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Abstract

The current research project investigates the relationship between music, emotions, and nervous system activity.
Participants (N=92) listened to audio recordings of Stravinsky's "The Rite of Spring" and Satie’s "Gymnopédie No.
1" as Biopac software recorded heart rate, respiration, and skin conductance; participants then completed a survey to
rate music-evoked emotions. Event count and sympathetic nerve response indicated that there was more sympathetic
activity during "The Rite of Spring,” although there was a lower sustained skin conductance level. Respiratory sinus
arrhythmia and vagal nerve response indicated that there was more parasympathetic activity during "Gymnopédie No.
1." Heart rate indicated that there was a higher level of overall activity during "The Rite of Spring." On the survey,
emotions of higher arousal were rated more strongly during the first piece, while calming emotions were stronger
during the second. Overall, the results indicate that there was a more aroused response in terms of physiological and
psychological activity during the more musically complicated piece, “The Rite of Spring.” This study suggests that
listening to music can elicit a physiological and psychological response in the body, aligning with current research.
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1. Introduction

Music is an abstract stimulus that can be defined as structured sound®®. There is evidence of music in every known
culture®® and it is the objective of a considerable portion of time and money. Studies have shown that the primary
motivation for listening to and producing music is to evoke emotional states® 3. Therefore, it is useful to study this
unique route that elicits emotion to better understand the connections between the auditory stimulus, the brain, and
the autonomic nervous system (ANS). Implications range from neuroscience to social psychology to therapy®2.

Musical emotions can be described and measured in a variety of ways. One distinction is between the emotions
expressed by the music and the emotions felt by the listener?®. The current study focuses on felt emotions because the
latter have been well documented” %, Another distinction is between discrete and dimensional emotions. Discrete
emotion theory measures a number of basic emotions, including anger, fear, joy, and sadness, while dimensional
theories rate emotions based on valence (positive-negative) and activation (aroused-calm)?. The current study uses
discrete emotion theory and the measured emotions are those usually chosen in emotion research. Emotions such as
excited, attentive, nervous, and afraid can be considered motivational emotions because they are utilitarian in a sense;
they affect the individual by preparing action tendencies, recovery and reorientation, motivational enhancement, social
obligations, etc.?°.

Studies have demonstrated that musical emotions can be identified universally; even people in isolated cultures
identified the three basic emotions in music: happy, sad, and fearful/scared’. Happy music tends to be characterized
by relatively rapid tempos, dancelike rhythms, major harmonies, and relatively constant ranges of pitch and dynamics,
while sad music usually has slow tempos and minor harmonies?®,



In studying the link between music and the ANS, it is important to understand what is involved in music processing
in the brain. A multitude of imaging studies and studies of patients with brain lesions have contributed to this
understanding. When a listener first hears a sound, the auditory cortex works for initial processing of the various
components. The frontal regions are then activated to process musical structure and expectations, including any degree
of conscious thinking such as understanding lyricst? 2°. Finally, blood flow increases in much of the mesolimbic, or
reward, pathway®. One study found that when participants reported “chills” as a result of the music, there was
increased activation in the amygdala®, the part of the brain that plays a significant role in emotional responses. Even
without the “chill” experience, unpleasant music can elicit changes in the amygdala, ventral striatum, and
hippocampus'®. Dopamine release has been recorded during pleasurable pieces?” and cortisol releases have been
recorded during all kinds of music®2. Throughout the whole process, the cerebellum and basal ganglia were active,
processing rhythm and meter?°, as well as the hypothalamus, the region that controls much of the ANS, including heart
rate and respiration®® 24, Although musical preferences had very little effect on activation of limbic, paralimbic, and
reward system areas® 24, familiarity with the music was an important factor in activating emotion-related regions of
the brain, including the putamen, amygdala, nuclear accumbens, anterior cingulate cortex, and thalamus?*. For the
purposes of this study, it is important to recognize that listening to music can initiate the reward circuitry in the brain
as well as affect ANS functions.

