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Abstract
We utilise qualitative audience research and functional brain imaging (fMRI) to exdmaine
aesthetic experience of watching dabogh with andvithout music.This transdisciplinary
approach was motivated by the recognition that the aesthetic experience of dance revealed
through conscious interpretation could have neural corretatesin activity. When
audiences were engaged in watching dance accompanied by tinei$MRI data revealed
evidence of greatentersubject correlation in a ledinteriorregionof the superiortemporal
gyrusknown to be involved in complex audio processing. Moreotiequalitative data
revealechow spectators derivepleasure from fiding convergences between two complex
stimuli (dance and musid)Vithout music, greater intersubject correlation was found
bilaterally in a posterior region of the superior temporal gyrus, showing that bodily sounds
such as breath provide a more saliemtimuy signal than music in primary auditory regions.
Watching dance without music also resultethzreased intersubject correlation amsing
spectators in the parietal and occipitotemporal@egtsuggesting a greater influence of the
bodythanwhen irterpreting the dance stimwlith music Similarly, the audience research
found evidence of corporeally focused experighce suggests thathile embodied
responsgwerecommon across spectatptisey wereaccompanied by different evaluative

judgements.

Keywords:aestheticsgance fMRI, multisensory, qualitative
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Spectator@Aesthetic Experience of Sound and Movement in Dance Performance

Transdisciplinary Investigation

In this paper we discuss a study that was carried out as partwhtihing Daice:

Kinesthetic Empathy projectvivw.watchingdance.ojgThe Watching Dance projedthis

was a transdisciplinary explorationtbe extent to which spectatorsO experienicéance
were based upon kinesthetic empatffiye present paper focuses on spectatorsO aesthetic
experience of sound and movement, investigated through a combination of qualitative

audience research afuhctional brain imaging (fMRI

As a multtmodal form, @nce invites research into how differeehsory modalities
interact with each otheAlthough he relationship between dance and music is central to
Western theatre dance practice (Beeexample Jordan, 2000; 2008&nd has begun to be
addressed bgeurocognitive approaches (Jola, et al.,30i1 has not hitherto been studied in
combination with qualitative research on dance audiences in theatre settingpp@ach
parallels theecentproposals of hovaesthetic aspects dance can (Christens&nCalvo
Merino, 2013) and shoulddla& Christensen2015) be a subject for empirical research into
the audience experiendeurther, our research emphasis aligns wWithcurrent surge of
interest in multisensory aspsaf performance (Banes & Lege, 2007;BlSsing, 2015;
Chapple& Kattenbelt 2006; Di Benedetto, 2010; McKinney, 2012; VaRkbee 2010; 2011;
Viaud-Delmon et al. 2012 Within this context of developing research into the mmitidal
aspects of danceur aim was to research audiencesO responses to dance movement when

accompanied bglifferent combinations of movement and sound.

The specific question we set out to investigate wasitus the effect of different

soundscores on spectators watching a particular daacgor? Does the auditory stimulation
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when watching dance have dfeet on the kinesthetic experience and/or the aesthetic
appreciation of the spectatokd how is this experience altered whaasic is removedand

spectators just hear the performersO breathing and footfalls?

We argue that accounting for both conscimisrpretive meaningnakingand
neuronal processes of cognition allows optimal engagement with the complesorieal
phenomenon of dance spectatorship. As Sobchack (2004) states, being human Oentails the
body and consciousness, objectivity and subjegtiin an irreducible ensembleO (p. 4),
requiring a holistic understanding of spectatorsO aesthetic experiences. With this perception in
mind, we usedwo distinctapproache®cognitive neuroscience and qualitative audience
researcibto investigate respses to the same stimulus matefialthis study these
disciplines were connected through working methods of complementaritgeglang
elaboration, enhancement, ilttetion and claritation of the results from one method with
the results from anotheas well as through triangulation (i.e. seekiogvergence,
corroboration, correspondenaedimplementation of the results from one discipline to the
other) (see Bryman, 2006; see also Reason et al., 2di8yuklitativeaudience research
findings informed the design of the neuroimaging research, in particular with regards to the
choice of appropriate stimuli and the formation of hypotheses relating to specific brain
activity. They also impacted on the interpretation of identified brain activity,gagested by
McKinlay, McVittie, and Della Sal§2010), who proposthatqualitative forms of analysis
might provide additional means of making sense of diatarn, he neurosantific findings

may evidene theneuronal processemderlyingconsciousiance perception experiences.
General Method

