bioRxiv preprint doi: https://doi.org/10.1101/637983; this version posted May 16, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

When tenson isexciting: an EEG exploration of excitement in music

AmeliaTurrell!, Andrea R Halpern?, Amir-Homayoun Javadil34”
1 School of Psychology, University of Kent, Canterbury, UK
2 Department of Psychology, Bucknell University, Lewisburg, Pennsylvania, USA

3 Institute of Behavioural Neuroscience, Department of Experimental Psychology, University
College London, London, United Kingdom

4 School of Rehabilitation, Tehran University of Medical Sciences, Tehran, Iran

Keywords. Music, Drop, EEG, Emotion, Excitement, Expectancy, Anticipation, Tension

Corresponding author:

Amir-Homayoun Javadi
Address: School of Psychology,
Keynes College,
University of Kent,
CT2 7NP, Canterbury,
Kent, UK
Phone: +44 1227 827 770
E-Mail: a.h.javadi@gmail.com


https://doi.org/10.1101/637983
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/637983; this version posted May 16, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

AN EEG EXPLORATION OF EXCITEMENT IN MUSIC 2

Abstract

Music powerfully affects people’s emotions. In particular, moments of tension and
deviation in musical features, including frequency, pitch, and rhythm (known as a Drop), are
associated with positive emotions. However, the neuro-correlates of Drops emotive effects
have never been explored. Thirty-six participants listened to music pieces containing a Drop,
while undergoing continuous EEG, and rated felt excitement. Source reconstruction of EEG
data showed significantly different activity in five brain regions before and after Drops: pre-
and post-central gyri (PreCG and PostCG), and precuneus (PCUN) were more active before
Drops and the inferior frontal gyrus (IFG), and middle frontal gyrus (MFG) were more active
after Drops. Importantly, activity in the IFG and MFG showed a strong correlation with
subjective excitement ratings during Drop apprehension. These results suggest expectancy is
important to the induction of musical emations, in agreement with the ITPRA theory.
Specificaly, when Drops are expected but do not occur immediately, moderate tension is
induced. Strong positive emotions then ensue when expected deviations finally occur, due to
contrastive valence. This is reflected in significant brain activity for regions associated with

high arousing, pleasurable emotions, such as excitement.
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1 Introduction

Music can produce reliable and powerful emotional responses in listeners, which can
increase music engagement (Habibi & Damasio, 2014; Menon & Levitin, 2005; Sarkdmo &
Soto, 2012). While there are numerous studies showing different brain areas associated with
passive music apprehension and processing musical features, such as rhythm, pitch, and
melodies (Habibi & Damasio, 2014; Sarkamo & Soto, 2012; Meltzer et al., 2015; Rolison &
Edworthy, 2013) little research has explored the specific effects of highly anticipated but
deviant music moments on brain activity and emotions. Different music genres create these
deviants in different ways, inducing contrasting levels of tension resulting in different levels
of anticipation and associated emotions (Koelsch, 2014). In this study, we investigated effects
of these sudden changes on prefrontal cortex (PFC) brain activity and positive emotions,
including excitement, taking advantage of a dance music technique in which tension and
deviants are created; referred to as Drops. These are points of dramatic variation in the pace,
tempo, beat, bass, volume, tone, frequency and/or rhythm of a song. The music buildsin these
features and abruptly stops or slows to then change.

Three brain areas are consistently shown to be involved in processing musical features
during passive music listening, such as structure, rhythm, pitch, and melodies. the inferior
frontal gyrus (IFG), dorsolatera prefrontal cortex (DLPFC), and the middle frontal gyrus
(MFG) (Kunert, Willems, Casasanto, Patel, & Hagoort, 2015; Lappe, Steinstréter, & Pantev,
2013; Nan & Friederici, 2013; Royal, Zendel, Degjardins, Robitaille, & Peretz, 2018; Thaut,
Trimarchi, & Davide, 2014). These areas are al so associated with experiencing positive music
emotions including; pleasantness, anticipation, empathy, and excitement, as well as
physiological responses indicative of positive feelings, such as ‘chills’ (Greene, Flannery, &
Soto, 2014, Koelsch, Fritz, Cramon, Mdller, & Friederici, 2006; Lehne, Rohrmeier, & Koelsch,
2014; Tabatabaie et a., 2014; Wallmark, Deblieck, & lacoboni, 2018).

Because music unfolds over time, two musical mechanisms of tension and deviation have
previously been associated with positive musical emotions and the previously mentioned brain
activity. Perceived music emotions relate to the syntactic structure and experience of musica
features, aswell asto their predicted and expected future structure; both in terms of anticipation
or tension of what is going to happen and of novel, unexpected deviations (Jones, 1982; Huron,
2006; Koelsch, 2014; Kunert et a., 2015; Vuust & Witek, 2014). According to Huron’s (2006)
ITPRA theory (imagination, tension, prediction, reaction and appraisal), suggesting highly
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anticipated music moments create tension enabling greater positive emotions when predicted
deviations occur due to contrastive valence (Huron, 2006). Contrastive valence refers to the
phenomenon where pleasant emotions are increased when a positive stimuli response
immediately follows a negative response (Huron, 2006).

