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  Musicians are more sensitive to acoustic features such as onset timing and frequency (Levitin, 2006). Musical training may enhance the processing of
acoustic information for speech sounds as musicians have a more accurate temporal and tonal representation of auditory stimuli than their non-musician
counterparts (Kraus & Chandrasekaran, 2010; Parbery-Clark et al., 2009; Zendel & Alain, 2008). These studies suggest that musical training may enhance
the processing of acoustic information for speech sounds. In the current study, we hypothesized that musical training would enhance speech perception and
discrimination in musicians by engaging perceptual and attentional mechanisms more typically associated with music processing. Here, we performed a
perceptual behavioral experiment using speech stimuli differing in voice onset and presented in a dichotic listening task paradigm to address whether
musical training improves phonemic discrimination. Subjects either indicated aural location for a specified speech sound or identified a specific speech
sound from a directed aural location. Musical training effects were reflected by diminished performance in specific perceptual conditions. We believe these
results may reflect a decreased sensitivity to temporally based acoustic features of speech due to musical training on specific instruments and an indirect
translation of musical cues into functional linguistic cues.
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Introduction 
The perception and processing of acoustic features such as onset time and pitch are 
common to both speech and music (Tremblay et al., 2001, Reinke et al., 2003).  Voice-
onset-time (VOT), the duration of the delay between release of closure and start of 
voicing (Lisker and Abramson, 1964), is one of the most important temporal acoustic 
cues in speech because it carries linguistically and phonetically relevant information (Ott 
et al., 2011) that allow us to perceive the difference between a voiced (e.g., /b/) and 
voiceless (e.g., /p/) stop consonant (Chobert et al., 2012).  Voice onset time is also 
important to the development of phonological representations and in categorical 
perception (Chobert et al., 2012).  The ability to categorize musical stimuli has been 
shown to predict categorization of speech stimuli, suggesting that the two processes share 
a common cognitive mechanism (Overy, 2003; Tallal & Gaab, 2006; Patel & Iverson, 
2007; Wong et al., 2007).  Musicians are more sensitive to voiceless stimuli (Chobert et 
al., 2011; Ott et al., 2011) and have a more accurate temporal and tonal representation of 
auditory stimuli than their non-musician counterparts (Kraus & Chandrasekaran, 2010; 
Parbery-Clark, Skoe, & Kraus, 2009; Zendel & Alain, 2009; Musacchia, Sams, Skoe, & 
Kraus, 2007).  Additionally, their temporal representations are less susceptible to the 
negative effects of background noise (Parbery-Clark, Skoe, & Kraus, 2009).  
 
Musical training has also been shown to provide advantages to perceptual and attentional 
mechanisms for language (Strait and Kraus, 2011).  Components of Patel’s (2011) 
OPERA hypothesis such as: Overlap, Precision, Repetition, and Attention describe how 
musical training might create these advantages. More specifically, first there is an 
anatomical overlap of neural areas that process acoustic features present in both speech 
and music.  Secondly, for adequate communication to occur within music, compared to 
speech, higher demands are placed on the encoding of certain acoustic features.  Finally, 
musical training requires repetition therefore continually engaging these neural areas that 
have also been shown to be associated with focused attention.  Another possibility is that 
corticofugal mechanisms induce short and long term plasticity resulting in a transfer of 
training from music to language (Chobert et al., 2012; Besson et al., 2011; Kraus and 
Chandrasekaran 2010).  Musicians have demonstrated an advantage over non-musicians 
in their ability to recognize tonal variations in non-native speech sounds (Perfors & Ong, 
2012; Wong et al., 2007; Cooper & Wang, 2010).  This advantage can be attributed to 
formal musical training that emphasizes enhanced perception of pitch and may provide 
them an advantage when learning speech sounds.  
  
When considered together, this literature suggests that musical training is related to 
neuroplastic changes to the language network as musicians’ become more sensitive to the 
acoustic features critical to both speech and music.  We predict that musical training 
enhances speech perception and discrimination in musicians by engaging perceptual and 
attentional mechanisms more typically associated with music processing.  Here, we 
performed a perceptual behavioral experiment using dichotic listening tasks to address 
whether musical training improves the ability to distinguish between phonemes differing 
in voice onset time.  An analysis of the behavioral data revealed that musicians were 
more sensitive to voice onset time in specific perceptual conditions.  
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Methods 
 
Subjects 
Twelve right-handed (Oldfield, 1971) monolingual American-English speakers who 
reported normal hearing were recruited from the music department and general 
population at Western Washington University and divided into musician and non-
musician groups. Musicians (n = 6) were required to have at least five years of 
continuous formal musical training (M = 9.17 years, SD = 2.11) and all played wind 
instruments.  Non-musicians (n=6) had no musical training and had never played a 
musical instrument.  Participants ranged in age from 19-22 years (M = 20.25 years, SD = 
0.83).  All procedures were conducted with written consent from participants and with 
the approval of the Western Washington University Human Subjects Committee. 
    
Stimuli 
Auditory stimuli were presented at 75dB via over-ear Senheisser HD-595 using custom 
Visual Basic software that controlled the timing and presentation of the stimuli.  Four 
synthetic CV stimuli were created in Synthworks (Scion, R&D Inc.), with C consisting of 
either the voiced unaspirated /d/ or voiceless unaspirated /t/ followed by a 215ms vowel 
/α/.  The voiced consonant = 100ms, voiceless consonant = 45ms.   
  