Many studies in emotion and music research have tested the hypothesis that increased emotions are correlated with
increased nervous system response?®. The primary physiological functions controlled by the ANS focused on in this
study are heart rate (HR), respiration, and electrodermal activity (EDA). While some studies have found little to no
change in autonomic response®?, others have found results that this study hopes to contribute to.

HR is considered a controversial measure because there has been conflicting findings?®. In studies using
computerized music, HR was found to be faster during pieces identified as unpleasant by participants than during
silence and fastest during pleasant pieces?®, as well as faster during happy pieces rather than sad? 2, although there
was no noticeable difference with other emotions®. In studies on expected versus unexpected chords in music, there
was no change in HR as was predicted'’. However, HR decreased during dissonant (intervals that cause tension)
rather than consonant (pleasant, harmonious intervals) pieces; this was attributed to an interaction between unpleasant
emotions and increased arousal during the dissonant music?® . Music has been shown to be correlated to
cardiovascular and respiratory signals, particularly skin vasoconstriction and blood pressure®.

Respiration is the measure most affected by music® 48222 This is primarily due to entrainment, a phenomenon in
which physiological events—in this case breathing—match their period to environmental oscillation, such as the
tempo of a piece?’. As such, respiration rate was faster when a faster tempo was presented'. When melodic and
harmonic structures were removed from a piece, there was no change in respiration as long as the tempo remained the
same®®. However, when tempo was presented in a piece that elicits emotion (fast tempo for happy pieces and slow
for sad), results were conflicting®. The current study utilizes changes in harmonic structures and tempo to determine
effects.

EDA can be measured by background tonic (skin conductance level: SCL) and rapid phasic components (skin
conductance responses: SCRs), which are due to rapid fluctuations in eccrine sweat gland activity. These are a result
of acetylcholine release and indicate the activity of the sympathetic nervous system® 3, Emotionally powerful music
has been shown to elicit more SCRs and “chills” than emotionally powerful films?. In a study measuring expected
and unexpected chords in music, there were significantly more SCRs in listeners of the unexpected pieces®’. Chords
played with expression also stimulated more SCRs than non-expressive chords'’. Music that expressed more
stimulating emotions, fear and happiness, elicited significantly more SCRs and had overall higher EDA than the less
stimulating emotions, sadness and peacefulness ** 4. However, SCR was dependent more on arousal than the specific
emotional category and clarity®®. Likewise, dissonant music elicits more SCRs than consonant music®3.

The current study seeks to provide physiological validity to changes in bodily arousal elicited by listening to different
types of music. Studies have demonstrated that psychophysiological responses can distinguish basic emotions such
as fear, happiness, sadness, disgust, surprise, and anger?®. Therefore, this study aims to measure emotions evoked and
autonomic responses elicited by two pieces of music: “Gymnopédie No. 1” and “The Rite of Spring.” The pieces
chose for the current study are two classical pieces, because it has been shown that classical music evokes strong
emotions®®. The pieces were chosen because of their extreme contrast in mood and style.

“The Rite of Spring” was written by Russian composer Igor Stravinsky in 1913 as a ballet. The piece contains
complex rhythms and harmonies, very dissonant harmonies, highly accented, jolting rhythms, dense texture, and a
wide range of dynamics from piano (soft) to fortissimo (very loud).

“Gymnopédie No. 17 was written by French composer Erik Satie in 1888, then arranged for orchestra by Claude
Debussy. The excerpt used was the version for orchestra. The tempo was Lent et grave, meaning very slow and
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solemn. The piece can be described as flowing, serene, and gentle, containing a slow triple meter, simple rhythm,
soaring melody, and consonant harmonies, and mostly piano (soft) dynamics with gentle crescendos.

