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Abstract   

Music can provide a powerful emotional context that potentially influences the 

processing of other events.  Here, we first studied the effect of music on explicit attempts 

to regulate emotionality.  Null results led us to examine the effect of music on implicit 

emotional processing, namely, the processing of facial expressions of emotion presented 

within a musical context.  In Experiments 1 & 2, subjects were asked to reappraise 

negative images in a more positive light while listening to positive music.  Contrary to 

predictions, positive music showed no effect on subjects' ability to reappraise negative 

images.  Experiment 3 then utilized a more objective measure of emotionality (i.e., facial 

electromyography (EMG) and electrodermal activity (EDA)).  In this study, we assessed 

the effect of positive and negative background music on the interpretation of 

ambiguously valenced facial expressions of surprise (i.e., surprised faces can be 

interpreted as positively or negatively valenced).  We also presented happy and angry 

expressions, to compare the effect of music on clearly valenced expressions.  EMG 

responses showed an incongruency effect—corrugator supercilli activity increased during 

all incongruent trials (e.g., an angry face with positive music or a happy face with 

negative music).  An increase in EDA response was only seen to surprise faces in the 

negative music condition.  Previous studies have shown an increased EDA response to 

surprised faces compared to happy and angry, likely due to the ambiguous nature of 

surprised faces, and the presented results show that positive music was able to mitigate 

this effect.  Experiment 4 measured amygdala fMRI responsivity to surprised faces after 

priming with either positive or negative music.  Amygdala activity was increased more to 

surprised faces following a negative prime, but only for the first half of trials—
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dramatically habituating thereafter.  This habituation is characteristic of the amygdala 

response to fearful faces, suggesting that the negative music prime was able to 

significantly increase the negativity perceived in the surprised faces.  Taken together, 

these studies offer preliminary data that will instruct the design of future studies of the 

effect of music on affective processing. 
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“I should say first of all that the only emotions I propose expressly to consider here are 

those that have a distinct bodily expression...Certain arrangements of sounds, of lines, of 

colours, are agreeable, and others the reverse, without the degree of the feeling being 

sufficient to quicken the pulse or breathing, or to prompt to movements of either the body 

or the face.”  - William James (1884), p.189, emphasis added 

 

Introduction 

Due to the general subtlety of aesthetic emotions, there has commonly been a 

segregation of aesthetic-based emotions and other emotions, as expressed in the above 

quote from William James' canonical article “What is an Emotion?” (1884).  However, an 

examination of how musical emotions are similar to other emotions in terms of objective 

physiological responses have so far shown that this distinction of aesthetic-based 

emotions may not always be necessary or useful – especially since modern neuroscience 

has developed numerous means to document bodily evidence of subtle emotional state 

changes that James could not have been aware of (e.g., an electrical potential change 

measured using electromyography (EMG) in a muscle group that has yet to move).  

Indeed, the main criticism of James’ bodily theory of emotion was that it could not 

handle subtle emotional changes (Cannon, 1928). The above quote above makes it clear 

that James aimed only to address strong emotional responses, though he understood other 

types of more subtle emotions existed.  For our purposes, this discussion reinforces the 

fact that a) “ certain arrangements of sounds” are relevant to the study of emotion, and 

that b) there is a need to address both implicit, automatic reactions to music as well as 
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explicit, more regulatory responses – understanding that some responses will be overtly 

observable while others will be much more subtle in nature. 

 

Defining Music and Choosing “Arrangements of Sounds” for Critical Study 

Before examining the effect of music on emotional responses, it is critical to 

discuss exactly what is meant by the term ‘music’.  Indeed, one impediment to the study 

of music and affect is the lack of agreement on what, exactly, music is.  The findings 

discussed throughout this thesis offer insights into how we could take a decidedly 

behavioristic approach to defining music.  That is, if music is in the ear of the listener (as 

beauty is in the eye of the beholder), the presence or absence of certain behavioral 

responses would be indicative of whether or not a musical experience is occurring, and if 

it is affecting emotion.  Measuring responses to different arrangements of sound provides 

a more objective means of characterizing these musical experiences.  First, certain 

arrangements of sound, when presented to a listener, will consistently give the impression 

of communicating a particular emotion, as measured by means of self-report.  Second, 

certain arrangements of sound, when presented to a listener will consistently evoke 

affective states within that listener, as measured by psychophysiological recordings [i.e., 

EMG or electrodermal activity (EDA)].  And third, certain arrangements of sound, when 

presented to a listener, will cause a modulation of activity in brain regions previously 

shown to be related to emotional processes. 

For my purposes, I focus on particular pieces of music that are verbally described 

as having a “positive” or “negative” emotional quality, in a framework that assumes the 

orthogonality of positivity and negativity.  Although this dichotomy cannot be imposed 
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on all (and likely most) works of music, it is clearly an important dichotomy that has 

strongly influenced the theories of Western music.  The first part of my Background 

section summarizes a rich history of the discussion on music and emotion, and should 

convince the reader that even if emotional expression is not the principal purpose of 

music, it is surely a fundamental component of our psychological experience of music 

and well worth critical examination.   An analysis of this historical content also gives 

insight into the properties of music that seem to drive the categorization of music as 

“positive” or “negative”; properties that seem to rise above the subjective bias of an 

individual’s musical preference. 

 

Music and Emotional Behavior 

Music's ability to influence our emotional processes in a consistent manner 

suggests that it could also be used to help regulate these processes. Since emotion 

regulation strategies comprise one of the primary tools used during the treatment of 

affective disorders, it is possible that music could play a role in these treatments.  To 

elaborate, most current emotion regulation techniques applied in clinical situations are 

based on cognitive behavioral therapy (CBT), which encourage an explicit verbal means 

of reinterpreting events (i.e., reappraisal).  Music provides a more implicit nonverbal way 

of influencing one's feelings that could substitute for or complement reappraisal strategies.  

Understanding the neural mechanisms at work during emotional response and regulation 

will be crucial to understanding the role music might play in modulating emotional 

outcomes. 
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Beyond the clinical setting, we can also see the influence of music on emotion in 

more natural social situations. That is, though it is critical to assess the effect of music on 

a given individual, music also provides an emotional context within which people can 

interact with others. As examples, simply observing human behavior during military 

marches, religious services, sporting events, protests, and/or campfires shows us that 

music has the ability to create a sense of unity among groups.  Thus, one aim for the 

future of this field would be to include an investigation of why and how music influences 

our social behavior. 

 

Facial Expressions As Social Signals That Music Can Influence     

One initial strategy for investigating the impact of music on social behavior is to 

examine the effect of music on the processing of the facial expressions of others.  Facial	  

expressions mediate a critical portion of our non-verbal social communication.  From the 

expressions of others we can glean information about their internal emotional state, their 

intentions, and/or their reaction to contextual events in our immediate environment.  But 

in our social world, facial expressions are always interpreted within the context in which 

they are encountered.  A smile on the face of the person across from you means one thing 

if you just asked them out on a date and something very different if you both just showed 

your ‘hands’ during a poker game.  As noted above, music can provide a very powerful 

contextual background for social interactions and, in this way, offers a strategy for 

examining the mechanisms by which music might influence the processing of other 

socio-emotional environmental signals.	  	  
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This thesis is organized as follows:  First, I will offer a comprehensive 

background on the historical and philosophical discussion of the relationship between 

music and emotion. This will include discussion from the perspectives of composition, 

performance, and listening.  I will then describe current perspectives on the relationship 

between music and emotion from the fields of psychology and neuroscience.  This 

description will culminate in a discussion of work from the last decade where the field of 

affective neuroscience has embraced neuroimaging techniques that allow for the 

examination of the neural substrates of emotional processes and the effect of music.  I 

will then present five initial studies I have conducted that offer hints for strategies that 

might be useful for examining the effect of music on other emotional processing.  This 

includes the effect of music on explicit emotional regulation (Experiments 1 & 2) as well 

as the effect of music on perceiving other emotional facial expressions (Experiments 3 & 

4) by means of subjective report (Experiments 1, 2, & 3), psychophysiological measures 

(Experiment 3), and specific neural responses (Experiment 4).   The thesis concludes with 

ideas for improvements of these experimental designs and their implications for future 

research.  
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Background 

 

A Historical Discussion on the Relationship Between Music and Emotion 

Discussion on the relationship between music and emotions has existed since the 

philosophical treaties of antiquity.  In his canonical writing, Emotion and Meaning in 

Music (1956), Leonard A. Meyer tells us  “from Plato down to the most recent 

discussions of aesthetics and the meaning of music, philosophers and critics have, with 

few exceptions, affirmed their belief in the ability of music to evoke emotional responses 

in listeners (p. 6).”  Discussion of the relationship between emotion and music in the 

Western tradition has maintained several consistent themes over time.  Most importantly, 

it leaves little doubt that music truly can induce a notable shift in mood, and that this 

quality of music is exploited by composers and listeners alike. 

The mathematical nature of music was first discovered by the studies of 

Pythagoras, who found that musical pitch is dependent on the velocity of a moving object 

(i.e., a plucked string).  Larger objects (or longer strings) vibrate with a lower frequency, 

thus projecting a lower pitched sound.  Conversely, smaller objects (or shorter strings) 

vibrate with a higher frequency and project higher pitched sounds.  Although much of the 

stories surrounding the life of Pythagoras are attributed to myth, he is credited as the first 

individual to notice that the mathematical relationships between tones were related to 

how pleasant those tones sounded when played simultaneously.  More specifically, small 

whole note ratios exhibited the most pleasant sounding intervals.   

Aristotle argued that affective responses to music varied depending on the style, 

and consequently, only certain types of music were appropriate.  He hypothesized that 
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invoking pleasurable affective responses is highly dependent on the choice of musical 

mode:  “Some modes, like the mixolydian, make people sad and grave, while others can 

‘enfeeble the mind.’  The phrygian ‘inspires enthusiasm.’  And the dorian, which 

‘produces a moderate and settled temper,’ is also the ‘manliest’ (Bowman, 1998, p. 55).”  

Aristotle’s speculation on the relationship between musical mode and emotional response 

has been reinforced by many empirical studies (Livingstone et al., 2005, 2010).   

As music theory developed as a discipline, ideas of which musical properties 

produced affect in the listener became more complex.  Baroque composer and theorist, 

Nicola Vicentino wrote in his treatise Ancient Music Adapted to Modern Practice (1555) 

that “the composer’s sole obligation is to animate the words, and, with harmony, to 

represent their passions—now harsh, now sweet, now cheerful, now sad—in accordance 

with their subject matter.”  Many ideas regarding the relationship between music and 

emotions were discussed during the Baroque Era, and are often referred to as the 

“doctrine of affections.”  Later, Rene Descartes attempted to codify these human 

affections in The Passions of the Soul (1649), identifying six basic emotions: wonder, 

love, hate, desire, joy, and sadness.  The doctrine of affections implies that composers 

were expected to induce these emotions through their music.  Bowman describes the 

doctrine as follows: 

“The doctrine of affections, which maintained music’s capacity to portray  

particular emotions... assum[ed] the existence of logically discernable congruence 

between tonal and emotional patterns that could be systematically exploited by 

composer and appreciated by listener.” (1998, p.73) 
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The harmonic associations with what is generally perceived as "happy" or "positive" or 

"pleasant" music versus "sad" "negative" or "unpleasant" music have been relatively 

consistent since the popularity of the major and minor modes became solidified in the 

17th century.  Because of this consistency, it is very hard to disambiguate culturally 

learned responses to music from more innate, universal responses.  Whether our 

associations between certain sounds and emotions are learned or universal, they are at 

least somewhat consistent so as to be speculated on by theorists and scientists alike. 

One of the first attempts to provide a psychological explanation as to why certain 

harmonic structures cause more tension or sadness while others elicit a more pleasing and 

soothing response in the listener was by Leonard A. Meyer (1956).  In his book, Emotion 

and Meaning in Music, Meyer draws upon statements from theorists, musicians, 

composers, and performers, as well as examples in particular musical excerpts that seem 

to invoke similar affective responses across listeners. According to Meyer, individual 

notes carry different roles within a given tonality, and this role is active or stable.  Stable 

tones are identified as the tonic and the dominant, and active tones are all other tones, 

which have a tendency to move towards stable tones.  This "tendency" to move is 

stronger in certain active tones, such as the leading tone, and the strength of this tendency 

creates a tension in a musical sequence that remains until the active tone moves in the 

appropriate direction. 