Research has shown music containing high anticipation and tension for predicted or
unexpected alterations in its continuous framework evoke pleasant emotions, such as
excitement, satisfaction, and surprise despite prior knowledge of the musical piece (Arjmand,
Hohagen, Paton, & Rickard, 2017; Koelsch, 2014; Koelsch, Fritz, & Schlaug, 2008; Omigie,
2016; Zentner, Grandjean, & Scherer, 2008). Musical emotion associated with anticipation and
deviation has been linked to increased activity in the same three brain areas mentioned above
(Bianco et al., 2016; Lehneet al., 2014; Seger et al., 2013), aswell asto experiencing pleasant
musical emotions (Daly et a., 2014; Lehne et a., 2014; Tabei, 2015; Wallmark et a., 2018).

Here, we explored the relationship between positive emotions induced by Drops and
brain activity (EEG and source reconstruction). Specifically, the present research focused on
brain activity related to subjective excitement ratings to a 20 second section of a music
including Drops varying in strength. We recorded EEG during the presentation of song clips
which were used to develop 3D source reconstructions of brain activity across Drop
apprehension. We also recorded excitement ratings after each clips. These ratings were used to
look at parametric modulation of the brain activity. We hypothesised that brain regions
including the IFG, DLPFC, and MFG would increase in activity in response to Drop

processing, and that this activity would correlate with subjective ratings of excitement.

2 Method
2.1 Participants

A total of 36 participants took part in the study (24 females, age mean [SD] = 20.360
[4.372]). Participants were required to have normal or corrected-to-normal vision and hearing.
Participants gave written informed consent. The protocol of the study was approved by the

local ethics committee at the University of Kent.
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2.2  Stimuli

Originally, 180 song clipsthat contained aDrop were extracted from arange of electronic
dance music (EDM) genres, including: Dance, Drum & Bass, Dub-Step, House, and Trance.
Such music is created electronically with devices such as synthesisers and computers, for the
purpose of dancing and is conventionally played in clubs, parties, and raves (Solberg &
Jensenius, 2017; Thompson & Stevenson, 2015).The sub genres follow a similar overal
structure including structured versus and chorus containing Drops, yet differ generaly in
tempo, frequencies and Drop strengths. Each song clip was 18-22s containing a Drop with 1s
fade-in and -out. Pre-Drop consisted of 14swith ajitter of £2s uniform distribution. Post-Drop
was 4s. Undergraduate students (N = 156 in three groups) rated the familiarity, strength, and
experienced excitement for each Drop using a 5-point sale (1 = ‘Not familiar at all’ and 5 =
‘Extremely familiar’) and 10-point scale with 10 being ‘Extremely Strong/Exciting’ and 1
being ‘Not strong/exciting at all’, respectively. Highly familiar songs were then excluded and
90 song clips varying in Drop strength from remaining songs were randomly selected to create

the stimulus set for the main study.

2.3 Procedure

Each trial began with a fixation cross of 3s jittered for £1s with uniform distribution.
Subsequently, a song clip was presented alongside a fixation point on which participants were
asked to keep their gaze, minimizing eye movement. Following the song clip, a question mark
was displayed. The participants' task was to indicate how they felt when listening to the song
on a 9-point scale, with 9 being ‘Very Exciting’ and 1 being ‘Not Exciting’ via the computer

keyboard. Participants were asked to respond as quickly as possible within a 2 second period.

24 EEG Recording

EEG was recorded continuously from 32 Ag/AgCl eectrodes with a BrainVision
QuickAmp-72 amplifier system (Brain Products, Germany) placed according to the 10 — 20
electrode placement system. Raw EEG was sampled at 512 Hz with 12- bit resolution. One
electrode was used as Ground and a further two around the right eye to record vertical and
horizontal eye movements.
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25 EEG Analysis

Our interest was to infer neural substrate of excitement in response to Drops. Therefore,
the analysis was done at the source level. We used 3D source reconstruction to have an
indication of the location of the activity, and to look at average activity over a period before

and after the Drops.

EEG data were analysed using SPM v12 (statistical parametric mapping, Wellcome
Trust, London, UK). Data was filtered for 0.5-48Hz using 7th order Butterworth filter,
montaged based on average electrode activity, and downsampled to 128Hz data. Then, eye-
blinks were removed using activity of the FP2 electrode. Spatial confounds were indicated
based on Singular Value Decomposition (SVD) mode and sensor data was corrected using
Signal-Space Projection (SSP) correction mode. A maximum of two components of spatia
confounds was removed from the EEG data. At the next stage, 1 second pre-Drop and 1 second
post-Drop epochs were extracted. Finally, an automatic artefact detection algorithm was
applied to the epochs, rejecting those with more than 100mv peak to peak amplitude. A 3D
source reconstruction algorithm was then used to extract brain maps of activity sources. EEG
Boundary Element Methods (BEM) with norma mesh resolution was used on the SPM
template and cortical smoothing for eight iterations. Therefore, 2x90 brain volumes were

created for the pre- and post-Drop events. Two analyses were conducted:

Absolute activity —in the first level analysis, contrast images were created using paired-
sample t-tests on each pair of pre- and post-Drop. In the second level analysis, these contrast

images were subjected to a one-sample t-test.