In accordance with the literature, it was expected that the Stravinsky piece (fast tempo, dissonant harmonies) would
evoke aroused emotions and increase the autonomic response, and the Satie piece (slow tempo, consonant harmonies)
would evoke calming emotions and decrease the autonomic response; therefore, it was expected that tempo would
have more of an effect than consonance/dissonance on autonomic nervous system activity.

This study is the first in an ongoing project at Auburn University that investigates the psychological and
physiological basis for the impact of music on our emotions. Future research will involve brain scans and a more
narrow examination of musical emotions.

2. Method
2.1 Participants

The project was conducted within the context of a core Music course at Auburn University over the course of three
semesters. Participants were recruited from the Music and Science class taught by Dr. Ann Knipschild in Auburn’s
Department of Music. The participants gave informed consent prior to the experiment each semester, and the protocol
was approved by the Auburn University Institutional Review Board for Research Concerning Human Subjects.

There were 26 students who participated in Spring 2015, 35 in Fall 2015, and 31 in Spring 2016; the total sample
size was 92 participants. The sample was 65% male and 35% female. 32% were freshmen, 37% were sophomores,
18% were juniors, and 13% were seniors. The majority of the participants had no formal music education and were
unfamiliar with the music pieces used in the study.

2.2 Equipment

Physiological data was recorded using the Biopac BSLBSC-W system with biopotential leads: 2 SS2LB cables for
electrocardiogram (ECG) recording and 2 SS57L cables for recording galvanic skin conductance, in addition to a
transducer SS5LB belt for recording respiration. Physiological data was analyzed using AcgKnowledge Acquisition
& Analysis software.

Psychological data was collected using paper-and-pencil psychological surveys in which participants rated on a
Likert scale of 1-5 the emotions most and least felt. A score of 1 indicated emotion was felt very slightly, not at all;
2 indicated emotion was felt a little; 3 indicated emotion was felt moderately; 4 indicated emotion was felt quite a bit;
and 5 indicated emotion was felt extremely. The emotions listed were as follows: interest, distressed, excited, upset,
strong, guilty, scared, hostile, enthusiastic, proud, irritable, alert, ashamed, inspired, nervous, determined, attentive,
jittery, active, afraid.

The first audio recording, Piece 1, was a two-minute excerpt from Igor Stravinsky’s composition “The Rite of
Spring, Part 1: The Adoration of the Earth.” The second audio recording, Piece 2, was a two-minute excerpt from the
opening of the orchestra version of Satie’s “Gymnopédie No. 1.”

2.3 Data Collection

In the laboratory setting, a small, quiet room, the principal investigator firmly placed the respiration belt around the
abdomen, cleaned the flesh on the palm and wrists, and attached the EDA electrodes to the palm and the ECG
electrodes to the wrists. Participants were seated in a comfortable chair and asked to remain quiet, still, and attentive
during the duration of the experiment. The Biopac system began recording during a silent, 5-minute rest period before
the onset on the first music piece. During the first semester, the rest period was three minutes long, but was lengthened
to five minutes for the remaining semesters to ensure that a baseline was reached.

After resting, the participants listened to 2-minute audio recordings of Stravinsky's "The Rite of Spring" and Satie’s
"Gymnopédie No. 1" as the BIOPAC software recorded their responses. After each of the pieces, they completed a
paper-and-pencil psychological survey in which they rated their emotion as elicited by the music clips. Another silent
rest period followed the first psychological survey and before the second music piece in order for heart rate,
respiration, and electrodermal activity to return to baseline stability.
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2.4 Analysis
The data was analyzed using AcqKnowledge Acquisition & Analysis software to obtain the six measures detailed in
the following section. Data were analyzed using SPSS Version 23. Paired t-tests were carried out comparing each

physiological measure from Piece 1 with the same physiological measure from Piece 2. Statistical significance was
determined by p<0.05.

2.5 Definition Of Measures

2.5.1 event-related skin conductance response (er-scr)

Phasic changes in electrical conductivity of skin that can be attributed to specific eliciting stimuli, measured in number
of events.