Meyer applies this framework to diatonic tonal systems as well as chromatic tonal 

systems.  Furthermore, Meyer attributes much of the tension or negative emotions 

expressed by music to chromaticism.  He describes chromaticism is as “an interpolation” 

between the diatonic tones of a system.  These interpolations are essentially extra notes 
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added to a melody that delay or block the movement of active tones to stable tones.  

Additionally, they detract from the uniformity of the diatonic system, which adds tonal 

instability and ambiguity.  A delay in reaching stable tones combined with an overall 

tonal ambiguity leads to affective tension and is associated with negative  

emotions.  Beyond these theoretical explanations, an associative relationship between 

negative emotions and chromaticism can also be identified in many examples of music 

that is written for text: 

“Again and again we find chromatic treatment given to such highly emotional 

concepts as crying, lamenting, mourning, moaning, inconsolability, shrouding 

one’s head, breaking down, and so forth.” (Meyer, 1956, p.204)   

The tonal ambiguity that results from chromaticism is felt from both a melodic and 

harmonic standpoint.  Chromatic progressions are generally longer and create uncertainty 

as to where the tonal center is and when it will be reached.  According to Meyer's theory, 

it is the variation of this uncertainty that so greatly influences a listener’s affective 

response to the music.   

To date, psychological perspectives on emotional responses to music generally 

take Meyer's stance that the perceived valence of a music stimulus is associated with its 

harmonic simplicity/complexity (certainty/uncertainty).  This of course does not tell the 

whole story, as responses to music will vary widely with other factors such as music 

preference and familiarity, as well as the presence or absence of lyrics and their meanings. 

However, harmonic complexity is a good place to start when studying emotional 

responses to music, since it is derived from a rich tradition of the study of consonance 

and dissonance within Western music. The next section will discuss the development of 
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the consonance/dissonance dichotomy and how it has influenced the way we define 

pleasant or unpleasant musical experiences.   

 

Consonance, Dissonance, and Emotional Valence 

Although much music is emotionally ambiguous and often expresses multiple emotions 

throughout its course, some of the musical repertoire studied in psychological literature 

has demonstrated consistent emotional responses across subjects. Various musical 

features contribute to a listener's perceived emotion, including tempo, mode, harmonic 

complexity, articulation, and others. As discussed in the previous section, one of the 

musical features most widely studied from the perspective of psychology is harmonic 

complexity, which is inherently related to how consonant or dissonant the music sounds. 

Consonance has been shown to correlate with “pleasantness” (positive valence) whereas 

dissonance correlates with “unpleasantness” (negative valence).  It has been proposed 

that the subjective unpleasant feeling associated with dissonance is culturally based, due 

to an individual's ability to implicitly internalize the musical grammar of his or her 

culture (Krumhansl, 1990; Bharucha, 1984). However, a preference for consonant music 

over dissonant music has been shown in infants (Schellenberg et al., 1996; Trainor et al., 

1998) and consonance is perceived by Japanese macaque monkeys (Izumi, 2000), which 

has led some to suggest that our preference for consonance is more innate (Trevarthen, 

2000; Cross, 2001). 

Current theories of consonance and dissonance have mathematical, perceptual, 

physiological, and neurological bases.  It is important to note, however, that these terms 

have evolved in their meaning since they first appeared in the first writings on music 
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theory.  These terms are often used to address subtle differences in musical phenomena, 

which has often resulted in confusion as to their meaning.  In A History of ‘Consonance' 

and 'Dissonance' (1988), James Tenney clarifies five types of consonance and dissonance 

that have been addressed by music theorists throughout Western history.  He also points 

out that confusion as to the meaning of these terms largely derives from the fact that we 

use the terms 'consonance' and dissonance' for all five of these distinct phenomenon.  The 

five distinctions of consonance and dissonance that Tenney makes is as follows: (1) 

melodic consonance and dissonance, (2) diaphonic consonance and dissonance, (3) 

contrapuntal consonance and dissonance, (4) triadic, or functional, consonance and 

dissonance, and (5) timbral consonance and dissonance.  The exact definition of these 

distinctions will not be discussed in depth here - what is important is that the terms 

'consonance' and 'dissonance' have several definitions.  What is common in all of the uses 

of these terms is that 'dissonance' generally implies an event that is 'incompatible', 

'disagreeable', or 'unexpected', with relation to the events around it.  Conversely, the term 

'consonance' implies 'compatible,' 'agreeable', or 'expected' events.  It is easy to see how 

there can be confusion and overlap between these terms.  Due to a loosening of the rules 

that define what music should and should not sound like, we often feel like the opposite 

is true, and what is 'unexpected' is often 'agreeable' in the sense that it is new and exciting, 

and what is 'expected' can be quite 'disagreeable' in the sense that it is old and boring.  

One could say that our attraction to music is tainted with a neophilia—we are often 

pleased when we hear something novel.  Such confounds have made it particularly 

difficult for theorists and psychologists to infer what is meant by consonance and 

dissonance without resorting to definitions defined by a musical tradition from hundreds 
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of years ago, with no regard to whether or not their chosen definitions accurately define 

the phenomenon in question.   

Musical events that cause an expectancy violation and are described as 'dissonant' 

in this sense, are likely learned, based on the cultural rules governing what music is 

supposed to sound like.  However, discrete musical events, such as notes, intervals, or 

chords, that sound 'disagreeable' even in isolation from a context, may elicit a more 

implicit (perhaps innate) negative response.  Events that are dissonant in this immediate 

sense have specific physical properties that predict perceived dissonance and 

unpleasantness (Helmholtz, 1877; Plomp & Levelt, 1965).  The physiological explanation 

for dissonance is based on the theories of Helmholtz, who suggested that the interference 

of the partials of two tones is what causes “roughness” or “unpleasantness” in dissonant 

sound units. These theories were expanded by the findings of Plomp and Levelt, who 

demonstrated that the highest levels of perceived dissonance occur when two tones fall 

within the same critical band (1965). This concept led to the theory that the auditory 

system is simply unable to resolve two tones in the same critical band, resulting in the 

“rough” quality of sound associated with dissonant intervals. However, this theory does 

not account for perceived dissonance in intervals that are presented dichotically. 

Consequently, some have suggested that low-level sensory processing in the brain stem 

could contribute to these perceptions (Bidelman & Krishnan, 2009). 

 

The Neural Substrates of Consonance and Dissonance 

The neuroscientific basis for the perceptual distinction between consonance and 

dissonance is derived from brain imaging studies demonstrating that these perceptions are 
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not just subjective, but have specific neural correlates. Music has been shown to activate 

subcortical structures that are involved in emotional processing, and the activation 

patterns are significantly different when the music is perceived as consonant versus 

dissonant (Blood, et al., 1999; Koelsch et al., 2006).  Blood et al. (1999) used positron 

emission tomography (PET) to show that increasing dissonance correlated with increased 

activation of the (right) parahippocampal gyrus, and increasing consonance (i.e., 

decreasing dissonance) correlated with increased activation of the frontalpolar, 

orbitofrontal, and subcallosal cingulate cortices. Since the orbitofrontal cortex is thought 

to be involved in the processing of positive emotion and reward (Berridge & Kringelbach, 

2008), its activation is likely related to the “pleasant” experience of consonant music.  

The stimuli used in that study consisted of a novel melody with chords accompanying it.  

The chords varied from a consonant condition to a dissonant condition using different 

harmonic structures within the chords.  This type of stimulus choice fits with a more 

'objective' measure of dissonance as proposed by Helmholtz (i.e., timbral dissonance as 

termed by Tenney), rather than the result of any musical rule violation.   

However, studies have shown that regions implicated in the processing of 

negative emotions, specifically the amygdala, respond to both expectancy violations 

(functional dissonances) and auditory “roughness” (timbral dissonances).  For example, 

Koelsch et al. (2008) used functional magnetic resonance imaging (fMRI) to show that 

unexpected chords caused an increase in blood oxygen level dependent (BOLD) signal in 

the bilateral amygdala.  These “unexpected” chords are not dissonant when played out of 

context, it was only the preceding sequence of chords that made them feel dissonant.  

Using the same technology, an increased BOLD signal in the amygdala has been 
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observed to minor and dissonant chords versus major chords when played in isolation of 

a greater musical context (Pallesen et al., 2005).  The findings in these studies combined 

suggest that the amygdala is equally interested in aversive sounds (timbral dissonance) as 

aversive sound patterns (functional dissonance).  When these two types of dissonance are 

combined, an increase in BOLD signal is found in the amygdala, hippocampus, 

parahippocampal gyrus, and the temporal poles (Koelsch et al., 2006).  In this study the 

stimuli consisted of standard classical repertoire, played simultaneously with a version of 

itself transposed up a tritone.  These stimuli are generally perceived as being disagreeable 

in nature, due to both a timbral dissonance due to the presence of "rough intervals" as 

well as extreme expectancy violations caused by hearing a familiar tune with the wrong 

notes.  It is likely that the presence of both types of dissonance is contributing to the 

signal increase in the amygdala.   

Amygdala activation in response to these types of dissonant music likely 

contributes to the subjective feeling of displeasure associated with dissonant music, 

considering that the amygdala plays an important role in the processing of physical and 

emotional pain and stimuli associated with pain (Neugebauer et al., 2004; Phelps & 

Ledoux, 2005).  This suggests that negative responses to music are mediated by the same 

neural correlates that mediate other negative feelings.  

 

The Neural Substrates of Categorical Emotion in Music 

Neuroscientific studies have generally shown that the neural network involved in 

the whole of processing music is quite distributed.  For example, Koelsch and Siebel 

showed that emotion induced by music was processed in limbic and paralimbic structures 
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across the subcortex and cortex, including the amygdala, hippocampus, parahippocampal 

gyrus, insula, temporal poles, ventral striatum, orbitofrontal cortex, and cingulate cortex 

(2005). Activations of these areas were modulated according to the perceived dissonance 

(valence) as well as the perceived emotional category of the music (e.g., happy, sad, 

fearful). Consistent with the notion presented above, that neural responses to music rated 

as consonant versus dissonant are the basis of music being perceived as positive and 

negative, respectively, similar neural responses have been observed to music that was 

subjectively rated as happy or sad. For example, Mitterschiffthaler et al. had 53 

volunteers rate the valence of 60 classical music performances on a scale from 0 (sad) to 

100 (happy) (2007). From this musical repertoire set, 5 sad pieces of music, 5 happy 

pieces, and 10 neutral pieces were chosen. A separate group of 16 volunteers underwent 

fMRI scanning while listening to the selected music. Increased BOLD responses to sad 

music (compared to happy) were observed in the hippocampus and amygdala. For happy 

music, increased BOLD responses were observed in the dorsal and ventral striatum, 

anterior cingulate, and parahippocampal gyrus. These results offer the intriguing 

possibility that within the wide distributed neural network activated by music, music 

perceived as sad preferentially activates brain areas associated with automatic reactions 

that give rise to negative interpretations (e.g., amygdala; see e.g., Whalen et al, 2004), 

while music perceived as happy activates brain areas associated with regulatory 

responses that give rise to more positive interpretations of presented stimuli (O’Doherty 

et al., 2001; Kim et al., 2003; Moran et al., 2004). 

Music studies investigating other categorical emotions, namely sadness and fear, 

found the amygdala to be a necessary structure for recognizing fear and sadness in novel 
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musical excerpts (Gosselin et al., 2007).  Patient S.M., who has selective bilateral 

amygdala damage, demonstrated impairment for identifying music as 'scary' or 'sad' 

compared with controls.  Most often, she mistook sad and scary music to be peaceful. A 

similar inability to recognize scary music is found in epileptic patients who underwent a 

unilateral temporal lobe excision (Gosselin et al., 2005). 