Parametric modulation — subjective ratings were used to examine the modulation of the
brain activity for the pre- and post-Drop events. In the first level analysis, multiple regression
was used with subjective rating as a covariate. In the second level anaysis, paired-sample t-

tests were used to compare the modulated activity for pre- and post-Drop events.

3 Reaults

Three participants had to be excluded as their eye-blink activity was not within the first
two components of spatial confounds. Therefore, data for 33 participants are reported here.
Analysisof the 3D source reconstructed data showed significant increasein inferior and middle

frontal gyri (IFG and MFG) activity, and significant decrease in pre and postcentral gyri
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(PreCG and PostCG) and precuneus (PCUN) activity in post-Drop, respectively. For atable

summarising the analysis see Table 1 and also Figures 1-2.

Table 1. Summary of the analysis of the 3D source reconstruction of the EEG data.

MNI
Brain Area BA Ke Pwe T Z Puncorr X y z
Main Effect
Post >Pre r-Inf Frontal Gyrus 9 1021 0.012 257 243 0.007 56 22 16
r-Mid Frontal Gyrus 46 0.015 247 235 0009 46 38 10
Pre>Post |-Precentral Gyrus 4 876 0.016 244 232 0010 -58 0 14
|-Precentral Gyrus 4 0.017 241 229 0011 -58 -10 36
|-Postcentral Gyrus 3 0019 237 226 0012 -64 -12 28

r-Postcentral Gyrus 3 233 0.031 211 203 0021 60 -14 24
|-Postcentral Gyrus 40 244 0.039 200 193 0027 -26 -38 60
|-Precuneus 7 0041 198 191 0028 -24 -40 52
Parametric Modulation
Post > Pre r-Inf Frontal Gyrus 47 457 0.013 246 234 0010 46 32 -14
r-Mid Frontal Gyrus 46 0016 238 227 0012 52 26 20

|-Inf Frontal Gyrus 47 922 0.014 244 232 0010 -40 34 -16
Note: BA: Brodmann Area, Inf: Inferior, Mid: Middle, FWE is family-wise error correction
for a3mm sphere around the peak voxel.

Figure 1. Main effect of Post > Pre showing the right inferior and middle frontal cortices (y =
30, z=28) (k> 5 voxels, Prwe < 0.05).
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(@

Figure 2. Main effect of Pre > Post (k > 5 voxels, Prwe < 0.05) (a) bilateral Postcentral Gyrus
and the left Precentral Gyrus (y =11, z = 23), (b) left Precuneus (y = -40, z = 52).

Parametric modulation analysis demonstrated significantly greater activity in bilateral
IFG and MFG areas during post-Drop moments, meaning these areas correlate positively with

higher subjective ratings of excitement in post-Drops (see Table 1 and Figure 3).

Figure 3. Parametric modulation of Post > Pre with subjective rating of excitement showing
bilateral inferior and middle frontal cortices (y = 38, z = 2) (k> 5 voxéels, Prue < 0.05).

Further analysis showed a high correlation between the subjective strength of the Drop
(as measured by pre-study questionnaire) and subjective rating of excitement during the study
(r(88) = .60, p <0.001).
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4 Discussion

Here we offer the first exploration into the way music including a Drop relates to brain
activity and high arousing positive emotions. We show that the structure of Drops in music
strongly corresponds to significant brain activity across several regions, including; the bilateral
inferior frontal gyrus (IFG; BA47), right middlefrontal gyrus (MFG; BA46), bilateral pre- and
post-central gyri (PreCG and PostCG; BA4 and 3), and precuneus (PCUN; BA7). Despite
active areas not all being predicted, the current research suggests their association with music
processing and emotions support our hypothesis. Also, IFG and MFG activity were moderated
through ratings of excitement, implying these regions are associated with high arousa and
positive emotions during Drop experiences. This suggests Drops can elicit strong and arousing
emotions, alongside relevant neurological responses with positive valence.

Numerous brain regions, including all six here, have been associated with processing
music and musical features. For instance, their activity have been related to passively,
explicitly, and implicitly apprehending music over other auditory stimuli or silence
(Altenmuller, Siggel, Mohammadi, Samii, & Munte, 2014; Bianco et a., 2016; Bogert et a.,
2016; Plailly, Tillmann, & Royet, 2007; Proverbio & De Benedetto, 2018; Seger et al., 2013;
Schon et al., 2010; Tabel, 2015). Also, these regions associate with perceiving rhythm, meter,
melody, pitch, and tempo (Schon et a., 2010; Thaut et al., 2014). Thissuggests activity in these
areas may relate to musical feature processing as they build and deviate over Drops duration.

4.1 Brain and Emotional Responsesto Pre-Drop

Difference in brain activity between pre- and post-Drop suggests the regions
functionality in music and emotional processing. For instance, the PreCG, PostCG, and PCUN
were more active pre-Drop. Despite the PreCG and PostCG mostly being linked to motor
functions, they have aso been implicated in music processing and assimilating motor,
somatosensory and auditory information (Potes, Gunduz, Brunner, & Schalk, 2012; Ramos-
Murguialday & Birbaumer, 2015; Tanaka & Kirino, 2018). The PreCG, PostCG, and PCUN
play a role in music attention, tempo aterations, absolute pitch, rhythm perception, and
processing music intensity (Dohn et al., 2015; Ono, Nakamura, & Maess, 2015; Potes et al.,
2012; Schon et a., 2010; Thaut et al., 2014). Thus, in support of our hypothesis, greater PreCG,
PostCG and PCUN activity during pre-Drop listening could be associated with processing
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specific music features, including tempo, rhythm, and intensity as they build in aspects such as

speed and volume to then stop or slow.

