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ABSTRACT

Music allows artists to express and connect themselves with broad and diverse audiences. Certain musical choices can
greatly impact the amount of influence the artists’ message has on an audience. To best share messages through a
musical work, it can be beneficial for an artist to understand the biological processes with which the audience may
experience the perception of music. The physiological, psychological, and neural responses represent the bodily ef-
fects of music and are thus informative to study in relation to the individual experience of a musical work on an
individual. This paper will review the biological view of music and create a narrative to show how physiology, psy-
chology, and neurology can be applied to influence a social or individual atmosphere toward an artist's desired mes-
sage. After synthesizing the biological effects of musical feature changes (such as tempo, rhythm, volume, pleasant-
ness, structure, music type, emotions, and audience type) this paper will make three conclusions relating to the inter-
section of physiology, neurology, and psychology. First, the ability to prefer or expect a musical change or feature can
have a large emotional impact. Second, the arguably most important musical emotion of empathy can likely be created
through rhythmic features of tempo and synchronization. Third, peak musical experiences are emotionally arousing
and largely influenced by musical structure and audience setting.

Introduction

Music is a form of influential artistic expression and connection. A multitude of research in the 20th century and
earlier has focused on a sociocultural view of music, exploring how music can be a powerful societal influence (see
e.g., Honigsheim, 1989; Merriam, 1955; Siegmeister, 1938). Indeed, throughout history, music has been used to cul-
tivate connections among groups and to express different ideas and emotions (see e.g. Hayes, 2005; Wilson, 2013).
While people can express themselves in many ways, music in particular has been shown to have numerous positive
benefits influencing key aspects of health, such as stress relief and mood regulation (MacDonald, 2013). Further,
music increases our social wellbeing by stimulating our thoughts and emotions to help us connect with others (Wilson,
2013). Aside from connecting with broad and diverse audiences, participating in music creation can be extremely
beneficial. Choral singers have been shown to receive many additional psychological benefits when performing for
the general public (Judd, 2014). Similarly, older individuals belonging to musical groups were able to connect with
their peers and community on a more emotional level, allowing for additional social, emotional, and cognitive benefits
across their lifespan (Hallam, 2012). This is of particular importance given how much loneliness pervades old age
(Pinquart & Sorensen, 2001). Studying music allows us to understand and encourage these benefits for broader groups
of people.

The impact music has on individuals is not limited to performers/artists (used as a blanket term for composer,
songwriter, melodist, etc.). Viewing a musical work brings about different effects within the body, with many biolog-
ical features (e.g. skin conductance: Richard, 2004; heart rate: Dainow, 1977; piloerection: Craig, 2005) relating to
the connectivity/understanding audience members may have toward the intended message of the performer/artist.
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Oftentimes the placement of music in a larger artistic work - or the changes of musical beats, tempo, volume, etc... -
can greatly affect the physiological, neural, and psychological impact on an audience member (e.g. Bhoria, 2012;
Dillmon, 2007). Larger works involving an array of musical selections can include anything from a theatrical musical,
a classical opera, any type of dance routine, a symphony, a musical ballad from a pop singer, or as simple as a playlist
arranging music in a specific order.

All of these types of works are examples of opportunities for making various artistic choices. Features related
to the creation of music can greatly impact the amount of influence the artists’ message has on an audience. Artists
make hundreds of complex artistic decisions in creating their work. While the methods by which artists choose the
order and/or the content of their music will not be discussed in this paper, the effects of such musical choices will be
reviewed (e.g. altering tempo, volume, style, biological and physiological responses to music). Often, the effect an
artist has on an audience is very much implicit within the created work itself. An artist may inadvertently exploit the
biological effects of music to make the audience feel sad at a certain moment.

To best share messages through a musical work, it can be beneficial for an artist to understand the biological
processes with which the audience may experience the perception of music. These biological reactions to music rep-
resent the internal bodily effects of music, and thus are necessary to study in relation to the individual experience of a
musical work on an individual. Taken together, these biological reactions represent the influence music has on an
audience. Recently, new technology has allowed for more of a biological/neural assessment of music's influence (e.g.
Bigliassi et al., 2019; Nieminen et al., 2011; Peretz, 2006). This paper will summarize the biological view of music
and create a narrative to show how biological factors of physiology, neurology, and psychology can be applied to
influence a social or individual atmosphere toward an artist's desired message.

Physiological Responses to Music

The first area of biological responses that will be reviewed in this paper are physiological reactions to music. Re-
sponses to a stimulus are often accompanied by automatic neural and physical bodily responses (Craig, 2005). These
responses can range anywhere from perspiration, to change in heart rate, to eye pupil dilation, with many recent re-
search studies focusing on using these physiological responses to better quantify the impact that music has on its
listeners (e.g. Craig, 2005; Dainow, 1977; Richard, 2004). Some physiological responses are easier to measure, and
therefore used more frequently when demonstrating bodily impact. Namely, skin conductance, because of its connec-
tion to emotion, attention and stress, is an often-used indirect measure of sympathetic autonomic activity (e.g. Khalfa
etal., 2002). The physiological responses of chills, heartbeat, and skin conductance are reviewed next as demonstrated
through music.

Chills

A response many audience members feel when listening to music is the experience of ‘goosebumps’ or ‘chills’. The
subjective feeling of chills of music listeners has been shown to be associated with the piloerection (standing hairs on
skin) and the galvanic skin response (electrical resistance of skin) (Craig, 2005). The perception of chills, as described
through self-report in response to musical stimuli, is helpful for the study of emotional responses to music alongside
their relationship with physiological skin responses.

Bannister and Erola (2021) further categorized chills into their emotional associations with music. ‘Vigilance
chills’ are accompanied by feelings of awe and characterized by increased tonic skin conductance levels and decreased
skin temperature, while ‘social chills’ are linked to experiences of being ‘moved’ and characterized by less pronounced
increases in skin conductance and skin temperature (Bannister & Erola, 2021). These two types of chills can be pre-
dictably elicited through stimulus manipulations that emphasize either structural or social aspects of music. Regardless
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of the type of chill sensation, an artist is able to trigger what individuals associate as a ‘chill’ and the different physi-
ological reactions that accompany it. When musical stimulus is paired with extra-musical information (information
provided before listening) or visual accompaniment emphasizing structural developments in the music, emotional
experiences are more strongly characterized as ‘awe’, whereas information or visual accompaniment emphasizing
narrative and social components results in stronger states of being ‘moved’ (Bannister & Erola, 2021). So, an artist is
able to create either of the two ‘chill’ effects through different methods depending on the structural or social elements
of the musical work they want to emphasize. How the information or visual accompaniment surrounding music can
affect the physiological responses of an audience member, and therefore, influence the social atmosphere that an artist
can use to point an audience toward a desired feeling is an important development.

The context in which an audience member is listening or watching music has an influence on the physiolog-
ical response of chills as well. In a study where participants in a social setting pressed a button every time they expe-
rienced chills when listening to music, it was found that chills were reported more when listening alone than in a group
(Egermann et al., 2011). This finding was theorized to be caused by one of four possible reasons: lack of social feed-
back, possibility of social loafing, evolutionary function of chills, and a lack of concentration in the group setting
(Egermann et al., 2011). The study identified the role of attention as being the most important factor. This may be
interpreted as it being harder to experience chills socially in a larger audience due to less individualized concentration
on the music. Thus, in these social conditions, it may be useful for artists to draw in the attention of the audience
directly before a large musical shift to achieve the most impactful chills.

Heartbeat and Respiration

Beyond the physiological responses seen in chills, listening to music can affect other common bodily responses like
heart and respiration rate (e.g. Dainow, 1977; Koelsch & Jincke, 2015). Heart rate and respiration rates are seen as
some of the most connected body responses with musical pulse, possibly due to their essential function as rate-con-
trolling constants of the brain (Dainow, 1977; McLaughin, 1970). Early research on heart rate is somewhat inconclu-
sive as to whether or not stimulative music causes an increase in heart rate and sedative music causes a decrease in
heart rate, or if any music causes an increase in heart rate (Dainow, 1977). However, modern research has found that
both heart rate and respiratory rate are higher in response to exciting music compared with tranquilizing music (Ko-
elsch & Jancke, 2015). Similarly, heart and respiration rate have been found to be higher during pleasant than unpleas-
ant sounding music (Koelsch & Jancke, 2015). These findings on two basic functions of the human body in relation
to musical activity represent how fundamental aspects of the human body can be altered by a change in musical tempo
or musical pleasantness.