 

Feelings of Pleasure and Anxiety Evoked By Music 

Perhaps one of the most important emotional responses to music, especially when 

one contemplates its potential therapeutic value, is the extreme pleasure it is able to 

induce in listeners. Although music does not intuitively appear to satisfy any obvious 

biological needs, it causes BOLD signal increases in automatic so-called ‘pleasure 

centers’ of the brain within the ventral striatum that are also activated by biologically 

relevant outcomes such as the availability of food and sex (Blood et al., 2001). These 

findings seem to imply that the pleasure experienced from music is much more than just 

an intellectual appreciation. Rather, it is tied into a reward circuitry that is also 

responsible for fundamental biological inclinations, suggesting that the right music makes 

the body feel just as sated as a good steak. 

Although music listening is generally viewed as a pleasant activity to engage in, it 

can also activate neural circuits involved in the prediction of negative outcomes, 

including the amygdala, and thus has the power to evoke negative emotions as well. As 

previously mentioned, a single unexpected chord randomly intermixed into a given 

musical sequence produced a very circumscribed activation within the amygdala 

(Koelsch, 2008). It has long been proposed that the introduction of unexpected harmonies 
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is what allows for the modulation of perceived tension in music (Meyer, 1956). Thus, it is 

reasonable to suggest that amygdala activity is part of the neural substrate that gives rise 

to the experience of musical tension. Since the amygdala has been implicated in other 

forms of perceived tension (e.g., fear and anxiety), the fact that the same circuitry is 

implicated in processing musical tension suggests that a) the emotions evoked by music 

are comparable to other emotional experiences and b) music is a reasonable emotional 

regulation strategy since it taps into a similar neural circuitry.  

 

Music and Mood 

I have thus far made the case that music modulates human emotion.  For application of 

these ideas to scientific studies, I will now consider the related idea that music can be 

used as a form of mood induction.  Indeed, music has been shown to create consistent and 

sustained mood states that are comparable to other mood induction methods (Abersnagel, 

1988).  Music has also been shown to modulate an instinctive negativity bias present in 

all humans, even when the musical excerpts are as brief as 12 seconds (Chen et al., 2008).  

To this end, I will start by reviewing some of the mood induction literature and draw 

parallels to music where appropriate.  

Mood induction has been shown to affect a broad range of behaviors and self-

reports of experience.  Mood affects the way we experience and manage life events, 

including pain (e.g., Weisenberg et al., 1998) and the reactions of others (Forgas & 

Bower, 1987).  The way mood ‘colors’ these experiences then impacts our very 

constitution, including our self-esteem and self-control.  For example, pain sensitivity 

decreases when mood is modulated in a positive direction, and increases when mood is 



 18	  

modulated in a negative direction.  This has been shown where mood is manipulated 

using pictures (Wied and Verbaten, 2001), videos (Weisenberg et al., 1998) or odors 

(Loggia et al 2008).  Importantly, music also modulates pain sensitivity (Roy et al., 2008, 

Whipple & Glynn, 1992).  Roy et al. found that pleasant music was able to reduce pain 

sensitivity, but that exposure to unpleasant music did not change pain ratings relative to 

silence (2008). Whipple and Glynn (1992) showed that positively valenced music 

decreased pain sensitivity.  Interestingly, they used two types of pleasant music - 

soothing and stimulating music – and each were equally effective in decreasing pain 

sensitivity.  

Mood can also play a critical role in the way we perceive the faces of others.  For 

example, in psychiatrically healthy participants, mood inductions can change the amount 

of eye contact shown to a face (Wyland & Forgas, 2010; Hills & Lewis, 2011).  To 

elaborate, individuals undergoing a happy mood induction payed more attention to the 

eyes and inferred more meaning from eye contact, whereas sad-induced individuals did 

not. To the extent that a psychiatric condition constitutes a more constant mood state (i.e., 

trait), consistent face processing evidence exists, in that depressed (Gotlib & Robinson, 

1982) and socially anxious (Horley et al., 2004) individuals avoid looking at the eyes of 

others.  This suggests that a) mood can play an extremely important role in the way we 

communicate and b) music as a mood manipulator should impact the processing of faces. 

Recent research indeed shows that music affects subjective ratings of emotional 

facial expressions.  When happy, neutral, or sad facial expressions are primed with 

fifteen-second musical excerpts, each type of expression is rated as happier when primed 

with a “happy” musical excerpt versus a “sad” musical excerpt (Logeswaran et al., 2009).  
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Moreover, the effect of music on the ratings was significantly greater for neutral faces 

compared to happy or sad faces.  A similar effect is found when subjects undergo an 8-

minute music mood induction (Bouhuys et al., 1995).  Though in this case, the musical 

effect is only significant in the case of neutral facial expressions.  

Mood not only changes the way we perceive others, it can also drastically affect 

the way we view ourselves.  Brown and Mankowski (1993) showed that self-evaluations 

change as a function of mood.  They used the Velten procedure to drastically change 

subjects’ reported self esteem via surveys. Critically, in the same study they showed that 

mood induction via positive or negative had a more subtle but similar effect.  When using 

music, the mood induction only showed a significant effect on the responses of low self-

esteem (LSE) individuals, and not on subjects with high self-esteem.  Mood also affects a 

person's perception of his or her self-efficacy (Kavanagh et al., 1985), as well as his or 

her perceived sense of social support (Cohen et al., 1988).  Thus, since music affects 

mood, it also has the power to affect these higher order indices of self-efficacy.   

It is clear that music influences mood, but it is important to note that the reverse is also 

true, and mood can affect the appraisal of music.  Priming music with an affective film 

clip significantly affected subjective ratings of the subsequent music clips (Cantor & 

Zillman, 1973).  In addition, exercising prior to listening to music affected reported 

intensity of musical emotions (Dibben, 2004).  These other affective factors interfering 

with the emotional effects of music is likely responsible for much of the variance during 

musical mood induction procedures.  Subjects who were induced with a negative mood 

via affective images showed a preference for sad music immediately following the mood 

induction (Hunter et al., 2011).  When measuring responses to musical stimuli, it is 
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important to consider the amount of congruency between the internal state of the subjects 

and the musical stimuli being presented.  
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Experiments 1 & 2: Testing Emotion Regulation with Music 

 

Emotion regulation is a term used to refer to the processes we engage in for the 

purpose of modulating the experience and expression of our emotions (Gross, 1998).  A 

failure to regulate emotions effectively underlies most affective disorders.  Consequently, 

the study of emotion regulation is of significant importance in the understanding of 

healthy emotional responding as well as aberrant responding in the affective disorders.  

Accordingly, research on emotion regulation in both healthy and patient populations has 

grown rapidly over the past decade.   

Emotion regulation strategies can be applied both before and after a given 

stimulus (i.e., prevention versus damage control).  That said, most emotion regulation 

studies, to date, have focused on strategies applied after the onset of an event, referred to 

as response-focus strategies (Gross, 2002).  

In these experimental paradigms (e.g., Ochnser et al., 2002; Urry et al., 2006),  

subjects are shown standardized affectively laden images [i.e., the International Affective 

Picture System (IAPS)].  These images can be negatively valenced (e.g., car crash), 

positively valenced (i.e., puppies) or neutral (e.g., coffee mug).   Before viewing the 

images subjects recieve an instruction – they are asked to either regulate whatever they 

are feeling upon viewing the picture or to simply maintain whatever they are feeling. 

Previous results are generally consistent in showing that subjects report a change in their 

initial emotional response when they invoke the regulation strategy (Ochnsner et al., 

2002; Urry et al., 2006).   
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The two regulation strategies that are most widely utilized in these experimental 

studies are a) the explicit suppression/enhancement of the emotional response or b) 

cognitive reappraisal of the emotional event.  The initial studies on emotion regulation 

focused on suppression/enhancement of the emotional response (e.g., Weinberger et al., 

1979; Wegner et al., 1990), and results have been varied.  For example, subjects who are 

able to successfully “suppress” their emotion (as measured by self report) also show an 

increase in physiological measures such as electrodermal activity (EDA) and finger pulse 

amplitude (Wegner & Zanakos, 1994; Gross & Levenson, 1993, 1997).  However, 

contradictory findings show that intentionally increased facial movement, something that 

subjects readily disengage when asked to “suppress” an emotion, is also correlated with 

an increase in EDA (Colby et al., 1977).  Thus, it is unclear whether these dependent 

measures reflect true regulation or something more akin to effort when given the 

“suppress” command. 

More recent studies have investigated emotion regulation via a "reappraisal" 

instruction as opposed to the "suppression" instruction.  The suppression instruction asks 

subjects to explicitly attempt to control and calm their current level of emotional 

expressivity in response to a given stimulus event.  How exactly each subject will 

accomplish this could be quite varied.  For example, one subject might tense their 

muscles while another might breathe deeply.  The reappraisal instruction, on the other 

hand, stays focused on the event itself not on the emotional response.  In this way, this 

strategy provides a bit more constraint by asking subjects to construct an alternate 

interpretation of the event through some form of emotional detachment strategy.  For 

example, a subject may be asked to reinterpret a picture of a child crying as "just a scene 
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from a movie."  Given this greater level of control, and the fact that reappraisal strategies 

lie at the heart of many current cognitive behavioral therapies, this line of research has 

become increasingly more prevalent.   

The findings from studies utilizing reappraisal as an emotional regulation strategy 

generally show beneficial reductions in both subjective report of and physiological 

indices of negative emotionality, such as startle eye blink and corrugator-supercilli 

activity (Jackson, 2000).  In contrast, studies utilizing the suppression strategy do not 

show an effective reduction in subjective report of negative emotion, and as previously 

noted, physiological measures during suppression vary by study (Gross, 1998).  

Interestingly, numerous papers on emotion regulation mention music in passing 

noting how it is often used by individuals to regulate mood.  That said, although the 

effects of music on emotion have been studied by psychologists for quite some time, to 

date, no study has used music in conjunction with an explicit emotion regulation task.  In 

this study, we played positive music while having subjects engage in an emotion 

regulation study similar to those described above.  We predicted that subjects would be 

able to better regulate their negative affect in the presence of positive music compared to 

neutral music.  To this end, trials were presented with either positive or neutral music in 

the background.  We found that subjects reported less negativity when regulating 

(consistent with previous work), but that there was no additional effect of positive music.  

We discuss these effects in relation to a potential floor effect related to the demand 

imposed by asking subjects to subjectively provide a valence change rating (immediately 

after being instructed to regulate) which might severely limit our ability to interpret these 
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results. Recommendations for alternative objective measures of emotional response and 

regulation are offered and implemented in Experiments 3 & 4.  

 

Methods 

Stimuli 

The musical stimuli that were used fit into one of two categories: positively 

valenced or neutral.  These stimuli were piloted (17 subjects, 10 female) to establish 

valence ratings consistent with their categorical designation on a 7-point scale.  Table 1 

shows the composer, performer and title of all clips used.  

 

TITLE COMPOSER CATEGORY VALENCE 
(mean) 

VALENCE 
(standard deviation) 

Piano Sonata in A Major (K. 331), 
Movement I 

W. A. Mozart Positive 5.72 0.76 

Piano Sonata in C Major (K. 545), 
Movement I 

W. A. Mozart Positive * * 

Sinfonia in B Major , Movement I 
 

G. M. Monn Positive 6.44 0.47 

Happy Up Here (Instrumental) 
 

Ryoskopp Positive 5.72 0.76 

Mikrokosmos, Vol. 3 (85, 87) B. Bartok Neutral 3.94 1.425 
Mikrokosmos, Vol. 6 (141) B. Bartok Neutral 4.11 0.575 
The Planets, Op. 32, Venus G. Holst Neutral * * 
#8 (from Selected Ambient 
Works, Vol. II) 

Aphex Twin Neutral 3.94 0.83 

 

Table 1.  List of musical excerpts use in Experiments 1 & 2.  Each music clip of music 

was 3 minutes and 24 seconds, which was chosen to match the length of a block (see 

Procedure)  [A * denotes pieces whose valence ratings were taken from other studies, 

using a scale other than a 7-point scale.  The ratings for Mozart’s K. 545 can be found in 

Experiment 3, taken on a 9-point scale (mean = 8.08, sd = 1.08); Holst’s Venus was 

shown to have a mean rating of 42.13 (sd = 16.11) on a 100 point scale ranging from sad 

(0) through neutral (50) to happy (100) (Mitterschiffthaler et al., 2007)].  
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Images for the experiment were taken from the IAPS (International Affective 

Picture System; Lang et al., 2008), adapted from a previously used set (Urry et al., 2006).  