Also, these brain regions during pre-Drop moments are implicated in the processing of
musi c-induced emotions. For example, PreCG and PostCG are linked to experiencing tension,
expectancy, and anticipation (Bjork & Hommer, 2007; James, Michel, Britz, Vuilleumier, &
Hauert, 2012; Lehne et al., 2014; Thaut et a., 2014; Vuilleumier & Trost, 2015). Also, the
PCUN is used in evaluating music’'s continuous structure, making perception-based
predictions, and entrainment (Alluri et al., 2017; Trost et al., 2014). Thus, activity inthe PreCG,
PostCG and PCUN could be involved in processing musical structure and predicting future
musi ¢ events, alongside emotions such astension, anticipation and expectancy. Greater activity
pre-Drop may suggest listeners experience tension and anticipation as musical features build
ahead of the predicted future deviation at post-Drop.

4.2 Brain and Emotional Responsesto Post-Drop

IFG and MFG had greater activity post-Drops. It has been shown that the IFG contributes
to perceiving music features (such as rhythm) and semantics (Lappe et a., 2013; Schon et al.,
2010; Thaut et al., 2014). For example, greater IFG cortical thickness relates to possession of
absolute pitch, and complex music, rhythm, and harmony apprehension (Dohn et al., 2015).
Thisimpliesgreater IFG activity post-Drop may index the processing of Drop features, aswell

as assessing familiarity of the Drops general structure as the music builds to then change.

Similar to the IFG, MFG activity also increased post-Drop and may relate to processing
Drop features. For example, the MFG is particularly active within general and implicit music
processing, working memory (WM; aongside the IFG), and music rule perception (Bogert et
a., 2016). This implies the MFG’'s importance in assessing Drops continuous musica
structure through WM and structural processing, enabling predictions of post-Drop deviations
and subsequent pre-Drop tension as listeners wait for the music changes to occur. Therefore,
MFG activity (although not predicted) also supports the hypothesis that brain activity would

increase due to the Drops’ specific structure of tension and deviation.

4.3 Correlational Brain Activity with Excitement

Importantly, only IFG and MFG activity were moderated by Drop excitement ratings,
suggesting elevated activity post-Drop correlated with greater arousal and positive emotions as
music deviates. Specifically, increased bilateral IFG and right MFG activity occurred post-
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Drop alongside greater excitement ratings, implying heightened activity rel ated to experiencing
high arousal during music deviation (Chapin, Jantzen, Kelso, Steinberg, & Large, 2010; Flores-
Gutiérrez et d., 2007). For example, Flores-Gutiérrez et al. (2007) compared two classica
works, one by Mahler (high arousal) and one by Bach (low arousal). They demonstrated that
Mahler’ s work was associated more with IFG and MFG activity. In support of our hypothesis,
thisimpliesthe IFG and MFG areimportant to experiencing highly arousing emotions and may
explain increased activity alongside greater excitement ratings. However, the IFG and MFG
were a so connected to highly arousing negative emotions, raising ambiguity asto whether they

relate to highly arousing and positive emotions, such as excitement.

Nevertheless, the MFG and IFG are also connected with processing positive music-
evoked emotions (Barrett & Janata, 2016; Kim et al., 2017; Walmark et al., 2018). Greater
MFG and IFG activity contributes to perceived, felt and pleasant music emotions; including
nostalgia, happiness, liking, and empathy (Barrett & Janata, 2016; Brattico et a., 2011; Joucla
et a., 2018; Kim et al., 2017; Koelsch et al., 2006; Tabel, 2015; Wallmark et al., 2018). Thus,
greater MFG and IFG activity post-Drop and their correlation with excitement could suggest
more positive emotive responses in listeners as music deviates (Bogert et al., 2016; Kohn et
a., 2014; Wallmark et al., 2018). However, some pleasant emotions linked to IFG and MFG
activity are lower in arousal, making it less clear whether IFG and MFG activity increases

alongside greater positive emotions or arousal.

Currently, little research has linked the IFG and MFG to arousal in music, yet much
research has associated these regions with positive emotions, including pleasantness
(Altenmuller et al., 2014; Joucla et a., 2018). This suggests these regions may be more
involved in processing positive emotions than high arousal and could be linked to excitement
due to its positive valence, athough more research is needed.

4.4 Linking Drop Structure, Brain Activity, and Emotions

One way to explain how Drops structure may contribute to brain activity, high arousal,
and positive music emations, is via Huron’s (2006) ITPRA theory. Specifically, musica
tension and prediction are important to processing and experiencing music emotions (Huron,
2006; Koelsch, 2014). Music follows certain structures or rules within time, musical events,
intensity and space, enabling musical syntax which is associated with IFG activity (Asano &
Boeckx, 2015; Lehne et al., 2014; Koelsch, 2014; Kunert et a., 2015). Musica syntax
facilitates predictability and listeners' anticipation of future music moments, which relates to
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musical tension, positive emotions when predictions are correct, and co-occurring IFG activity
(Bianco et a., 2016; Huron, 2006; Koelsch, 2014; Lehne et al., 2014; Schon et a., 2010;
Zatorre, Chen, & Penhune, 2007). Thus, the ITPRA theory suggests music evokes emotions
viatension and anticipation of predicted moments, and tension has been shown to relateto IFG

activity.

