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Abstract 

EXAMINING RELATIONSHIPS BETWEEN BASIC EMOTION PERCEPTION AND 

MUSICAL TRAINING IN THE PROSODIC, FACIAL, AND LEXICAL CHANNELS OF 

COMMUNICATION AND IN MUSIC  

By 

Jamie T. Twaite 

 

Dissertation chairperson: Joan C. Borod, Ph.D. 

  

 Research has suggested that intensive musical training may result in transfer effects from 

musical to non-musical domains. There is considerable research on perceptual and cognitive 

transfer effects associated with music, but, comparatively, fewer studies examined relationships 

between musical training and emotion processing. Preliminary findings, though equivocal, 

suggested that musical training is associated with enhanced perception of emotional prosody, 

consistent with a growing body of research demonstrating relationships between music and 

speech. In addition, few studies directly examined the relationship between musical training and 

the perception of emotions expressed in music, and no studies directly evaluated this relationship 

in the facial and lexical channels of emotion communication. In an effort to expand on prior 

findings, the current study characterized emotion perception differences between musicians and 

non-musicians in the prosodic, lexical, and facial channels of communication and in music. 

A total of 119 healthy adults (18-40 years old) completed the study. Fifty-eight were 

musicians and 61 were controls. Participants were screened for neurological and psychiatric 

illness. They completed emotion perception tasks from the New York Emotion Battery (Borod, 
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Welkowitz, & Obler, 1992) and a music emotion perception task, created for this project, using 

stimuli developed by Eerola and Vuoskoski (2011). They also completed multiple non-emotional 

control measures, as well as neuropsychological and self-report measures, in order to control for 

any relevant participant group differences. Parametric and non-parametric statistical procedures 

were employed to evaluate for group differences in emotion perception accuracy for each of the 

emotional control tasks. Parametric and non-parametric procedures were also used to evaluate 

whether musicians and non-musicians differed with regard to their perception of basic emotions. 

 There was evidence for differences in emotion perception between musicians and non-

musicians. Musicians were more accurate than non-musicians for the prosodic channel and for 

musical emotions. There were no group differences for the lexical or facial channels of emotion 

communication. When error patterns were examined, musicians and non-musicians were found 

to make similar patterns of misidentifications, suggesting that musicians and non-musicians were 

processing emotions similarly. 

Results are discussed in the context of theories of music and speech, emotion perception 

processing, and learning transfer. This work serves to clarify and strengthen prior research 

demonstrating relationships between music and speech. It also has implications for 

understanding emotion perception as well as potential clinical implications, particularly for 

neurorehabilitation. Lastly, this work serves to guide future research on music and emotion 

processing.  
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Introduction 

Research Question 

Over the past century, an enormous volume of research literature has been generated 

regarding virtually all aspects of music as it relates to psychology. Topics range from 

fundamental questions about the evolutionary origins of musical ability to the application of 

music as a therapeutic intervention. One growing area of music psychology research seeks to 

examine the effects of musical training on non-musical mental processes, such as motor skills, 

auditory processes, and cognitive ability. Emotion researchers have also been drawn to the study 

of musical training, as musicians engage a broad range of neural networks during musical 

practice and performance, including systems overlapping with those used in the perception, 

experience, and expression of emotion.   

Understanding and communicating emotions is key to successful human social 

interaction, from infancy through old age. In particular, the ability to identify emotionally salient 

information in the environment quickly and accurately enables us to respond accordingly and is 

crucial to survival. In daily life, accurate identification of others’ emotions is a fundamental skill 

in achieving successful interpersonal communication and allows us to successfully navigate 

everyday social interactions. Correspondingly, difficulty with emotion perception results in a 

wide range of impairments to social functioning. These include decreased social competence 

(Feldman, Philippot, & Custrini, 1991; Shimokawa, Yatomi, Anamizu, Torii, Isono, Sugai, & 

Kohno, 2001), impaired interpersonal communication (Spell & Frank, 2000), poorer quality 

interpersonal relationships and functioning (Carton, Kessler, & Pape, 1999; Ciarrochi, Chan, & 

Caputi, 2000), and increased psychopathology (Keltner & Kring, 1998).  
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Emotion processing is impaired in multiple psychiatric (e.g., schizophrenia, mood 

disorders, and personality disorders; Phillips, Drevets, Rauch, & Lane, 2003) and neurological 

(e.g., dementia and traumatic brain injury) conditions (e.g, Bornhofen & McDonald, 2008; 

Shimokawa et al., 2001). Emotion processing also changes as a function of age. Age-related 

declines in emotion perception have been reported for recognizing emotion in multiple channels 

of communication, including faces (i.e., facial channel), body language (i.e., postural/gestural 

channel), tone of voice (i.e., prosodic channel), and written language/speech content (i.e., lexical 

channel; e.g., Ruffman, Sullivan, & Dittrich, 2009). These declines appear most pronounced in 

the perception of affective prosody and in the perception of certain discrete emotions, including 

happiness, interest, and fear (Finley, Borod, Brickman, et al., 2008; Savage et al., 2013). 

Emotion recognition is of particular relevance to the health and well-being of older adults. 

Loneliness and social isolation negatively impact both physical and cognitive health (Bath & 

Deeg, 2005; Cacioppo & Hawkley, 2009; Fry & Debats, 2006; Hawthorne, 2008; House, Landis, 

& Umberson, 1988; Wilson et al., 2007). It is beneficial to identify factors that influence emotion 

perception, as doing so not only enhances current understanding of emotion processes, but such 

factors could ultimately represent means to prevent or ameliorate deficits in emotion perception.   

Preliminary research has found that individuals with musical training are more accurate 

in identifying emotions than non-musicians in the prosodic channel (e.g., Lima & Castro, 2011a; 

Thompson, Schellenberg, & Husain, 2004). However, results have not been consistent across all 

studies. This discrepancy is likely due to methodological differences, including variation in 

onset, duration, and intensity of participants’ musical training, and further clarification is needed. 

Furthermore, the relationship between musical training and emotion perception in non-auditory 

channels of communication, such as facial and lexical, has not been investigated. Evidence is 



MUSICAL TRAINING AND EMOTION PERCEPTION!

!

3!

mixed as to if emotion perception is channel or modality specific (i.e., divided according to 

auditory versus visually expressed emotion, perhaps due to overlap between music and speech 

mechanisms) or there is an underlying “general processor,” such that emotion perception ability 

generalizes across channels due to a shared underlying mechanism (Borod, Pick, et al., 2000). 

Examination of both auditory and visual channels of emotion communication is therefore 

necessary to better characterize the nature of the relationship between musical training and 

emotion perception and to inform future research. 