According to IAPS norms, all negative images were rated as highly negative and arousing, 

and neutral images were not negative, positive, or arousing. 

 

Participants 

For Experiment 1, subjects consisted of 16 Dartmouth College undergraduates (11 

female) who participated for class credit. For Experiment 2, subjects consisted of a 

separate pool of 16 Dartmouth College undergraduates (8 female). All subjects were 

given a survey inquiring about their familiarity with the music stimuli.  None of the 

subjects were able to identify the composers, performers, or titles of the musical excerpts 

played.  All subjects provided written informed consent according to the protocol 

approved by the Dartmouth Committee for the Protection of Human Subjects.  

 

Emotion Regulation Task and Training 

The task followed an emotion regulation paradigm expanded from previous 

studies (Jackson et al., 2000; Urry et al., 2006).  Prior to the study, subjects were told that 

they would be viewing emotionally charged images, some of which would be quite 

unpleasant.  Subjects were then trained to follow two different instructions: "reappraise" 

and "maintain".  On "reappraise" trials, subjects were told to reinterpret the presented 

image in a positive way.  For example, if the scene portrayed a car accident, the subject 

might imagine that everyone survived and was okay.  On "maintain" trials, subjects were 
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instructed to maintain their attention to the image, without trying to modulate their 

emotional response.  During each trial, one of these instructions appeared in bold red text 

at the bottom of the computer screen.  After undergoing a practice run of several images, 

subjects discussed their reappraisal strategies with the experimenter to ensure that the 

instructions were understood. 

 

Procedure 

Subjects viewed either negative or neutral IAPS images for 14 seconds and were 

asked to modulate their emotional responses to the image.  If the image was neutral, 

subjects were always asked to maintain their emotional response. If the image was 

negative, subjects were asked to either maintain their emotional response or to reappraise 

the image in a positive way.  The instruction was given via bold red text overlaying the 

bottom of the image, 5-8 seconds (pseudorandomly jittered) after the onset of the image 

and the instruction remained on the screen until image offset. Upon image offset, a 

question would appear asking the subject to report how they felt after following the 

instruction (i.e., the screen read “How did that make you feel?” with the visible scale 

below).  For Experiment 1, a 4-point scale was used (1 = very negative, 4 = neutral), 

which we based on a previous study (Urry et al., 2006).  For Experiment 2, a 9-point 

scale was used (-4 = very negative, 0 = neutral, 4 = very positive).   

To summarize, each trial lasted 17 seconds (1 second fixation, 14 seconds of 

image, and 5 seconds for subjective response).  The experiment consisted of 5 runs each 

consisting of 36 trials. The runs were divided into three blocks of 12 trials, thus each 

block was 3 minutes and 24 seconds.  Each block consisted of one of the three music 
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conditions: positive, neutral, or silence.  Thus, all three music conditions were presented 

within each run (pseudo-randomly ordered across runs).  This created a total of nine 

conditions as illustrated in Table 2, with 20 trials in each condition. 

 

Image/Regulation X 
Music 

NEGATIVE IMAGE/ 
REAPPRAISE 

NEGATIVE IMAGE/ 
MAINTAIN 

NEUTRAL IMAGE/ 
MAINTAIN 

POSITIVE MUSIC 20 20 20 
NEUTRAL MUSIC 20 20 20 
SILENCE 20 20 20 
Table 2.  Number of trials presented within each condition of emotion regulation task (all 

within-subject). 

 

Experiment 1: Results 

Data was collected in 16 subjects (11 female).  One subject was dropped due to 

missing responses (> 25%) and a second subject was dropped due to an extreme response 

pattern (he responded with a '1' to >90% of trials) – thus data are presented here for 14 

subjects (10 female).  Figure 1 shows subjects' ratings following the regulation 

instruction.  Please note that for presentation purposes (and easier comparison with 

Figure 7, which uses a 9-point scale) the averages in Figure 2 have been transformed to 

5-M, where M is the actual mean rating.  This transformation merely flips the scale, 

making the anchors 1 = very negative and 4 = neutral. A two-way ANOVA (Music X 

Image/Regulation Condition) showed a significant main effect of Regulation (F(2,117) = 

234.47, p < 0.001), no effect of Music (F(2,117) = 1.17, p = 0.31), and no interaction (p > 

0.9).  This ANOVA could not properly split the factors of Image and Regulation, because 

there was no Neutral/Reappraise condition.  Since we did not have a specific hypothesis 

regarding neutral trials and they served mainly as an affective anchor for the negative 
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images, it makes sense to exclude them from the analysis.  Performing a two-way 

ANOVA (Music X Regulation) only considering conditions with negative images, we see 

similar results: a significant main effect of Regulation (F(1,78) = 76.54, p < 0.001), no 

effect of Music (F(2,78) = 0.59, p = 0.554), and no interaction (p > 0.7). 

 

Figure 1.  Average subjective responses of affect for each condition.  Subjects were 

responding to the question “How did that make you feel?” on a 4-point scale.  The 

anchors shown in this figure are 1 = Very Negative and 4 = Neutral.  Note that these 

anchors are reversed in the actual experiment, but are visualized this way for an easier 

comparison to Figure 7. 

 

Given this 4-point scale, which we based on a previous study (Urry et al., 2006), 

the distributions of responses within some of the conditions were not normal due to a 

ceiling effect.  Figures 2 and 3 show histograms of the responses in the Neutral/Maintain 

and Negative/Maintain conditions. These distribution anomalies make an analysis of 
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variance suspect, but more importantly it is possible that the scale simply did not give the 

subjects enough options to show the requisite variability.  Specifically, when looking at 

the three distributions in the Negative/Maintain condition (Figure 3), one can see that a 

rating of '2' was given much more frequently and a rating of '4' much less frequently, 

during the positive music condition.  We thought a 9-point scale—with options allowing 

a subject to report that the music actually moved them into a positive state—might spread 

responses out more. 

 

Figure 2.  Histogram of subjective ratings during the Neutral/Maintain condition when 

using a 4-point scale.  The boundary constraints of this scale prevent the responses from 

forming a normal distribution. 
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Figure 3.   Histogram of subjective ratings during the Negative/Maintain condition when 

using a 4-point scale.  The boundary constraints of this scale prevent the responses from 

forming a normal distribution. 

 

Experiment 2: Results 

One participant discontinued the experiment after finding the unpleasant visual 

stimuli too disturbing, leaving 15 subjects for the analysis (7 female).  Figures 4 and 5 

show how the distributions were corrected when using a larger scale.  However, the 

Negative/Maintain condition is still skewed in the negative direction, but less extremely 

than in the 4-point scale case.  The Neutral/Maintain condition showed a drastic 

improvement in its distribution, now showing only a slight skew in the positive direction, 

which is perhaps the result of being presented only with negative image anchors, and no 

positive images. 
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Figure 4.  Histogram of subjective ratings during the Neutral/Maintain condition using a 

9-point scale.  A comparison between this figure and Figure 2 shows that switching from 

a unipolar to a bipolar Likert scale allowed the distribution in this condition to normalize. 
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Figure 5.  Histogram of subjective ratings during the Negative/Maintain condition using a 

9-point scale.  A comparison between this figure and Figure 3 shows that switching from 

a unipolar to a bipolar Likert scale allowed the distribution in this condition to approach a 

normal distribution, although a ceiling effect is still observed. 

 

Figure 6 shows subjects' ratings following the regulation instruction.  A two-way 

ANOVA (Music X Image/Regulation condition) again showed a significant main effect 

of Regulation (F(2,126) = 173.14, p < 0.001). But again, there was a no effect of Music 

(F(2,126) = 1.5, p = 0.227), and no interaction (p > 0.9).  Again, if we exclude the 

Neutral/Maintain condition in order to properly separate out the effect of Image, we still 

get a significant main effect of Regulation (F(1,84) = 99.89, p < 0.001), no effect of 

Music (F(2,84) = 0.52, p = 0.594), and no interaction (p > 0.9).  

 

 

Figure 6.  Average subjective responses of affect for each condition on a 9-point scale. 
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Discussion 

These data show that in the present experimental context, while the regulation 

instruction significantly impacted subjects’ valence assessments of their current 

emotional state, the music manipulations did not further impact this effect.  A simple 

explanation could be that the explicit regulation instructions are dominating the subjects' 

feelings to a much greater extent than the music, and thus the effect of music was not 

significant.  The images used in the study were highly negative and arousing, possibly to 

a greater extent than the music was positive, although these cross-modal comparisons 

were not made directly.  However, it is possible that the images affect emotions more 

than music simply due to their symbolic component.  That is, images represent real, 

physical situations that the subject can empathize with and imagine, whereas music 

seems to influence emotions directly via its abstract characteristics (e.g., pitch, tempo), 

and our responses to these abstract characteristics are sensibly less intense. Still, we 

specifically hypothesized that these exact subtle qualities of music would implicitly 

impact subjective reports of emotionality and this hypothesis was clearly not supported 

by these data. 

 

The Null Effect of Scale Choice 

As described in the Methodology section, the present paradigm was implemented on two 

sets of subjects in order to determine how the scale affected subjective responses.  The 9-

point scale was able to minimize the ceiling effect and allowed the distributions within 

each condition to approach normality.  Interestingly, the change in the structure of the 

distribution had an extremely marginal effect on the resulting statistics.  This is most 
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easily observed by directly comparing Figure 2 with Figure 8.  In both cases, one can see 

a very subtle trend in the music conditions that is mainly driven by the responses to 

Neutral/Maintain trials. 

The reason that a 4-point scale was used initially was to pilot this paradigm for 

future use in an fMRI scanner setting.  A 4-button response pad is a much simpler 

interface than a mouse used to select a response on a 9-point scale.  The data presented 

here suggests that responses obtained via a 9-point scale suffer little information loss 

when reduced to a 4-point scale. 

 

Effects of Subjective Report Acquisition and Instructions 

One limitation associated with the current paradigm is the presence of demand 

characteristics.  That is, subjects were asked to report "How did that make you feel?" 

after being given an explicit instruction to make themselves feel better.  This of course 

raises the question of whether subjects actually felt better or thought that they should feel 

better.  Moreover, subjective reports may not be sensitive enough to pick up on a subtle 

implicit effect of music.  Indeed, emotions elicited by music have been described by 

some to be ineffable (Raffman, 1988).  With these points in mind, Experiment 3 was 

designed to utilize more objective measures of affective response [i.e., corrugator muscle 

responses and electrodermal activity (EDA)] in the hope that they may more reliably 

index the effect of music on emotional responding. 
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Experiment 3: Physiological Responses to Simultaneous Presentation of 
Emotional Music and Faces 
 

If the emotional effects of music are more implicit then explicit, then music might 

be more apt to influence the interpretation of other emotional events.  Given that one 

potential problem with Experiments 1 & 2 may have been the high arousal value of the 

IAPS images, in the next two experiments we wished to assess the effect of music on a 

more subtle emotional event – encountering the facial expression of a conspecific.  To 

this end, we had subjects rate happy, surprised, and angry facial expressions while 

listening to either positive or negative music.  As an objective measure of emotional 

responding we also measured corrugator supercilli activity and EDA.  We used a between 

subjects design with regard to the music conditions in order to limit any potential effect 

of one mood induction on the other.   

 

Additional Background 

Facial electromyography (EMG) is routinely used as a means of measuring 

affective responses (Cacioppo et al., 1986; Dimberg, 1996). EMG can be particularly 

useful for measuring rapid, implicit responses because of its millisecond temporal 

resolution (Dimberg, 1997).  EMG measurements are often taken from the corrugator 

supercilli muscle (i.e., the "frowning" muscle, just above the brow) – activity here has 

been shown to index the valence of a presented stimulus (e.g., Caccioppo et al., 1986; 

Neta et al., 2009).  To elaborate, corrugator activity increases in response to negative 

stimuli, and these increases correlate with subjectively reported negative affective states.  

