recognition of emotions in speech prosody is responsive to musical
expertise, then an advantage of highly trained musicians should be
found. This would be evidence in favor of partly shared mecha-
nisms in the domains of music and language.

Method

Participants

We tested 80 participants distributed into four groups according
to musical expertise (musicians and controls) and age (younger
and middle-aged), 20 per group (10 women). Table 1 presents their
demographic and background characteristics. Younger participants
ranged between 18 and 30 years of age, and middle-aged ones
between 40 and 60 years. Musicians were instrumentalists who
played piano (n � 18), flute (n � 5), violin (n � 5), guitar (n �
3), double bass (n � 2), clarinet (n � 1), drums (n � 1), cello (n �
1), oboe (n � 1), viola (n � 1), trombone (n � 1), or accordion
(n � 1); in addition to instrumental training, two of them had vocal
training in classical singing. They had at least eight years of
musical training started in childhood and practiced regularly at the
moment of testing. Younger musicians were advanced music stu-
dents or professional musicians; older ones were music teachers
and/or orchestral performers. They were recruited from local music
schools and orchestras, including Conservatório de Música do Porto,
Escola Superior de Música e Artes do Espectáculo (ESMAE/IPP),
and Orquestra Sinfónica do Porto Casa da Música. Musicians in

the two age groups were similar regarding years of training, age of
training onset, and average hours of weekly instrumental practice
(Fs � 1; see Table 1). Controls had not had formal music lessons,
nor played any instruments. The four groups were matched for
education, as assessed by the number of years attending school
(F � 1). All the participants were Portuguese speakers, and re-
ported no speech disorders, no major psychiatric or neurological
illnesses, and no head trauma or substance abuse. The groups rated
themselves similarly for hearing acuity in a scale from 1, very
good, to 6, very bad (M � 2.1).

To assess global intellectual functioning, we administered the
Montreal Cognitive Assessment test (MOCA; www.mocatest.org),
a screening test which covers the main neurocognitive domains,
and a timed version of the Raven’s Advanced Progressive Matrices
(20-min version; Hamel & Schmittmann, 2006). Musicians and
controls did not differ on these measures (Fs � 1). Older partici-
pants had lower scores, both in the MOCA [F(1, 76) � 5.47, p �
.05, �p

2 � .07] and Raven’s Matrices [F(1, 76) � 19.5, p � .01,
�p

2 � .2; see Table 1], a result that is consistent with findings on
cognitive aging (e.g., Salthouse, 2009). Cognitive control was
assessed with a Stroop test; the version we used included reading
color names without incongruity (baseline), and an incongruous
color-naming task (Stroop effect; Trenerry, Crosson, Deboe, &
Leber, 1995; Portuguese version, Castro, Martins, & Cunha,
2003). Musicians were faster than controls in the two conditions
[baseline: F(1, 76) � 16.2, p � .001, �p

2 � .18; Stroop effect: F(1,
76) � 6.7, p � .05, �p

2 � .08], but their advantage in the critical
incongruous condition did not reach significance when reading
speed was entered as a covariate in an ANCOVA [F(1, 75) � 3.7,
p � .06, �p

2 � .05]. An age-related decline was observed in the
incongruous condition [F(1, 76) � 7.7, p � .01, �p

2 � .09], but not
in the baseline (F � 1). As a control for personality we used the
Ten-Item Personality Inventory, a brief measure of the Big-5
personality domains (Gosling, Rentfrow, and Swann Jr., 2003).
Because autistic traits are linked with structural and functional
differences in brain regions involved in emotional processing in
neurotypical individuals (Di Martino et al., 2009; Hagen et al.,
2011) we also administered the questionnaire The Autism-

Table 1
Demographic and Background Characteristics of the Participants (n � 20 � 4)

Characteristics

Musicians Controls

Young Middle-aged Young Middle-aged

Age in years 23.4 (3.6) 48.4 (4.8) 22.7 (2.8) 47 (4)
Education in years 15.4 (1.8) 16.5 (3.6) 15.7 (1.5) 17.1 (4)
Music training in years 11.3 (3.1) 12.6 (3.2) — —
Age of training onset (years) 9.2 (2.5) 8.4 (4.5) — —
Average practice hours per week 12.7 (11.6) 12.3 (11) — —
MOCA score1 28.1 (1.6) 27.8 (1.2) 28.2 (1.3) 26.8 (1.9)
Raven’s APM (problems solved)2 19.7 (4.9) 16.8 (4.5) 20.5 (4.7) 13.9 (5.1)
Stroop test3