Skin Conductance

A highly studied physiological response, skin conductance, offers researchers an easy way to measure emotional state,
arousal, and stress (e.g. Storm et al., 2002). Skin conductance is therefore an excellent measure for bodily responses
to music (e.g., Khalfa et al., 2002). In fact, music can be seen as an auditory structural feature because the sympathetic
nervous system, as shown from skin conductance, is activated when compared with silence (Carpentier & Potter,
2007). As explained earlier, as the tempo of a song increases, the sympathetic nervous system (e.g. heart rate and
respiration rate) increases as well. Additionally, Carpentier and Potter (2007) use skin conductance to point out an
important distinction between different types of music. They found that as rock and roll music increases tempo, skin
conductance decreases, and as classical music increases tempo, skin conductance increases (Carpentier & Potter,
2007). The distinction between tempo increases in different types of music brings up important ways in which an artist
can alter the physiological effects of music based on which type of music is being played.

Skin conductance has allowed some theorists to posit evidence for the emotivist thesis, which suggests that
emotional responses to music are of the same nature as emotions elicited by non-aesthetic stimuli (Lundqvist et al.,
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2009; Richard, 2002). Skin conductance was shown to be more significantly increased by an emotionally powerful
piece of music than an emotionally powerful film scene - consistent with participants' subjective rating of each as the
music having significantly greater emotional impact than the film scene. (Richard, 2002).

Supporting the emotivist thesis is very important for the research of emotion from music because it demon-
strates that the physiological effects are increasing as the participants are reporting their emotions increasing, showing
that the emotions are internalized on a bodily- response level. Humans may not just be recognizing the emotional
intention of the artist, but also perceiving those emotions directly within the body (Lundqvist et al., 2009), given the
study of physiological effects of music, most prominently that of skin conductance.

Skin Temperature

Similar to skin conductance, skin temperature has also been shown to relate to musical emotions, although it is a less
frequently studied physiological metric (Pérez-Guarner et al., 2019). Music judged by subjects to produce arousing,
negative emotions terminated temperature increases and perpetuated temperature decreases, whereas music judged to
produce calm, positive emotions terminated temperature decreases and perpetuated temperature increases (McFarland,
1985), suggesting possible links between emotional perceptions of music and skin temperature fluctuations.

However, recent evidence suggests skin temperature might not be an accurate method for differentiating
between negative emotions broadly, including physiological stress (Pérez-Guarner et al., 2019). While emotional re-
sponses will be discussed later in the psychological section of this paper, it is important to note here that skin temper-
ature, although not widely used, is still a physiological response to music. This measure may not be robust or consist-
ently used to assess emotionality and music, but may be useful to consider in further research, possibly alongside skin
conductance, in order to better understand what may be validly assessed with skin temperature.

Summary

All the physiological elements combined create a better picture of the bodily effects of music as a whole. As described
above, different changes in musical emotion, musical tempo, musical type, musical pleasantness, musical structure,
all have an effect on the body (Carpentier & Potter, 2007; Craig, 2005; Dainow, 1977; Khalfa et al., 2002; McFarland,
1985). Although they are all related, different physiological responses are generally used to study different types of
changes in music (e.g., Bannister & Erola, 2021; Carpentier & Potter, 2007).

Skin conductance and skin temperature are generally used to prove the perception of emotion and how emo-
tional changes in music can affect temperature fluctuations (Khalfa et al., 2002; Rickard, 2002; Storm et al., 2002).
The relationship between emotion and physiology will be discussed more in depth later.

When paired with heart rate and respiration rate, skin conductance can be used to show the significant effects
of tempo on the body (Dainow, 1977; McLaughin, 1970; Khalfa et al., 2002). Stimulative music generally causes an
increase in heart rate and respiration rate while sedative music causes a decrease in heart rate and respiration rate
(Koelsch & Jancke, 2015), but if rock and roll music tempo increases, skin conductance decreases whereas when
classical music increases tempo, skin conductance increases (Carpentier & Potter, 2007). In addition to the type of
music, musical pleasantness can increase or decrease these physiological features (Koelsch & Jancke, 2015).

The structure of music can also affect bodily reactions through the experience of chills, made up of the gal-
vanic skin response and piloerection (Craig, 2005). Chills have two distinct ways to be triggered depending on whether
a musical work is paired with (i) information or visual accompaniment emphasizing structural developments in the
music or (ii) information or visual accompaniment emphasizing narrative and social components in the music (Ban-
nister & Erola, 2021). Chills are generally experienced in the same place in a musical work (Craig, 2005; Madsen et
al., 1993), but can be affected by the context within which a musical piece is listened. If the musical work is consumed
in a group setting, the artist may seek to draw in the attention of the audience before emphasizing any structural
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elements of the piece due to a possible lack of concentration in a group setting that can diminish the experience of
chills (Egermann et al., 2011).

The combination of musical structure, musical emotion, musical tempo, musical type, and musical pleasant-
ness are all important factors that can influence an audience member's physical reaction to a musical work, and thus,
affect an artist's attempt to highlight a desired message.

Neural Responses to Music

Another area of biological interest in response to music takes the form of neural research. The nervous system in the
brain can be used to expose another layer of the body’s physical response (e.g. Badenoch, 2022; Bigliassi, 2019;
Morgan et al., 2015). Electroencephalography (EEG) recordings are normally used to record changes in temporal brain
waves in relation to the body’s current state (e.g. Biasiucci et al., 2019; Klass & Brenner, 1995; Petersén & Eeg-
Olofsson,1971). An EEG can be very useful in examining the changing neural activity in the temporal lobes. Its ability
to measure indirect responses with great precision in ways people cannot directly self-report allows for the creation
of very beneficial associations between neural waves and music responses.

Generally, the main brain waves studied in this field are alpha and beta waves (e.g. Bohria, 2012; Bigliassi,
2019; Hurless, 2013). Alpha waves are associated with more calm or relaxed thoughts, while beta waves are more
commonly associated with active thinking or more focused concentration (Baumeister et al., 2008; Bhoria et al., 2012).
Each wave can independently explore information about an individual. For example, in a study (conducted by Bigliassi
et al., 2019) attempting to show that music has positive psychological effects during physical activity, a portable EEG
was used to record beta waves in the frontal-central areas of the brain. An up-regulation of high-frequency beta waves
were assessed when participants engaged in physical activities and listening to music, as compared to listening to a
podcast more passively. So, because an increase in beta waves is linked with more dissociative thoughts, the partici-
pants could shift their focus from the exercise by dissociating with the music (Bigliassi et al., 2019).

Music Preference

Alpha and beta waves detected by an EEG in the frontal hemisphere of the brain also have been posited to contain
sufficient information to discriminate an individual's preference of music (Pan et al., 2013). A study conducted by
Hurless et al. (2013) concluded that listening to a preferred genre of music produces greater alpha wave amplitudes
than listening to an unpreferred genre (Hurless et al., 2013). This was hypothesized as related to the function of alpha
waves (Hurless et al., 2013). When participants listened to their preferred genre, they are more likely to be relaxed
and therefore apply less attention while listening, resulting in increased alpha wave amplitude (Hurless et al., 2013).
Recently, because of this stress relief function, an EEG feedback system was designed, proposed by Chang et al.,
(2017) that can recommend preferred music to obtain music stress relief from those with high stress (Chang et al.,
2017). This design not only presents real-world applications of genre preference of music because of its stress-reliev-
ing capabilities, but also demonstrates how an artist can utilize the genre preference of an audience to create relieving
situations in their musical work.