Conversely, the corrugator relaxes in response to positive stimuli, and this relaxation 
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corresponds with subjectively reported positive affect.  These reactions have been shown 

in response to facial expressions, affective pictures, sounds, and bodily expressions 

(Larson et al., 2003; Magnée et al., 2007).  These reactions are also thought to be implicit, 

since they occur in response to facial expressions that are presented for a short duration 

such as not to be readily identifiable by the perceiver (Dimberg et al., 2000).  

In addition to facial electromyography, EDA (‘the sweat response’) is also an 

important measure of affective states and/or responses. Increases in EDA is correlated 

with heightened arousal – that is unlike corrugator activity, EDA increases to both 

negatively and positively valenced stimulus events (Lang et al., 1993). 

Corrugator and skin conductance measurements have been used to examine 

emotional responses to facial expressions.  For example, corrugator activity increases in 

response to angry or fearful expressions and decreases to happy expressions (i.e., valence 

response).  EDA, on the other hand increases to both happy and angry faces (Dimberg, 

1982).   

However, it is also true that facial expressions are perceived and interpreted 

differently depending on the context in which they are presented (Barrett, 2011).  For 

example, it has been shown that both situational information and the valence of proximal 

facial expressions can significantly affect the way in which individuals labeled facial 

expressions (Carroll & Russell, 1996; Russell, 1987).  Furthermore, the categorization of 

a facial expression and eye gaze patterns can be modulated by the affective quality of the 

bodily gesture it is associated with (Aviezer et al., 2008).   

In addition to external contextual information, the perceiver’s internal mood state 

also contributes to an emotional response to faces.  For example, mood inductions have 
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been shown to influence the valence rating of faces in healthy subjects (Bouhuys et al., 

2005).  Other internal factors, such as a pervasive negativity bias, have also been shown 

to influence the rating of faces, particularly ambiguous expressions (Neta et al., 2009).   

Given these contextual effects, it is likely that faces presented in a musical context 

will be interpreted differently compared to when they are presented without contextual 

information.  Music could be particularly effective in modulating context, because it 

affects both internal and external factors.  That is, not only is music a real external signal, 

but it also has been shown to modulate the internal state of the perceiver.  Since music 

changes both external information patterns and internal mood patterns, its influence on 

face perception could be two-fold.   

In this study, we were particularly interested in subjects' responses to surprised 

faces, since the valence of surprised faces is ambiguous.  That is, in the past, surprised 

facial expressions have predicted both negative and positive events.  We predicted that 

responses to clearly valenced faces (i.e., happy and angry) would not be as susceptible to 

the influences of background music.  However, with ambiguous surprised faces, we 

predicted that music would be more likely to modulate valence ratings of the faces. As 

noted in the discussion of Experiments 1 & 2, we were concerned that subjective ratings 

might not be sensitive enough to be modulated by music.  To address this, we also 

predicted that music would influence corrugator activity to the surprised faces.  It has 

been previously shown that an increase in corrugator activity is correlated with a negative 

interpretation of surprised faces, and a decrease in corrugator activity is related to a 

positive interpretation of surprise (Neta et al., 2009).  Based on these data, we predicted 

that positive music would elicit relaxation of the corrugator when viewing surprised faces.  
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We also expected that negative music would elicit increased corrugator activity to 

surprised faces. We did not expect any differences in EDA in response to surprised faces 

presented with positive and negative music, since our Experiment 3 data showed 

equivalent increases in EDA when the music was presented without faces. 

 

Methods 

Stimuli 

The musical stimuli consisted of clips that were rated as positive or negative in a 

pilot experiment.  Table 3 shows the composer and title of all the clips as well as the 

valence ratings associated with each on a 9-point scale.  All excerpts were matched for 

arousal via EDA measurements.  EDA signal was averaged over ten second epochs.  First, 

t-tests on each epoch revealed no effect of valence (all p’s > 0.7).  An 8-way ANOVA 

was also performed on each epoch to see if there was an effect of specific musical excerpt, 

but no significant effects were found (all p’s > 0.9).  

 

TITLE COMPOSER CATEGORY VALENCE 
(mean) 

VALENCE 
(standard deviation) 

Piano Sonata in A Major (K. 331), 
Movement I 

W. A. Mozart Positive 7.96 0.82 

Piano Sonata in C Major (K. 545), 
Movement I 

W. A. Mozart Positive 8.08 1.08 

Sinfonia in B Major , Movement I 
 

G. M. Monn Positive 8.6 0.58 

Happy Up Here (Instrumental) 
 

Ryoskopp Positive 7.72 0.98 

Right Of Spring, Part II - 
Introduction 

I. Stravinsky Negative 2.76 1.33 

Piano Suite, Opus 25, Movement 
III 

A. Shoenberg Negative 2.96 1.43 

#4 (from Selected Ambient 
Works, Vol. II) 

Aphex Twin Negative 2.63 1.24 

#9 (from Selected Ambient 
Works, Vol. II) 

Aphex Twin Negative 2.32 1.07 

Table 3.  List of musical excerpts use in Experiment 3. 
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The face stimuli comprised angry, happy and surprised expressions of 12 identities (6 

male, 6 female) taken from the NimStim set of emotional facial expressions (Tottenham 

et al., 2009).  These specific faces were also used in a previous study (Neta et al., 2009) 

and were shown to be classified into their given category with at least 60% accuracy.     

 

Participants 

Subjects consisted of 21 Dartmouth College undergraduates (12 female) who 

participated for class credit.  Each subject was randomly assigned to the positive music or 

negative music condition.  None of the subjects were able to identify the composers, 

performers, or titles of the musical excerpts played, which suggests all subjects were 

equally unfamiliar with the excerpts.  Subjects were screened for psychiatric disorders 

and the use of psychotropic medication, and all subjects produced healthy scores on 

Beck's Depression Inventory (BDI) and standard anxiety scales (STAI-1, STAI-2). All 

subjects gave informed consent before participating in the experiment. 

 

Procedure 

Before beginning the task, subjects were asked to fill out the Beck Depression 

Inventory (BDI; Beck, Ward, & Mendelson, 1961) and the State–Trait Anxiety Inventory 

(STAI–1, STAI–2; Spielberger, Gorsuch, & Lushene, 1988).  Upon completion of the 

forms, a female experimenter attached electrodes over the corrugator supercilli muscle 

(EMG) and the left index and middle fingers (EDA).  Before the actual paradigm, 

subjects were given a warm up task in which they viewed fourteen neutral images 

(landscapes) on a computer screen.  They were instructed to press a button corresponding 
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to whether the scene depicted was indoor or outdoor.  This initial part of the experiment 

allowed subjects to get comfortable in the environment and come to a baseline skin 

conductance level.  Before beginning the actual paradigm, subjects were given Bose 

QuietComfort® Acoustic Noise Cancelling® headphones and were told they would get to 

listen to music during the rest of the experiment. 

For the task, each of the 12 identities was presented with 3 different emotional 

facial expressions: happy, surprised, and angry.  This consisted in 36 total faces (12 

identities x 3 expressions). Each image was presented 1 time per run, and each subject 

completed 3 total runs.  Thus, each subject viewed every face 3 times, resulting in 108 

total trials per subject.  Faces were presented to each subject in a fixed, pseudo-random 

order.  Each face was shown for either 50 or 1000 milliseconds, immediately followed by 

pattern mask (which served as a retinal wipe), which was presented for 250 milliseconds.  

The interval between each face varied from 8 to 12 seconds, where the screen displayed a 

white fixation cross.  During the final 500 milliseconds of this interval, the fixation 

turned red, to ensure that the subject was oriented for the impending trial.  Following 

each face, subjects were instructed to make a binary decision as to whether the face they 

saw was making a positive or negative expression, and to press a button accordingly.  

Music was played throughout the duration of each run, but not between runs. 

 

Psychophysical and Subjective Measurements 

EMG and EDA were recorded with a sampling rate of 1 kHz.  Data were 

converted and amplified with an eight-channel amplifier (PowerLab 8/30; ADInstruments, 

New South Wales, Australia) and displayed, stored, and processed with the Chart 5.4.2 
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software package (ADInstruments, 2002).  Four subjects’ were missing more than half of 

their responses due to software errors in data recording.  Thus, the analysis of valence 

ratings and reaction time is limited to 16 subjects (8 in each music condition).  However, 

because there was no reason to assume the subjects were not following instructions, 

psychophysiological data from these subjects were still used in the analysis.   

 

EDA Data Preprocessing 

Offline, the data was processed with a 0.1 Hz high pass filter in order to reduce 

the effect of drift.  For each trial, a baseline signal was calculated using the mean EDA 

signal over a time period of 1000 to 500 milliseconds before the fixation cross turned to 

red.  EDA activity to a given stimulus averaged over a time period of 1000 milliseconds 

to 5000 milliseconds after the stimulus onset.  Subtracting the post-stimulus signal from 

the pre-stimulus signal provided a measure of EDA change for a given trial.  This one-

second delay was used to because this measurement generally has latency. 

 

EMG Data Preprocessing 

Offline, the data was fully rectified and transformed with a square root function in 

order to correct for a positive skew.  Standardization was used in order to reduce extreme 

variability between subjects (Cacioppo et al., 1992), and allow for the comparison of 

relative signal change across subjects.  EMG data has previously been analyzed in this 

way (Pattyn et al., 2008; Neta et al., 2009) as a means of dealing with the issue of inter-

subject variability that is common in psychophysiology (Bush et al., 1993).   For each 

trial, a baseline signal was calculated mean EMG signal over a time period of 1000 to 
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500 milliseconds before the fixation cross turned to red (same as EDA).   EMG activity to 

a given stimulus was averaged over a time period of 100 milliseconds to 1100 

milliseconds after the stimulus onset (an overall period of 1000 milliseconds).  

Subtracting the post-stimulus signal from the pre-stimulus signal provided a measure of 

EMG change for a given trial.  A shorter delay was used when analyzing the EMG data, 

because this signal shows much less latency than EDA.  Additionally, EMG activity after 

the stimulus onset was averaged over a shorter period of time than the EDA signal due to 

the differences in temporal resolution of these measurements. 

 

Valence Ratings 

Percent negative ratings were calculated for each subject.  Subjects rated happy 

faces as negative less than 1% of trials, and angry faces as negative more than 99% of 

trials.  Given their ambiguous nature, subjects' rated surprise faces as negative with 

variable frequency (See Results).  Reaction time was also measured for each response. 

 

Results 

EMG Results 

A repeated measures ANOVA (Expression X Music) of the EMG responses 

revealed a significant interaction of Expression X Music (F(2,36) = 5.899, p = 0.006) that 

reflected an incongruency effect.  That is, corrugator activity increased during trials in 

which the face and music expressed incongruent valences (e.g., a happy face in the 

context of negative music or an angry face in the context of positive music; Figure 7).  

No other main effects or interactions were found. 
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Figure 7.  EMG measurements to three types of facial expressions in the context of 

positive or negative music. 

 

A previous study that used the same paradigm without a music manipulation 

showed that corrugator responses to surprised faces were significantly influenced by an 

individual’s positivity or negativity bias (i.e., how often he or she rated surprised faces as 

negative; Neta et al., 2009).  Consequently, we decided to further examine our EMG 

responses by dividing our subjects in this way.  Figures 8 and 9 separate subjects based 

on their negativity/positivity bias.   
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Figure 8.  EMG measurements during the positive music condition only; subjects are 

divided into groups based on their negativity/positivity bias. 

 

Figure 9.  EMG measurements during the negative music condition only; subjects are 

divided into groups based on their negativity bias. 
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Because of missing response data (see section on Subjective Valence Ratings), we were 

only able to calculate the bias of 16 of our subjects (9 female).  Thus, Figures 8 and 9 

contain values corresponding to this reduced number of subjects (N = 8 for each figure).  