2.5.2 skin conductance levels (scl)

Tonic level of electrical conductivity of skin, measured in microsiemens (ls).

2.5.3 heart rate (hr)

Measured by beats per minute (bpm).

2.5.4 respiratory sinus arrhythmia (rsa)

Heart rate variability in synchrony with respiration, by which the r-r interval on an ecg is shortened during inspiration

and prolonged during expiration. The RSA index for the respiratory cycle is expressed in milliseconds (ms); this is
the maximum rate minus the minimum rate.

2.5.5 sympathetic rati

The amount of power in the sympathetic band normalized to an approximation of the total power in the signal. The
sympathetic control of the adult human heart causes the R-R intervals to vary over frequencies ranging from 0.04 to
0.15 cycles per second.

2.5.6 vagal ratio

The amount of power in the sympathetic band normalized to an approximation of the total power in the signal. The
parasympathetic control via the vagus nerve is believed to primarily modulate the r-r intervals between 0.15 and 0.4
cycles per second.

3. Results

The project was conducted over three semesters, with a new group of participants each time. Because the procedure

slightly changed between semesters (lengthened rest period), physiological results are presented by semester (see
Table 1). Psychological results were unaffected by procedure changes and are reported together (see Table 2).

3.1 Physiological Results
During Spring 2015, the EDA ER-SCR mean was found to be 2.381 events for Piece 1 and 1.286 events for Piece 2,

and was found to be significant. The SCL mean was found to be 6.98 pS during Piece 1 and 7.12 pS during Piece 2,
and was found to be significant. The RSA mean was found to be 6.77 ms during Piece 1 and 8.87 ms during Piece 2,
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and was found to be significant. The sympathetic ratio mean was found to be 0.536 during Piece 1 and 0.512 during
Piece 2, and was found to be significant. The HR and vagal ratio were not found to be significant during this semester.

During Fall 2015, the SCL mean was found to be 0.632 uS for Piece 1 and 0.528 uS for Piece 2, and was found to
be significant. The sympathetic ratio mean was found to be 0.0868 for Piece 1 and 0.181 for Piece 2; although not
significant, the difference was approaching significance at an alpha level of 0.074. The vagal ratio mean was found
to be 0.567 for Piece 1 and 0.136 for Piece 2; although not significant, the difference was approaching significance at
an alpha level of 0.074. The ER-SCR, HR, and RSA were not found to be significant during this semester.

During Spring 2016, the SCL mean was found to be 3.54 uS during Piece 1 and 4.87 uS during Piece 2, and was
found to be significant. The HR mean was found to be 0.510 bpm during Piece 1 and 0.419 bpm during Piece 2, and
was found to be significant. The RSA mean was found to be 7.41 ms during Piece 1 and 8.09 ms during Piece 2, and
was found to be significant. The sympathetic ratio mean was found to be 0.523 for Piece 1 and 0.472 for Piece 2;
although not significant, the difference was approaching significance at an alpha level of 0.103. The vagal ratio mean
was found to be 0.477 for Piece 1 and 0.528 for Piece 2; although not significant, the difference was approaching
significance at an alpha level of 0.074. The ER-SCR was not found to be significant during this semester.

Table 1. Mean values of physiological measures

Spring 2015 Fall 2015 Spring 2016

Piece 1 Piece 2 Piece 1 Piece 2 Piece 1 Piece 2
Event-related skin 2.381 1.286
conductance responses
Skin conductance 6.98 7.12 0.632 0.528 3.54 4.87
response (US)
Heart rate (bpm) 0.510 0.419
Respiratory sinus 6.77 8.87 741 8.09
arrhythmia (ms)
Sympathetic ratio 0.536 0.512 0.0868 0.181 0.523 0.472
Vagal ratio 0.567 0.136 0.477 0.528

Note. Values listed were determined statistically significant by p<0.05.