In an effort to replicate and extend previous work, the current project examined the 

perception of 8 discrete emotions (i.e., happiness, pleasant surprise, interest, unpleasant surprise, 

sadness, disgust, fear, and anger) in the prosodic, facial, and lexical channels of communication 

and the perception of 5 discrete emotions (i.e., happiness, tenderness, sadness, fear, and anger) in 

an additional auditory modality, music. A total of 58 musically-trained and 61 musically-

untrained individuals between the ages of 18-40 completed emotion identification tasks from the 

New York Emotion Battery (NYEB; Borod, Welkowitz, & Obler, 1992; Borod et al., 1998), a 

comprehensive test battery that examines emotion perception, expression, and experience in 

three channels of communication (i.e., prosodic, facial, and lexical). Participants also completed 

an analogous music emotion identification task, designed for this project using stimuli developed 

and validated by Eerola and Vuoskoski (2011). The primary aims of this project were to a) 

replicate and clarify prior research examining prosodic emotion perception in individuals with 

and without musical training and b) expand this research to assess emotion perception in 

additional areas, specifically an additional auditory modality (i.e., music) as well as in non-

auditory channels of communication (i.e., facial and lexical). It was hypothesized that individuals 

with musical training would be more accurate than those without at identifying discrete emotions 
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in the prosodic channel. It was also predicted that this effect would be found in music emotion 

identification as well as in the lexical and facial channels. These findings have implications for 

understanding the mechanisms of emotion perception and, potentially, for the treatment or 

prevention of deficiencies of emotion perception. 

Literature Review 

Emotion Processing 

 Emotions can be defined as biologically-based responses to evocative stimuli that 

encompass multiple components, including cognitive appraisal/perception, expression, 

physiological arousal, subjective feeling, and goal-directed behavior (Borod, 1993; Plutchik, 

1984). For the purpose of the present project, this review will focus primarily on emotion 

perception, defined as the “processing, appreciation, or comprehension of the emotional aspect 

of a stimulus” (Borod, 1992, p. 340).   

Humans can express emotion through a number of what are termed channels of 

communication, including the prosodic channel (i.e., emotional speech prosody), lexical channel 

(i.e., word choice/language content), facial channel (i.e., facial expression; Borod et al., 1998), 

and the postural/gestural channel (i.e., body position and movement; Atkinson, Dittrich, 

Gemmell, & Young, 2004). It is also broadly accepted that emotions can be communicated 

through other mediums, such as music (Juslin & Laukka, 2003; Juslin & Västfjäll, 2008), 

although this position is not without controversy (Trainor & Schmidt, 2003). 

Emotions can be characterized using multiple theoretical perspectives. One dominant 

theory is that emotions are natural kinds, that is, discrete entities with properties that can be 

objectively identified (e.g., surprise, happiness, sadness, disgust, fear, and anger; Barrett, 2006). 

Alternately, other theories have begun to challenge this model (Barrett, 2006; Barrett et al., 
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2007) and posit that emotions are better distinguished using dimensional models, such as 

according to valance (i.e., positive or negative emotionality) or behavioral function (i.e., if the 

emotion leads to approach or withdrawal behaviors; Davidson, 1995; Demaree, Everhart, 

Youngstrom, & Harrison, 2005). Within the range of discrete emotions, a subset of emotions has 

been identified that are thought to be universally expressed and perceived across cultures. These 

discrete emotions are referred to as “basic” emotions (Ekman, 1992; 1994). Although there is 

some variation as to which emotions are considered basic, there is a consensus that happiness, 

surprise, sadness, disgust, fear, and anger can be identified across cultures in multiple channels 

of communication (Ekman, 1994; Elfenbein & Ambady, 2002; Pell, Monetta, Paulmann, & Kotz, 

2009). As the focus of the present project is on the perception of discrete emotions, a brief 

overview of the perception of discrete emotions, including cues that signal emotions and the 

neuroanatomy of emotion perception, will now be provided, focusing specifically on basic 

emotions. 

Decoding discrete emotions. In order for basic emotions to be recognizable across 

cultures, they must in some way have universal signals or cues that denote particular emotions to 

the perceiver.  The cues that convey discrete basic emotions across channels of communication 

will be briefly reviewed.  

Facial. The facial channel, along with the prosodic channel, is perhaps the best 

characterized with regards to the cues that signal discrete emotions. Discrete facial emotions are 

signaled through specific combinations of facial musculature movements, which have been 

characterized in great detail using methods such as the Facial Action Coding System (FACS; 

Ekman, 1980; Ekman & Friesen, 1977). This objective method, which quantifies specific facial 
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muscle movements, has allowed researchers to examine the expression of basic emotions cross-

culturally and validate the universality of basic facial emotions (Fasel & Luettin, 2003).   

Regarding the perception of emotion, some research has suggested that particular 

emotions are also recognized using information gleaned from particular regions of the face, 

rather than through holistic processing of the entire face. The identification of happiness and 

disgust appears to be more dependent on information in the lower half of the face, including the 

mouth region, and the identification of sadness, fear, and anger on the upper half of the face, 

including the eye region, whereas surprise appears to be equally well identified using 

information from either the upper or lower portion of the face (Calder, Young, Keane, & Dean, 

2000).   

Prosodic. Scherer (1986) proposed that individual acoustic cues would, when combined, 

signal discrete emotions. Subsequently, research on the communication of discrete emotions in 

speech has been generally consistent with this prediction, and cues for discrete emotions have 

been characterized. Methods used span several types of speech productions (i.e., natural, 

induced, stimulated, and computer-generated emotional speech) and have aided in identifying the 

specific speech components that convey discrete emotions (Scherer, 2003). The physiological 

experience of emotion produces changes to respiration, articulation, and phonation, which in turn 

produce prosodic cues (Banse & Scherer, 1996). The cues most often identified as helpful in 

detecting specific emotions are fundamental frequency (e.g., pitch), timbre or tone quality 

(produced via phonation and articulation), loudness, intensity, and modifications to speech 

timing, such as rate, use and duration of pauses, and phase-duration (Banse & Scherer, 1996; 

Juslin & Laukka, 2001). 
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Emotions can be accurately recognized in emotional speech prosody at rates significantly 

higher than chance (Banse & Scherer, 1996; Juslin & Laukka, 2001). Based on these findings, it 

is argued that acoustic cues combine in relatively distinct patterns, thereby allowing the 

differentiation of discrete emotions (Belin, Fecteau, & Bédard, 2004; Pittam & Scherer, 1993). 

Patterns of acoustic cues have been identified for a number of basic emotions. For example, 

sadness is characterized by lower and less variable pitch (decreased fundamental frequency) and 

lower intensity, whereas happiness is characterized by higher and more variable pitch (increased 

fundamental frequency), increased intensity, and an accelerated rate of speech. However, not all 

emotions have well-characterized acoustic profiles (e.g., fear and anger). There is also 

considerable overlap in the cues associated with each emotion. For example, both fear and anger 

are associated with high, variable pitch and increased intensity, cue utilization very similar to 

that found in happiness. Yet, fear and anger are opposite in valence to happiness, and anger and 

happiness are both approach emotions, whereas fear is a withdrawal emotion. These findings 

suggest that perhaps there is either a wider range of vocal cues that have not yet been studied 

(Juslin & Laukka, 2001) or that a discrete emotion model may not be the best fit for vocally 

expressed emotions (Scherer, 2003). 