Adding a between subjects factor of Bias reduced the number of subjects in each 

condition further, as shown in Table 4.   

 

Music Condition Bias N 

Positive Positive 4 

Positive Negative 4 

Negative Positive 3 

Negative Negative 5 

Table 4.  Number of subjects in each between-subjects condition. 

 

After adding the between-subjects factor of Bias to the previous analysis, the 

interaction of Expression X Music remains significant (F(2,24) = 7.237, p = 0.003), and  

the interaction of Expression X Bias approaches significance (F(2,24) = 2.723, p = 0.086).  

Thus, consistent with the previous study, positivity and negativity biases influenced 

corrugator responses to ambiguous surprised faces but not to clearly valenced faces.   

 

EDA Results 

The EDA analysis excluded one subject in the negative music condition whose 

average response was over 3 standard deviations away from the mean.  An Expression X 
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Music repeated measures ANOVA on the EDA data showed a significant interaction of 

Expression X Music (F(2,34) = 3.923, p = 0.029) such that the EDA response to surprised 

faces in a negative music context were greater than the EDA response in all other 

conditions (Figure 10).  No other main effects or interactions were found.  These EDA 

data support our hypothesis that music would influence the perception of ambiguous 

expressions (surprised), but not clearly valenced expressions (angry, happy).  A one-

tailed t-test revealed a significant difference in EDA responses to surprised faces in 

positive versus negative musical contexts (p = 0.0435). 

 

Figure 10.  EDA measurements to three types of facial expressions in the context of 

positive or negative music. 

 

Duration of trial (50 ms versus 1000 ms) was not considered as a factor in the analysis, 

since previous studies have found no influence of duration on psychophysical measures 

or subjective report (Neta et al., 2009; Lishner et al., 2008). 
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Subjective Valence Ratings 

Four subjects (3 female) were missing subjective ratings due to an error in the 

data collection software.  However, there was no reason to assume that these subjects 

were not completing the task, so their psychophysiological data was still used in the 

EMG and EDA analyses.  Thus, valence ratings are analyzed for 16 subjects here (9 

female).  There was no significant difference in the percentage of surprised faces rated 

negative between positive and negative music conditions (p > 0.7).  Subjects in the 

positive music condition rated surprised faces as negative on 73.3% of trials, whereas 

subjects in the negative music condition rated surprised faces as negative on 76.4% of 

trials (Figure 11). 

 

 

Figure 11.  There was no difference found in the ratings of surprised facial expressions 

between subjects in positive versus negative music conditions. 
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There was no difference in reaction times between music conditions or subjective ratings 

(i.e., trials with positive versus negative ratings). 

 

 

Discussion 

These data suggest that faces are perceived differently depending on the context 

in which they are presented.  The presence of both an Expression X Music interaction and 

an Expression X Bias trend suggests that the way faces are perceived depends on both 

internal (e.g., negativity bias) and external (e.g., musical context) factors.  Specifically, 

corrugator activity seemed to track the congruency of clearly valenced faces with the 

musical context, whereas corrugator responses to ambiguous expressions were a 

reflection of an internal negativity bias.  Musical context also influenced EDA responses 

to faces, but only in the case of surprised expression.  Here we will compare these data to 

a previous study that used the same paradigm, but without a music manipulation.  This 

comparison will allow us to not only examine the effects of positive and negative music 

relative to each other, but also relative to no musical context. 

 

Comparison of Present Design with Previous Studies of Corrugator Activity 

The present study used a paradigm that was previously successful in identifying 

the influence of internal negativity bias on corrugator activity (Neta et al., 2009).  Figures 

12 and 13 show EMG and EDA data from this previous study, respectively.   
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Figure 12.  Corrugator activity to angry, happy, and surprised faces without a musical 

context, taken from Neta et al., 2009.  (S neg = subjects with a negativity bias in their 

surprised face ratings, S pos = subjects with a positivity bias in their surprised face 

ratings).   

 

A comparison of Figure 12 with Figure 8 seems to suggest that positive music has 

little to no effect on corrugator response to faces.  Conversely, a comparison of Figure 12 

with Figure 9 shows that negative music has quite a profound effect on corrugator 

activity to faces.  It is possible that this discrepancy is due to a difference of felt emotion 

in response to the music.  That is, when matching the music clips for valence, we asked 

subjects about the perceived emotion of the music (i.e., “How would you rate the 

emotional quality of this music?”) rather than the felt emotion in response to the music 

(i.e., “How did this music make you feel?”).  Subjective responses to these questions with 

regard to music are not always correlated (Gabrielsson, 2002; Evans & Schubert, 2008).  

Additionally, previous studies have shown that individuals in general exhibit preferential 
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processing of negative stimuli (e.g., Kahneman & Tversky, 1984; Cacioppo & Gardner, 

1999).  Due to this pervasive negativity bias, we could perhaps infer that subjects felt 

more negative when listening to the negative music than positive when listening to the 

positive music, and this would explain why the negative music is affecting corrugator 

responses whereas positive music is not. 

 

Figure 13.  Electrodermal activity to angry, happy, and surprised faces without a musical 

context, taken from Neta et al, 2009.  (S neg = subjects with a negativity bias in their 

surprised face ratings, S pos = subjects with a positivity bias in their surprised face 

ratings).   

 

 Figure 13 shows the results for EDA responses without the musical manipulation. 

In the absence of music, an increase in EDA response was observed to surprised faces 

(there was a main effect of Expression only, p = 0.009).  However, this increase does not 

occur if surprised faces are presented in the context of positive music.  Even though the 

positive and negative music excerpts in this experiment were matched for arousal, the 
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positive music still seems to have a “calming” effect on EDA responses to ambiguous 

faces. 

 

Corrugator Responses Relating to Task Difficulty 

At the beginning of this section, we argued that corrugator responses effectively 

track the valence of a given stimulus. However, there are other factors that have been 

shown to influence corrugator responses.  For example, it has been shown that corrugator 

activity to facial expressions can be modulated by attitudes towards a given identity 

(Likowski et al, 2008).   Specifically, if a subject was primed to associate a given face 

with negative personality characteristics (e.g., aggressive, deceitful), they showed 

decreased corrugator activity to that identity expressing negative emotions (i.e., sadness).  

In our current data, it is possible that a negative musical context induced a similar 

negative bias towards faces, resulting in a decrease of corrugator activity to negative 

expressions.   

 Furthermore, corrugator activity has been shown to not only tracks valence, but 

also the difficulty of a task (Caccioppo et al., 1985; Hess, 1998), which is directly related 

to the fluency of information processing (Topolinski et al., 2009).  That is, individuals 

will furrow their brow more when a task requires more effort.  For example, when asked 

to read a triad of words, subjects showed corrugator relaxation when the words had an 

underlying semantic coherence (Topolinski et al., 2009).  Conversely, corrugator activity 

increased during trials with no semantic coherence.  One can infer that semantic 

coherence facilitates the ease of information processing, which subsequently modified 

corrugator activity in this example.  Similarly, combinations of music and faces can also 
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have semantic coherence or incoherence, which in turn might affect the ease of 

information processing.  It is possible that incongruency between the affective quality of 

a face and its musical context obstructs the information processing of the combined 

stimulus, thus resulting in an increase of corrugator activity during incongruent trials. 
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Experiment 4: Negative Music Modulates Amygdala Responsivity to 
Surprised Faces 
 
 

Robust amygdala responses to presentations of facial expressions has been 

demonstrated by several fMRI studies (e.g., Breiter et al., 1996; Phillips et al., 1997; Kim 

et al., 2003; Somerville et al., 2004).  These studies consistently show that the amygdala 

shows a particular affinity for fearful expressions (Morris et al., 1996; Whalen et al., 

2001).  Surprised faces serve as a unique comparison to fear faces due to their perceptual 

similarity (e.g., both expressions are characterized by a widening of the eyes) and 

similarity of information value (both suggest that something important in the 

environment is happening).  However, unlike fearful faces, surprised faces are 

ambiguously valenced.  That is, surprised faces have predicted both positive and negative 

events in the past (e.g., walking into a birthday party versus losing a wallet).   

Amygdala responses to surprised facial expressions vary depending on how the 

expression is interpreted by the perceiver (Kim et al., 2003).  Specifically, a greater blood 

oxygenation level-dependent signal (BOLD) increase is seen in the amygdala in response 

to passively viewed surprised faces that were interpreted as negative versus positive, in a 

post scanning debrief session.  The authors interpreted these responses as implicit valence 

responses, since subjects were not ask to make these explicit assessments during scanning.  

Interestingly, the amygdala also shows increased activity to negatively vs. positively 

interpreted surprised faces when the valence of the faces is disambigutaed with 

contextual information (Kim et al, 2004).  That is, surprised faces cued with a negative 

sentence (e.g. "She just lost $500") elicited a greater BOLD signal increase in the 

amygdala compared to faces cued with positive sentences (e.g., "She just found $500").  
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Thus, both implicit and explicit assessments of the valence of surprised expressions 

resulted in increased amygdala activity. 

Previous work has shown that music can modulate subjective interpretations of 

presented faces.  When primed with eight minutes of music shown to evoke depressed or 

elated mood, subjects who reported substantial mood changes to the music also reported 

perceiving more rejection/sadness in ambiguous faces after hearing depressing music 

versus elated music  (Bouhuys et al., 1995).  A similar effect is found when faces are 

primed with clips of music only 15 seconds in duration (Logeswaran et al., 2009).  Happy 

faces are rated as happier when primed with happy versus sad music clips, and sad faces 

are rated as sadder when primed with sad versus happy music clips.  Furthermore, ratings 

of neutral faces are also affected by valenced music clips, but to an even greater degree 

than clearly valenced faces. 

In the present study, we hypothesized that music could induce a mood that would 

influence subsequent processing of surprised faces.  Thus, during fMRI, subjects listened 

to 8 minutes of negative or positive music and then viewed blocks of surprised facial 

expressions.  

 

Methods 

Stimuli 

The musical stimuli consisted of the previously piloted clips from Experiment 3. 

For this study, we concatenated the clips within each valence category to create four 8-

minute excerpts (Two positive, two negative). Table 1 shows the composer and title of 
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each selection, as well as the valence ratings associated with each on a 9-point scale.  All 

excerpts were matched for arousal (see Experiment 3). 

 

TITLE COMPOSER CATEGORY VALENCE 
(mean) 

VALENCE 
(standard deviation) 

Piano Sonata in A Major (K. 331), 
Movement I 

W. A. Mozart Positive 7.96 0.82 

Piano Sonata in C Major (K. 545), 
Movement I 

W. A. Mozart Positive 8.08 1.08 

Sinfonia in B Major , Movement I 
 

G. M. Monn Positive 8.6 0.58 

Happy Up Here (Instrumental) 
 

Ryoskopp Positive 7.72 0.98 

Right Of Spring, Part II - 
Introduction 

I. Stravinsky Negative 2.76 1.33 

Piano Suite, Opus 25, Movement 
III 

A. Shoenberg Negative 2.96 1.43 

#9 (from Selected Ambient 
Works, Vol. II) 

Aphex Twin Negative 2.32 1.07 

 

Table 5.  List of musical excerpts use in Experiment 4. 

 

The face stimuli consisted of surprised expressions of 16 identities (8 male, 8 

female) taken from the NimStim set of emotional facial expressions (Tottenham et al., 

2009).  These specific faces were also used in a previous study (Neta et al., 2009) and 

were shown to be classified into their given category with at least 60% accuracy.  

 

Participants 

Subjects consisted of 30 Dartmouth College undergraduates (12 female) who 

participated for class credit.  Subjects were screened for psychiatric disorders and the use 

of psychotropic medication, and all subjects produced healthy scores on Beck's 

Depression Inventory (BDI) and standard anxiety scales (STAI-1, STAI-2).  All subjects 

provided written informed consent according to the protocol approved by the Dartmouth 

Committee for the Protection of Human Subjects.  
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Procedure 

The procedure for presentation of surprised faces was a block design adapted 

from a previous experiment (Kim et al., 2003).  Each subject was randomly assigned to a 

positive or negative music condition.  First, subjects listened to 8 minutes of valenced 

music, followed by a run of surprised faces.  Each run alternated between 16 second face 

blocks (F) and blocks comprised of 16 seconds of a fixation point (+), organized as 

follows: + F + F + F + F +.  During a face block, subjects viewed eight presentations of 

four identities.  We divided the identities into groups of four (2 male, 2 female), 

presenting each set in one face block per run (counterbalanced across subjects).  Faces 

were presented at a rate of 2 per second (duration = 200 ms, ISI = 300 ms).  Subjects then 

repeated this process, listening to another 8 minutes of music with the same valence, 

followed by another run of surprised faces. 