The Stimulus Material
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To examinespecific questions relating gpectator experiences the relationship
between sound and movement, it was necessary to work collaboratitrely choreographer
to producea short dance work that brought thessues to the forefronthe Watching Dance
team specifically wanted to work with a choreographer who would find the experience of
adjusting an existing piece to the needs of scientific investigation genuinely useifigifor
own work. To this end, the team approached Rosie Kay, a choreographer with an established
reputation in contemporary Western theatre dance, whose aims and interests were relevant to

our research.

The resulting work was entitlddouble Points: 3Xand wasan adapted performance
that incorporatedspects of laboratory experiment into professional choreography, and that

would be used as stimulus material in both the neuroimaging and qualitative research.

. Double Points: 3Xhas its origins in a previous work by Kay, titlBduble Points: K
(2008). This, itself, was aiaterpretation of a seminal choreography by the Netherands
based dance company EmioGreco|PC, tiledble Points: Tw@1999). In this work the lack
of a narative form, a heightened awareness of breath sounds that resulted from the levels of
exertion, and the use of silence made it particularly suitable for adaptation for this research

study.

Kay set about adapting the work to intensify the focus on masiedsand movement.
The work was shortened and adjusted to have fewer variables, enabling a more direct
comparison to be made between different momég.created a five minute choreography
that incorporated several important elements of the work, imgyatrtner work and running
and travelling phrases. This fareinute section was then repeated three times (H2ouble
Points: 3X to three sections ahusig each ofive minutes.The three soundscapes wéje

BachOgddncerto for Oboe and Violin in ®inorQ Allegro, 2) Breath (no music or digital
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soundscape batmbient sound, including the performersO breathing and footfalls), and 3)
Electro (composed by lan Wallman); these were performed in the given order during the

performance.

Double Points: 3 3 a male/female duet, with the dancers wearing grey-tikaic
dresses, with bare feet. The dancers start by facing towards the audience diagonally, then
meet together in movemerdgstretched arms and legs, joining together in a quick pas de
deux of slort lifts and manipulations, limbs slicing between the spaces created by the
dancerébodies, pulling through and pushing back. Witkir backs to the audienctne
dancers begin a unison section of extended reaches, balletic arm positions and syachroniz
timing. This develops into a turning sequereach dancer circling the other, arms
outstretched in couru turns, building to both spinning around the stage, ending at opposite
corners. The dancers spin their arms in winditké# movements, before rusiy towards
each other, with quick gallops into a sequence of fast runs onpentés, spinning and
circling arms and little leaps. At the end the dancers rush towards the audience, arms
outstretched as if to fly, bodies breathing in time together, de&urning to their starting

positiors.

In thestudio, Kay and a second dancer Morgan Cloud rehearsed with stopwatches to
ensure that each section was as identical as possible, practicing it in silence most of the time
so that the Breath version became ltilasis of the timing rather than the music cues. Despite
this deliberate intention, in the live performance the Breath section was slightly longer than
those performed to music, perhaps as a result of not having the clear tempo of the music to

direct thespeed.