Lexical. In contrast to the facial and prosodic channels, considerably less psychological 

research has been conducted to ascertain cues for decoding discrete emotions in the lexical 

channel. Much of the work characterizing this channel instead comes from computer science and 

linguistic researchers, who have analyzed rules for emotional language and built emotional word 

lexicons (Pennebaker, Mehl, & Niederhoffer, 2003). Although estimates indicate that there may 

be as many as 2,000 words for emotion within the English language (Wallace, 1973), these 

words can typically be categorized as subtypes of basic emotions. For example, joyful, delighted, 
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and elated are all words that are used to describe the emotion of happiness. However, similar to 

research on facial and prosodic emotion, arousal and valence appear to contribute significantly to 

the perception of emotional linguistic content, as does frequency of word use (Nakic, Smith, 

Busis, Vythilingam, & Blair, 2006; Scott, O'Donnell, Leuthold, & Sereno, 2009). 

Postural/Gestural. It has long been thought that body acts and posture can communicate 

emotional information (Ekman & Friesen, 1967). However, in contrast to the robust body of 

literature and facial and prosodic emotion, the postural/gestural channel has only recently begun 

to be better characterized. Research using both static (i.e., fixed body postures) and dynamic 

stimuli (i.e., videos of emotional body movements) indicates that the emotions of happiness, 

anger, fear, and sadness can be readily identified from body posture in both posed static and 

dynamic stimuli, while disgust is more often detected at below-chance levels (Atkinson, Dittrich, 

Gemmell, & Young, 2004; Coulson, 2004; Gelder, 2006). The identification of anatomical cues 

signaling discrete emotions is still somewhat limited. For static body posture, it has been 

suggested that features such as facial orientation (toward or away from a stimulus), sagittal 

movement, spinal flexion, open/closed and forwards/backwards reaching, serve as cues for 

discrete emotions (Inouye, 1998). Head position (i.e., backwards, forwards, or upright) and arm 

position also convey information about discrete emotions. For example, happiness is associated 

with a backwards head position, no forward movement of the chest, and raised arms with straight 

elbows, and is more accurately identified when viewed from the front than from the back. In 

contrast, sadness is associated with a forwards head bend, arms down at the sides of the body, 

and a forward chest bend, with no twisting of the torso (Coulson, 2004). Additional research 

suggests that information about the velocity, acceleration, and smoothness/jerkiness of arm 
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movements is also used to help make decisions about discrete emotions, as does gait information 

such as arm swing, stride length, and walking speed (Montepare, Goldstein, & Clausen, 1987). 

Representation and perception of emotion in music. The communication of emotion in 

music is distinct in several theoretical ways from that of the channels of communication 

reviewed above, and thus merits some additional review. It should be noted that music can 

arouse emotional feeling in the listener and that music listening is often used for emotion 

regulation purposes (Gabrielson, 2001; Juslin, 2000). However, the present focus is on the 

expression and perception of emotion in music. The idea that music can convey emotion is 

supported by a substantial body of empirical literature and is widely accepted among psychology 

researchers (Juslin, 2013; Swaminathan & Schellenberg, 2015). When asked to identify what, if 

anything, music expresses, 100% of survey participants identified emotion (Juslin & Laukka, 

2004) and both children and adults can readily identify emotions in music (Lima & Castro, 

2011a, 2011b; Terwogt & Grinsven, 1991; Thompson & Robitaille, 1992; Trainer & Trehub, 

1992). Functional brain imaging research provides further evidence, as music listening activates 

regions also associated with emotional perception (Peretz & Zatorre, 2005). Although musical 

expression of emotion might be thought of as the emotional communications of the composer or 

musician, musical expression in the psychological literature is typically operationalized as 

synonymous with the perception of emotion in music. In other words, for psychologists, music 

expresses emotion because music is overwhelmingly perceived as expressing emotion (Juslin, 

2013).    

It should be noted that, outside of the psychological community, this conclusion is not 

nearly as straightforward (Trainor & Schmidt, 2003). Musicologists and philosophers have put 

forth a number of alternative perspectives about what, if anything, music can and does actually 
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express, and these positions can be broken down in several ways. “Absolutists” argue that 

meaning in music is exclusively the result of the perception of the music itself, whereas 

“referentialists” argue that music communicates meaning that is in some way specifically 

referring to the extramusical world, such as concepts or emotional states. Within the study of 

aesthetics, among other perspectives, there are “formalists” who argue that the value of a piece 

of art is derived exclusively from the perception of the physical properties of the artwork itself 

(e.g., colors, shapes, and lines, or, in the case of music, the acoustic properties) and 

“expressionists” who argue that the value of artwork is in its ability to effectively express inner 

states (e.g., emotions or the artist’s mental state; Meyer, 1961). These create a number of 

possible perspectives on musical emotion. For example, it has been argued that the meaning of 

music is exclusively in the perception and understanding of musical relationships, and, thus, can 

have intellectual and aesthetic meaning, but not emotional content (i.e., absolute formalists). 

However, more relevant to psychological research findings, is the position that music does 

convey emotion and that this expression is either 1) based exclusively on the structure and 

unfolding over time of musical sounds/acoustic elements, independent of extramusical concepts 

(i.e., absolute expressionists) or 2) dependent on understanding deliberate referential content, 

such as to a concept or emotion (i.e., referential expressionists; Meyer, 1961; Trainor & Schmidt, 

2003). It should be noted that these positions are not mutually exclusive of one another (i.e., 

music may convey emotion through a combination of structure and reference). 

Many psychologists, therefore, accept an expressionist position, that is, music does 

express emotion. However, there is not yet agreement as to precisely how and why music 

conveys emotion (i.e., is the emotional quality of music absolute, referential, or a combination of 

the two?). From an evolutionary perspective, emotions are adaptive reactions, primarily 
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nonverbal, that aid humans in navigating common obstacles and accomplishing shared goals that 

promote species survival (Juslin & Laukka, 2003; Trainor & Schmidt, 2003). Music, in contrast, 

is an art form, a product of human cognition, which does not have any immediately obvious 

survival value, and, on the surface, appears quite removed from the evolutionary origins of 

emotion. How is it, then, that music conveys emotion? Vocal expression appears to be the most 

phylogenetically continuous form of nonverbal expression and serves to promote a wide range of 

social functions across species (Juslin & Laukka, 2003). Although the origins of the development 

of music are not known, music making activity has been identified in preliterate cultures and has 

been suggested to promote emotional cohesion and greater social unity among groups (see Social 

Functioning on page 51). This similarity has led to the theory that music is perceived as 

expressing emotional content because it is, in many ways, analogous to speech (Juslin & Laukka, 

2003), and perhaps even functions as a substitute for speech (such as to facilitate communication 

between nonverbal infants and their caregivers; Trainor & Schmidt, 2003). There is considerable 

empirical evidence that aligns with this theory. Musical emotions can be identified at accuracy 

levels similar to that of vocal emotions, are successfully identified cross culturally, can be 

identified at a very young age (perhaps in infancy), and appear to be communicated using 

acoustic cues that parallel the communication of emotion in speech (see Decoding discrete 

emotions in music on page 13). Additional factors do clearly contribute to music’s emotional 

expressiveness, such as individual associations with musical compositions, intellectual/aesthetic 

appreciation of music, and similarity between music and extramusical features (i.e., referential 

content), but these, either alone or in combination, cannot fully account for the evidence 

described above (Juslin, 2013). 
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What is the nature of musical emotion? If music does indeed communicate emotions, 

what is the nature of those emotions? There are two primary approaches to conceptualizing 

musical emotions: categorical models and dimensional models. Categorical models include, most 

prominently, the discrete emotion model, which encompasses the concept of basic emotions. 