Baseline (words/second) 2.37 (0.3) 2.39 (0.3) 2.09 (0.3) 2.14 (0.3)
Stroop (colors/second) 1.08 (0.2) 1.04 (0.2) 1.04 (0.2) 0.87 (0.1)

Note. Standard deviations in parentheses.
1 MOCA is scored between 0 and 30. 2 Raven’s Advanced Progressive Matrices raw scores (range: 0–36). 3 Num-
ber of items named per second: number of correct responses/time taken to perform the task (in seconds).
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Spectrum Quotient (Baron-Cohen, Whaalwright, Skinner, Martin,
& Clubley, 2001), a measure of sociocommunicative traits asso-
ciated with the autistic spectrum in neurotypical adults. For both
tests, we used the Portuguese versions available from the websites
of the original authors. The four groups did not differ on any
dimension of these measures (all Fs �1).

Written informed consent was obtained from all subjects, who
were paid for their participation.

Stimuli and Task

The stimuli were selected from a database on emotional prosody
in Portuguese that was submitted to extensive perceptual and
acoustic validation (for details, Castro & Lima, 2010). For stimuli
to be included in the database, the intended emotional expression
had to be correctly identified in a forced-choice task at least three
times above chance level (the percentage of correct identifications
was 73% on average); acoustic properties, including mean F0, F0
variability (SD), and total duration, were significant predictors of
the category membership of the stimuli in a discriminant analysis,
and the emotion-specific acoustic profiles were in agreement with
previous descriptions (e.g., Banse & Scherer, 1996; Juslin &
Laukka, 2003). The stimuli selected for the present study consisted
of sentences with emotionally neutral semantic content (e.g., “Ela
viajou de comboio,” She traveled by train; “O quadro está na
parede,” The painting is on the wall) produced by two female
speakers in seven emotional tones—anger, disgust, fear, happi-
ness, sadness, surprise, and neutrality. The duration of the sen-
tences was about 1.5 seconds each (M � 1480 ms; SD � 243).
Seventy sentences were used, 10 tokens per emotional tone; half of
them were produced by one speaker and the other half by the other
speaker.

Participants were told that they would listen to short sentences
that were neutral regarding semantic content and were asked to
focus their attention on the tone of voice; the labels of the seven
emotional tones were then introduced and briefly explained to
ensure that they were adequately understood. Participants were
instructed to perform two consecutive judgments for each sen-
tence: a forced-choice identification of the emotional tone and an
intensity judgment rating how much the expression was present in
the stimulus, on a scale from 1, low intensity, to 7, high intensity.
Responses were given on a seven-button response pad from Ce-
drus Corportation, model RB-730, attached to an Apple MacBook
Pro computer running SuperLab version 4.0 (Abboud, Schultz, &
Zeitlin, 2006). The emotion labels were affixed below the buttons
in a fixed order, as were, above the buttons, the numbers 1 to 7 for
the intensity judgments. Participants were instructed to respond as
accurately and quickly as possible in the forced-choice decision;
there was no time limit for the intensity judgments. RTs were
measured from stimulus onset till the first button press (the cate-
gorization response). Responses were given with the index finger
of the dominant hand, that had to be kept in the same position, the
center of the response pad, throughout the session. Each trial
consisted of the following sequence: a fixation cross for 500 ms;
the auditory presentation of the sentence with a blank screen
until the emotion was identified; the seven-point scale then ap-
peared on the screen until intensity was rated; and an interstimulus
interval of 3000 ms. The stimuli were pseudorandomized and
divided into two blocks of 35 trials each; the presentation order

was counterbalanced across participants. There was a block of four
practice trials to familiarize with the task, during which feedback
was given; the practice stimuli were not included in the experi-
mental blocks. Stimuli were presented via high-quality headphones
individually adjusted to a comfortable hearing level.

Results

Recognition Accuracy

A response was considered correct when it matched the intended
expression of the utterance. The proportion of correct identifica-
tions for each emotion, as well as the proportion of inaccurate
responses and its distribution across categories, were computed
individually. Table 2 presents the average proportion of correct
identifications in diagonal cells (in bold) and the distribution of
errors in rows, for each group. Overall accuracy was around .72
correct. Recognition rates ranged from .26, for disgust in older
controls, to .92, for surprise in younger musicians. Relatively low
recognition of disgust is frequently reported in speech prosody
research (Banse & Scherer, 1996; Scherer, 2003).