Owing to KayOs artistic intervention, the performance also had short introductions and

endings. In the originddouble Points: Kthere is a 0 minutelong opening, where the

%



AESTHETIC EXPERIENCE OF SOUND AND MOVEMENT

dancers travel across the stage on dgomte with their backs to theidience, gradually
revealing themselves to tlaeidience before the first part of the Bach Concerto begins.
Without this opening, Kay felt that the work would lack performative qualities: there would
be no room for the audience to relax, join the spagestttheir perception to the dark of the
theatre and become familiar with the bodies and personalities of the dancers. Short film

versions oDouble Points: 3>can be viewed online attp://tinyurl.com/bol4nsg

Audience Research Framework
Overview

In September 200%n invited audience watched the dance performance at the John
Thaw Studio Theatre, University of Manchester. Qualitative audience research typically
engages participants in widanging, reflectiveeonversation (Barker, 1998). It is often
utilised in connection with real world situations, where the focus group format can have
much in common with the peshow conversations that form the natural aftermath of a social
visit to the theatre with a growgs friends (Sauter, 2000frrom across the broad spectrum of
gualitative methodological frameworks, the particular epistemological underpinning for the
qualitative audience research undertaken for this paper is that of participatory enquiry into the

phenonenological experience of watching dance.

Phenomenology as a method of philosophical inquiry perceives the world as made
meaningful through its encounter with a subjective agency. As Max van Manen (1990)
writes, Othe world itself, without reference to mpegiencing person or consciousness cannot
be described directly, [as] such approach would overlook that the real things of the world are
always meaningfully constituted by conscious human beingsO (p. 9). Participatory methods of
gualitative research pagtilarly lend themselves to phenomenological enquiry owing to their

ability to account for experiential knowing (Heron & Reason, 1997). Creswell (2009)
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describes the participatory worldview as one that sees meaning as Oconstructed by human

beings as they giage with the world they are interpretingO (p. 9).
Method

We therefore sought to investigate audiencesO lived experiences of dance through
collaborative dialogue with spectators, setting out to uncover what Lincoln, Lynham, and
Guba (201} describe as @critical subjectivity and sedfivareness.O We operated through
actively engaging spectatparticipants in the research questions and in their experiences of
Double Points: 3XThe focus groups therefore began with researchers explicitly outlining the
nature of the research projects and the kinds of questions that we were seeking to explore
through the discussions. Responses were facilitatéideyature of the stimulus matari
itself, where the same sequeméenovement was repeated against altering soundscapes
(Bach,breath, electroin a structure that actively invited conscious reflectieor example,

one participant commented:

One of the things that struck me was tHédence the music made to the cycles. |
suddenly realised that it was partly the same choreography and the difference the

music made to the physicality of this dan@@orag, experienced spectator)

In other words, the question of the relationship betwssrind and movement was an element

of conscious reflection within the experience itself.
Participants

A total of 15participanty9 female and 6 malépok part in two 9@minute workshops
that immediately followed the performance. Participants were gbhp their level of dance
watching experience, with one group (numbering 9) of experienced spectators, who on

average watched three or more performances a year, agdoup®f novice spectators
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(numbering 6), who on average watched fewer than one ganicemance a year. None of

the participants had any experience as damestdance trainingpeyond childhood. In this

paper the level of spectatorsO watching experience is indicated after their names. Experienced
spectators were selected from respotglémquestionnaires circulated in local dance venues
(particularly The Lowry, Manchester) which enabled identification of frequent dance

attenders. Naturallgovice spectatorsould not be recruited from amongstdiences already

at dance performances ath@ése participanteereinsteadrecruited through open calls via
universityemail listsand personal network$his element of the study wapprovedoy the

Ethics Committee of the Faculty of Arts, York St John Univer$ityticipantsO consent was
obtained both at the recruiemt stage and verbally during the focus groups. In this document

all participantsO names have been changed.
Procedure

Due to the live nature of the performance it was not possible to counterbalance the
order in which spectatosaw the three sections of the dance. All live spectators therefore

saw the same order séquences: Bach, Breath and Electro.