Tempo and Volume Changes

In addition to genre preference, neural waves can also reflect tempo and volume changes of a musical work (Bhoria
et al., 2012; Hurless et al., 2013). Artificially modified tempo of preselected songs affects beta wave activation, the
amplitude of which tends to increase with tempo (Hurless et al., 2013). It can be reasonable to assume that more upbeat
music would relate to increases in neural arousal due to the association of beta waves with wakefulness. Similarly,
beta wave activation was related to identification of disturbed states (unrelaxed and anxious) caused by volume
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changes (Bhoria et al., 2012). Low power of beta waves obtained during music with lower volume indicated a relaxed
state; whereas higher volume (e.g., 100 decibels or greater) caused beta wave power to increase, indicating a disturbed
and tense situation (Bhoria et al., 2012).

It is important to note that there are limited findings on neural relation to volume preference and should be
studied more to determine whether having greater tolerance for loud volume has an effect on the amplitude of brain
waves. Both tempo and volume changes have an effect on the biological function of the brain (Bhoria et al., 2012;
Hurless et al., 2013) and therefore the state of mind of the audience. It is important for an artist to take these into
consideration when making dramatic tempo and volume changes in a musical work.

Summary

The neurological responses to music are generally studied using an EEG to report on the changes in alpha and beta
brain waves in relationship to musical tempo, musical volume, and musical preference (e.g. Bohria, 2012; Bigliassi,
2019; Hurless, 2013). Alpha waves are associated with more calm or relaxed thoughts and studied with music in
relation to stress responses; Beta waves are associated with active thinking or more focused concentration and studied
with music in relation to a shift in focus (Baumeister et al., 2008; Bhoria et al., 2012).

As musical tempo is increased, heightened beta wave activity has shown a neural arousal resulting in wake-
fulness (Bhoria et al., 2012; Hurless et al., 2013). As musical volume is increased, heightened beta wave activity has
been used to indicate a distributed and tense situation (Bhoria et al., 2012). So, both tempo and volume changes can
result in a more anxious or relaxed audience member.

Musical preference has been associated with an increase in alpha waves due to the stress reduction of listening
to preferred music (Hurless et al., 2013). So, an artist can utilize the genre preference of an audience to create relieving
situations in their musical work. Although in a group it would likely be difficult to assume an entire audience's musical
preference, an artist may be able to utilize this finding by altering the type of music in a work, then shifting back to
the original style to create a sense of relief for the audience.

Brain waves, through their relationship with musical tempo, volume, and preference, can be utilized by an
artist to alter the state of an audience member toward a desired message.

In the same way that neuroscientific research can be used to predict genre, tempo, and volume, it can also be
used to effectively ‘pre-determine’ the emotion of an individual (e.g. Juslin, 2001; Koelsch, 2005). In fact, neural
findings have located neural regions that heavily involve emotion including the involvement of limbic and paralimbic
cerebral structures (e.g., amygdala, hippocampus) during the processing of music with either pleasant or unpleasant
emotional valence (Koelsch, 2005). Given the vast amount of research on music emotion, these sources will be further
discussed in the following section on psychological responses to music.

Psychological Responses to Music

The final area of possible biological effects from music reviewed here is psychological responses. There are many
types of psychological responses that can influence an individual (e.g. Clarke et al., 2015; Lundqvist et al., 2009;
Madsen et al., 1993), but to maintain focus of the paper, I will review specific aspects including the effect music has
on (i) empathy, (ii) aesthetic experiences, and (iii) emotion in general. Several of these psychological effects, partic-
ularly emotion because of its great influence on perception (Barrett et al., 2007; Cacioppo & Gardner, 1999), include
the use of physiological or neural research to support its conclusions. So, although this section will focus on the
psychological effects, neural relationships and bodily effects will be referenced to better understand the holistic picture
of musical experiences and audience responses.
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Empathy

Empathy development is a highly studied psychological phenomenon (Duan & Hill, 1996) and is generally defined as
the ability to understand another person’s personal experience by placing oneself emotionally in another’s mindset
(Hietolahti-Ansten & Kalliopuska, 1990). In this paper, empathy will be viewed as an interpersonal process that can
be developed and inherited over a lifetime or throughout a specific event (such as listening to a musical work) (Duan
& Hill, 1996) measured, for the most part, through self-reports (e.g. Batson, 1987; Hogan, 1969; Miu & Baltes, 2012).

Empathy has been shown to be increased by an active interest in music in both children (Hietolahti-Ansten
& Kalliopuska, 1990) and adults (Clarke et al., 2015; Parsons et al., 2014). For children, the ability to be receptive to
impressions at a young age, like the ability to be receptive to others’ feeling as in empathy, has been shown to increase
self-esteem and improve inner self-control (Hietolahti-Ansten & Kalliopuska, 1990). A study on adult sensitivity to
infant distress found that parents with musical training had a much greater ability to empathize with their child (Par-
sons et al., 2014).

Empathy can be cultivated from almost all types of music (Clarke et al., 2015) and has enormous benefits for
the understanding of another group or ideology (Cikara et al., 2011). Because empathy can help people relate to others
ideas, it can have a great indirect benefit when relating to experiences portrayed in music. Listening to music, even in
very passive circumstances, can promote positive unconscious attitudes towards individuals originating from different
cultural backgrounds (Clarke et al., 2015). So, an artist can use empathy to more readily facilitate an audience’s un-
derstanding of an idea or message illustrated in a musical work.

There are many features in music that may lead to enhanced empathy, including but not limited to the syn-
chronization or entrainment of musical events (Clarke et al. citing Jones & Boltz, 1989), mimetic resonance by inter-
preting music in more broadly animated ways through mirror neurons, and the stylistic familiarity with the music
(Clarke et al., 2015). Mirror neurons have shown to be related to both theory of mind (the ability to understand and
take into account another individual's mental state) and to the motor response of music (Gallese and Goldman, 1998;
Iacoboni et al., 2005), further explaining the relationship between an individual’s empathetic understanding and their
physiological motor responses. Since both empathy and physiology seem to be related to mirror neurons, it becomes
even more crucial that those are stimulated in a musical work that wishes to fully engage its audience. The mimetic
resonance of a song (or the ability to reproduce reality in a song) can be highly utilized to stimulate such mirror
neurons and thus cultivate empathy.

Synchronization may be considered a pathway for music to increase empathy given how a music performer
must align with another to adjust and coordinate with the pulse of a song (Rabinowitch, 2015). This may possibly
reinforce a capacity and willingness to adapt to another person’s emotional situation, and to thus experience empathy
towards that person (Rabinowitch, 2015). An audience member may feel these same effects depending upon their
participation and engagement with the music creation. Affecting certain features of a musical work, such as the syn-
chronization of musical pulses, can have a significant impact on the amount an audience member can sympathize with
the desired message of a musical work.

It is also important to note that those who are considered ‘empathizers’ generally differ in music taste with
so-called ‘systemizers’, or individuals who are responsive to the underlying parts and organization of the music rather
than emotional sensitivity (Miu & Baltes, 2012). Systemizers generally prefer energetic, forceful, and thrilling music,
whereas the most appealing music to empathizers tends to be that of emotional, deep, reflective, and gentle music
(Rabinowitch, 2015). This is consistent with the connectivity associated with reflective music compared with that of
thrilling music. In one study, participants listening to sad music in a high-empathy condition (where they were in-
structed to imagine as vividly as possible how the performer feels about what is described in the music and try to
internalize those emotions) experienced nostalgic emotions and decreased skin conductance levels, while participants
listening to happy songs in a high-empathy condition experienced emotions related to feeling powerful, as well as
increased respiration rate (Miu & Baltes, 2012). Emotions related to nostalgia and power also can be very influential
to an audience member. If an artist is able to influence the tendency for audience members to empathize, then they
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could potentially influence their emotional reactions as well. This study also demonstrated how an individual’s empa-
thy may affect physiological bodily reactions such as skin conductance and respiration (Miu & Baltes, 2012).