First we examined the effects of musical expertise and age on
correct identifications. Raw scores were arcsine transformed and
submitted to an ANOVA with emotion as repeated-measures fac-
tor (anger, disgust, fear, happiness, sadness, surprise and neutral-
ity), expertise (musicians and controls) and age (younger and
middle-aged) as between-subjects factors. Accuracy was higher in
musicians (.77) than in controls (.68), as indicated by a significant
main effect of expertise [F(1, 76) � 9.87, p � .01, �p

2 � .11]. The
advantage of musicians was similar for all emotions and age
groups (interactions Expertise � Emotion, Expertise � Age, and
Expertise � Age � Emotion ns, ps � .05).1 It was also indepen-
dent of the speaker who produced the stimuli, as examined by an
additional ANOVA with speaker as repeated-measures factor
(main effect of speaker and interaction Speaker � Expertise ns,
ps � .05). Concerning age differences, older participants were less
accurate than younger ones, but not for all emotions [main effect
of age, F(1, 76) � 23.98, p � .001, �p

2 � .24; Age � Emotion
interaction, F(6, 456) � 4.16, p � .001, �p

2 � .05]. An age-related
change was found for disgust (p � .01), fear (p � .01), and anger
(p � .06), but not for happiness, sadness, surprise, and neutrality
(ps � .4), as revealed by post hoc Tukey’s HSD tests. This effect
adds to recent evidence that emotion recognition in prosody
changes with age (e.g., Mill, Allik, Realo, & Raivo, 2009; Paul-
mann, Pell, & Kotz, 2008). Importantly, the effects of expertise
and age were not an artifact of general cognitive differences,
because they were replicated when the scores on the MOCA test,
Raven’s APM, and Stroop test (both baseline and incongruous

1 As shown in Table 2, the recognition of sadness was not enhanced in
older musicians (.79 correct) versus controls (.85). Given that the main
effect was robust and that the interactions were not significant, this prob-
ably reflects measure variability. We also sought to examine whether the
type of musical expertise played a role, but this was limited by the fact that
musicians played a varied set of instruments (see Methods). In an explor-
atory fashion, we categorized musicians according to instrumental group
[keyboard, n � 18; strings, n � 12; woodwinds, n � 7; others, n � 3
(drums, accordion, and trombone)] and computed an ANOVA on accuracy
rates; the performance was similar across instrumental groups (p � .3).
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conditions) were entered as covariates in an ANCOVA [main
effect of expertise, F(1, 72) � 10.57, p � .01, �p

2 � .13; main
effect of age, F(1, 72) � 7.16, p � .01, �p

2 � .09; interaction
Age � Emotion, F(6, 432) � 3.21, p � .01, �p

2 � .04; all other
interactions ns, ps � .2].2

Some emotions were better recognized than others [main effect
of emotion, F(6, 456) � 37.18, p � .001, �p

2 � .33]: sadness was
better recognized than all the other emotions except fear (ps �
.05), and disgust was the most difficult one (ps � .05). To confirm
that the recognition rates were above chance-level, we compared
the obtained accuracy for each emotion and group with the accu-
racy expected by chance, which is .143. Pairwise t tests (df � 19)
revealed that, in the four groups, all emotions were identified
above chance (all ps � .0001) except disgust in older participants,
where p � .05.

To get an in-depth view on the effect of musical expertise, we
analyzed whether it was general across participants or rather
produced by a subset of musicians. Figure 1 plots the distribution
of musicians and controls across performance levels, separately for
younger and older participants. The number of musicians and
controls in each level was significantly different (�2 � 14.1,
df � 5, p � .05). Most of the musicians clustered in the upper
levels of performance (72.5% musicians vs. 40% controls above
.70 correct), and most of the controls clustered below (60%
controls vs. 27% musicians with less than .70 correct; �2 �
8.56, df � 1, p � .01).

The pattern of inaccurate responses for each emotion was also
briefly analyzed (see Table 2, rows). Anger was misidentified
mainly as disgust, happiness, or neutrality, and disgust was mis-
identified as happiness or surprise. Fear and happiness were both
misidentified as surprise, and surprise as neutrality and happiness.
Neutrality and sadness were confused with each other. This pattern
of confusions has been observed in previous research with other
stimuli (Adolphs, Damasio, & Tranel, 2002; Juslin & Laukka,
2001; Pell, 2002), as well as with a larger group of the stimulus set
used here (Castro & Lima, 2010). It is probably associated with
similarities in the emotion-specific acoustic profiles (ibd.). To
examine whether the distribution of inaccurate responses varied
across groups, we computed separate ANOVAs for each emotion,
with inaccurate emotion category as repeated-measures factor (six
categories), and expertise and age as between-subjects factors. The
distribution of the misclassifications of musicians and controls was
similar across emotions and age groups (main effects of expertise