Three researchers from the Watching Dance team facilitated the workshops, each
following the same format and exploring the saioee research questioshe workshops
were designed to enable the kinds of phenomenological engagement that underpinned the
methodology, through a combination of structured memory exercises followed by open
discussion. The memory exercises (adapted fratricél Incident Technique and the use of
Projective Techniques in media research) utilized pen and paper tasks that had a mediating
function and invited active thinking. These approaches were developed in previous audience
research carried out by membefshe project team (for example Reason 2006) aacar

methodological approach that has also been adopted by audience researchers in different
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contexts (Hansen, 2011). Table 1 provides further details of the four main exercises

undertaken in the workshopsd their roles in both data gathering and participatory analysis.

All the focus group discussions were audio recorded and transcribed. As researchers
we located ourselvesithin the participatory enquiry rather than outside. That is to say, we
were rese@hing with the participants, rather than external experts researching on them or
even researching into them. The activities outlined above therefore represent both processes
of data gatheringndprocesses of analysis in which the participants themseaéxedoped
themes of interpretation throughout the course of the focus groups. These are discussed below
under the headings Omusic and movement perceptionO and Obreathing and movement

perceptionO.
Results and Discussion

Music and movementperception. Oneof the anticipated outcomes of the
experiment was that changing the soundscape would change the spectatorOs emotional
interpretation of the movement. This was confirmed, and also explicitly recognised by the
participants themselves, such as David (expedd spectator) who observed how the
combination of the OrepetitivenessO of the dance with Odifferent backing music or lack of
music inspired different emotions at each time [E] You change the music, you donOt change

the dance, you repeat the dance, ad ot a totally different emotional effect.O

For several of the participantie changing soundscape made them question the
exactness of the repetition in the movement. Olin@vice spectator) explained,Was not
sure that they werilne same movements, so | kind of had this question in my mind, were they
dancing the same wa@While the performers Kay and Cloud were extremely careful to keep
the sections as identical as possible, the spectators were frequently unable to convince

themseles that this was the caggven the different emotional feeliagroduced Indeed,

!
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there were inevitable slight differences, with Breathsectionbeingslightly longer,asClive

(experienced spectator) intuitively recognised:

| found myselithinking thateven though | know that is probably exactly the same
movement, is it my imagination or is the music bringing out slight differences in the
dance performance itself as well as my perceptual bit. Was the Bach more elegiac and
flowing? Was théBreath accormpanied one more staccato with more emphasis and

was the final piece, | don't know what to call it, jazz piece, was the movement slightly

more syncopated, | don't know | found these impressions coming into my mind.

Here Clive is explicitly wondering aboutd extent to which his perception of the
movement was directed by qualities associated with the music. Are we able to trust ourselves
to read what we see; or does our aural experience alter our visual perception? For many
participants the Backection waslescribed as more Oelega@fiowingQOrelaxingO and
OlyricalQwith one spectator convinced that for this sectienmtiovements were executed
with Qrery kind of exaggerated broad gesturesy velated to the baroque styléhe
electronic sca by contast was described abig) Obrighter@ndoldQ with a more
Ocompetitive@lationship between the performers. Breathsegment similarly created its

own particular atmosphere, as will be discussed in more detail in a moment.

For many of thgarticipantsthis increasing awareness of how music influenced and
even made them doubt their visual perception was a consciously fascinating experience. It
was something discussed in therkshops such asn this exchange between experienced

spectators:

Clive: | wondered how much it actually did change [#hether they had just said,
just allow yourself a little bit to vary with the music, let it give you that emphasis, or

whether | was just imagining it.

N !
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Vanessail just thought that [it was] the sameowements but the emphasis was

different. Whether it's the music that gave the emphasis or the dance or my response

that gave it the emphasis there did seem to be a different emphasis.

David: | thought that | was interpreting it. | thought that they weo¥ing the same. |

thought | was interpreting it rather than them moving differently.

Luke: | think that there was no improvisation in here, it was pretty strictly

choreographed.