However, there are other categorical models for music, such as Sherer’s (1984) component 

process approach, which states that there are as many musical emotion categories as there are 

possible outcomes of the appraisal process. There is also a “music specific” categorical model, 

which posits that musical emotions are distinct from the discrete emotions found in other 

channels of communication. This model proposes a set of emotions that are in fact unique to 

music and these emotions are aesthetic and reactive (versus the utilitarian and proactive emotions 

associated with voice or face) and includes emotional categories such as amazement, activation, 

sensuality, and dysphoria (Zentner, Grandjean, Scherer, 2008). Dimensional models, on the other 

hand, encompass a variety of approaches where musical emotions are placed on one or more 

continua such as valence or intensity. Of these, the most widely used is Russell’s (1980) 

circumplex model, which includes the two dimensions of arousal and pleasure (Eerola & 

Vuoskoski, 2011; Juslin, 2013).   

There is a substantial body of literature investigating both categorical and dimensional 

approaches, and both have behavioral and neurophysiological support (Eerola & Vuoskoski, 

2011). These two approaches are fundamentally opposed. However, there are recent efforts to 

integrate the two so as to develop a more sophisticated means of characterizing musical emotions 

that also better accounts for existing research findings. One such approach is Juslin’s (2013) 

“multiple layers” model. Juslin proposes that there is a core-layer of basic emotions coded via 

their similarity to vocal emotions. This core layer is in turn elaborated upon and, perhaps, even 
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modified by layers of coding built upon “intrinsic” responses (i.e., information from 

relationships within the music, akin to the absolute expressionist position) and “associative” 

responses (i.e., perceived associations between the music and some sort of extramusical entity, 

similar to the referential expressionist position). 

 Decoding discrete emotions in music. If discrete emotions can indeed be perceived in 

music, then, as with other channels of communication, it should be possible to identify cues that 

signal discrete emotions. The prevailing model for discrete emotion cues in music is based on the 

theory that the prosodic expression of emotion is highly related to the expression of musical 

emotions (as discussed above).  

While this theory is still debated, there is nonetheless a substantial body of literature 

demonstrating that discrete emotions are conveyed in music by means of acoustic cues parallel to 

or derived from those used in emotional prosody. For example, speech rate in voice is analogous 

to tempo in music, intensity to sound level or loudness, F0 contours to pitch contour, and so on, 

while other acoustic features are identical in both (e.g., F0 variability). In a large meta-analysis 

of studies examining cues to vocal and musical emotion perception, Juslin and Laukka (2003) 

found that acoustic cues associated with the expression of emotion in speech overlapped almost 

completely for a number of discrete emotions (i.e., anger, tenderness, fear, happiness, and 

sadness). For example, in speech, anger is conveyed by a fast speech rate, high voice intensity, 

high variability of voice intensity, high F0 variability, ascending F0 contours, and 

microstructural irregularity, while, in music, anger is conveyed by a fast tempo, high sound level, 

high sound level variability, high F0 variability, ascending pitch contours, and microstructural 

irregularity (Juslin & Laukkam 2003). It should be noted that there are acoustic cues present in 

music that do not appear relevant to emotional communication in voice (e.g., staccato versus 
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legato articulation and vibrato), but add to the complexity and richness of emotion 

communication in music. However, there is nevertheless robust evidence that a number of basic 

emotions can be successfully identified at well-above chance levels in music and that these 

appear to be conveyed using cues largely parallel to those of speech (Eerola & Vuoskoski, 2011; 

Juslin, 2013; Juslin & Laukka, 2003). 

Individual Differences in Emotion Perception 

Research examining individual differences in emotional functioning has identified 

several demographic characteristics that are related to emotion perception ability, including sex, 

ethnicity, and age. These will be briefly reviewed below. 

Sex.  Emotion perception is frequently found to vary as a function of sex.  In general, 

women are reported to be more accurate on measures of facial emotion perception than men 

(e.g., Campbell et al., 2002; Hampson, van Anders, & Mullin, 2006; Li, Yuan, & Yin, 2008; 

Miura, 1993; Montagne, Kessels, Frigerio, de Haan, & Perrett, 2005; Scholten, Aleman, 

Montagne, & Kahn, 2005). Although there is considerably less research examining other 

channels of communication, women have also been found to have an advantage in the lexical 

(Grunwald et al., 1999; Kimura & Hampson, 1993) and prosodic channels (Hall, 1978; 

Rymarczyk & Grabowska, 2007; Schirmer, Zysset, Kotz, & Yves von Cramon, 2004). In 

contrast, sex differences have not been observed in the postural/gestural channel (Montepare, 

Koff, Zaitchik, & Albert, 1999) or for musical emotions (Lima & Castro, 2011a, 2011b; 

Robazza, Macaluso, & D’urso, 1994), although very few studies were found that have examined 

this relationship. 

 Ethnicity. Although there are universal discrete emotions that are recognized across 

cultures (Ekman, 1972), there is nevertheless also evidence of what is termed an “in-group 
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advantage.” That is, members of a particular ethnic group are frequently found to be more 

accurate at recognizing emotions expressed by individuals from their own ethnic, cultural, and/or 

national group than they are for members of different groups (Elfenbein & Ambady, 2002; 

Markham & Wang, 1996; Pinkham et al., 2008; Scherer et al., 2001; Wickline, Bailey, & 

Nowicki, 2009). Although this phenomenon is most often examined in relation to the facial 

expression of emotion, there is also evidence of cultural/ethnic variation in the perception of 

emotional expression in the postural/gestural channels (Kleinsmith, De Silvia, Bianchi-

Berthouze, 2006) although there is insufficient research to determine if these differences are in 

fact an in-group effect. 

 For music, cross-cultural research on musical emotions most often examines the extent to 

which individuals can perceive emotions in music composed in familiar versus unfamiliar tonal 

systems (e.g., is a Western listener able to accurately perceive emotion in both a Western 

symphony as well as a Hindustani raga?). Cross-cultural research on emotion perception on 

music is a relatively limited field, as the majority of studies have concentrated on predominantly 

Western music in a uni-cultural paradigm (i.e., perceiver and target music are of the same 

culture). That said, the majority of cross-cultural studies available have found that listeners are 

able to accurately perceive discrete emotions in tonally unfamiliar music at well-above chance 

levels (Balkwill & Thompson, 1999; Balkwill, Thompson, & Matsunaga, 2004; Swaminathan & 

Schellenberg, 2015; Fritz et al., 2009). Limited available research assessing how the perceiver’s 

accuracy varies as a function of his or her and the expresser’s ethnicity further suggests 

universality of at least some basic emotions in music. For example, individuals native to Western 

Europe and Asia are able to accurately identify six basic emotions (happiness, sadness, fear, 

disgust, anger, and surprise) in music (Argstatter, 2015). It has been suggested that this apparent 
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universality is due to cross-cultural utilization of similar acoustic cues to convey musical 

emotions, such as consonance versus dissonance, volume, timbre, tempo, and complexity, 

regardless of the music’s tonal system or cultural origins (Balkwill, Thompson, & Matsunaga, 

2004). Of note, this finding is consistent with the evolutionary approach to musical emotion 

arguing that music evolved to mimic vocal emotion cues discussed earlier (see Representation 

and perception of emotion in music on page 9). Similarly, patterns of physiological response and 

ratings of subjective feeling in response to music are also similar across cultures. In a study 

involving naive Canadian and Congolese Pygmy listeners (e.g., the Congolese Pygmies had no 

exposure to Western music or culture and vice versa), participants listened to musical excerpts of 

both Western and Congolese music. Both groups exhibited similar patterns of physiological 

response and reported similar subjective emotional experience across both types of music 

(Egermann, Fernando, Chuen, & McAdams, 2015). However, one study did find some subtle 

cultural differences in the perception of musical emotion (Gregory & Varney, 1996), which 

suggests that tonality may also play a culturally specific role in expressing emotion (e.g., the 

major key may signal happiness to a Western listener but not to a Japanese listener, due to 

cultural tradition). 