It is also interesting to note that empathizers demonstrated a high correlation of enjoyment with negative
emotions in music (Garrido & Schubert, 2011). This is consistent with the imaginative flexibility that music empa-
thizers may possess, and could be further utilized to create engagement with different musical emotions. Empathy is
a unique category of psychological responses to music because of its connection to both emotional and cultural un-
derstanding. Altogether this evidence suggests empathy has a large capacity to promote important and interconnecting
messages through a musical piece.

Aesthetic Experiences

Another type of psychological experience that relates to artistic expression is musical aesthetic responses, or the ability
to consider the aesthetic creation, performance, composition or meanings of music broadly. Considering the aesthetics
of music is a complex philosophical and psychological discussion (e.g., Kealy, 1982), but for the purposes of this
paper, I consider music aesthetics to relate to the psychological notion of evoked power and a sense of feeling moved
which could potentially be measured through a physiological proxy such as chills, or goosebumps (Madsen et al.,
1993).

Considering the prior discussion on reviews of musical experiences and chills, it is important to note that an
audience member typically spends several minutes in high concentration preceding this peak experience that produces
chills, which can be disrupted by a competing overt experience such as talking (Madsen et al., 1993). Comparing the
notion of aesthetic experiences to chills brings about certain similarities, such as how individualistic it is to perceive
the ‘beauty’ or ‘feeling of being moved’ by an artistic piece. Both aesthetics and physiological experiences of chills
are personal, yet also tend to be felt collectively at similar points of a musical work (Madsen et al., 1993). However,
I express caution in labeling physiological chills as purely aesthetic experiences.

Aesthetic experiences have also been examined with novel neuroscience approaches (e.g. Nieminen et al.,
2011; Brattico & Varankaité, 2019). A study by Brattico & Varankaite (2019) suggests that aesthetic experiences are
correlated with brain activity distinct from that of basic ‘happy’ or ‘sad’ emotions (Brattico & Varankaité, 2019). An
fMRI showed that the cortical temporofrontal structures activated in response to the perception of sadness or happiness
in music, whereas deep subcortical centres governing arousal and the autonomic nervous system activated in response
to aesthetic evaluation (Brattico & Varankaite, 2019). This unique interplay of neural regions in recognizing, reflect-
ing, and labeling aesthetic qualities of music help clarify why both happy and sad music can elicit a positive aesthetic
response.

Further, certain neural preferences for music perception skills in subcortical areas of the brain appear to
develop at a young age, forming a basis for more culture-specific learning and aesthetic understanding later in life
(Nieminen et al., 2011). This may imply certain features of aesthetic experiences are presumably universal, such as
the human tendency to move in synchrony with a musical beat (Nieminen et al., 2011) as discussed previously. Mu-
sical activities inducing these positive universal aesthetic responses, specifically through enjoyment and liking of the
music, empower the individual by improving mood, cognitive functions, happiness and quality of life (Brattico &
Varankaité, 2019). So, an artist can create a more impactful musical work by utilizing aesthetic experiences, no matter
the type of emotion being portrayed.

Emotions

Likely the most researched part of human psychology in relation to music is the study of emotions (e.g. Garrido &
Schubert, 2011; Lundqvist et al., 2009; Mohn et al., 2011). As explained early in this paper, music has been shown to
evoke genuine emotional responses in listeners, rather than simply perceiving/understanding the emotions expressed

by the music (Lundqvist et al., 2009; Richard, 2002). Several psychological mechanisms have been hypothesized to
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explain how music induces emotions including brain stem responses, evaluative conditioning, emotional contagion,
mental imagery, episodic memory, and musical expectancy (Lundqvist et al., 2009; Juslin & Vistfjdll, 2006). These
mechanisms may help elucidate why individuals are able to not only interpret musical emotion, but also cause an
individual to feel that very emotion.

However, not every emotion is as easily distinguishable. As expected, ‘happy’ music induces greater feelings
of happiness, whereas ‘sad’ music induces greater feelings of sadness (Lundqvist et al., 2009), but other musically-
invoked emotions such as anger or disgust are generally harder to identify (Lundqvist et al., 2009; Mohn et al., 2011).
Nevertheless, the way music is portrayed or composed can alter the emotion interpreted (Juslin, 2000), regardless of
any previous musical experience, music instruction, or personality traits (Mohn et al., 2011). Mohn et al. (2011) sug-
gests that humans have the ability to perceive six fundamental emotions (happiness, anger, disgust, surprise, sadness,
and fear) in a musical segment previously unknown to the listener (Mohn et al., 2011). No gender differences were
found in emotional reaction to music (Lundqvist et al., 2009). Further, a cross-cultural study found that basic emotions
of happiness, sadness, and fearfulness found in western music are recognized universally (Fritz et al., 2009) suggesting
that generally, most people across cultures tend to experience the same fundamental emotions in response to music.

Physiological reactions, namely skin conductance as explained earlier, are often studied in relation to our
psychological emotions (e.g., Khalfa et al., 2002; Liljestrom et al., 2013; McFarland, 1985; Richard, 2002). However,
skin conductance is not equivalently induced among all emotions (Khalfa et al., 2002). When four musical emotions
varying in arousal were studied (fear, happiness, sadness and peacefulness), researchers found that skin conductance
rate was greater with the two more stimulating emotions of ‘fear’ and ‘happiness’ when compared to the two more
relaxing emotions of ‘sadness’ and ‘peacefulness’ (Khalfa et al., 2002). Physiological components are very much
related to the psychological development of emotion, but can be experienced differently due to the intensity of the
emotion. But even more important to note is that participant ratings of emotional clarity for each excerpt of music did
not match the corresponding skin conductance level (Khalfa et al., 2002). This may imply that human cognitive label-
ing of emotional experiences can differ from bodily reaction. This is crucial for an artist to understand, given that
physiology and meta-awareness may not always align when listening to complex music. Even if an audience member
does not perceive an emotion or have the ability to recall how they felt, they may still have experienced such emotions
unbeknownst to their own labeling, as evidenced through indirect measurement of physiological reactions.

Although people tend to perceive emotions similarity, this does not imply individual enjoyment is always the
same. As discussed earlier in this paper, empathizers tend to enjoy negative emotion in music more than others (Gar-
rido & Schubert, 2011), demonstrating that enjoyment can be explained, in part, by individual differences. Various
personality traits may allow some to experience pleasure when listening to sad music, while others may exhibit a
preference for cheerful music alone. It is important to distinguish that individual audience members have varying
appreciation for different types of emotion from music. Artists should not feel deterred from utilizing negative emotion
in a musical work. It is perfectly psychologically normal to enjoy negative emotion (Garrido & Schubert, 2011) and
when used properly for the right type of audience, can be a very effective emphasis on a musical work’s message.

In addition to enjoyment, skin conductance has been used to study emotional intensity as well (e.g. Liljestrom
et al., 2013). Some researchers have found that when participants were able to choose their own music, they reported
significantly more intense emotions than compared to randomly selected pieces (Liljestrom et al., 2013). Further, more
intense emotions were also reported when listening with a close friend or partner than when listening alone, suggesting
the importance of social experiences in emotion perceptions (Liljestrom et al., 2013). Although allowing the audience
self-choice of music is likely not a viable option for an artist, this could demonstrate how returning to familiar musical
excerpts would likely exhibit more intense emotions than continually playing novel musical excerpts. Similarly, en-
couraging audience members to bring friends or loved ones could increase their general emotions as well and thus
encourage the message of the musical work to a higher degree. However, if an individual is at a concert surrounded
by friends talking to them, then they would likely get a different experience than if an individual was at a theater
performance with a friend, but must be quiet. This would change the focus of the individual, even if their emotions
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are increased with the presence of a friend, and likely cause a decrease in understanding and connection with the
message of the musical work.

The confirmation or violation of musical expectations can also have an effect on the emotional intensity of
the musical work (Koelsch, 2005). For unexpected chord structures in musical works, the orbital frontolateral cortex
and the amygdala (Koelsch et al., 2005) have been shown to activate indicating the emotional significance of the
stimuli (Mega et al., 1997). This is likely because the unexpected chords violate the sensory expectations of the lis-
tener, leading to an increase in perceived tension (Bigand et al., 1996) and thus generate emotional responses (Koelsch,
2005). For an artist to create a dramatic change in emotion, especially a negative one, a musical work could include
unexpected musical features when illustrating a message.