These discussions underscore housic informs the interpretations placed on dance
movementAs severaparticipans observed, music is often a OslootD to provoking

emotions and feelings

The performance also prompted participants to discuss how daacelyswitnessed
without musc. Indeed, this close connection between movement and music is a key
motivation for some spectato®@:want to see that immersion in music, that place with music
and dance where there is no end, thereOs no bre@ebahe two(Pamelaexperienced
specaton. For some spectators this led to moments when the two would become mutually
generative and dependent, with Lylk&perienced spectatatgscribing how with one
gesture the performe@@xtended into the sounds with their arms and legs, they cut @ ishap
the air as if itvas almost sort of in the sounaile Clive (experienced spectatampticed
that certain soundeemd to generate certain movements@t least encourage those

movements tthecome visible.

This exploration of the audienceOsulisions aboubouble Points: 3Xconfirms that
music does much to shape and direct spectatorsO reading of dance mbeachémdeed
their memory of what the movement was. The sound/music accompaniment to dance scores
the movement, directing the emotioaald physical reading of the movements. The music, in

other words, has a kind of diacritical function, in that it directs our watching.

)+!



AESTHETIC EXPERIENCE OF SOUND AND MOVEMENT

Breathing and movement perception One of the soundscapes use®auble
Points: 3Xwas the explicit absena# music, vhich brought into focus instead the sound of
the performersO footfalls and their breathirke the different musical scores, this silent or
ambient soundscaéso did much to direct the audienceOs reading of the movéments
specific and distinct manreerlt is worth noting that while the removal of music made other
sounds (footfalls, ambient room noises, other spectators) more audible, spectatorsO reports

overwhelmingly focused on the sound of the performersO breathing.

In other ways, however, the spectatorsO responses to the Breath souneiscapee
diverse than with the musical scores, angarticularprovoked more divergence in
expressions of taste. One reason for this is likely to be because the use of besaghilagce
accompanimens more unusual and therefore has less accumulated or established
expectations surrounding it. For example, as Oligigerienced spectator) commentdd, O
remember that when the classical music started | was exp#wtimgoves othat kind of
musicOin contrastthe lack of music had no accumulated expectations, except perhaps the

very absence of movement. As Sunil (a novice spectator) commented:

People automatically think: dancing, music. | think it just triggers into your head,
dancing goes with music; just like when you think of mus@cing automatically
triggers, dance without music seems ridiculous to me, it just seems completely

strange.

One of the observations of tBeeath section was of how the dancérs@tting
beameOa sort of rhythm@ay, novicespectator) andvis giving an extra rhythm to it, you
know even when there was no music there, there was really, coming fromédtievidnech
was quite interesting@uke, experienced spectator). Other participants testhow the

breath became a form Gunctuation”, or that it had a “percussive quality”.



AESTHETIC EXPERIENCE OF SOUND AND MOVEMENT

Of course, while audible breathirguncommon and unexpected as a soundtrack to
dancejt is itself loadedwith broader cultural associations. The most prominétitese is its
evocation of bodily presence, exertion and physicality. While the movements for this section
were, insofar as possible, exactly the same as during the other secianste Points: 3X
the tendency amongst spectators was to perceivenoesphysical and as more exhausting
for the dancers. Whether they personally liked this section or not, spectators made similar

comments about the impact of the breathing on their experience.

Morag (experiencedpectator), for example, became mae&k of the physical
nature of i© andiBore awaref the exertion of the dancerd@ lan(novice spectator)ithit
me right in the face,au know, itOs much more intende®Clive it emphasisetthe effort,
pain, the intensity thatogs into creating a dance piece”; while Peggy (experienced spectator)
commented on “the sense that there was that rhythm coming through their kodiest
from an external source”. Across the responses to Breath sectiothere was evidence of a
heightened sense of the physical presence of the performerd (@ breathing made you very
aware of their physical presenof them as people and bodie&lzabeth, experienced
spectatorand heightenedwareness of physical effort (@ivcan feel thedrd work that is
going onthere@lan, novice spectatprThe result was a more intense experieasen this

conversation between three experienced spectators
Pamela.The silent movements [were] much more intense
Alan. Much more intense when there is no music
Clive. The breghing with movement emphasised [E] the effort, pain, the intensity.