 Age. Age-related changes have been observed in the perception of emotion in different 

channels of communication, even when basic perceptual processes remain intact. As with sex 

and ethnicity, the facial channel is the best characterized with regard to age-related change. 

Specifically, declines in accuracy of facial emotion perception have been noted across the 

lifespan (Finley, Borod, Schmidt, et al., 2008; Isaacowitz et al., 2007; Prodan, Orbelo, & Ross, 

2007; Ruffman, Henry, Livingstone, & Phillips, 2008; Savage et al., 2013; Slessor, Phillips, & 

Bull, 2010). A similar pattern of decline, independent of age-related hearing loss or cognitive 
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decline, is also observed for the prosodic channel (Dupuis & Pichora-Fuller, 2010; Finley, 

Borod, Schmidt, et al., 2008; Kiss & Ennis, 2001; Orbelo, Testa, & Ross, 2003; Orbelo, Grim, 

Talbott, & Ross, 2005; Savage et al., 2013). The lexical and postural/gestural channels are less 

well characterized, however, age-related declines have been found in the perception of single-

words and sentence reading (Finley, Borod, Schmidt, et al., 2008; Grunwald et al., 1999; 

Isaacowitz et al., 2007; Savage et al., 2013) and in the perception of emotion in body movement 

and gesture (Montepare et al., 1999). It should be noted that, among studies that have 

investigated discrete emotions, different patterns of decline for discrete emotions have been 

found both within and across channels of communication. For example, in the facial channel, 

some studies found age-related decline in the perception of fear, anger, sadness, disgust, and 

happiness (Paulmann, Pell, & Kotz, 2008), whereas others have found declines only happiness, 

sadness, and anger (Ruffman et al., 2008), while different patterns of have been found for the 

prosodic and lexical channels. This may be the result of methodological variation, but may also 

reflect different, channel-specific mechanisms underlying age-related declines in emotion 

perception. The perception of musical emotions also declines with age, and, consistent with 

literature demonstrating strong similarity between music and voice, the patterns of age-related 

changes for discrete musical and prosodic emotions are quite similar (Laukka & Juslin, 2007; 

Lima & Castro, 2011b). 

Emotion perception deficits and psychopathology 

 A wide variety of psychiatric and neurological conditions are associated with deficits in 

emotion perception ability. These, in turn, can have broad impacts on daily social functioning, 

peer relationships, and overall quality of life (Cacioppo & Hawkley, 2009; Hawthorne, 2008; 

Wilson et al., 2007).   
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Decreased accuracy in the facial and prosodic channels is seen in several psychiatric 

disorders, including schizophrenia (Borod et al., 1990; Edwards, Jackson, & Pattison, 2002; 

Kohler, Walker, Martin, Healey, & Moberg, 2010; Weisgarber, Vermuelen, Peretz, Samson, 

Philippot, Maurage, … Constant., 2015) and mood disorders such as Major Depressive Disorder 

(Borod et al, 1990; Emerson, Harrison, & Everhart, 1999; Naranjo et al., 2011; Uekermann, 

Abdel-Hamid, Lehmkämper, Vollmoeller, & Daum, 2008) and bipolar disorder (Addington & 

Addington, 1998; Loughland, Williams, & Gordon, 2002; Vaskinn et al., 2007). Some 

personality disorders are also associated with impairments in facial emotion perception, such as 

psychopathy (Dawel, O’Kearney, McKone, & Palermo, 2012; Marsh & Blair, 2008) and 

borderline personality disorder (Bland, Williams, Scharer, & Manning, 2004).   

Neurologically, deficits in facial and prosodic emotion perception have also been found in 

trauamatic brain injury (Bornhofen and McDonald, 2008 and Shimokawa, et al., 2001) and in 

neurodgenerative disorders such as Parkinson’s disease (Borod et al., 1990; Smith, Smith, & 

Ellgring, 1996; for reviews, see McCabe, Borod, Meltzer, Spielman, & Ramig, 2010; Zgaljardic, 

Borod, Foldi, & Mattis, 2003) and frontotemporal dementia (Lavenu, Pasquier, Lebert, Petit, & 

Van der Linden, 1999; Lough et al., 2006; Rosen et al., 2004).  

Considerably less is known about how these disorders may impact perception in the 

postural and lexical channels and in musical emotion. However, deficits in the detection of 

emotion from posture have been documented in schziophrenia (Bigelow et al., 2006), and 

impaired musical emotion perception has been documented in schizophrenia (Weisgerber et al., 

2015), Major Depressive Disorder (Naranjo et al., 2011), alcoholism (Kornreich et al., 2012), 

traumatic brain injury (e.g., Patel, Peretz, Tramo, & Labreque, 1998; Peretz, Gagnon, & 

Bouchard, 1998), and Alzheimer’s disease and semantic dementia (Hsieh, Hornberger, Piguet, & 
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Hodges, 2012). There is conflicting evidence regarding a relationship between autism and 

deficits in musical emotion perception (Heaton, Hermelin, & Pring, 1999). 

Neural Basis of Emotion Perception 

 The study proposed hypothesizes that musical training, which engages neural circuitry 

also involved in emotion perception, is associated with greater emotion perception accuracy. 

Therefore, it will be helpful provide a brief overview of the basic neuroanatomical correlates of 

emotion perception. (For more comprehensive reviews of the neural circuitry of emotion 

processes, see Adolphs, 2002a, 2002b; Davidson & Irwin, 1999; Tamietto & de Gelder, 2010.)  

Emotion processing can be examined at several neuroanatomical levels. These include, first, 

broad lateralization of emotional processes and second, the circuitry involved in the processing 

of individual channels or modalities (e.g., circuitry utilized in the processing of facial emotion). 

It has also been suggested that there may be specific, right hemisphere dominant systems for 

recognizing individual discrete emotions, particularly fear and disgust (Murphy, Nimmo-Smith, 

& Lawrence, 2003). 

 Lateralization of emotion processing. Aspects of emotion processing are thought to be 

differentiated by cerebral hemisphere. Regarding emotion processing, there are several theories 

that propose some form of hemispheric dominance for various aspects of emotion processing. 