If a performer is involved with the musical work, there can be other factors when eliciting emotion to an
audience. For example, acoustic cues of vocal expression (such as tempo, dynamics, timing, and articulation) has been
shown to be strongly linked with musical performance (Juslin & Madison, 1999). This is due to the neurological
substrates underlying spontaneous vocalizations that are typically associated with providing functional information
on initiating and organizing ‘pre-wired’ vocal expressions (Jtirgens & von Cramon, 1982; Ploog, 1986). For example,
Juslin (2000) posits that singing performers can communicate emotions to listeners by using the same acoustic code
as is used in vocal expression (Juslin, 2000).

For non-vocal performers, emotions can be expressed through specific memories or social learning (Juslin,
2000). Performers associate links between acoustic cues and extra-musical aspects (such as body movements) through-
out their entire lives, resulting in a different utilization of acoustic cues for each performer (Juslin, 2000). So, if two
instrumentalists wish to portray the emotion of fear while playing, their cues may be different but still communicate
the same emotion to the audience. Artists with visual performers in their musical works should be aware that audience
members interpret the visual cues of performers in addition to the musical features of the work to create a holistic
emotional experience.

Summary

The psychological reactions to music are often studied in relation to emotion (e.g. Barrett et al., 2007; Cacioppo &
Gardner, 1999). Several brain mechanisms are associated with how people are able to identify and feel musical emo-
tions (Lundqvist et al., 2009; Juslin & Vistfjill, 2006) even without prior musical instruction or experience (Mohn et
al., 2011). Although happiness and sadness are easier to identify (Lundqvist et al., 2009), fear and happiness tend to
cause the greatest arousal in response to musical experiences (Khalfa et al., 2002). Further, the physical arousal level
of an emotion does not always match up with the cognitive clarity of that emotion (Khalfa et al., 2002). An artist must
be aware that an audience member might be able to feel an emotion through physiological reactions, even if they are
unable to perceive it.

The intensity of the musical emotion is also very relevant to the creation of a musical work. More intense
emotions were reported when music was self-selected and listened to with a close friend or partner (Liljestrom et al.,
2013). Musical expectation violations in the structure of a musical work can also lead to an increase in tension and
intensity of emotions, due to the violation of sensory expectations of the listener (Bigand et al., 1996; Koelsch, 2005;
Mega et al., 1997). Raising the musical emotion intensity for audience members can be very useful to help an artist
emphasize a message in their musical work.

Altering the structure of a musical work can also lead to the development of an especially useful kind of
emotion: empathy (Clarke et al., 2015). Empathy may be the most important emotion for an artist to develop in a
musical work if they wish to connect the audience with their message because of the ability of empathy to help people
relate to other ideas and promote positive unconscious feelings towards other individuals (Duan & Hill, 1996; Hiet-
olahti-Ansten & Kalliopuska, 1990). All music has been shown to develop empathy, but certain structural elements,
notably mimetic resonance and synchronization, can more readily facilitate this development (Clarke et al., 2015).
Mimetic resonance (the ability to reproduce reality through sound) can stimulate mirror neurons which are directly
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related to theory of mind (the ability to understand another individual's mental state) and motor neurons (physiological
responses) (Gallese and Goldman, 1998; Iacoboni et al., 2005), and thus further cultivate empathy. Synchronization
(aligning or adjusting with the pulse of a song) can reinforce a willingness to adapt to another person’s emotional
situation, and thus also cultivate empathy (Rabinowitch, 2015).

Inducing an empathetic state may lead to altered emotion preferences. Empathizers have been found to enjoy
negative emotion in music more than others due to their imaginative flexibility with different musical emotions (Gar-
rido & Schubert, 2011). Further, when listening to sad music, empathizers tend to develop an emotion of nostalgia;
when listening to happy music, empathy tends to develop the emotion of power (Miu & Baltes, 2012). If an artist is
able to control the empathizing tendency of audience members, they could potentially control differing emotional
reactions of a musical work.

Musical structure can also create an emotional swell in a musical work consistent with chills and associated
with feelings of being moved and beauty, known as an aesthetic response (Madsen et al., 1993). These responses are
psychologically different from normal emotions, and involve different neural regions typically associated with gov-
erning arousal (Brattico & Varankaité, 2019). Because of this difference, both positive and negative emotions can
result in a positive aesthetic response. Like chills, an audience member must spend several minutes in high concen-
tration preceding the peak of the musical structure (Madsen et al., 1993). The experience can be beneficial to an artist
in their creation of feelings of empowerment in individuals by improving mood, cognitive functions, and happiness
(Brattico & Varankaite, 2019). So, regardless of the type of musical emotion an artist is facilitating, the musical work
can become more impactful through the utilization of aesthetic experiences.

Other than the structural elements of the music, performers can also have an impact on musical emotion. If a
certain performer is involved with the presentation of a musical work, cues can be used to represent emotions visually
as well as auditory (Juslin, 2000). Vocal performers, due to evolutionary neurological substrates that function to ini-
tiate and organize ‘pre-wired’ vocal expressions, (Jtirgens & von Cramon, 1982; Ploog, 1986) can benefit by com-
municating emotions to listeners by using the same acoustic code (Juslin, 2000). Non-vocal performers can use indi-
vidualized cues, developed through specific memories or social learning, to portray similar emotions (Juslin, 2000).
These cues are yet another way to get a musical emotion across to an audience.

The musical structure can be utilized to develop a variety of musical emotions, ranging from basic emotions
of happiness or sadness, to the more complex phenomena of empathy, to feelings of nostalgia and power. An artist
should harness the ability to direct an audience member's emotion to influence a social or individual atmosphere
toward a desired message.

General Discussion

The experience of music perception can be readily examined through its physiological, neural, and psychological
components. An artist who wishes to portray a message through a musical work can utilize the biological responses
of music to influence a social or group atmosphere. The changes in music that can influence these responses are
musical emotion, musical tempo, musical volume, music type, musical pleasantness, musical structure, and the audi-
ence type. When the biological responses of these musical changes are studied together, important features about the
perception of a musical work are exposed.

First, the ability to prefer or expect a musical change can have a large emotional impact. Neuroscience has
demonstrated that listening to preferred music is associated with an increase in alpha waves, and thus a reduction of
stress (Hurless et al., 2013). Further, psychological studies have shown that when participants were able to choose
their own music, they reported much more intense emotions (Liljestrdom et al., 2013). Similarly, when musical expec-
tations are violated in the structure of a musical work, tension and the intensity of emotions are increased (Bigand et
al., 1996; Koelsch, 2005; Mega et al., 1997). Further, as musical volume is increased to a certain point, heightened
beta wave activity indicates a distributed and tense situation (Bhoria et al., 2012) such that a lower or preferred volume
can result in a more relaxing state. All of these preference and expectation findings from both neural and psychological
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research indicate that fulfilling or violating the expectations of the audience can result in significant emotional effects.
For example, an artist may be able to alter the type of music in a work, then shift back to the original style to create a
sense of relief for the audience.

Second, empathy, arguably the most important musical emotion, can likely be created through rhythmic fea-
tures of tempo and synchronization (Clarke et al., 2015; Rabinowitch, 2015). Empathy can help people relate to others’
ideas and experiences and thus be extremely beneficial when portraying a message through a musical work. The
musical element of rhythm synchronization is a way to increase empathy because of the way a music performer must
align with another to adjust and coordinate with the pulse of a song (Rabinowitch, 2015). An audience member may
feel these same effects depending upon their engagement with the music pulse. Tempo and rhythm, although some of
the most basic features of a musical work, can have a significant impact on the body's response to music due to their
connection with heart rate and respiration. Heart rate and respiration rates are seen as two of the most connected bodily
responses with musical pulse, increasing and decreasing with tempo (Dainow, 1977; McLaughin, 1970). Through this
physiological connection to musical tempo, rhythm synchronization isa possible avenue for development of empathy
from audience members. The importance of synchronization can be seen through the art of dance and song choice, the
main factor of the choice being rhythm because of its ability to express affection to people (Chen, 2015). Taking
rhythm and synchronization into consideration, the emotional intensity of a musical work can be altered alongside
empathic increases that allow for the message of a musical work to be better understood.