In summary, the data measuring sympathetic nervous system activity—-ER-SCR and sympathetic ratio—were
generally higher during Piece 1, with the exception of SCL, which was higher during Piece 2. This indicated that
while the overall electrodermal activity sustained was lower during Piece 1 than in Piece 2, there were more activity
and jumps in the electrodermal activity. The data measuring the parasympathetic nervous system activity—RSA and
vagal ratio—were generally higher during Piece 2. HR, an end organ measure reflecting the culmination of sympathetic
and parasympathetic nervous system activity, indicated that there was more activity during Piece 1. Therefore, it can
be concluded that there was more physiological arousal during Piece 1.

3.2 Psychological Results

Participants rated each emotion on a scale of 1 to 5 (1 for least emotion felt and 5 for most). The emotion ratings for
each piece, in order of most felt to least felt, can be found in Table 2.
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Table 2. Mean ratings of music-evoked emotions

Piece 1 total average Piece 2 total average
alert 3.92 relaxed 4.405
attentive 3.65 calm 4.355
interested 3.32 interested 2.85
excited 3.24 inspired 2.73
active 2.89 attentive 2.37
jittery 2.78 proud 1.96
strong 2.53 determined 1.94
determined 2.49 alert 1.78
nervous 2.47 strong 1.66
enthusiastic 2.40 enthusiastic 1.61
distressed 2.32 ashamed 1.55
hostile 2.31 active 1.4
afraid 2.04 excited 1.37
inspired 1.99 upset 1.35
scared 1.99 guilty 1.34
irritable 1.84 nervous 1.29
proud 1.76 distressed 1.22
upset 1.45 afraid 1.18
guilty 1.28 irritable 1.14
calm 1.26 jittery 1.12
relaxed 1.20 scared 1.11
ashamed 1.14 hostile 1.02

Note. Emotions are listed in decreasing order of ratings.

In summary, the highest rated emotions for each piece were: alert, attentive, interested, and excited for Piece 1 and
relaxed, calm, interested, and inspired for Piece 2. Both pieces were rated highly as interested and lowly as irritable
and ashamed. Therefore, it can be concluded that there was more psychological arousal during Piece 1.

4. Discussion

4.1 Conclusions

This study successfully demonstrated the potential for music to elicit changes in emotion and in the autonomic nervous
system response. The two pieces chosen, “The Rite of Spring” by Stravinsky, and “Gymnopédie” by Satie, differed
primarily in tempo—fast and slow—and in harmonic structure—consonant and dissonant. They also differ
synificantly in rhythmic, melodic, and harmonic complexity.

Although there were discrepancies between semesters, the overall trend indicates that there was more arousal during
the Stravinsky piece. The data measuring sympathetic nervous system activity was higher during the Stravinsky piece
with the exception of SCL, while the data measuring parasympathetic nervous system activity was lower during the
Satie piece. The reported emotions—alert, attentive, interested, and excited during the Stravinsky piece and relaxed,
calm, interested, and inspired during the Satie piece—indicate that the Stravinsky piece was more psychologically
arousing in addition to being more physiologically arousing.
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Additionally, this study revealed more about the relationship between musical elements and their effects on the
nervous system (see Table 3). Past studies have shown that consonant pieces increase HR, do not affect respiration,
and decrease EDA, while dissonant pieces decrease HR, do not affect respiration, and increase EDAZ: %, It has also
been shown that fast tempos increase HR, respiration, and EDA, while slow tempos decrease HR, respiration, and
EDAZ 1314 Because happy pieces are normally characterized by consonance and fast tempos, happy music has been
shown to increase HR and EDA. Likewise, sad music, normally characterized by dissonance and slow tempos, usually
decreases HR and EDA. This study examined two pieces that were neither happy nor sad, the first being dissonant
and fast, and the second being consonant and slow. The first piece elicited a higher HR, respiration, and SCRs, but a
lower overall SCL. The second piece elicited the opposite response: a lower HR, respiration, and SCRs and a lower
overall SCL. Therefore, as the dissonant/fast piece was more consistent with the fast tempo alone responses and the
consonant/slow piece was more consistent with the slow tempo along responses, it appears as if tempo plays more of
a role in autonomic nervous system response than harmonic structure. Because these conclusions are being drawn
from different studies, further studies would need to be conducted to confirm this.