The earliest theory is the right-hemisphere dominance hypothesis, which argues that emotion 

processes are globally lateralized to the right hemisphere (for a review, see Borod, 1992). There 

is extensive clinical documentation of changes to emotion processing following damage to the 

right hemisphere (for reviews, see Borod et al., 1998;  Borod, Andelman, Obler, Tweedy, & 

Welkowitz, 1992; Borod, Bloom, Brickman, Nakhutina, & Curko, 2002; Heilman, Blonder, 

Bowers, & Crucian, 2000). Regarding emotion perception specifically, individuals with right 
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hemisphere damage are generally less accurate at identifying emotion than those with either left 

hemisphere damage or healthy controls (Adolphs, Damasio, Tranel, & Damasio, 1996; Borod et 

al., 1998; Kucharska-Pietura, Phillips, Gernand, & David, 2003; Mandal et al., 1999). An 

alternative model is the valence hypothesis, which argues that negative emotions are processed in 

the right hemisphere and positive emotions are processed in the left (Borod, Bloom, Brickman, 

Nakhutina, & Curko, 2002). This model originated with observations that left hemisphere 

damage can lead to a catastrophic depressive reaction (Goldstein, 1939). This model is supported 

by both behavioral studies using individuals with left and right hemisphere brain damage (e.g., 

Borod, 1993, Borod et al, 1997; Everhart & Harrison, 2000; Sackeim et al., 1982) and by EEG 

studies examining left versus right hemisphere activation in response to positive and negative 

stimuli (e.g., Davidson & Fox, 1982;Ekman and Davidson, 1993; Lee et al., 2004).  

Facial channel. The perception of facial emotions does appear to be preferentially 

processed in the right hemisphere in behavioral studies (for review, see Borod et al., 2002), 

whereas evidence from imaging studies is more equivocal (for review, see Wager, Phan, 

Liberzon, & Taylor, 2003). Regarding specific neural circuitry, facial emotions are processed by 

a highly specialized network comprising multiple brain structures, including the fusiform gyrus, 

superior temporal sulcus, amygdala, prefrontal cortex (in particular, the orbitofrontal cortex), 

occipitotemporal cortex, and areas related to aspects of the somatosensory cortices (for review, 

see Adolphs, 2002).  

Prosodic channel. The right hemisphere is dominant in mediating aspects of emotional 

language processing. Evidence for this relationship has been found in lesion studies (Borod, 

Cicero, et al., 1998), studies of dichotic listening (e.g., Dmitrieva, Gel’man, Zaitseva, & Orlov, 

2006), and functional neuroimaging studies (e.g., Pihan, Altenmuller, & Ackermann, 1997; 
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Wildgruber, Ackermann, Kreifelts, & Ethofer, 2002). Schirmer and Kotz’s (2006) proposed 

model for vocal emotion perception suggests that this process involves integration of a 

distributed network of regions. These regions include initial recognition bilaterally at the level of 

the primary auditory cortex and superior temporal gyrus (where acoustic features, such as 

frequency and amplitude, are coded). Additional emotional features are then integrated at the 

level of the right superior temporal sulcus and right prefrontal cortex (Schirmer & Kotz, 2006). 

The amygdala and parietal lobe have also been implicated in prosodic emotion processing 

(Wildgruber, Pihan, Ackermann, Erb, & Grodd, 2002). 

Lexical channel. Although general language processing is overwhelmingly associated 

with the left hemisphere, there is nevertheless evidence of a right hemisphere bias in processing 

emotional language specifically (e.g., Borod et al., 1992, 1998; Cicero, Borod, et al., 1999; 

Zgaljardic, Borod, & Sliwinski, 2002). Less is known about the neuroanatomical correlates of 

lexical emotion perception as compared to facial and prosodic perception. However, there is 

evidence that the left orbitofrontal gyrus and bilateral inferior frontal gyri are involved in the 

processing of emotional, but not neutral, words (Kuchinke et al., 2005). Neuronal activation may 

also vary as a function of valence, such that the perception of positive words is associated with 

activation in the bilateral middle temporal and superior frontal gyri while negative words are 

associated with amygdala, middle temporal cortex, and cingulate cortex activation (Kuchinke et 

al., 2005; Nakic et al., 2006) 

Postural/gestural channel. Emotion communicated via bodily expression appears to be 

processed quite similarly to facial emotion, based, in part, on evidence demonstrating broad right 

hemisphere dominance in bodily expression processing (de Gelder, 2006). As with facial 

emotion, perception of bodily emotion engages neural circuitry that includes the amygdala, 
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fusiform gyrus (particularly in the identification of fear), cingulate cortex, rostralcaudal portion 

of right superior temporal sulcus, right parietal somatosensory cortex, and occipitotemoral 

regions (Myers, Twaite, Meltzer, Teague, Murray, & Borod, 2012). 

Musical emotions. Evidence is limited and rather equivocal regarding hemispheric 

dominance for the processing of musical emotions. There is some indication of preferential 

processing of musical emotions in the right hemisphere (Park et al., 2014), but also evidence of 

left-hemisphere dominance in the processing of positive basic emotions (with no clear evidence 

of dominance for negative basic emotions; Khalfa, Delbe, Bigand, Reynaud, Chauvel, & 

Liegeois-Chauvel, 2008). In a study examining activation in response to aesthetic emotions, 

rather than basic emotions (for discussion of the various models of musical emotion, see What is 

the nature of musical emotion? on page 12), left hemisphere activation, particularly in striatum 

and insula, which has been observed for positive emotions (e.g., wonder and joy), whereas right 

hemisphere activation, particularly in the right striatum and orbitofrontal cortex, has been 

observed with low arousal emotions (e.g., nostalgia and tenderness; Trost, Ethofer, Zentner, 

Vuilleumier, 2012). This same study found activation in sensory and motor areas in response to 

high arousal emotions, activation of ventromedial prefrontal cortex and hippocampus for low-

arousal emotions, and activation of the right parahippocampal gyrus for all but positive and high 

arousal emotions, indicating that there may be different patterns of activation and hemisphere 

dominance depending on both the level of arousal and the valence of the musical emotion 

perceived (Trost et al., 2012). Some studies also found differing patterns of activation in 

response to musical emotion depending on participant level of musicianship, perhaps because of 

the significant structural and functional changes associated with musical training (see 

Neurological differences between musicians and non-musicians on page 24), such as shifts of 
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hemisphere dominance in the processing of musical stimuli from the right (in non-musicians) to 

the left (in musicians; Dmitrevia et al., 2006). 