2 The main findings reported here were replicated in an additional
analysis using a measure correcting for possible response biases, the
unbiased hit rate or Hu, computed according to Wagner (1993). This is a
measure of the joint probability that a given emotion category is correctly
recognized when it is presented and that a response category is correct
when it is used. The ANOVA computed on Hu scores showed significant
main effects of expertise [F(1, 76) � 9.86, p � .01, �p

2 � .11] and age [F(1,
76) � 24.64, p � .001, �p

2 � .24], as well as the interaction Age � Emotion
[F(6, 456) � 4.14, p � .001, �p

2 � .05]. The age-related decrement was
significant for anger, disgust, fear, and happiness (ps � .01), not for
sadness, surprise, and neutrality (ps � .6). Note that differently from the
main analysis on correct responses, with Hu the age-related decline was
significant for happiness. This indicates that the stability observed with the
raw scores may reflect a bias of older participants to use the response
category happiness (see the pattern of inaccurate responses).T
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and interactions Expertise � Age ns, Fs �1). This confirms that
musicians and controls perceived the general emotional properties
of the misattributed stimuli in a similar way. The misidentifica-
tions of younger and older participants were similar for fear,
sadness, and surprise (interactions Age � Emotion ns, Fs �1), but
not in the four remaining emotions. Older participants mislabeled
anger as happiness more often than younger ones [interaction
Age � Emotion, F(5, 380) � 2.43, p � .05, �p

2 � .03; post hoc,
p � .01], and disgust more often as happiness and surprise [inter-
action Age � Emotion, F(5, 380) � 5.05, p � .01, �p

2 � .06; post
hoc, ps � .01]. They also mislabeled happiness more often as
surprise [interaction Age � Emotion, F(5, 380) � 2.58, p � .05,
�p

2 � .03; post hoc, p � .01], and neutrality as sadness [interaction
Age � Emotion, F(5, 380) � 3.06, p � .05, �p

2 � .04; post hoc,
p � .01]. No other effects were significant (ps � .05).

Intensity Judgments, and Latencies

The mean intensity ratings given to correct identifications were
submitted to an ANOVA with emotion as repeated-measures fac-
tor and expertise and age as between-subjects factors. Ratings were
similar for both age and expertise groups (main effects of expertise
and age ns, ps � .05), with the sole exception that musicians
judged disgust stimuli as slightly less intense than controls did [4.5
versus 5.4, respectively; interaction Expertise � Emotion, F(6,
456) � 2.93, p � .01, �p

2 � .04; post hoc, p � .09]. Stimuli were
judged to express emotions with high intensity, 5.3 on average
(maximum � 7): younger and older controls, M � 5.6 and 5.3,
respectively; corresponding values for musicians, M � 5 and 5.1.3

Intensity ratings differed across emotions [F(6, 456) � 30.31, p �
.001, �p

2 � .29]: disgust was rated as less intense (4.9) than
happiness (5.4) and surprise (5.5; ps � .05). The four remaining

emotions were rated similarly: 5.3 for anger and sadness, and 5.2
for fear and neutrality (ps � .1). The other interactions were ns
(Fs � 1). The global similarity between groups in intensity judg-
ments indicates that the advantage of musicians in accuracy does
not reflect general differences in the perceived emotional salience
of the stimuli.

With respect to RTs, we calculated an ANOVA to verify
whether the advantage of musicians was associated with longer
response latencies. Errors and outliers (RTs exceeding the mean of
each participant by 2 SD) were not included in the analysis. On
average, participants took 3666 ms to respond. Older participants
were slower (4079 ms) than younger ones [3253 ms; F(6, 456) �
30.31, p � .001, �p

2 � .29], but musicians did not differ from
controls (3812 vs. 3512 ms, respectively, p � .1). There was a
main effect of emotion [F(6, 456) � 5.4, p � .001, �p

2 � .07]. It
took longer to respond to disgust (3909 ms) than to happiness
(3660 ms), sadness (3601 ms), surprise (3503 ms), and neutrality
(3543; ps � .05); RTs for anger and fear were similar (3701 and
3747 ms, respectively). None of the interactions reached signifi-
cance (ps � .3). The correlation between accuracy and latency was
not significant, r � �0.14, p � .05, confirming the absence of a
speed–accuracy trade-off.