 

Results 

Based on previous studies showing that amygdala signal changes tend to habituate 

with repeated presentations (Breiter et al., 1996; Fischer et al., 2003), we divided runs 

into a first and second half (Early versus Late trials) and collapsed the data across runs.  

A significant interaction (Music Condition X Time) was found in the right amygdala 

(F(1,22) = 19.341, p = 0.000).  The BOLD signal increase in the amygdala was larger to 

surprised faces presented after negative music compared to surprise faces presented after 

positive music, but only for early presentations (Figure 14).  The amygdala signal showed 

a dramatic habituation for the second half of trials in the negative music condition.  At 
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the same time, increased signal change to surprised faces were more modest, but 

sustained across trials.   

 

Figure 14.  Signal change in the right amygdala to surprised faces, divided into the first 

and second half of trials within a run. 

 

Discussion 

The high magnitude amygdala responses that habituated over time observed in the 

negative music condition are reminiscent of amygdala responses observed to fearful faces 

devoid of a musical context.  Figure 15 represents data from a previous study (Kim et al., 

2003) that presented subjects with both fearful and surprised faces.  Note that the 

responses to fear mirror our negative music condition, while the responses to surprised 

faces mirror our positive music condition. These data suggest that the negative music can 

impact amygdala responses to surprised faces, perhaps making them seem more negative, 

(%
) 
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while positive music either does not impact the processing of surprise or at least does not 

impact it in a way that affects amygdala activity. 

 

Figure 15.  Amygdala responses to fearful and surprised faces in early versus late trials 

(adapted from Whalen et al., 2009). 

 

One explanation for this effect could be that the default valence interpretation of 

surprised faces is negative (Neta & Whalen, 2010).  In Experiment 3, surprised faces 

were rated as negative approximately 75% of trials (collapsed across music conditions).  

A previous study without a music manipulation found that surprised faces were rated as 

negative on 66% of trials (Neta et al., 2009).  The same study found that subjects took 

significantly longer to rate surprise faces as positive versus negative.  Moreover, in an 

emotional oddball task, surprised faces were detected faster in the context of happy faces 

versus angry faces, further suggesting that surprised faces are initially interpreted as 

negative (Neta et al., 2011).  Accordingly, one interpretation of the present data is that it 

(%
) 
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takes more effort to interpret surprised faces as positively valenced.  Since the musical 

stimuli in the present study were matched for valence, perhaps music that is positive to a 

greater degree would be needed to see an equal effect on amygdala response.  
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General Discussion 

The data presented in this thesis offer some initial insights into how music might 

affect our perceptions of other emotional stimuli and what might be the best strategies for 

measuring these effects.  The main conclusions were 1) Music did not significantly 

impact explicit emotional regulation, and 2) Music impacted objective measures of 

emotional response to a greater degree than subjective measures during the viewing of 

facial expressions.  Specifically, these latter effects showed that a) amygdala fMRI 

responses to faces were differentially affected by negative and positive music during 

early stimulus presentations, b) fMRI, EDA and EMG responses to ambiguously 

valenced faces (i.e., surprise) showed that music could bias responses to the faces, and c) 

fMRI, EDA and EMG responses to clearly valenced expressions all reflected responses 

based on incongruency between the face and music.  Finally, although we matched the 

musical pieces on the dimensions of arousal and/or valence when they were played alone, 

music interacted with the facial expressions such that responses to these compound 

stimulus events then differed on these dimensions.   These data also suggest that the 

interaction between music and the stimulus it is presented with may be more than merely 

additive in nature.  That is, music combined with a stimulus of another modality must be 

considered as a single, compound stimulus with characteristics greater than the sum of its 

parts.  Furthermore, these interactive characteristics are likely highly related to the 

congruency of the individual parts of the compound whole.  The 

congruency/incongruency effects of music with the context in which it is presented is a 

phenomenon that has not been empirically investigated.  However, because context is 

such an important part of how we choose which music to listen to (North & Hargreaves, 
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1996b), matching music to context is a fundamental aspect of music listening, from 

which deviations would be readily recognized an incongruencies or expectancy violations.  

As "expectancy violations", incongruencies between context and music are in themselves 

a form of dissonance, both musically and cognitively.  Here I discuss the implications 

that these findings might have for affective neuroscience and modern music theory. 

 

Issues with Subjective Responses to Music 

There are several known limitations with measurements of self-report, particularly 

pertaining to musical experience (Zentner & Eerola, 2010).  These include (1) variability 

in one’s awareness of emotional experiences, including the ability to verbalize these 

experiences, (2) the effect of response format choice, and (3) the general ineffability of 

musical experiences. 

 

Issues of internal awareness and verbalization skills 

Individual differences will manifest when asking subjects to rate their own 

emotions (e.g., "How do you feel?").  Numerous factors impact these subjective reports.  

First, individuals vary in the extent to which they are aware of their own feelings (Zald, 

2003). Then there is individual variability in actual feelings.  Finally, add to these the 

likelihood of experimental demand where subjects tell the experimenters what they think 

they want to hear, not, necessarily, what they are feeling.  Together these factors create 

ample room for noise in the data.  These issues may be particularly pertinent when 

considered in the context of reactions to music.  First, reactions to music vary drastically 

across individuals (e.g., Sloboda, 1991, 1992).  In addition, the available vocabulary for 
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discussing musical experiences is at best, limited.  A lack of agreed upon "terms" for 

describing musical experiences limits our ability to generalize descriptions across 

individuals.  For these reasons, the present studies all used music as a background context 

to assess its effect of other emotional responses.  

 

Response Format  

The experiments presented in this thesis used 3 different response formats: a 

unipolar Likert scale, a bipolar Likert scale, and a forced binary choice.  All of these 

formats are what is considered "closed-response" formats (as opposed to open-ended 

formats).  Closed-response formats are characterized by forcing a subject to choose from 

a limited set of options.  Conversely, open-ended formats allow a subject to describe their 

experiences with no forced limitations.  Obviously, the primary advantage of closed-

response formats is the ease with which they can be quantified.  However, a comparison 

of forced-response and open-ended studies shows that there are aspects of musical 

experience that are not effectively captured by closed-response questions (Sloboda, 2010). 

However, in the present studies, the measured subjective reports were responses 

to the faces, not the musical stimuli.  Still, the same argument can be made; that the effect 

of music on emotional processing of other events may not be accurately characterized by 

forced choice subjective reports.  It was for this very reason that we decided on objective 

physiological measures in subsequent studies.   
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Working Around the Ineffability of Musical Experiences 

The use of subjective report to understand musical experience has also been 

criticized due to what is referred to as the "ineffability" of musical experience (Raffman, 

1988).  Music is considered ineffable due to a large gap in information value between 

music as it is heard and music as it is described.  The Gestalt psychologists took a similar 

view of psychological phenomena (e.g., “the whole is greater than the sum of its parts,” 

Polanyi, 1966).  Essentially, that which can be known about a piece of music, by mere 

description, is much less than can be known by direct listening, thus much information 

about the musical experience is lost when asked to express the experience in words.  In 

addition, the process of explicitly reflecting on an emotional experience by its very nature 

changes the current state of the subject from a purely emotional one to a reflective one.  It 

is impossible to know how cognitive reflection alters emotional experience exactly, 

because we cannot know precisely what a subject is feeling without asking him or her to 

describe it (which necessarily requires reflection).  However, studies have shown that this 

reflective process influences brain regions related to emotional processing (Taylor et al., 

2003), including the amygdala (Hariri et al., 2000), so one might infer that it also changes 

subjective experience.   

In the present studies we attempted to avoid these limitations with regard to 

subjective musical experiences by measuring subjective reports and objective responses 

to other emotional events that co-occurred with music in the background - thus subjects 

were not asked to specifically reflect on the music.  However, this introduces a new issue 

in the study of musical emotion, which is attention.  In general, studies of musical 

emotions place the music stimulus "front and center" with no distractions.  Although it is 
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a useful place to start, this type of paradigm does not necessarily reflect musical listening 

situations in everyday life.  That is, music often accompanies other socioemotional events 

in daily life such as when we are in restaurants, stores and public meeting places.  For 

these reasons, and in the context of these initial studies on the effect of music on the 

processing of other emotional events, in the majority of the present studies we chose to 

measure objective bodily responses rather than verbal report.  

 

 

Presenting an Affective Event in a Musical Context Creates a New Interactive Event 

One thing we learned is that when music is presented in conjunction with other 

affective events, data from our objective measures of emotion suggested that there is an 

important interaction that occurs that is greater than the response to music alone.  Before 

commencing with the simultaneous presentation of facial expressions and music, we were 

careful to pilot the positive and negative music pieces to ensure that they did not differ in 

arousal value in their own right.  To this end, we collected EDA data while subjects 

listened to the musical pieces and documented that EDA responses to the positive and 

negative music did not differ.  Interestingly, in Experiment 3 when angry, happy and 

surprised facial expressions were presented together with this same music, we observed 

an interaction of Facial Expression X Music Valence, which suggested that music 

modulated the arousal value of surprised facial expressions.   Previous work on the 

contextual modulation of the interpretation of surprised facial expressions has adopted a 

similar strategy.  Kim et al. (2004) piloted positive and negative sentences (“He just lost 

$500; He just found $500”) that were to provide a context for surprised faces in a 
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subsequent study.  The authors demonstrated that the amygdala showed greater signal 

change to surprised faces presented in a negative compared to positive context, despite 

the fact that these contexts were matched for arousal.  Thus, the authors are suggesting 

that these amygdala responses were sensitive to valence, and not arousal.  But the present 

EDA findings suggest that this may not necessarily be the case.  Though the sentences 

were matched for arousal when presented alone, the authors did not present them 

simultaneously with the faces to ensure that these compound stimulus presentations were 

matched for arousal.  Thus, it may be the case in the Kim et al. (2004) study and the 

present study that although the valenced contexts were effectively matched for arousal, 

negative contexts are possibly more amenable to affecting affective reactivity compared 

to positive contexts.    

The effects of congruency on the processing of facial expressions was well 

illustrated by Aviezer et al. (2008), who showed that categorization of facial expressions 

vary depending on the affective quality of the gesture it is paired with.  Using the facial 

expression of disgust as an anchor, they paired this expression with bodies displaying 

either an anger, fear, or sadness gesture.  When a disgusted facial expression was paired 

with an angry gesture, the facial expression was more likely to be miscategorized as 

'angry', since disgust and angry facial expressions are perceptually similar (i.e., both are 

characterized by a closed mouth and furled brow).  Conversely, when a disgust face was 

paired with a fearful gesture, subjects were more likely to correctly label the face as 

'disgusted', rather than labeling it as congruent with the fearful gesture, since disgust and 

fearful expressions are perceptually dissimilar (i.e., fearful faces are characterized by an 

open mouth and wide eyes).  Essentially, subjects were using a measure of plausible 



 66	  

congruency to decide whether or not to let the context influence their categorizations.  

With respect to our current data, this would suggest that the congruency between the 

visual stimuli and the musical stimuli affects the degree to which the subjects allowed the 

music to influence their rating decisions.   

In summary, it is important to consider responses to compound stimuli in terms of 

the interaction between the parts as well as the contribution of each part.  One way the 

interaction can be characterized is in terms of the "congruency" of the parts.  It is 

essential to consider effects of congruency when trying to interpret how stimulus 

meaning varies with context.  As discussed, a stimulus will not be ‘compounded’ with a 

particular context until a judgment of how well the stimulus belongs in that context is 

made (Aviezer et al., 2008).  It makes sense to infer this temporal ordering: a congruency 

judgment occurs before fusion, because incongruency is a factor that would seem to 

naturally prevent the linking of stimulus events.  Thus, this effect of congruency must be 

considered when measuring responses to stimuli in the context of background music.   