As with the perception of prosodic emotion, there is auditory cortex activation during the 

processing of emotional musical stimuli, specifically bilateral superior temporal gyrus, right 

rolandic operculum, and Heschl’s gyrus, for both musicians and non-musicians. A meta-analysis 

of functional neuroimaging studies also found activation in the amygdala, nucleus accumbens, 

hypothalamus, insula, cingulate cortex, orbitofrontal cortex, pre-supplementary motor area, and 

hippocampus in response to musical emotion (Koelsch, 2014), whereas another study concluded 

that recognition of musical and facial emotions depends on the right temporal pole, amygdala, 

and insula, and that musical emotion recognition (but not facial) was additionally associated with 

the left anterior and inferior temporal lobes (Hsieh et al., 2012). In a population of patients with 

frontotemporal dementia, patients were impaired on recognition of happiness, sadness, anger, 

and fear in music, faces, and voices, and the degree of impairment was associated with a lower 

amount of grey matter in the insula, orbitofrontal cortex, medical prefrontal cortex, anterior 

cingulated, anterior temporal cortex, posterior temporal cortex, parietal cortex, amygdala, and 

subcortical mesolimbic system (Omar et al., 2011). Studies contrasting pleasant versus 

unpleasant music have found involvement in the inferior frontal gyrus, anterior insula, parietal 

operculum, and ventral striatum for pleasant music, and amygdala, hippocampus, 

parahippocampal gyrus, and temporal poles for unpleasant music (Blood, Zatorre, Bermudez, & 

Evans, 1999).   

Neuroscience and Music 

It has been argued that music is an ideal candidate for neuroscientific inquiry (Zatorre, 

2005). Listening to, composing, and playing music cumulatively recruit nearly every cognitive 
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function, including, but not limited to, auditory and motor learning, speech processing, emotion, 

memory, and executive functioning. Music listening, alone, utilizes skills in pitch discrimination, 

rhythm analysis, selective attention, working memory, and semantic analysis (Koelsch, 2011; 

Zatorre, 2005). Music training then adds not only motor learning but also learning a new, 

complex symbol system (music notation), which must then be converted into a complex 

procedural task. Music performance is, therefore, an astonishing example of the integration of 

multiple cognitive processes in order to simultaneously execute complex sensory-motor tasks 

with precise timing, while also monitoring and adjusting performance (Patel, 2013; Zatorre, 

2005). Studying musical training then simultaneously allows us to advance our understanding of 

how the brain processes music while also providing insights into topics as varied as brain 

plasticity, speech and language, child development, aging, and emotion.   

Neural basis of music processing. There has been considerable research examining the 

neural bases of music, and it is difficult to identify a non-musical process or brain region with 

which musical performance does not overlap in some way. It has also been proposed that, in 

addition to this overlap with non-musical processes, music may have its own discrete processing 

module. This music module would be responsible for the analysis of the music-specific aspects 

of pitch, rhythm, lexicon, and emotion. Lesion studies and studies of individuals with congenital 

amusia have lent some support to this hypothesis (Peretz & Coltheart, 2003). For a 

comprehensive review of the neural substrates of music processing, see Peretz and Zatorre 

(2005) and for the neural processing of music perception specifically, see Koelsch (2011). 

Neurological differences between musicians and non-musicians. Given the host of 

neural processes engaged by musical training, it has been hypothesized that musicians’ brains 

will have increased plasticity. Indeed, the brains of individuals with musical training appear 
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distinctly different from those of untrained individuals, both neuroanatomically and functionally. 

These differences will now be briefly reviewed. For more comprehensive reviews of anatomical 

and functional differences associated with musical activity, see Barrett, Ashley, Strait, and Kraus 

(2013) and Herholz and Zatorre (2012). 

Neuroanatomical differences. Neuroanatomical differences are observed between 

musicians and non-musicians, such that various brain structures appear to be larger in musicians 

than in non-musicians. White matter tracts have larger volume, including the corpus callosum 

(Schlaug, Jancke, Huang, Staiger, & Steinmetz, 1995; Schmithorst & Wilke, 2002). Cortical grey 

matter volume is also larger in multiple regions, including the primary motor cortex, including 

the intrasculcal length of the pre-central gyrus (a marker of cortical motor hand representation; 

Amunts, Jancke, Mohlberg, Steinmetz, & Zilles, 2000), and auditory areas, such as Heschl’s 

gyrus (Gaser & Schlaug, 2003). Enlargements of the planum temporale (Keenan, Thangaraj, 

Halpern, & Schlaug, 2001; Luders, Gaser, Jancke, & Schlaug, 2004; Schlaug et al., 1995b), the 

inferior frontal gyrus (Gaser & Schlaug, 2003; Luders et al., 2004), and the cerebellum 

(Hutchinson, Lee, Gaab, & Schlaug, 2003) are also observed. 

Functional differences. There is considerable evidence that musicians also exhibit 

patterns of neural activity distinct from those of non-musicians. Musical training may exert an 

influence on hemisphere dominance (Dmitrevia et al., 2006), such that non-musicians appear to 

process melodic stimuli preferentially in the right hemisphere and musicians process them in the 

left hemisphere (Bever & Chiarello, 1974; Johnson, 1977), although some studies have found the 

opposite pattern (Gordon, 1980; Mazzuchhi, Parma, & Cattelani, 1981).   

Cortical responses to auditory stimuli are larger in musicians (Fujioka, Ross, Kakigi, 

Pantev, & Trainor, 2006; Angulo-Perkins, Aubé, Peretz, Barrios, Armony, & Concha (2014), 
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which occurs even at the specific instrument level (Moreno et al., 2009). For example, piano 

players show greater evoked responses to the sounds of piano (Pantev et al., 1998) than non-

musicians. Brainstem responses to auditory stimuli in musicians are stronger and faster than in 

non-musicians (Kraus & Chandraeskaran, 2010; Strait, Kraus, Skoe, & Ashley, 2009), even if 

the time of training was remote (Skoe & Kraus, 2012), and early and late ERP components of 

both sound and voice processing are enhanced in musicians as compared to non-musicians 

(Rigoulot, Pell, & Armony, 2015). Musicians also display increased connectivity in motor and 

sensory areas (Luo, Guo, Lai, Liao, Liu, Kendrick, Yao, & Li, 2012) and functional changes, 

such as increased activation, in the superior parietal cortex and inferior temporal gyrus, 

following training in reading musical notation (Stewart, 2008), among many other differences.  

Notably, musical training is associated with functional changes in the processing of 

discrete musical emotions. Specifically, musicians show greater activation than non-musicians in 

the superior and middle frontal gyri of the right prefrontal cortex in response to sadness and 

greater activation in the supramarginal and inferior parietal gyri of the right parietal cortex in 

response to fear. The same study, however, found no differences for happiness (Park et al., 

2014). 

Although these differences are correlational, there is strong indication that they are the 

result of prolonged music training, rather than pre-existing. For one, functional enlargement of 

brain regions has been already demonstrated in animal models as a result of prolonged motor-

skill learning (Stewart, 2008). In humans, longitudinal studies and careful comparison of 

individuals with various levels of musicianship have demonstrated strong associations between 

structural changes, such as increased grey matter volume, in auditory, visual, and motor regions 

and the duration and intensity of musical training (Bengtsson, Nagy, Skare, Forsman, Forssberg, 
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& Ullen, 2005; Gaser & Schlaug, 2003; Schlaug, Jancke, Huang, & Steinmetz, 1995). 

Furthermore, no neuroanatomical differences were found between a group of children about to 

begin piano or string lessons and a group not beginning music lessons (Norton, Winner, Cronin, 

Overy, Lee, & Schlaug, 2005), further supporting the notion that these differences are acquired 

as a result of musical training.  