Procedure 
The experiment consisted of four dichotic listening conditions where participants were 
presented with different speech sounds in each ear and instructed to attend to a specific 
aural location or to listen for a specific speech sound.  The four tasks were (1) D Sound 
(2) T Sound (3) Right Ear and, (4) Left Ear.  In the D and T Sound tasks, subjects were 
instructed to focus their attention on the /d/ and /t/ sound respectively and indicate which 
ear they heard the specified sound in (R or L).  In the Right and Left Ear tasks subjects 
were instructed to focus their attention on their right or left ear respectively and indicate 
which speech sound they heard in that ear (D or T).  To minimize voiceless dominance, 
stimuli were onset-aligned rather than aligned to the noise burst and dichotic pairs 
consisted of all possible VOT (voiced/voiceless) combinations.  For each task 120 
stimulus pairs were presented consisting of 60 instances of each of the two combinations.  
In each condition, stimuli were shuffled in a pseudo-randomized order.  The condition 
order was randomized for every subject. In this study we collapsed our measures of 
performance across all dichotic listening tasks and also report measures of performance 
for each of the four tasks.   
 
Results 
Overall Performance 
Discrimination performance of musicians and non-musicians was measured across all 
stimuli and tasks.  Musical training did not improve the ability to detect correct stimuli 
based upon differences in voice onset time  (t(10) = .470, p = .649).  Below we report 
discrimination performance of musicians and non-musicians for each of the four tasks, 
results are organized by specified sound (D and T Sound tasks) and aural location (Right 
and Left Ear tasks). 
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Specified Sound 
Non-musicians performed significantly better than musicians when focusing their 
attention on the voiced consonant (F=6.452, p=.026).  There was no significant difference 
in performance between musicians and non-musicians when focusing their attention on 
the voiceless consonant (F=0.914, p=.358).   
   
 

Fig. 1.  Number of correct and incorrect   
responses by musicians and non-musicians 
during the D sound task. 

Fig. 2.  Number of correct and incorrect 
responses by musicians and non-musicians 
during the T sound task.

Aural Location 
Musicians did not perform better than non-musicians when focusing their attention to 
their right ear (F=2.304, p=.155).  Visual inspection of the histogram for the left-ear 
condition suggests that there was a performance advantage for the non-musicians.  
However, there was no significant difference in performance for musicians and non-
musicians when focusing their attention to their left ear (F=2.383, p=.149).   
  
 

Fig. 3.  Number of correct and incorrect 
responses by musicians and non-musicians 
during the right ear task. 

Fig. 4.  Number of correct and incorrect 
responses by musicians and non-musicians 
during the left ear task.   

 
Discussion 
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The purpose of this study was to examine how musical training affects the representation 
of speech.  We were specifically interested in the processing of acoustic components of 
the speech signal.  Our hypothesis was that musical training causes neuroplastic changes 
to musicians’ language networks as they become more sensitive to the acoustic features 
critical to both speech and music.  Thus, we expected to observe enhanced performance 
in musicians when distinguishing between phonemes differing in voice onset time.   
 
A possible reason for the discrepancy in performance by musicians is the age at which 
they began their musical training.  The subjects in the current study began their formal 
musical training at  ~11 years of age; performance data for musicians suggests that earlier 
musical training, before the age of 9, has a more significant effect on speech perception 
than those who began their training after the age of 9 (Parbery-Clark et al., 2011).  
 
According to the literature it is more likely that the reason for not seeing enhanced 
performance by musicians in all of the tasks is the type of instrument the musicians are 
trained on (Patel, 2011).  The dichotic listening task used stimuli differing in onset time 
and did not involve pitch-based cues, which are a critical to all musical systems and in 
the creation of musical structures (Zatorre, Belin, & Penhune, 2002).  While some 
instruments make use of timing-based variation, our participants' instruments do not as 
pitch cues are more important than temporal cues for wind instruments.  Musicians in the 
current study may have performed better than their non-musician counterparts on a 
language task that varied in pitch cues.  This is consistent with our previous statement 
that musicians’ advantage over non-musicians in their ability to recognize tonal 
variations in non-native speech sounds (Perfors & Ong, 2012; Wong et al., 2007; Cooper 
& Wang, 2010) can be attributed to formal musical training that emphasizes enhanced 
perception of pitch and may provide them an advantage when learning speech sounds.  In 
addition, acoustic features in music are more diverse than those in speech (Zatorre, Belin, 
& Penhune, 2002) and studies that aim at identifying specific acoustic cues that reliably 
convey phoneme identity within varying acoustic environments have not been completely 
successful (Stevens & Blumstein, 1981; Shannon et al., 1995).   
 
However, Shannon et al. (1995) also demonstrated that temporal cues were sufficient at 
producing significantly correct identification of speech sounds indicating that speech 
recognition can occur using primarily temporal cues.  The ability to process temporal 
differences occurring at tens of milliseconds is critical to the perception of phonetic 
categories (Zatorre, Belin, & Penhune, 2002) and contributes to the perception of stop 
consonants such as those used in the current study.  Musicians’ focus on and direct their 
attention to small changes in acoustical features such as pitch and onset time, thereby 
developing an acute processing of spectrotemporal acoustical information (Schneider et 
al., 2002; Marie et al., 2012).  
 
The improved performance of non-musicians in the D Sound task may demonstrate 
saliency of temporal cues that are not dominant for the musicians in the current study due 
to their musical training on wind instruments.  The focus on pitch based cues in their 
musical training may in fact reduce their sensitivity to temporally based cues and 
therefore inhibit their ability to perceive the voiced/voiceless distinction.  Moreover, 
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pitch and onset time are not used to convey the same information in language and music.  
It is possible that processing these features as musical cues may not translate to how they 
function in language.   
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