Acoustic Cues as Predictors of Emotion Categorization

As combinations of acoustic cues predict emotion categorization
performed by listeners (e.g., Banse & Scherer, 1996; Juslin &
Laukka, 2001; Sauter, Eisner, Calder, & Scott, 2010), we con-
ducted multiple regression analyses to explore how the responses
of musicians and controls were related to patterns of acoustic cues.
First, each emotion portrayal was measured regarding the follow-
ing acoustic parameters: F0, including mean (M), variation (SD),
minimum, maximum, and perturbations (jitter); voice intensity,
including M and SD; voice quality, as indexed by the proportion of
high-frequency energy (cut-off 500 Hz); and temporal aspects,
including total duration and proportion of pauses. These cues were
taken as predictors in the analyses, with the exception of intensity
SD and F0 maximum. Intensity SD was excluded because it was
invariant across emotions (p � .1), and F0 maximum because it
was highly correlated with F0 mean and variation (Juslin &
Laukka, 2001). The dependent variable was the number of partic-
ipants who chose each emotion category (as in Banse & Scherer,
1996; e.g., for a certain stimulus, if 20 participants responded
happy, the happiness score for that stimulus was 20; if none of the
participants responded happy, the score was 0). Two simultaneous
multiple regression analyses were calculated for each emotion, one
for controls and another for musicians. Table 3 presents the main
results of these analyses: beta weights and the proportion of

3 Because the stimuli were judged as highly intense, a question that
arises is whether the effect of expertise on accuracy would also be observed
at lower levels of intensity. To approach this concern, we split the stimuli
in each emotion into a more intense and a less intense group (n � 5 in each)
and repeated the ANOVA including intensity as repeated-measures factor.
The main effect of expertise was again significant, F(1, 76) � 10.23, p �
.01, �p

2 � .12, and it did not interact with intensity, p � .05. This result
indicates that the advantage of musicians is robust across intensity levels.
However, future studies would benefit from an experimental manipulation
of this factor.

Figure 1. Distribution of young and middle-aged participants (controls
and musicians) as a function of performance level.
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variance explained by the acoustic measures (adjusted R2). All the
emotion categories were significantly predicted by some combi-
nation of acoustic cues (ps � .05). The explained variance ranged
from .17 for disgust in musicians to .49 for sadness in controls. An
inspection of Table 3 shows that the constellation of cues yielding
significant beta weights was unique for each emotion, thus con-
firming that listeners rely on different acoustic profiles to catego-
rize emotions (e.g., Juslin & Laukka, 2001; Juslin & Laukka,
2003). Concerning the impact of musical expertise, these analyses
revealed two important findings: (a) the predictive strength of
acoustic measures was similar in controls and musicians [the
explained variance was the same across groups, .36 and. 34,
respectively; t(12) � .31, p � .7], which suggests that both groups
were similarly efficient and consistent in the utilization of the cues
analyzed here; (b) the emotion-specific patterns of cues that pre-
dicted responses were largely common in both groups—cues
reaching significant beta weights for anger, fear, sadness, surprise,
and neutrality were the same in musicians and controls; for hap-
piness, jitter was slightly more predictive in controls and duration
in musicians, and for disgust F0 variation was slightly more
predictive in musicians than in controls. The similarity in the
relative weight of the acoustic cues that predicted categorization
by musicians and controls suggests that the inference rules they
used to recognize emotional prosody were not qualitatively differ-
ent. Therefore, enhanced recognition accuracy in musicians prob-
ably reflects quantitative rather than qualitative differences in how
emotional prosody is processed.

Discussion

Does the perception of emotion in music and language engage
shared mechanisms? We examined this question by determining
whether musical expertise influenced the processing of emotional

speech prosody. A robust effect of expertise was obtained: musi-
cians were more accurate than musically naı̈ve listeners in recog-
nizing emotions in speech prosody. This effect was general across
the seven emotional tones tested (six universal emotions and
neutrality), was observed in two age groups (young and middle-
aged adults), and was widespread across the participant sample. It
cannot be accounted for by socioeducational background, general
intellectual level or personality characteristics, longer analysis of
the stimuli, or increased responsiveness to emotional salience
(intensity judgments), because these were similar in musicians and
controls. Additionally, both groups perceived the general emo-
tional properties of the stimuli similarly: they did not differ in the
pattern of misclassifications, nor in the profile of acoustic cues that
were predictive of their categorization responses. This suggests
that the neurocognitive mechanisms involved in processing emo-
tional prosody are responsive to extensive music training, such that
musical expertise is associated with cross-domain benefits in the
ability to recognize emotions in speech prosody. Another finding
was an age-related change in the recognition of anger, disgust, and
fear (not happiness, sadness, surprise, or neutrality). This is con-
sistent with previous research showing that the recognition of
emotions in speech prosody, particularly negative ones, changes
with age decreasing with an early onset in the middle years (e.g.,
Mill et al., 2009; Paulmann, Pell, & Kotz, 2008).