We would suggest that the Breaiction triggered a shift from a visual mode of
engagement to experiencing a proprioceptive sensation, attdayly effect. This was not

necessarily pemved as a positive experience, with some spectators turned off by the

)1
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increased intensity, ahownin this exchange between a researcher and participant:

Pamela: Um | remember the different emotions that | felt at different stages of the

dance and the gaences, um and how uncomfortable | felt at times.
Researcher:What times did you feel uncomfortable?

Pamela:When there was, when there was no music. | found that it was too intimate

[, | felt too close. I, | didn't want to feel like that.

In some ways PamelaQOs reading of the effect of the breathing on the experience is the
same as those discussed abBwéincreased intimacy and intensBwith the difference
being that her emotional response to this was very difféiémat is worth notig is that this
response was shared by both experienced spectators, such as Pamela, and novice spectators

such asGrace, whoseesponse was similar to PamelaOs:

The breathing I felt the breathing made me feel uncomfortable which was interesting
and it madehe dance seem very edgy erm | didnOt like it. [E] It made me feel

uncomfortable and breathless.

This relationship thaBGrace describes between the breath of the spectator and the
breath of the performer is an observation echoed by another novice mpedtatstated, Olt
was making me hyperventilateO. In another paper (Reason and Reynolds 2010), we have
explored how across a diverse range of dance performances, different spectators bring
different kinds of interpretative or viewirgjrategies to the erpence of watching dance,
with some motivated by a desire for physicality and visceralityle others seek out
experiences that satisfy an appreciation of effortlessness and grace. For this latter group of
spectators, exemplified here by Grace and Pantte¢éBreathsection was less appealing than
thosesectionsvhere the music distanced the physicality of the performance. Indeed, there

was a frequent expression of almost physical relief when the silent section ended and the

)$!
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music returned. What was ncgiable was that this rough division between spectators drawn
to visceraty and those attracted by gracefessbor here more prosaically between those
who either liked or disliked thBreath sectio®cut across levels of experience and
background. In dter wordsrather than being something that depended on levels of
experience of either spectating or dancing, it was something connected to a more personal
taste, motivation and perceptidtowever, it is the suggestion that the Breath section
triggered ashift from a visual mode of engagement to experiencing a proprioceptive
sensation, a body to body effect, that we would like to hold in mind as we move onto

discussing the accompanying neuroimaging research
Neuroimaging Research Framework
Overview

Theaudience research revealed differences in how participants reported the
experience of watching live performance of the same dance with different soundscapes. We
used these qualitative results to shape our neuroimaging resegpalticipants who
watcheda recording of the same performance while being scarff@tbwing Dimoka
(2012) brain activitywas revealethy functional Magnetic Resonance Imaging (fMRI)
Results were analysed using a ddtaven technique of Intersubject Correlation (ISC). ISC
finds brain regionsvhich havecorrelated activity across a group of obseryansl this
provides an indication dfrain processethatare common in experiencing a stimulus as it
unfolds in timg(HassonMalach & Heeger 201Q Hasson, Nir, Levy, Fuhrmann, & Malach,
2004; JSSskelSinen et al., 2008; Kauppi, 2010; Kauppi, Pajula, & Tohka, 2014; Pajula,
Kauppi, & Tohka, 2012) Because of theensitivity of the method to common activity we
would not expect individual aspects to be revealed. Thus comparison of ISC to audience

research is limited to aspects of common group experience.