Specifically, Drops possess a unique syntax and repeated listeners of dance music may
learn to predict post-Drop deviations. However, there is uncertainty of when deviations will
occur due to delays from pre-Drop moments. This pre-Drop delay, including rising musical
features, may cause greater tension associating with enhanced PCUN activity (Vuilleumier &
Trost, 2015). As musical features deviate post-Drop, this heightened tension may amplify
positive emotions due to contrastive valence, as well as mediating IFG and MFG activity
(Biancoet d., 2016; Lappeet al., 2013; Seger et d., 2013). Therefore, Drops' tension-inducing
and deviating structure may link to ITPRA viatension and prediction, which may aso mediate
activity in the PCUN pre-Drop and IFG and MFG post-Drop, as well as being associated with
greater arousing and positive emotions, including excitement.

Also according to ITPRA, contrastive valence suggests Drops with longer and more
tension inducing pre-Drops preceding predicted large deviations post-Drop, would evoke
greater positive emotions, including excitement (Huron, 2006). Parametric modul ation results
showing greater IFG and MFG activity alongside increased excitement ratings, could suggest
their importance in processing music predictions and tension, and to experiencing subsequent
positive emotions (Lehne et al., 2014; Pecenka, Engel, & Keller, 2013). Thus, larger IFG and
MFG activity post-Drop could relate to the processing of tension, music prediction and

resulting positive emotion as expected post-Drop deviations occur.

However, our finding of no significant alterations in DLPFC activity across Drop
apprehension contradicts the hypothesis that DLPFC activity will increase in relation to Drop
processing. In addition to many other functions, the DLPFC is involved in music processing,
specifically it is more active in processing familiarity, rhythm and sequenced sounds, as well
as detecting pitch aterations or deviances (Altenmuiller et a., 2014, Plailly et d., 2007; Flores-
Gutiérrez et a., 2007; Seger et a., 2013; Platel et al., 1997; Koelsch & Siebel, 2005, Doeller
et al., 2003; Dohn et a., 2015, respectively). Also, greater DLPFC activity is associated with
likable music, increased physiological arousal, and pleasant emotions, including complex
positive feelings such as empathy and nostalgia (Barrett & Janata, 2016; Bigliassi, Lebn-
Dominguez, & Altimari, 2015; Brattico et al., 2011; Joucla et a., 2018; Koelsch et al., 2006;
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Wallmark et al., 2018). Although DLPFC activity may be genre specific and is not always
active during music apprehension (Bigliassi et al., 2015). For example, increased DLPFC
activity isassociated with classical music listening but not techno music (Bigliass et al., 2015).
Therefore, less DLPFC activity raises ambiguity as to its importance in processing modern
electronic music and musical deviations in Drops, which may explain lack of DLPFC activity
changes here. Future research should evauate further the limited processing ability of the

DLPFC in aternative music genres.

45 Conclusions

This paper offers afirst insight into the neurological responses to music that contains a
Drop. Activity in severa brain areasincluding; the IFG, MFG, PCUN, and PreCG and PostCG
during either pre- or post-Drop may relate to the processing of specific music features, tension,
prediction, and emotions. These include pitch, rhythm, and deviation, as well as the dlicitation
of high arousal and powerful, positive emotions, such as excitement. Future research should
expand on the relationship between Drops, brain activity and different emotional responses. It
should attempt to establish a causal relation between the aforementioned brain regions, and
emotional and arousing responses using stimulation and other imaging techniques. For
instance, future research may compare neurological responses to Drops with other music
genres, such as classical. Also, future research could use cathodal transcranial direct current
stimulation (tDCS) within the IFG and MFG to assess music processing and emotional

differences.


https://doi.org/10.1101/637983
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/637983; this version posted May 16, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

AN EEG EXPLORATION OF EXCITEMENT IN MUSIC 14
5 References

Alluri, V., Toiviainen, P., Burunat, |., Kliuchko, M., Vuust, P., & Brattico, E. (2017).

Connectivity patterns during music listening: Evidence for action- based processing

in musicians. Human Brain Mapping, 38(6), 2955-2970.
https://doi.org/10.1002/hbm.23565

Altenmller, E., Siggel, S., Mohammadi, B., Samii, A., & Munte, T. F. (2014). Play it again,

Sam: Brain correlates of emotional music recognition. Frontiersin Psychology,
5(FEB), 1-8. https://doi.org/10.3389/fpsyg.2014.00114

Arjmand, H. A., Hohagen, J., Paton, B., & Rickard, N. S. (2017). Emotional responsesto

music: Shiftsin frontal brain asymmetry mark periods of musical change. Frontiersin
Psychology, 8(DEC), 1-13. https://doi.org/10.3389/fpsyg.2017.02044

Asano, R., & Boeckx, C. (2015). Syntax in language and music: What is theright level of
comparison? Frontiersin Psychology, 6. https://doi.org/10.3389/fpsyg.2015.00942