The effect of musical expertise on emotional speech reported
here clarifies previous conflicting results. The initial findings by
Thompson and colleagues (2004) were replicated and extended in
important ways: (a) with well-controlled stimuli that were accu-
rately perceived by musicians and controls, and that were produced
by more than one speaker, the advantage of musicians was general,
not restricted to a subset of emotions; (b) the effect was obtained
in a wider range of emotions, specifically in the six categories

Table 3
Results From Multiple Regression Analyses of the Listener’s Utilization of Acoustic Cues (Lines) for the Categorization of Emotions
(Columns), Separately for Controls and Musicians

Voice cue Anger Disgust Fear Happiness Sadness Surprise Neutrality

Controls
F0 (mean) 0.26 �0.24 .83�� .42�� �.83�� 0.21 �.47��

F0 (SD) �0.19 0.3 �.76�� 0.21 0.15 0.27 �0.01
F0 (minimum) �.3�� 0.03 �0.09 �.25� 0.17 .32�� 0.01
Jitter 0.02 �0.05 .28�� �.2� �0.1 �0.02 0.09
Intensity (mean) �0.17 �0.02 0.11 �0.01 �.28�� �0.01 .4��

HF 500 Hz .54�� 0.18 �0.15 �0.04 �.21�� �0.07 �0.09
Total duration �.38�� .3�� 0.09 0.16 �0.12 �0.03 0.1
Pause proportion �0.03 .27� 0.05 0.16 �0.09 �.26�� 0.06
Adjusted R2 .42�� .18�� .41�� .39�� .49�� .32�� .30��

Musicians
F0 (mean) 0.23 �0.27 .83�� .42�� �.84�� 0.17 �.47��

F0 (SD) �0.14 .33� �.72�� 0.18 0.19 0.28 �0.08
F0 (minimum) �.28�� 0.01 �0.1 �.22� 0.19 .34�� �0.01
Jitter �0.01 �0.05 .3�� �0.17 �0.12 �0.06 0.1
Intensity (mean) �0.16 �0.04 0.08 0.01 �.27�� �0.04 .4��

HF 500 Hz .5�� 0.09 �0.15 �0.01 �.22�� �0.12 �0.04
Total duration �.4�� .32�� 0.04 .19� �0.13 �0.04 0.13
Pause proportion 0.01 .23� 0.06 0.09 �0.04 �.25� 0.01
Adjusted R2 .41�� .17�� .38�� .32�� .45�� .31�� .36��

Note. Values correspond to beta weights. Adjusted R2 is also shown. HF � high frequency energy.
�p � .1. �� p � .05.
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usually tested in emotion perception research; (c) it was observed
in younger as well as middle-aged musicians, thus indicating that
it is long-lasting; and (d) potential confounds not analyzed previ-
ously have been excluded, namely possible differences in RTs and
in perceived intensity. In contrast, the present results stand at odds
with Trimmer and Cuddy’s (2008) negative findings. A likely
explanation for this discrepancy is the level of music training of
the participants in both studies. In the present study, expert musi-
cians had at least eight years of formal training, whereas in the
other study the musically trained subjects presumably had a lower
level of expertise (on average 6.5 years of training). In line with
this interpretation is the fact that in other studies where positive
effects of musical training were found, musicians also had quite an
extended practice: 13 years in Thompson et al.’s (2004), at least 14
years in Marques et al.’s (2007), 15 years in Schön et al.’s (2004),
and 16 years in Parbery-Clark et al.’s (2009). It is likely that
extensive training is required to detect experience-related behav-
ioral differences in adults, especially in domains tapping important
adaptive abilities such as the recognition of emotions through
voice (Hauser & McDermott, 2003; Patel, 2008a; Scherer, John-
stone, & Klasmeyer, 2003). Studies showing effects of musical
expertise after short training periods, including one year or even
less (e.g., Fujioka, Ross, Kakigi, Pantev, & Trainor, 2006; Moreno
et al., 2009; Schellenberg, 2004), have used neural measures with
children participants, who are more plastic and presumably have a
less varied exposure to life experiences. Another factor that may
have played a role is that in our study the chances of observing the
effect were increased because more emotions, and more stimuli per
emotion, were included than in Trimmer and Cuddy’s study.