Table 3. Elements of music and their effect on the autonomic nervous system

Heart Respiration Electrodermal
Rate activity
Harmonic Consonant N No change 7
structure
Dissonant 7 No change t
Tempo Fast A () ()
Slow v 7 7
Emotion Happy 0 ? A
Sad Vv ? 7
Type of music | Dissonant/fast ) () A ER-SCRs
*Findings W SCL
from this
study Consonant/slow v v W ER-SCRs
A SCL

Note. ER-SCRs = event-related skin conductance responses; SCL = skin conductance level

Consequently, this study provides further support for nervous systems changes in response to different types of
music. It further demonstrates the complexity of music’s effect on the body; changes cannot be explained solely by
tempo, expression, or harmonic structures. Further research is necessary to determine the particular relationship
between music structures and changes. Additionally, this study did not use music pieces previously associated with
emotions, i.e. happy or sad pieces, as most musical emotions studies have.

4.2 Limitations

Because this study was conducted as part of a music course, participant demographics were limited by the students in
the class. There were more males than females, and several students indicated that they were familiar with the pieces
beforehand.

Discrepancies between semesters may be explained by an insufficient rest period, irregularly placed electrodes, or
length of music excerpts. In a study where responses were monitored periodically throughout the excerpts, musical
emotions were more differentiated after 30 s . Due to experimental constraints, the current study used pieces of just
2 min. Longer and more complex piece would likely produce more differentiated physiological responses and more
intense emotions.
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4.3 Recommendations

In future studies, several measures should be taken to ensure better control of extraneous variables. Even though there
was only one participant in the room, headphones should be used to limit external noise. Data from participants who
have heard the music before should be eliminated to control for familiarity. In the current study, there were several
instances where SCRs could not be read; therefore, only participants who register SCRs on the Biopac software should
be used in the study. The order of the pieces should be randomly alternated to control for any interaction between the
two pieces. Monitoring emotions and reactions throughout the entire piece most likely would elicit more intense
emotions and more noticeable change in the ANS and build the tension/dynamic aspect of the music more fully.

The current study, in conjunction with the conclusions from previous studies, suggests that tempo plays a more
important role in effecting the autonomic nervous system than harmonic structures. To confirm this, subsequent
studies should be conducted controlling more carefully for tempo and harmonic structure.

5. Acknowledgements

The author wishes to express her appreciation to Dr. Paula Bobrowski and Dr. Ann Knipschild, for continuous
support and encouragement, Dr. Jennifer Robinson for help with the Biopac equipment, AcqKnowledge Software,
and SPSS analysis, and the Office of Undergraduate Research and Science Education for New Civic Engagements
and Responsibilities (SENCER) for project funding.

6. References

1. AcgKnowledge 4.1. Analysis scoring and information for science research applications. Biopac systems
manual. https://www.biopac.com/wp-content/uploads/AcgKnowledge-Specialized.pdf.

2. Bartlett, D.L., 1999. Physiological responses to music and sound stimuli. In: Hodges, D.A. (Ed.), Handbook
of Music Psychology (2nd ed). IMR press, San Antonio.

3. Bernardi, L., Porta, C., & Sleight, P., (2006) Cardiovascular, cerebro- vascular, and respiratory changes
induced by different types of music in musicians and non-musicians: the importance of silence. Heart 92(4), 445—
452.