Critical periods for music training. There is also evidence to suggest that these 

differences are influenced not only by the duration and intensity of training but also by the age of 

training onset, which has resulted in the proposal of a music-learning “critical period” in early 

childhood. For example, when controlling for duration of training, children who began music 

training prior to age 7 demonstrate greater corpus callosum connectivity than children who began 

at a later age (Steele, Bailey, Zatorre, & Penhune, 2013) and greater right ventral premotor 

cortical volume, while also demonstrating corresponding behavioral advantages on auditory-

motor tasks (Bailey, Zatorre, & Penhune, 2014). It is not clear, however, if this critical period is 

music-specific, an argument supported by evidence for a music-specific module, or if music 

learning at this age merely exploits the already plastic nature of the developing brain. 

Musical Training and Non-Emotional Mental Processes 

It is evident that extensive training in playing a musical instrument is associated with and 

likely causes pronounced changes to the brain anatomically and functionally. Furthermore, 

musical performance recruits neural circuitry that is also utilized in non-musical activities. This 

observation raises the possibility of transfer effects from musical training to non-musical 

domains. Transfer effects are generally defined as the likelihood of a skill in one domain to 

predict either a person’s skill level or ease of acquisition of skill in another domain. For example, 

if a person has had musical training, will that training predict better performance on tasks of 
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language than that of a person without musical training? Or will the training predict enhanced 

acquisition of language skills over time? Predictions regarding transfer effects may be based 

upon behavioral relationships (e.g., music performance promotes specific behaviors/skills that 

may also then be used in other domains) or from neuroanatomical evidence (e.g., learning to play 

music causes neuroanatomical and/or functional changes to specific brain regions, so then neural 

processes subserved by these regions may also be enhanced).  

Although the term “transfer effect” is used broadly in literature discussing both 

correlational and causal studies of musical training, it does, nonetheless, connote directionality 

(skill transfers from one domain to another). Accordingly, “relationship” or “association” is used 

order to avoid the implication of casual effects. For the purposes of the proposed study, the focus 

is on training in playing a musical instrument, typically commencing at a relatively young age, 

and mental abilities. This line of inquiry is related to, but distinct, from lines of research that 

examine associations between cognitive abilities and innate musical talent or ability, and from 

lines of research that examine proposed performance benefits from listening to music (the so-

called “Mozart effect,” for review, see Schellenberg & Weiss, 2013).  

Musical training and auditory processing. Music learning utilizes and over-trains 

auditory processes, including both right-hemisphere pitch analysis and left-hemisphere temporal 

and rhythmic analysis (Baeck, 2002; Yuskatis, Parviz, Loui, Wan, & Pearl, 2015). 

Unsurprisingly, there is substantial evidence that musically trained individuals outperform 

untrained peers on a wide range of both musical and non-musical tasks. Music training is 

associated with superior processing of music harmony and key violations (Corrigall & Trainor, 

2009), faster identification of transposed (Halpern, Kwak, Bartlett, & Dowling, 1996) or 
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temporally modified (Andrews, Dowling, Bartlett, & Halpern, 1998) melodies, and greater 

sensitivity to pitch and chord violations in music (Schellenberg & Moreno, 2010). 

Musicians have demonstrated superior frequency (Kraus & Chandrasekaran, 2010) and 

pitch (Marie, Kujala, & Besson, 2012) discrimination abilities, and longitudinal experimental 

studies have also shown musical training improves pitch processing, such as detection of small 

pitch differences (Besson, Schön, Moreno, Santos, & Magne, 2007), and sound discrimination 

ability (Francois, Chobert, Besson, & Schon, 2013). These differences also extend to tasks of 

speech perception (Jantzen & Scheurich, 2014; Kraus & Chandrasekaran, 2010; Patel & Iversen, 

2007).  Musicians demonstrate improved ability to detect speech in noise (Parbery-Clark, Skoe, 

Lam, & Kraus, 2009; Parbery-Clark, Strait, & Kraus, 2011). It has also been shown that 

musicians are able to better utilize aspects of speech, such as pitch contours, to extract extra-

linguistic information, such as distinguishing between questions and statements (Kraus & 

Chandrasekaran, 2010). 

Musical training and cognitive processes. Musical training is positively associated with 

enhanced cognitive abilities in a number of domains, including linguistic, memory, visuospatial, 

and executive functions. For more comprehensive reviews, see Miendlarzewska & Trost (2013) 

and Schellenberg & Weiss (2012). 

More specifically, musical training is associated with superior phonological awareness, 

reading ability (Degé & Schwarzer, 2011; Gromko, 2005; Standley, 2008) and foreign language 

acquisition (Marie, Delogu, Lampis, Belardinelli, & Besson, 2011; Marie, Magne, & Besson, 

2010; Milovanov, Pietilä, Tervaniemi, & Esquef, 2010; Slevc & Miyake, 2006). Musicians 

generally perform better than non-musicians on tasks of auditory (Cohen, Evans, Horotwitz, & 

Wolfe, 2011; Kilgour, Jakobson, & Cuddy, 2003) and verbal memory (Brandler & Rammsayer, 
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2003; Chan, Ho, & Cheung, 1998; Franklin, Moore, Yip, Jonides, Rattray, & Moher, 2008; 

Jakobson, Cuddy, & Kilgour, 2003; Jakobson, Lewycky, Kilgour, & Stoesz, 2008).   

Musical training is also associated with enhanced visuospatial ability (Hetland, 2000; 

Sluming, Barrick, Howard, Cezayirli, Mayes, & Roberts, 2002; Patston & Tippett, 2011; 

Sluming, Brooks Howard, Downes, & Roberts, 2007; Stoesz, Jakobson, Kilgour, Lewycky, 

2007), and musicians also appear to have less laterality bias than non-musicians (Patston, 

Corballis, Hogg, & Tippett, 2006; Patston, Hogg, & Tippett, 2011; Patston, Kirt, Rolfe, 

Corballis, & Tippett, 2007) as well as faster reaction times on visual tasks (Brochard, Dufour, & 

Deprés, 2004; Patston et al., 2007).  

Lastly, musical training is associated with superior performance on many aspects of 

executive functioning (Degé et al., 2011), including response inhibition (Moreno et al., 2011, 

verbal fluency (Gibson, Folley, & Park 2009; Hassler, Birbaumer, & Feil, 1985), divergent 

thinking (Gibson, Folley, & Park 2009), and auditory working memory (Franklin et al., 2008; 

Hansen, Wallentin, & Vuust, 2012; Pallesen, Brattico, Bailey, Korvenoja, Koivisto, Gjedde & 

Carlson, 2010; Parbery-Clark et al., 2009; Posedel, Emery, Souza, & Fountain, 2012; Tierney, 

Bergeson-Dana, & Pisoni, 2008)  

Interestingly, children with musical training do appear to have higher full-scale IQs 

(FSIQs), relative to untrained peers, when administered comprehensive tests of intelligence 

(Schellenberg, 2006, 2011a) and single measures of fluid intelligence, such as the Raven’s 

Progressive Matrices (Nutley et al., 2014) or Kaufman Brief Intelligence Test (Corrigall & 

Trainor, 2011), although not all studies have yielded similar results (e.g., Schellenberg & 

Moreno, 2010). A recent meta-analysis concluded that there is a positive association between 
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