From a neurocognitive perspective, the observed effect is con-
sistent with the hypothesis that the recognition of emotions in
speech prosody and in music involves shared mechanisms, and
converges with other evidence that music and language interact at
different levels of processing (e.g., Koelsch, Gunter, Wittfoth, &
Sammler, 2005; Moreno et al., 2009; Parbery-Clark et al., 2009;
Schön et al., 2010; Wong, Skoe, Russo, Dees, & Kraus, 2007).
That this is the case for emotional processing is compatible with
previous findings. Electrophysiological studies have shown that
music training affects pitch processing in speech (Marques et al.,
2007; Schön, Magne, & Besson, 2004), and pitch is one of the
acoustic properties that is linked to the differentiation of emotions
in both domains. The present results also fit nicely with the
theoretical view put forward by Juslin and colleagues on the
mechanisms subserving the emotional responses to music (Juslin
et al., 2010; Juslin & Västfjäll, 2008). One of them, emotional
contagion, is based on the link between speech and music: because
expressive music mimics the acoustic patterns of emotional
speech, it engages the neural processes devoted to vocal emotions;
by contagion, the perceived expression triggers the corresponding
emotional experience (ibd.). However, arguing that emotion pro-
cessing in speech and music engages shared mechanisms does not
entail two simplistic overgeneralizations: that the cross-domain
overlap is total, and that no musical abilities rely on modular
mechanisms. As noted by Juslin and colleagues, the richness of
emotional reactions to music is not only rooted on the affinity with
speech, it also involves other mechanisms that are unrelated to
speech (brain stem reflexes, episodic memory, musical expectan-
cies, visual imagery, evaluative conditioning, and rhythmic en-
trainment). And affective judgments for music and speech might

involve a combination of domain-general and domain-specific
processes, as suggested by Ilie and Thompson (2006). As for
modularity, both music and language are highly complex systems
with several interacting components—some of them might be
domain-specific, and some domain-general. For example, nonemo-
tional and emotional musical abilities appear to depend on separate
neuropsychological mechanisms (e.g., Peretz, Gagnon, &
Bouchard, 1998).

Future studies will need to specify the stage(s) of processing
where mechanisms for emotional processing are shared, or the
locus of cross-domain transfer. Considering Schirmer and Kotz’s
(2006) model on emotional vocal processing, it might be as early
as low-level auditory processes, or later in the integration of
emotionally significant acoustic cues, or even later at a higher level
of cognitive evaluation. Recently, Strait, Kraus, Skoe and Ashley
(2009) observed that musical expertise influences subcortical neu-
ral responses to vocal signs of emotion: brainstem potentials to an
infant’s unhappy cry were enhanced and faster in musicians.
Brainstem responses to speech and music have also been shown to
be earlier and larger in musicians than in nonmusician controls
(Musacchia, Sams, Skoe, & Kraus, 2007). Thus, one locus for the
speech-music interaction might be at a quite early level of pro-
cessing. However, it is uncertain how these low-level modulations
would mediate the behavioral effect reported here, where integra-
tive explicit categorization is involved. Globerson, Lavidor, Golan,
Kishon-Rabin and Amir (2010) reported an association between
pitch processing abilities and emotion categorization in prosody,
but Leitman and colleagues (2010) failed to find such an associ-
ation in healthy adults (though they found it in patients with
schizophrenia). Importantly, in multiple regression analyses, we
observed that musicians were not more consistent than controls in
how they used low-level acoustic cues to categorize the stimuli.
Another possibility is that the effect occurs in processing stages
that involve the conceptual system of emotions. Barrett and col-
leagues (e.g., Barrett, 2006; Barrett, 2009; Lindquist & Barrett,
2010) propose that individuals differ in the “granularity” of their
emotion concepts: persons with lower emotional granularity per-
ceive affective states as broad and undifferentiated categories with
low specificity, whereas those with higher granularity perceive
more precise and differentiated emotional states. They also pro-
pose that emotional granularity can be trained, much as X-ray or
wine experts have been trained to perceive subtle differences that
novices are unaware of. Analogously, musicians might develop
sharper (granular) emotion concepts for music because an impor-
tant part of their training and professional activity as performers or
teachers concerns the expression and perception of subtle modu-
lations in musical expressiveness. Because the acoustic codes of
emotions are similar in music and speech (Bowling et al., 2010;
Curtis & Bharucha, 2010; Juslin & Laukka, 2003), musicians
might rely on their finely grained concepts for musical emotions
when perceiving emotional speech. Specifying which are the com-
mon stages of emotional processing in speech and music might
also illuminate why musicians were superior to controls in the
identification of disgust and surprise, emotions that are not fre-
quently considered in music (e.g., Juslin, 2009; Juslin & Laukka,
2003; Zentner, Grandjean, & Scherer, 2008). If the locus of the
effect is low-level auditory, then musicians would be expected to
be more accurate irrespective of emotion category. However, en-
hanced recognition of supposedly nonmusical emotions is also
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compatible with a higher-level locus of the effect: if musicians do
develop sharply defined concepts for a specific set of emotions,
this might indirectly benefit their performance on other categories
by restricting the space of the classification problem (e.g., pre-
sented with disgust, it might be easier to reject happiness or fear as
response candidates, thus enhancing a more finely tuned, and
accurate, identification).