 

Contextual Congruency/Incongruency as a Form of Musical 

Consonance/Dissonance 

Ideas of congruency in the sense of things "belonging" in a certain context or 

creating an "expectancy violation" when they don't, echo back to the earlier ages of music 

theory.  In fact, for a time, these were the very principles that governed the definitions of 

"consonance" and "dissonance" in music.  As defined by the music theorist Rameau in 

the eighteenth century, consonance was "an interval, the union of whose sounds is very 

pleasing to the ear" and dissonance was contrarily "the name for intervals which, so to 
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speak, offend the ear" (taken from Tenney, 1988).  The use of the term "union" suggests 

the idea of congruency, such that the notes of in interval are congruent with each other, or 

fit together, when forming a consonance.  Conversely, a lack of this attribute defines 

dissonance.   

Drawing from these concepts, it is clear that combining music with stimuli that it 

is not affectively congruent with, may be modeling a type of dissonance that is relevant to 

music listening in our culture.  In this sense, Remau’s conception of a pleasant “union” 

between notes could possibly be expanded to define a more complex crossmodal union of 

music and context.  Several studies show that the "appropriateness" of music for a given 

context is strongly correlated with subjects' degree of "liking".  This effect has been 

shown in real-world situations (North & Hargreaves, 1996a), in laboratory paradigms 

(North & Hargreaves, 2000), and through surveys (North & Hargreaves, 1996b).  For 

example, participants in yoga and aerobic classes reported more liking to music that was 

appropriate for that setting (e.g., high-arousing, dance music).  In a laboratory paradigm, 

subjects were asked to either ride an exercise bike or lie down and relax for 15 minutes, 

and they were asked to choose specific music to listen to.  Subjects who exercised chose 

arousing, fast-paced music whereas subjects who relaxed chose relaxing, peaceful music.  

Furthermore, when asked to choose music following the activity of exercise/relaxing, 

subjects’ music choices were exactly the opposite (i.e., subjects preferred calming music 

after riding a bike, but preferred energizing music after lying down and relaxing).  

Through survey responses, it was found the subjects' preferences for certain music 

characteristics were consistent within described listening situations, but varied 

dramatically across situations, even within a subject.   
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Overall, the data clearly shows that music preference is highly dependent on the 

situation in which the music is being presented.  Two examples of what we might call 

"contextual dissonance" would be hearing "My Humps" by the Black Eyed Peas at a 

funeral, or hearing "Funeral March in C minor" by Mozart at a dance party.  The sense 

that these music selections don't "belong" with these situations seems obvious and trivial.  

However, how these conceptions of incongruence affect our emotional responses to 

music (by forming a dissonance) has not been investigated.  Such investigations would 

require a researcher to appropriately model a context with which a given work of music 

does or does not fit and measure how emotional responses the work vary accordingly.   

Still, one might question whether or not the experience of listening to music that 

does not fit with the context is actually a form of musical dissonance.  In general, musical 

dissonance has been thought of as something that occurs within the boundaries of a 

musical work.  Although this sort of dissonance clearly exists within musical works, what 

I will argue here, is that a detachment of music from the contexts within which it is 

generally heard may be neglecting a significant aspect of how a listener interacts with 

music.  That is, the relationship between a work of music and its context is determined by 

the listener and influences responses to the music from that point forward.  It is true that 

experiments try to lessen the effect of these associations by presenting music in a 

"neutral" laboratory setting, but this does not imply that these associations simply 

disappear and are not at the crux of emotional responses to music in everyday listening 

experiences. 

Throughout the history of music, the terms 'consonance' and 'dissonance' have 

always been grounded in a listeners' experience of the sounds presented.  It is true that 
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there were also mathematical and functional interpretations of these experiences, but in 

general, 'dissonance' was more or less synonymous with 'unpleasantness' and 

'consonance' with 'pleasantness'.  Beyond this, in what James Tenney identifies as the 

"contrapuntal" or “functional” consonance/dissonance conception, consonances and 

dissonances were tightly bound to functional roles in music (1988).  For example, 

consonances were defined as the only intervals on which a piece could begin or end.  

After this development, dissonance not only referred to how unpleasant an interval 

sounded when removed from a context, but how well it functioned within its context.  So 

we can ask, was ending a musical work with the interval of a minor second during the 

Baroque era as unfitting as playing "Funeral March in C minor" at a dance party today?  

The similarity between these scenarios lies in the fact that neither case is necessarily 

"wrong" per se, they just fail to align with cultural rules governing expectations in music 

listening.  This concept further highlights the interplay between objective experiences of 

pleasantness/unpleasantness and cultural norms in formulating concepts of consonance 

and dissonance.   

Thus far, we have discussed how contextual dissonance is related to earlier forms 

of functional dissonance.  There is also a question as to whether contextual 

incongruencies can compare to other forms of dissonance—those characterized by 

"roughness" or "unpleasantness".  To elaborate, we must decide if it is unpleasant for an 

individual to listen to "Funeral March in C minor" at a dance party, or simply an 

expectancy violation.  First, it will be useful to first discuss the very origin of the 

concepts of consonance and dissonance, and bring some relevant terms to light. 
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Consonance as the “Fitting Together” of Distinct Units 

Before ideas of consonance and dissonance referred to functionality or 

pleasantness per se, there was a more general term used, armonia, which was different in 

that it was much broader than our current ideas of harmony.  Armonia essentially 

described a "sense of relatedness between sounds which--though it might determine in 

certain ways their effects in a piece of music--is logically antecedent to these effects" 

(Tenney, 1988, p. 9).  A more precise explanation is given by J.A. Philip: 

"Its primary meaning is not musical concord but a 'fitting together' produced by a 

craftsman such as to result in a unified object, or 'perfect fit' ...It is in this sense 

that the word is often used in other than Pythagorean contexts... Though we find 

that the Pythagorean usage is predominantly musical...the earlier sense of a 

fitting-together-into-one imposed by a craftsman is often also present" (taken 

from Tenney, 1988, p. 9-10). 

It is from this foundational theory underlying the consonance/dissonance conception that 

the more concrete phenomenon of "unpleasantness" and the relative phenomenon of 

"unexpectedness" both evolved to mean "dissonant".  This is highly reflective of ancient 

Greek culture, which considered order and rationality as the highest source of pleasure; 

thus, "expectedness" (order) and "pleasantness" became synonymous with each other as 

well as the term "consonance".  Furthermore, principles of armonia were thought to 

precede the experience of pleasantness.  In other words, sounds are pleasant only because 

they "fit together", and sounds are unpleasant because they do not.  In this sense, 

congruency is the foundation of all consonance/dissonance conceptions, and to define 

what is consonant is to define rules for what “fits together”. 
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It can be made clear by just a brief survey of Western music, that ideas of what 

“fits” versus what does not have evolved dramatically over time.  It is also true that 

definitions regarding consonance and dissonance have transformed and aggregated over 

the centuries (see Tenney, 1988 for a discussion on the evolution of these concepts).  

Essentially, the arguments stated above confirm that when it comes to music in our 

culture, ideas of what "fits" and what doesn't is largely a matter of context, and therefore 

"contextual dissonance" is indeed a form of musical dissonance.  This conception of 

contextual dissonance essentially treats the work of music as a basic unit that either fits or 

does not fit with a situation in the same way that music theorists treat a single note as a 

basic unit. 

A final point on this matter—why was contextual dissonance not discussed by 

prior music theorists and why, then, is it particularly important in relation to today's 

culture?  The obvious reason for the importance and prevalence of contextual dissonance 

today is due to an increase in the accessibility of music, which dictates that music will be 

experienced in a greater variety of contexts.  All that is needed to play music today is a 

cell phone, whereas historical contexts required the assemblage of both instruments and 

musicians (this increase in accessibility is true for many phenomena, such as observing 

your relative’s faces on the refrigerator daily, whereas in past times you only saw them 

when you saw them).  The constraints on music accessibility in prior ages limited the 

number of situations in which music could be experienced, and thus protected the 

context/music associations from being violated.  It is also possible that a violation of 

these associations was just never considered, in the same way that early Greek musicians 

never considered singing two notes simultaneously.  Regardless, due to an increase in 
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music accessibility, context is now a variable in music listening experiences.  This 

variability of context naturally leads to music being understood as "fitting" or "not 

fitting" with a context, and this type of classification was simply not relevant when the 

context of musical experiences was fixed. 

One may be hesitant at first to admit that certain music styles are somehow 

intrinsically tied to certain contexts.  However, suggesting music "belongs" to certain 

contexts is no more radical than claiming that certain notes "belong" with others, an idea 

which we have no trouble discussing.  Additionally, both notions arise from perceptual 

phenomena that we can ‘feel’ and identify with—an experience that lies at the heart of 

the studies in this thesis.  With regards to intervalic and timbral dissonance, concise 

mathematical explanations have been presented by Helmholtz, and his theories have been 

confirmed by later studies (e.g., Plomp and Levelt, 1965).  It would be interesting to find 

a similar explanation for why our cultures attach certain musics to certain contexts.  Such 

a basis would offer deeper insight into the meaning of music in our culture, considering 

the myriad connotations music can carry when attached to a context.  Additionally, it 

would allow for further refinement of what is considered 'consonant' and 'dissonant' in 

terms of the context in which we find ourselves. 
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Recommendations for Future Work 

 

Exploring Contextual Influences on Musical Responses 

I hope it has been made clear in this thesis that context is as critical factor to 

investigate when studying emotional responses to music.  We created ‘matched’ musical 

contexts but found that when presented with faces they became more than that.  

Essentially, we learned that the context/stimuli relationship can go both ways, depending 

on how you look at it: the music provided a context for the faces, but the faces also 

provided a context for the music.  The interactions we observed in both the EDA and 

EMG data suggest that the congruency between music and context (face) is influenced by 

the experience of the context (face).   

To study this more in depth, it would be useful to create a more prolonged context 

than using a single face.  For example, presenting blocks of happy, surprised, and angry 

faces may create a face-based emotional state.  Measuring physiological responses to 

blocks of faces as opposed to single faces presented with music therefore might better 

highlight the interactions of music with context, since context is generally viewed as 

something that remains constant for an extended amount of time.  Certain music might be 

more “appropriate” in the context of smiling faces versus frowning faces, and responses 

to music might vary accordingly. 

Another means of exploring this would be to allow subjects to choose music for a 

given context, and to use their choice as a dependent variable.  Identifying trends in how 

individuals match music to contexts would provide the necessary information for 

formulating our cultural rules regarding contextual dissonance.  Additionally, it would 
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allow experimenters to filter out some variation in music responses, by accounting for 

contextual dissonance.   

Allowing subjects to choose their own music may also facilitate the positive 

effects of music, since the pleasure found in music listening is so tightly bound to 

individual music preference (e.g., Blood et al., 2001).  The idiosyncratic nature of music 

that is perceived as very positive may be one explanation for why the positive music 

condition in the present experiments elicited results that varied little, if at all, from the 

same data collected devoid of any musical context.  Although the positive music used in 

the present experiments were characterized by subjects as having a positive emotional 

quality, these same excerpts may have only provided subjects with a relatively 

emotionally neutral musical experience, depending on their musical preferences. 

 

Exploring Emotional Responses to Music in Ecologically Valid Contexts  

This thesis has examined the effect of music on emotional responding in a 

laboratory setting.  Although this is a reasonable starting point, in the real world music is 

never listened to in such a context.  Future work should allow subjects to choose music 

that is meaningful to them, and their responses should be tested in a more ecologically 

valid setting.  Additionally, subjects should determine for themselves the mood state in 

which they would use said music to manipulate their mood..  Though the control 

conditions and stimulus development and matching will be challenging, it is only in such 

conditions that we will be able to fully assess the role of music in mood manipulation, 

reappraisal and emotional regulation – as currently defined within the confines of 

cognitive neuroscience.  
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