Barrett, F. S., & Janata, P. (2016). Neural responses to nostal gia-evoking music modeled by

elements of dynamic musical structure and individual differencesin affective traits.
Neuropsychologia, 91, 234-246.

https://doi.org/10.1016/j.neuropsychol ogia.2016.08.012

Bianco, R., Novembre, G., Kéller, P. E., Kim, S.-G., Scharf, F., Friederici, A. D., ...
Sammler, D. (2016). Neura networks for harmonic structure in music perception and
action. Neurolmage, 142, 454-464. https.//doi.org/10.1016/j.neuroimage.2016.08.025

Bigliassi, M., Ledn-Dominguez, U., & Altimari, L. R. (2015). How does the prefrontal cortex
'listen’ to classical and techno music? A functional near-infrared spectroscopy
(fNIRS) study. Psychology & Neuroscience, 8(2), 246-256. doi:10.1037/h0101064

Binkofski, F., & Buccino, G. (2004). Motor functions of the Broca' s region. Brain and
Language, 89(2), 362—369. https://doi.org/10.1016/S0093-934X (03)00358-4

Bogert, B., Numminen-Kontti, T., Gold, B., Sams, M., Numminen, J., Burunat, 1., ...

Brattico, E. (2016). Hidden sources of joy, fear, and sadness. Explicit versus implicit
neura processing of musical emotions. Neuropsychologia, 89, 393-402.
https://doi.org/10.1016/j.neuropsychol ogia.2016.07.005

Bjork, J. M., & Hommer, D. W. (2007). Anticipating instrumentally obtained and passively-
received rewards. A factorial fMRI investigation. Behavioural Brain Research,
177(1), 165-170. https://doi.org/10.1016/j.bbr.2006.10.034

Brattico, E., Alluri, V., Bogert, B., Jacobsen, T., Vartiainen, N., Nieminen, S., & Tervaniemi,

M. (2011). A functional MRI study of happy and sad emotions in music with and
without lyrics. Frontiers in Psychology, 2(DEC), 1-16.
https://doi.org/10.3389/fpsyg.2011.00308

Chapin, H., Jantzen, K., Kelso, J. S., Steinberg, F., & Large, E. (2010). Dynamic emotional

and neural responses to music depend on performance expression and listener
experience. PloS one, 5(12), €13812.

Cheyne, D., Bakhtazad, L., & Gaetz, W. (2006). Spatiotemporal Mapping of Cortical
Activity Accompanying Voluntary Movements Using an Event-Related Beamforming


https://doi.org/10.1101/637983
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/637983; this version posted May 16, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

AN EEG EXPLORATION OF EXCITEMENT IN MUSIC 15

Approach. Human Brain Mapping, 27(3), 213-229.
https://doi.org/10.1002/hbm.20178

Coxon, J. P, Stinear, C. M., & Byblow, W. D. (2009). Stop and go: The neural basis of
sel ective movement prevention. Journal of Cognitive Neuroscience, 21(6), 1193—
1203. https://doi.org/10.1162/jocn.2009.21081

Daly, I., Mdik, A., Hwang, F., Roesch, E., Weaver, J., Kirke, A., ... & Nasuto, S. J. (2014).
Neural correlates of emotional responses to music: an EEG study. Neuroscience
letters, 573, 52-57.

Dodler, C. F., Opitz, B., Mecklinger, A., Krick, C., Reith, W., & Schroger, E. (2003).
Prefrontal cortex involvement in preattentive auditory deviance detection::
neuroimaging and electrophysiological evidence. Neuroimage, 20(2), 1270-1282.
doi:http://doi.org/10.1016/S1053-8119(03)00389-6

Dohn, A., Garza-Villarred, E. A., Chakravarty, M. M., Hansen, M., Lerch, J. P., & Vuust, P.
(2015). Gray-and white-matter anatomy of absolute pitch possessors. Cerebral
Cortex, 25(5), 1379-1388. https://doi.org/10.1093/cercor/bht334

Flores-Gutiérrez, E. O., Diaz, J. L., Barrios, F. A., FavilaHumara, R., Guevara, M. A., del
Rio-Portilla, Y., & Corsi-Cabrera, M. (2007). Metabolic and electric brain patterns
during pleasant and unpleasant emotions induced by music masterpieces.
International Journal of Psychophysiology, 65(1), 69-84.
https.//doi.org/10.1016/j.ijpsycho.2007.03.004

Greene, C. M., Flannery, O., & Soto, D. (2014). Distinct parieta sites mediate the influences
of mood, arousal, and their interaction on human recognition memory. Cognitive,
Affective and Behavioral Neuroscience, 14(4), 1327-13309.
https://doi.org/10.3758/s13415-014-0266-y

Habibi, A., & Damasio, A. (2014). Music, feelings, and the human brain. Psychomusicology:
Music, Mind, And Brain, 24(1), 92-102. doi:10.1037/pmu0000033

Huron, D. (2006). Sweet anticipation: Music and the psychology of expectation. Cambridge,
MA, US: The MIT Press.