Third, peak musical experiences are very emotionally arousing and largely influenced by musical structure
and audience setting. A peak experience has been defined by researchers as both a physiological reaction, known as
the chill response, and a psychological reaction, known as an aesthetic response (Bannister & Erola, 2021; Brattico &
Varankaite, 2019; Craig, 2005; Madsen et al., 1993). These two responses can be branded together as aesthetic chills,
which involve both brain arousal and skin responses. To create these responses, information or visual accompaniment
can be paired with the music emphasizing structural or narrative components. An audience member must spend several
minutes in high concentration preceding the peak of the musical structure to experience a full peak experience. So, if
the musical work is consumed in a group setting, it is very important for the artist to draw in the attention of the
audience before emphasizing any elements of the piece due to a possible lack of concentration or social loafing in a
group setting that can diminish the experience of chills. Peak experiences are unique emotional responses to music
that can cultivate feelings of empowerment and arousal due to their full body responses and thus, can be very useful
to create a memorable message of a musical work.

Limitations and Future Research Suggestions

This paper is only meant to serve as a narrative about important experiences of music of perception, and has not
covered every biological response to music extensively. The sources used in this paper were chosen to represent a
comprehensive review of literature on the biological effects of music research. Thus, a limitation of this paper is that
certain past findings may not have been included.

I recommend that the interplay between the biological elements of responses to music be studied more in
relation to their social counterparts. For example, the neural relations to musical volume and stress have been well
studied (Bhoria et al., 2012). However, volume preference would likely change if the social atmosphere was situated
at a loud concert rather than wearing earbuds. Future study in various settings might help improve our ability to
understand how music may be perceived in a variety of contexts. Similarly, if an individual is surrounded by people
who enjoy a certain type of music, but are less preferentially accustomed to the genre, it is worth measuring whether
their biological responses to the music would mimic those around them, or if their experience would be diminished.
In sum, how would social climate affect musical preferences?

Another area of future research concern is the difference in music responses for those with or without music
experience. For example, musical content in dreams for musicians was found to be almost twice as much for nonmu-
sicians (Uga et al., 2006). This hints towards the suggestion of neural responses to music differing as a function of
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experience levels, but further experimental work would need to be conducted to better draw conclusions on the mean-
ing of such findings or relationships to physiological functioning. Also, the receptivity of unique kinds of music have
been shown to be different based on musicianship (Gregory, 1994). How do differences of past music experience
relate to biological responses of an audience member? Experience is a factor less identified in research studies but
could have important applications in relation to the experience of music perception.

This paper focused heavily on various differences in musical experiences, but did not, for the most part, take
into account cultural differences in music perception. Differences in form, timbre, pitch, rhythm, and other structural
elements are all factors that change how music is produced across cultures. These interacting musical elements begin
to influence human responses as early as the age of one (Morrison et al., 2009). Luckily, as discussed briefly in the
psychological responses to music section, certain emotions to music can be seen across cultures (Balkwill & Thomp-
son, 1999; Fritz et al., 2009), providing evidence for what has been described as a set of core psychological principles
underlying melody formation (Krumhansl et al., 2000). Even with these possible similar responses to music, it is still
important for future research to investigate these differences in more depth to expose the difference across cultures
among perception and experience. While this paper aimed to keep a focused scope within signals of music perception
from physiological, neural, and psychological factors, I suggest further reviews take into account a cultural perspective
as well in audience responses.

Final Remarks

Human biological responses to music, although extremely prevalent in the experience of music perception, are rarely
considered explicitly in the creation of a musical work. An artist does not consider whether the galvanic skin response
might be fluctuating in response to a musical piece. Instead, considerations are given to the ways one creates an
emotionally moving piece. Through their artistic efforts, there is still subconscious engagement in utilizing the bio-
logical effects of music.

Given my personal experience in theatre, music production, and vocalizing, I can provide personal context
to how impactful certain elements of a musical work can be due to biological responses. An especially well-written
musical work that illustrates this is Les Misérables, which I had the opportunity to perform in this past year as Jean
Valjean. The song “Bring Him Home” performed in the middle of the show, demonstrates each of the main discussion
points of this paper very well. Empathy is created with the audience due to the musical situation the song is placed
into and the informational accompiant of narrative (Jean Valjean is praying for the safety of a boy, even if it means
the cost of his own life). The rhythm is also significantly slowed down and synchronized with the character's situation
of being in a resting and prayer state. A peak experience is created in the middle of the song when the song, which
starts very quietly to draw the audience in, gets very loud with a cymbal crash. This almost always elicits a chill
response with the audience due to the musical structure and focus of the audience because of the narrative situation in
the show. Finally, musical expectations are fulfilled in this song by ending on the resolving chord of A-major, creating
a relaxing and highly emotional feeling in the audience. So, through these biological responses to the music, the
message is emphasized that Jean Valjean will be there to care for and protect her daughter’s lover under all circum-
stances.

Les Misérables is just one example of a musical work utilizing the biological response to music in order to
illustrate a message. All types of musical works involve varying physiological, neural, and psychological reactions.
Through the synthesis of these biological responses to music, an artist can better understand how various factors of
any musical work can affect an audience member’s experience of music perception.

ISSN: 2167-1907 www.JSR.org 13



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 11 Issue 3 (2022)

References

Badenoch, B. (2022). Nervous System. More Than Words: The Science of Deepening Love and Connection in Any
Relationship, 21.

Balkwill, L. L., & Thompson, W. F. (1999). A cross-cultural investigation of the perception of emotion in music:
Psychophysical and cultural cues. Music perception, 17(1), 43-64. doi.org/10.2307/40285811

Bannister, S., & Eerola, T. (2021). Vigilance and social chills with music: Evidence for two types of musical chills.
Psychology of Aesthetics, Creativity, and the Arts. Advance online publication.
doi.org/10.1037/aca0000421

Batson, C. D. (1987). Self-report ratings of empathic emotion. In N. Eisenberg & J. Strayer (Eds.), Empathy and its
Development (pp. 356-360). New York: Cambridge University Press.
https://books.google.com/books?hl=en&Ir=&id=PVQ4AAAAIA AJ&oi=fnd&pg=PA356&dq=Self-
report+ratings+of+empathic+emotion&ots=Kn2K8tekyx &sig=6jCG52z-
QHeTvXa51sPU4BByd14#v=onepage&q=Self-report%20ratings%200f%20empathic%20emotion&f=false

Baumeister, J., Barthel, T., Geiss, K. R., & Weiss, M. (2008). Influence of phosphatidylserine on cognitive
performance and cortical activity after induced stress. Nutritional neuroscience, 11(3), 103-110.
doi.org/10.1179/147683008X301478

Bhoria, R., Singal, P., & Verma, D. (2012). Analysis of effect of sound levels on EEG. International Journal of
Advanced Technology & Engineering Research (IJATER), 2(2), 121-124. www.ijater.com/Files/715ab912-
c3ba-4e9b-8b8e-686db4170f8b_IJATER_03_24.pdf

Biasiucci, A., Franceschiello, B., & Murray, M. M. (2019). Electroencephalography. Current Biology, 29(3), R80-
R85. doi.org/10.1016/j.cub.2018.11.052

Bigliassi, M., Karageorghis, C. I., Hoy, G. K., & Layne, G. S. (2019). The Way You Make Me Feel: Psychological
and cerebral responses to music during real-life physical activity. Psychology of Sport and Exercise, 41,
211-217. doi.org/10.1016/j.psychsport.2018.01.010

Brattico, E., & Varankaiteé, U. (2019). Aesthetic empowerment through music. Musicae Scientiae, 23(3), 285-303.
doi.org/10.1177/1029864919850606

C, L. F., Mesquita, B., Ochsner, K. N., & Gross, J. J. (2007). The experience of emotion. Annual Review of
Psychology, 58, 373. doi.org/10.1146/annurev.psych.58.110405.085709