4. Bernardi, L., Porta, C., Casucci, G., Balsamo, R., Bernardi, N.F., Fogari, R., & Sleight, P., (2009). Dynamic
interactions between musical, car- diovascular, and cerebral rhythms in humans. Circulation 119(25), 3171-3180.
5. Blood, AJ. & Zatorre, R.J., 2001. Intensely pleasurable responses to music correlate with activity in brain
regions implicated in reward and emotion. National Academy of Sciences, 98(20), 11818-11823. doi:

10.1073/pnas.191355898

6. Etzel, J.A., Johnsen, E. L., Dickerson, J., Tranel, D., Adolphs, R. (2006). Cardiovascular and respiratory
responses during musical mood induction. International Journal of Psychophysiology 61(1), 57-69.
d0i:10.1016/j.ijpsych0.2005.10.025

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

8. Gomez, P. & Danuser, B., (2004). Affective and physiological responses to environmental noises and music.
International Journal of Psychophysiology, 53(2), 91-103.

9. Gomez, P. & Danuser, B., (2007). Relationships between musical structure and psychophysiological
measures of emotion. Emotion 7(2), 377-387.

10. Huron, D., (2001). Is music an evolutionary adaptation?. Annals New York Academy of Science 930, 43-61.

11. Johnsen, E.L.,Tranel, D., Lutgendorf, S., & Adolphs, R. (2009). A neuroanatomical dissociation for emotion
induced by music. International Journal of Psychophysiology 72(1). doi:10.1016/j.ijpsycho.2008.03.011

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

13. Khalfa, S., Isabelle, P., Jean-Pierre, B., & Manon R. (2001). Event-related skin conductance responses to
musical emotions in humans. Neuroscience Letters 328(2), 145-149.

1762


http://www.sciencedirect.com.spot.lib.auburn.edu/science/article/pii/S0167876005002850
http://www.sciencedirect.com.spot.lib.auburn.edu/science/article/pii/S0167876005002850
http://www.sciencedirect.com.spot.lib.auburn.edu/science/article/pii/S0167876005002850
http://www.sciencedirect.com.spot.lib.auburn.edu/science/article/pii/S0167876005002850
http://www.sciencedirect.com.spot.lib.auburn.edu/science/article/pii/S0167876005002850
http://www.sciencedirect.com.spot.lib.auburn.edu/science/journal/01678760
http://dx.doi.org.spot.lib.auburn.edu/10.1016/j.ijpsycho.2005.10.025
http://dx.doi.org/10.1016/j.cub.2009.02.058
http://dx.doi.org/10.1016/j.ijpsycho.2008.03.011
http://philpapers.org/go.pl?id=JUSERT&proxyId=3138&u=http%3A%2F%2Fdx.doi.org%2F10.1017%2FS0140525X08005293

14. Khalfa, S., Roy, M., Rainville, P., Dalla Bella, S., & Peretz, I. (2007). Role of tempo entrainment in
psychophysiological differentiation of happy and sad music? International Journal of Psychophysiology, 68(1).
d0i:10.1016/j.ijpsycho.2007.12.001.

15. Koelsch, S. (2014). Brain correlates of music-evoked emotions. Nature Reviews Neuroscience. 15(3). 170-
180. doi:10.1038/nrn3666

16. Koelsch, S., Fritz, T., Cramon, D.Y.v., Miller, K., & Friederici, A.D., 2005. Investigating emotion with
music: An fMRI study. Human Brain Mapping 27(3), 239-250. doi: 10.1002/hbm.20180

17. Koelsch, S., Kilches, S., Steinbeis, N., & Schelinski, S. (2008). Effects of unexpected chords and of
performer’s expression on brain responses and electrodermal activity. Plos ONE, 3(7), 1-10.
doi:10.1371/journal.pone.0002631

18. Krumhans, C.L., (2002). Music: A link between cognition and emotion. Current Directions in Pscyhological
Science, 11(2), 45—50.

19. Krumhans, C.L., 1997. An exploratory study of musical emotions and psychophysiology. Canadian Journal
of Experimental Psychology 51(4), 336-353.