James, C. E., Michel, C. M., Britz, J., Vuilleumier, P., & Hauert, C. (2012). Rhythm evokes
action: Early processing of metric deviances in expressive music by experts and
laymen revealed by ERP source imaging. Human Brain Mapping, 33(12), 2751-2767.
https://doi.org/10.1002/hbm.21397

Jones, M. R. (1982). Music as astimulus for psychological motion: Part 1. An expectancy
model. Psychomusicology: A Journal Of Research In Music Cognition, 2(1), 1-13.
doi:10.1037/h0094266

Joucla, C., Nicolier, M., Giustiniani, J., Brunotte, G., Noiret, N., Monnin, J., ... Gabriel, D.
(2018). Evidence for a neural signature of musical preference during silence.
International Journal of Psychophysiology, 125(February), 50-56.
https://doi.org/10.1016/j.ijpsycho.2018.02.007

Kim, J., Shinkareva, S. V., & Wedell, D. H. (2017). Representations of modality-general
valence for videos and music derived from fMRI data. Neurolmage, 148, 42-54.
https://doi.org/10.1016/j.neuroimage.2017.01.002


https://doi.org/10.1101/637983
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/637983; this version posted May 16, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

AN EEG EXPLORATION OF EXCITEMENT IN MUSIC 16

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

Koelsch, S., Fritz, T., Cramon, D. V., Mlller, K., & Friederici, A. D. (2006). Investigating
emotion with music: An fMRI study. Human Brain Mapping, 27(3), 239-250.
doi:10.1002/hbm.20180

Koelsch, S, Fritz, T., & Schlaug, G. (2008). Amygdala activity can be modulated by
unexpected chord functions during music listening. Neuroreport: For Rapid
Communication Of Neuroscience Research, 19(18), 1815-1819.
doi:10.1097/WNR.0b013e32831a8722

Koelsch, S., & Siebel, W. A. (2005). Towards a neural basis of music perception. Trends In
Cognitive Sciences, 9(12), S78-S84. doi:10.1016/].tics.2005.10.001

Kohn, N., Eickhoff, S. B., Scheller, M., Laird, A. R., Fox, P. T., & Habel, U. (2014). Neural
network of cognitive emotion regulation—An ALE meta-analysisand MACM
anaysis. Neurolmage, 87, 345-355.
https://doi.org/10.1016/j.neuroimage.2013.11.001

Kunert, R., Willems, R. M., Casasanto, D., Patel, A. D., & Hagoort, P. (2015). Music and
language syntax interact in Broca' s area: An fMRI study. PLoS ONE, 10(11).
https://doi.org/10.1371/journal .pone.0141069

Lappe, C., Steinstréter, O., & Pantev, C. (2013). Rhythmic and melodic deviations in musical
sequences recruit different cortical areas for mismatch detection. Frontiersin Human
Neuroscience, 7. https://doi.org/10.3389/fnhum.2013.00260

Lehne, M., Rohrmeier, M., & Koelsch, S. (2014). Tension-related activity in the orbitofrontal
cortex and amygdala: An fMRI study with music. Social Cognitive And Affective
Neuroscience, 9(10), 1515-1523. doi:10.1093/scan/nst141

Liu, Y., Liu, G.,, We, D, Li, Q., Yuan, G.,, Wu, S,, ... Zhao, X. (2018). Effects of musical
tempo on musicians’ and non-musicians emotional experience when listening to
music. Frontiersin Psychology, 9. https://doi.org/10.3389/fpsyg.2018.02118

Méltzer, B., Reichenbach, C. S., Braiman, C., Schiff, N. D., Hudspeth, A. J., & Reichenbach,
T. (2015). The steady-state response of the cerebral cortex to the beat of music
reflects both the comprehension of music and attention. Frontiers In Human
Neuroscience, 9, doi:10.3389/fnhum.2015.00436

Menon, V., & Levitin, D. J. (2005). The rewards of music listening: response and
physiological connectivity of the mesolimbic system. Neuroimage, 28(1), 175-184.
doi:http://dx.doi.org/10.1016/j.neurcimage.2005.05.053

Omigie, D. (2016). Basic, specific, mechanistic? Conceptualizing musical emotionsin the
brain. Journal of Compar ative Neurology, 524(8), 1676-1686.
https://doi.org/10.1002/cne.23854

Ono, K., Nakamura, A., & Maess, B. (2015). Keeping an eye on the conductor: Neural
correlates of visuo-motor synchronization and musical experience. Frontiersin
Human Neuroscience, 9. https.//doi.org/10.3389/fnhum.2015.00154


https://doi.org/10.1101/637983
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/637983; this version posted May 16, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

AN EEG EXPLORATION OF EXCITEMENT IN MUSIC 17

Pecenka, N., Engel, A., & Kdller, P. E. (2013). Neural correlates of auditory temporal
predictions during sensorimotor synchronization. Frontiersin Human Neuroscience,
7. https://doi.org/10.3389/fnhum.2013.00380

Plailly, J., Tillmann, B., & Royet, J. P. (2007). The feeling of familiarity of music and odors:
The same neural signature? Cerebral Cortex, 17(11), 2650-2658.
https://doi.org/10.1093/cercor/bhl 173

Platel, H., Price, C., Baron, J., Wise, R., Lambert, J., Frackowiak, R. J., & ... Eustache, F.
(1997). The structural components of music perception: A functional anatomical
study. Brain: A Journal Of Neurology, 120(2), 229-243. doi:10.1093/brain/120.2.229