Cacioppo, J. T., & Gardner, W. L. (1999). Emotion. Annual Review of Psychology, 50.
www.annualreviews.org/doi/abs/10.1146/annurev.psych.50.1.191

Chang, H. Y., Huang, S. C., & Wu, J. H. (2017). A personalized music recommendation system based on
electroencephalography feedback. Multimedia Tools and Applications, 76(19), 19523-19542.
doi.org/10.1007/s11042-015-3202-4

Chen, L. (2015, June). Research on the Application and Choice of Dance Music. In 2015 International Conference
on Management, Education, Information and Control (pp. 1394-1400). Atlantis Press.
doi.org/10.2991/meici-15.2015.244

Cikara, M., Bruneau, E. G., & Saxe, R. R. (2011). Us and them: Intergroup failures of empathy. Current Directions
in Psychological Science, 20(3), 149-153. doi.org/10.1177/0963721411408713

Clarke, E., DeNora, T., & Vuoskoski, J. (2015). Music, empathy and cultural understanding. Physics of life reviews,
15, 61-88. doi.org/10.1016/j.plrev.2015.09.001

Craig, D. G. (2005). An exploratory study of physiological changes during “chills” induced by music. Musicae
scientiae, 9(2), 273-287. doi.org/10.1177/102986490500900207

Dainow, E. (1977). Physical effects and motor responses to music. Journal of Research in Music Education, 25(3),
211-221. doi.org/10.2307/3345305

Dillman Carpentier, F. R., & Potter, R. F. (2007). Effects of music on physiological arousal: Explorations into
tempo and genre. Media Psychology, 10(3), 339-363. doi.org/10.1080/15213260701533045

ISSN: 2167-1907 www.JSR.org 14


https://doi.org/10.2307/40285811
https://psycnet.apa.org/doi/10.1037/aca0000421
https://doi.org/10.1179/147683008X301478
https://doi.org/10.1016/j.cub.2018.11.052
https://doi.org/10.1016/j.psychsport.2018.01.010
https://doi.org/10.1177%2F1029864919850606
https://doi.org/10.1146%2Fannurev.psych.58.110405.085709
https://dx.doi.org/10.2991/meici-15.2015.244
https://doi.org/10.1177%2F0963721411408713
https://doi.org/10.1016/j.plrev.2015.09.001
https://doi.org/10.1177%2F102986490500900207
https://doi.org/10.2307%2F3345305
https://doi.org/10.1080/15213260701533045

HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 11 Issue 3 (2022)

Duan, C., & Hill, C. E. (1996). The current state of empathy research. Journal of Counseling Psychology, 43(3),
261. doi.org/10.1037/0022-0167.43.3.261

Egermann, H., Sutherland, M. E., Grewe, O., Nagel, F., Kopiez, R., & Altenmiiller, E. (2011). Does music listening
in a social context alter experience? A physiological and psychological perspective on emotion. Musicae
Scientiae, 15(3), 307-323. doi.org/10.1177/1029864911399497

Fritz, T., Jentschke, S., Gosselin, N., Sammler, D., Peretz, 1., Turner, R., ... & Koelsch, S. (2009). Universal
recognition of three basic emotions in music. Current Biology, 19(7), 573-576.
doi.org/10.1016/j.cub.2009.02.058

Gallese, V., & Goldman, A. (1998). Mirror neurons and the simulation theory of mind-reading. Trends in Cognitive
Sciences, 2(12), 493-501. doi.org/10.1016/S1364-6613(98)01262-5

Garrido, S., & Schubert, E. (2011). Individual differences in the enjoyment of negative emotion in music: A
literature review and experiment. Music Perception, 28(3), 279-296. doi.org/10.1525/mp.2011.28.3.279

Goldstein, A. (1980). Thrills in response to music and other stimuli. Physiological Psychology, 8, 126-12.
doi.org/10.3758/BF03326460

Hallam, S., Creech, A., Varvarigou, M., & McQueen, H. (2012). Perceived benefits of active engagement with
making music in community settings. International Journal of Community Music, 5(2), 155-174.
doi.org/10.1386/ijcm.5.2.155_1

Hays, T., & Minichiello, V. (2005). The contribution of music to quality of life in older people: An Australian
qualitative study. Ageing & Society, 25(2), 261-278. doi.org/10.1017/S0144686X04002946

Hietolahti-Ansten, M., & Kalliopuska, M. (1990). Self-esteem and empathy among children actively involved in
music. Perceptual and Motor Skills, 71(3_suppl), 1364-1366. doi.org/10.2466/pms.1990.71.3f.1364

Hogan, R. (1969). Development of an empathy scale. Journal of Consulting and Clinical Psychology, 33, 307-316.

Hurless, N., Mekic, A., Pefia, S., Humphries, E., Gentry, H., & Nichols, D. (2013). Music genre preference and
tempo alter alpha and beta waves in human non-musicians. Impulse, 22(4), 1-11.
assets.pubpub.org/m2h1swki/41643404198032.pdf

Tacoboni, M., Molnar-Szakacs, 1., Gallese, V., Buccino, G., Mazziotta, J. C., & Rizzolatti, G. (2005). Grasping the
intentions of others with one's own mirror neuron system. PLoS biology, 3(3), €79.
doi.org/10.1371/journal.pbio.0030079

Jtirgens, U., & vun Cramon, D. (1982). On the role of the anterior cingulate cortex in phonation: A case report.
Brain and Language, 15, 234-248. doi.org/10.1016/0093-934X(82)90058-X

Jones, M. R., & Boltz, M. (1989). Dynamic attending and responses to time. Psychological Review, 96(3), 459.
doi.org/10.1037/0033-295X.96.3.459

Judd, M., & Pooley, J. A. (2014). The psychological benefits of participating in group singing for members of the
general public. Psychology of Music, 42(2), 269-283. doi.org/10.1177/0305735612471237
Juslin, P. N., & Madison, G. (1999). The role of timing patterns in recognition of emotional expression
from musical performance. Music Perception, 17(2), 197-221. doi.org/10.2307/40285891

Juslin, P. N. (2000). Cue utilization in communication of emotion in music performance: Relating performance to
perception. Journal of Experimental Psychology: Human perception and performance, 26(6), 1797.
doi.org/10.1037/0096-1523.26.6.1797

Juslin, P. N. (2001). Communicating emotion in music performance: A review and a theoretical framework. In P. N.
Juslin & J. A. Sloboda (Eds.), Music and Emotion: Theory and Research (pp. 309-337). Oxford University
Press. psycnet.apa.org/record/2001-05534-008

Juslin, P. N., & Vistfjill, D. (2008). Emotional responses to music: The need to consider underlying mechanisms.
Behavioral and Brain Sciences, 31(5), 559-575. doi.org/10.1017/S0140525X08005293

Kealy, E. R. (1982). Conventions and the production of the popular music aesthetics. Journal of Popular Culture,
16(2), 100. www.proquest.com/openview/45e56b15cf639d82d103£5304e9cc31c/17pg-
origsite=gscholar&cbl=1819044

ISSN: 2167-1907 www.JSR.org 15


https://psycnet.apa.org/doi/10.1037/0022-0167.43.3.261
https://doi.org/10.1177%2F1029864911399497
https://doi.org/10.1016/j.cub.2009.02.058
https://doi.org/10.1016/S1364-6613(98)01262-5
https://doi.org/10.1525/mp.2011.28.3.279
https://doi.org/10.1386/ijcm.5.2.155_1
https://doi.org/10.1017/S0144686X04002946
https://doi.org/10.2466%2Fpms.1990.71.3f.1364
https://doi.org/10.1371/journal.pbio.0030079
https://doi.org/10.1016/0093-934X(82)90058-X
https://psycnet.apa.org/doi/10.1037/0033-295X.96.3.459
https://doi.org/10.1177%2F0305735612471237
https://doi.org/10.2307/40285891
https://psycnet.apa.org/doi/10.1037/0096-1523.26.6.1797
https://doi.org/10.1017/S0140525X08005293

HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 11 Issue 3 (2022)

Khalfa, S., Isabelle, P., Jean-Pierre, B., & Manon, R. (2002). Event-related skin conductance responses to musical
emotions in humans. Neuroscience Letters, 328(2), 145-149. doi.org/10.1016/S0304-3940(02)00462-7

Klass, D. W., & Brenner, R. P. (1995). Electroencephalography of the elderly. Journal of Clinical Neurophysiology,
12(2), 116-131.
journals.lww.com/clinicalneurophys/Abstract/1995/03000/Electroencephalography_of the Elderly.2.aspx

Koelsch, S. (2005). Investigating emotion with music: neuroscientific approaches. Annals of the New York Academy
of Sciences, 1060(1), 412-418. doi.org/10.1196/annals.1360.034

Koelsch, S., T. Fritz, K. Schulze, et al. (2005). Adults and children processing music: an fMRI study. Neuroimage
25: 1068-1076. doi.org/10.1016/j.neuroimage.2004.12.050

Koelsch, S., & Jincke, L. (2015). Music and the heart. European Heart Journal, 36(44), 3043-3049.
doi.org/10.1093/eurheartj/ehv430

Krumhansl, C. L., Toivanen, P., Eerola, T., Toiviainen, P., Jarvinen, T., & Louhivuori, J. (2000). Cross-cultural
music cognition: Cognitive methodology applied to North Sami yoiks. Cognition, 76(1), 13-58.
doi.org/10.1016/S0010-0277(00)00068-8

Liljestrom, S., Juslin, P. N., & Vistfjill, D. (2013). Experimental evidence of the roles of music choice, social
context, and listener personality in emotional reactions to music. Psychology of Music, 41(5), 579-599.
doi.org/10.1177/0305735612440615

Lundgqvist, L. O., Carlsson, F., Hilmersson, P., & Juslin, P. N. (2009). Emotional responses to music: Experience,
expression, and physiology. Psychology of music, 37(1), 61-90. doi.org/10.1177/0305735607086048

MacDonald, R. A. (2013). Music, health, and well-being: A review. International Journal of Qualitative Studies on
Health and Well-being, 8(1), 20635. doi.org/10.3402/qhw.v8i0.20635

Madsen, C. K., Brittin, R. V., & Capperella-Sheldon, D. A. (1993). An empirical method for measuring the aesthetic
experience to music. Journal of Research in Music Education, 41(1), 57-69. doi.org/10.2307/3345480

McFarland, R. A. (1985). Relationship of skin temperature changes to the emotions accompanying music.
Biofeedback and Self-regulation, 10(3), 255-267. doi.org/10.1007/BF00999346

McLaughlin, T. (1970). Music and communication. London: Faber & Faber. philpapers.org/rec/ MCLMAC

Mega, M. S., Cummings, J. L., Salloway, S., & Malloy, P. (1997). The limbic system: an anatomic, phylogenetic,
and clinical perspective. The Journal of Neuropsychiatry and Clinical Neurosciences. 9(3), 315-330.
doi.org/10.1176/jnp.9.3.315

Merriam, A. P. (1955). Music in American culture. American Anthropologist, 57(6), 1173-1181.
anthrosource.onlinelibrary.wiley.com/doi/pdf/10.1525/aa.1955.57.6.02a00080

Miu, A. C., & Baltes, F. R. (2012). Empathy manipulation impacts music-induced emotions: A psychophysiological
study on opera. PloS one, 7(1), €30618. doi.org/10.1371/journal.pone.0030618

Mohn, C., Argstatter, H., & Wilker, F. W. (2011). Perception of six basic emotions in music. Psychology of Music,
39(4), 503-517. doi.org/10.1177/0305735610378183

Morgan, J. A., Corrigan, F., & Baune, B. T. (2015). Effects of physical exercise on central nervous system
functions: a review of brain region specific adaptations. Journal of Molecular Psychiatry, 3(1), 1-13.
doi.org/10.1186/s40303-015-0010-8

Morrison, S. J., & Demorest, S. M. (2009). Cultural constraints on music perception and cognition. Progress in
Brain Research, 178, 67-77. doi.org/10.1016/S0079-6123(09)17805-6

Nieminen, S., Istok, E., Brattico, E., Tervaniemi, M., & Huotilainen, M. (2011). The development of aesthetic
responses to music and their underlying neural and psychological mechanisms. Cortex, 47(9), 1138-1146.
doi.org/10.1016/j.cortex.2011.05.008

Pan, Y., Guan, C., Yu, J., Ang, K. K., & Chan, T. E. (2013). Common frequency pattern for music preference
identification using frontal EEG. In 2013 6th International IEEE/Embs Conference on Neural Engineering
(Ner) (pp. 505-508). IEEE. doi.org/10.1109/NER.2013.6695982

ISSN: 2167-1907 www.JSR.org 16


https://doi.org/10.1016/S0304-3940(02)00462-7
https://doi.org/10.1196/annals.1360.034
https://doi.org/10.1016/j.neuroimage.2004.12.050
https://doi.org/10.1093/eurheartj/ehv430
https://doi.org/10.1016/S0010-0277(00)00068-8
https://doi.org/10.1177%2F0305735612440615
https://doi.org/10.1177%2F0305735607086048
https://doi.org/10.3402/qhw.v8i0.20635
https://doi.org/10.2307%2F3345480
https://psycnet.apa.org/doi/10.1176/jnp.9.3.315
https://doi.org/10.1371/journal.pone.0030618
https://doi.org/10.1177%2F0305735610378183
https://doi.org/10.1016/S0079-6123(09)17805-6
https://doi.org/10.1016/j.cortex.2011.05.008
https://doi.org/10.1109/NER.2013.6695982

HIGHECHOOLEPITION Volume 11 Issue 3 (2022)

@ Journal of Student Rescarch

Parsons, C. E., Young, K. S., Jegindg, E. M. E., Vuust, P., Stein, A., & Kringelbach, M. L. (2014). Music training
and empathy positively impact adults’ sensitivity to infant distress. Frontiers in Psychology, 5, 1440.
doi.org/10.3389/fpsyg.2014.01440

Petersén, 1., & Eeg-Olofsson, O. (1971). The development of the electroencephalogram in normal children from the
age of 1 through 15 years—non-paroxysmal activity. Neuropddiatrie, 2(03), 247-304. doi.org/10.1055/s-
0028-1091786

Pinquart, M., & Sorensen, S. (2001). Influences on loneliness in older adults: A meta-analysis. Basic and Applied
Social Psychology, 23(4), 245-266. doi.org/10.1207/S15324834BASP2304_2

Ploog, D. (1986). Biological foundations of the vocal expressions of emotions. Biological Foundations of Emotion
(pp. 173-197). Academic Press. doi.org/10.1016/B978-0-12-558703-7.50013-9

Rabinowitch, T. C. (2015). How, rather than what type of, music increases empathy. Empirical Musicology Review,
10(1/2), 96. https://emusicology.org/article/view/4572/4174

Rickard, N. S. (2004). Intense emotional responses to music: a test of the physiological arousal hypothesis.
Psychology of music, 32(4), 371-388. doi.org/10.1177/0305735604046096

Siegmeister, E. (1938). Music and society. Haskell House Publishers. sites.evergreen.edu/thewordintheear-fall/wp-
content/uploads/sites/316/2014/09/musicAndSociety.pdf

Uga, V., Lemut, M. C., Zampi, C., Zilli, I., & Salzarulo, P. (2006). Music in dreams. Consciousness and cognition,
15(2), 351-357. doi.org/10.1525/jung.2009.3.2.63

Wilson, S. (2013). The benefits of music for the brain. Research Conference. 140-148.
research.acer.edu.au/cgi/viewcontent.cgi?article=1204 &context=research_conference

ISSN: 2167-1907 www.JSR.org 17


https://doi.org/10.3389/fpsyg.2014.01440
https://doi.org/10.1207/S15324834BASP2304_2
https://doi.org/10.1016/B978-0-12-558703-7.50013-9
https://doi.org/10.1525/jung.2009.3.2.63