20. Menon, V. & Levintin, D. (2005). The rewards of music listening: Response and physiological connectivity
of the mesolimbic system. Neuroimage, 28(1), 175-184. doi:10.1016/j.neuroimage.2005.05.053

21. Mikutta, C. A, Schwab, S., Niederhauser, S., Wuermle, O., Strik, W., & Altorder, A. (2013). Music,
perceived arousal, and intensity: Psychophysiological reactions to Chopin’s ‘Tristesse’. Psychophysiology, 50(9),
909-919. d0i:10.1111/psyp.12071

22. NykKlicek, I., Thayer, J., Van Doornen, L., (1997) Cardiorespiratory differentiation of musically-induced
emotions. Journal of Psychophysiology 11(4), 304-321.

23. Orini, M., Bailon, R, Erik, R., Koelsch, S., Mainardi, L., & Laguna, P. (2010). A method for continuously
assessing the autonomic response to music-induced emotions through HRV analysis. Medical & Biological
Engineering & Computing, 48(5), 423-433. doi:10.1007/s11517-010-0592-3

24. Pereira, C. S., Teixeira, J., Figueiredo, P., Xavier, J., Castro, S. L., & Brattico, E. (2011). Music and emotions
in the brain: Familiarity matters. Plos ONE, 6(11), 1-9. doi:10.137/journal.pone.0027241

25. Rainville, P., Bechara, A., Nagvi, N., & Damasio, A.R. (2006). Basic emotions are associated with distinct
patterns of cardiorespiratory activity. International Journal of Psychophysiology 61(1), 5 — 18.
doi:10.1016/j.ijpsych0.2005.10.024

26. Rickard, N. S. (2004). Intense emotional responses to music: a test of physiological arousal hypothesis.
Psychology of Music, 34(2), 371-388. d0i:10.11770305735604046096

27. Salimpoor, V. N., Benovoy, M., Larcher, K., Dagher, A., & Zatorre, R. J. (2011). Anatomically distinct
dopamine release during anticipation and experience of peak emotion to music. Nature Neuroscience, 14(2), 257-
262. doi:10.1038/nn.2726

28. Sammler, D., Grigutsch, M., Fritz, T., & Koelsch, S. (2007). Music and emotion: Electrophysiological
correlates of the processing of pleasant and unpleasant music. Psychophysiology, 44(2), 293-304.
d0i:10.1111/j.1469-8986.2007.00497 .x

29. Scherer, K. R. (2004). Which emotions can be induced by music? What are the underlying mechanisms? And
how can we measure them?. Journal of New Music Research, 33(3), 239-251. doi:10.1080/0929821042000317822

30. Scherer, K.R. (1995). Expression of emotion in voice and music. Journal of Voice, 9(3). doi:10.1016/S0892-
1997(05)80231-0

31. Sloboda, A., Juslin, P.A., (2001). Psychological perspectives on music and emotion. Psychology of Music
19(2), 110-120. doi: 10.1177/0305735691192002

32. Thoma, M. V., La Marca, R., Bronnimann, R., Finkel, L., Ehlert, U., & Nater, U.M. (2013). The effect of
music on the human stress response. Plos ONE, 8(8), 1. doi:10.1371/journal.pone.0070156

33. Thompson, W.F. (Ed.). (2014). Physiological responses, peripheral. Music in the Social and Behavioral
Sciences: An Encyclopedia (1). Thousand Oaks, CA: SAGE Publications.

1763


http://www.sciencedirect.com/science/journal/01678760
http://dx.doi.org/10.1016/j.ijpsycho.2007.12.001
http://dx.doi.org/10.1016/j.ijpsycho.2005.10.024
http://www.sciencedirect.com/science/article/pii/S0892199705802310
http://dx.doi.org/10.1016/S0892-1997(05)80231-0
http://dx.doi.org/10.1016/S0892-1997(05)80231-0