)94
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Given the limitation that ISC is sensitive to differenceseded in a group of
observersand that the audience research did not reveal substantial group differences between
the two music conditionsve limited the neuroimaging research to examine only the Breath
and Bach dance condition¥he rationale for thishoice was that regardless of the type of
observel(i.e. experienced or novice), reports of participanthéBreath conditiomdicated
thatthebreath soundpunctuagd the dance performancehis was in cleacontrasto the
Bach segmentvhichwas dstinctive in reports of a flowing experienc®f interest here is
how these different subjective experiences would correspond to maps of ISC activity. One
prediction informed by the audience reseansfasthat the punctuated nature of the breathing
andfootfallswould provide a consistent bodhyased signal for brain activity &ynchronie
and thus generate ISC. Another predictiasthat the flowing nature of the Bach
soundscape would lead to ISC as the brain activity eettéanthe musical signalWe thus
expected the ISC results to reveal activity consistent with these predictions. For example, we
expected the subjective reports of body awareness while watching the Breath condition to

correspond to evidence of activity in sensorimotor brain regions

In addition to predictions arising from the audience research, recent reviews of the
neuroaesthetics of dan¢@ross & Ticini, 2012; BISsing et al., 2012; Christensen & Galvo
Merino, 2013)provide insight into what ISC results to expegtthough recent research
focuses on dance segments of only a few seconds duration, thgrevwarag literature on
the brain mechanisms involved witfatchingdance which includes discussion tife
aspects of dance that make its aesthetic appreciatiqnes An early experimental study
examining the neuroaesthetics of dance related observersO subjective aesthetic responses to
brain activity and revealed higher ratings of liking and stronger modulation of activity in
aesthetic related areas for higpeed movements with a high level of vertical displacement

(Calvo-Merino, Jola, Glaser, & Haggard, 2008). Another fMRI study by Cross, Kirsch,

)&!
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Ticini, and SchYtBosbach (2011) related both liking a movement and the ability to perform
a movement to brain acity. Their study also revealed that the more physically difficult a
movement was to perforrthe more it was enjoyed. While these studies implicate temporal
features when processing the aesthetics of dance, a study byMGaivo, Urgesi, Orgs,

Aglioti, and Haggard (2010) demonstrated that viewing static dance postures also involves
brain regions associated with aesthetic processing. In their review of these studies,
Christensen and Calvderino (2013) find support for four different brain regiongha

aesthetic processing of dance. These indiéeentral premotor cortex (BA6), medial and
superior regions of the posterior occipital cortex (BA18, BAf®|nferior parietal cortex

(BA 39/40) and the occipitotemporal cortex (BA3¥Yy.e could expecthat similar regions

would be active in our ISC results, since the several minutes of dance used in the current
study would contain brief events that produce similar aesthetic responses in the brain and lead
to correlated brain activity. Moreover, giveheevidence of more robust brain activity

when viewingextended sequencesadftivity as opposed to brief and discrete evéBtatels

& Zeki, 2004; 2005)we might expect additional brain areas to be revealed.

There is limitecheuroimagingesearch exploring brain actiyitvhile participants
watch performance®Vhile some worlhasexploredbrain activitywhile watchingdance
solosof several minutegGrosbras, Tan, & Pollick, 2012; Jola, Abediamiri,

Kuppuswamy, Pollick, & Grosbras, 2012; Jola et al., 2013; Noble et al., @80&den an
entire two hour ballefJola, Pollick & Grosbras, 201lthe current study is unique in
studying the same dance coupled with different soundsc#pelstedwork of Jola et al.
(2013)using ISCindicates thatombiningmusic with dance will enhance the correlation of
brain activity across observersprnimaryvisual and auditory regiormpared with just
watching the dance without music. A recent ISC study examining brain activity while

listening to 10 minutes of baroque symphony m(@ahkrams et al., 2013)as shown
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correlations in the primary auditory cortex and in the superior temporal cortex, extending into
the angular and supramarginal gyrus as well as into the frontal cortex (Brodmas™Are

45 and 47). These previous ISC studies indicate that audiovisual dance stimuli will produce
ISC in auditory and visual areas, and that classical music on its own will produce ISC in
auditory regions. While it is difficult to generalise from thess/us ISC results to predict
what differences will be found betwethe differentsoundscapeonditionsof Breath and