Potes, C., Gunduz, A., Brunner, P., & Schalk, G. (2012). Dynamics of e ectrocorticographic
(ECoG) activity in human temporal and frontal cortical areas during music listening.
Neurolmage, 61(4), 841-848. https.//doi.org/10.1016/].neuroimage.2012.04.022

Proverbio, A. M., & De Benedetto, F. (2018). Auditory enhancement of visual memory
encoding is driven by emotional content of the auditory material and mediated by
superior frontal cortex. Biological Psychology, 132, 164-175.
https://doi.org/10.1016/j.biopsycho.2017.12.003

Ramos-Murguiaday, A., & Birbaumer, N. (2015). Brain oscillatory signatures of motor
tasks. Journal of Neurophysiology, 113(10), 3663—3682.
https://doi.org/10.1152/jn.00467.2013

Rolison, J. J., & Edworthy, J. (2013). The whole song is greater than the sum of its parts:
Local and structural features in music listening. Psychomusicology: Music, Mind, And
Brain, 23(1), 33-48. doi:10.1037/a0032442

Royal, |., Zendel, B. R., Desardins, M .-E., Robitaille, N., & Peretz, I. (2018). Modulation of
electric brain responses evoked by pitch deviants through transcranial direct current
stimulation. Neuropsychologia, 109, 63—74.
https://doi.org/10.1016/j.neuropsychologia.2017.11.028

Sarkamo, T., & Soto, D. (2012). Music listening after stroke: beneficial effects and potential
neural mechanisms. Annals of the New York Academy of Sciences, 1252(1), 266-281.
doi:10.1111/j.1749-6632.2011.06405.x

Seger, C. A., Spiering, B. J., Sares, A. G., Quraini, S. I., Alpeter, C., David, J., & Thaut, M.
H. (2013). Corticostriatal contributions to musical expectancy perception. Journal Of
Cognitive Neuroscience, 25(7), 1062-1077. doi:10.1162/jocn_a 00371

Schon, D., Gordon, R., Campagne, A., Magne, C., Astésano, C., Anton, J.-L., & Besson, M.
(2010). Similar cerebral networks in language, music and song perception.
Neurolmage, 51(1), 450-461. https://doi.org/10.1016/].neurcimage.2010.02.023

Tabatabaie, A. F., Azadehfar, M. R., Mirian, N., Noroozian, M., Yoonessi, A., Saebipour, M.
R., & Yoonessi, A. (2014). Neural correlates of boredom in music perception. Basic
and Clinical Neuroscience, 5(4), 259-266. Retrieved from
https://www.ncbi.nlm.nih.gov/pmc/articles/PM C4656931/pdf/BCN-5-259.pdf

Tabei, K. (2015). Inferior frontal gyrus activation underlies the perception of emotions, while
precuneus activation underlies the feeling of emotions during music listening.
Behavioural Neurology, 2015. http://dx.doi.org/10.1155/2015/529043


https://doi.org/10.1101/637983
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/637983; this version posted May 16, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

AN EEG EXPLORATION OF EXCITEMENT IN MUSIC 18

Tanaka, S., & Kirino, E. (2018). The parietal opercular auditory-sensorimotor network in
musicians: A resting-state fMRI study. Brain and Cognition, 120, 43-47.
https://doi.org/10.1016/j.bandc.2017.11.001

Thaut, M. H., Trimarchi, P. D., & Davide, P. (2014). Human brain basis of musical rhythm
perception: Common and distinct neural substrates for meter, tempo, and
pattern. Brain Sciences, 4(2), 428-452. https://doi.org/10.3390/brainsci4020428

Trost, W., Friihholz, S., Schon, D., Labbé, C., Pichon, S., Grandjean, D., & Vuilleumier, P.
(2014). Getting the beat: Entrainment of brain activity by musical rhythm and
pleasantness. Neurolmage, 103, 55-64.
https://doi.org/10.1016/j.neuroimage.2014.09.009

Vuilleumier, P., & Trost, W. (2015). Music and emotions: from enchantment to entrainment.
Annals of the New York Academy of Sciences, 1337(1), 212-222.

Vuugt, P., & Witek, M. G. (2014). Rhythmic complexity and predictive coding: A novel
approach to modeling rhythm and meter perception in music. Frontiersin
Psychology, 5. doi:https://doi.org/10.3389/fpsyg.2014.01111

Wallmark, Z., Deblieck, C., & lacoboni, M. (2018). Neurophysiological effects of trait
empathy in music listening. Frontiers in Behavioral Neuroscience, 12.
https://doi.org/10.3389/fnbeh.2018.00066

Zatorre, R. J., Chen, J. L., & Penhune, V. B. (2007). When the brain plays music: Auditory-
motor interactions in music perception and production. Nature Reviews Neuroscience,
8(7), 547-558. doi:10.1038/nrn2152

Zentner, M., Grandjean, D., & Scherer, K. R. (2008). Emotions evoked by the sound of
music: Characterization, classification, and measurement. Emotion, 8(4), 494-521.
doi:10.1037/1528-3542.8.4.494


https://doi.org/10.1101/637983
http://creativecommons.org/licenses/by/4.0/