Two shortcomings of the current study should be discussed. The
first concerns causality. Like most research on the effects of
musical expertise (e.g., Bialystok & DePape, 2009; Brochard,
Dufour, & Després, 2004; Gaser & Schlaug, 2003; Marques et al.,
2007), ours was also based on a quasi-experimental design. Hence,
we cannot definitely ascertain that the advantage of musicians
stems from training; it might as well be a result of previous
predispositions. However, this possibility is highly unlikely be-
cause our participants were matched in background socioeduca-
tional variables, general intellectual level and cognitive control,
and personality traits. Furthermore, training studies indicate that
learning music induces changes in brain structure and function
(e.g., Fujioka et al., 2006; Hyde et al., 2009), and Moreno et al.’s
(2009) longitudinal study provided experimental evidence of a
causal relationship: 8-year-old children pseudorandomly assigned
to six months of music lessons exhibited, posttraining, an advan-
tage in processing linguistic pitch in comparison with matched
children assigned to painting lessons. These results lend credence
to the view that differences reported in cross-sectional designs may
well be contingent upon training. This fits in well with research on
expert performance suggesting that high levels of proficiency in
one domain result from extended deliberate practice rather than
from static initial predispositions (for reviews, see Ericsson &
Lehmann, 1996; Ericsson & Towne, 2010). Another possibility
worth considering regarding causality is that the musicians’ en-
hanced processing of emotional prosody might stem from nonmu-
sical dimensions of training (for a detailed discussion, see Schel-
lenberg, 2006). Music training, like chess, is an out-of-school
activity that is school-like in that it involves demanding “cognitive,
adult-supervised activities that require serious and concerted effort
on the part of the participant to acquire knowledge” (p. 465, ibd.).
Such broad, music-unspecific, learning experiences are likely to
foster cognitive abilities in general. Note however that in the
present study the positive effect of musical expertise was not
general: musicians had an advantage in recognizing emotional
speech but performed like controls on the other measures of
cognitive abilities.

The second shortcoming concerns specificity. Participants were
tested for emotion recognition in prosody and we cannot exclude
that musical expertise affects other communicative channels as
well (e.g., facial expressions). Available evidence on the generality
versus specificity of emotion recognition across communicative
channels is mixed. Bänziger, Grandjean and Scherer (2009) com-
pared the perception of emotion in voice, faces, and bodies, and a
principal component analysis indicated two separate factors in
emotion perception ability, one for the visual modality and another
for the auditory one. Also, a dissociation between emotion per-
ception in facial expressions and in speech prosody was reported
by Adolphs, Tranel and Damasio (2001). On the other hand, Borod
and colleagues (2000) reported a positive correlation between
emotion recognition in prosody and in faces, though this turned out
to be nonsignificant when demographic and cognitive characteris-

tics of the participants were entered as covariates. Moreover, the
vocal expression of emotions may have a special phylogenetic
status (e.g., Juslin & Laukka, 2003; Scherer et al., 2003). Future
studies are needed to specify the extent to which musical expertise
affects the recognition of emotions in different communicative
channels.

In conclusion, this study provides empirical evidence in favor of
a processing interplay between language and music: we establish a
robust effect of musical expertise in the identification of emotional
speech prosody. We believe that this is a starting point for further
systematic research on the neurocognitive relations between emo-
tion processing in speech and in music. This will have implications
for both applied and fundamental psychological science. If speech
and music set into action common resources, music therapy might
be a useful device in language rehabilitation programs for patients
who have difficulties at processing prosody (Golan, Baron-Cohen,
& Hill, 2006; Pell & Leonard, 2003). From a fundamental per-
spective, it will contribute to better understanding how our mind/
brain instantiates emotions, language and music.
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