Bach we can expect the dadiziven ISC method to reveal any differences in the mode in

which these stimuli are processed

In summarygexpectations from the datdriven ISC analysis comparing the Breath to
Bach conditios arise from(a) the results of the audience reseafbhneuroimaging studies
that have examined brain responserief stimuli with an aesthetic intent; arfd) other
neuroimaging experiments that have used ISC to examine brain response to music and dance.
While the previous neuroimaging literaturearhs general predictions about a possible
aesthetic response to the performanités the audience research which imfesmore
specific hypotheses about what differences will exist in the ISC maps for the Breath and Bach

conditions.!

Methods
Participants

A total of 22 participant§9 femaleswith an average ag# 23.3 yearsvere recruited
to view the dance videos while being scanned. None of these partidipdriiserexposed
to the live performance. In contragith the live performance, whesmmeof the spectators
were experienced dancersistgroup of participants hadinimal experience of performing
dance. Atotal of 19 of the 22 participants had no experience with training in any kind of

dance; two participants had less than a year of social dance and one participant had less than
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6 months of contemporary dance &ss (but this was over four years prior to the

experiment). The choice of only inexperienced dance observers differed from that used in
the audience research, but was based on consideration of the finding that the observed
differences between the Breahd Bach conditions appeared to be independent of the
observersO level experience This element of thetudy was approved by the Ethics
Committee of the Faculty of Information and Mathematical Sciences, University of Glasgow.

All subjects gave their witen informed consent prior to inclusion in the study.
Stimuli and Procedure

The stimuli were based @nhigh definition video recording of tii#ouble Points: 3X
dance that was obtained shortly before the live performance that formed the basis of the
audience research. AlthouBlouble Points: 3Xive had a fixed order of performance, the
video recording was edited into secti@ighe dance with the different soundscapes. This
provided both a Breath and a Bach dance section that were convertedlifdovat. The
order of these two dance sections (Breath, Bach) was counterbalanced across the participants.
Thedance with Bach soundscapad a duration d804 secondsand thedance withBreath
soundscapiad a duration 0341 seconds. Since these aliwns were unequal, and
comparison of conditions would benefit from comparing sequences of equal length, we chose
to analyse the entire Bach soundscape condition and the first 304 seconds of the Breath

soundscape condition.

During each individual scanrgrsession, participants lay supine in the scanner and
viewed the display on a mirror that reflected images projected down the bore of the scanner.
The projected display was reflected so that it would appear in the proper orientation when
viewed in the mior. Audio of the soundscape was provided by Nordic NeuroLab
headphones with a sound intensity of 85 dB. The control of these displays was obtained
usingthe software package Presentation (Neurobehavioral Syst@adicipants were not
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given any respase task while in the scanner, and were asked simply to watch and listen to

the dance performance.
Data Aquisition

All fMRI data were collected using a 3T Tim Trio Siemens scanner (Erlangen,
Germany).A high-resolution T1weighted anatomical scavas conductedsing a 3D
magnetization prepared rapid acquisition gradient recalled echdR@MGE) T I-weighted
sequence (192 slices; 1mm cube isovoxel; Sagittal Slice; TR = 1900ms; TE = 2.52; 256x256
image resolution). The functional data were obtainechfa single functional run (EPI, TR
2000ms; TE 30ms; 32 Slices; 3*3mm voxel; FOV of 210, imaging matrix of 70x70). This
run lasted 86 sec (98 volumes) and followed the order ofigation screen 10 seondy, the
properly counterbalanced dance vide@@b secondsand then a second fixatisereen 10
seconds)For analysis, 152 volumes of the entire section of dance accompanied by Bach, and

the first 152 volumes of dance accompanied by Breath were used for analysis.

The fMRI data were preprocessezingthe MRI pre-processing tools in Brain
Voyager QX (Vers.2.1, Brain Innovation B.V., Maastricht, Netherlavdsich involved 3D
Motion Correction with Trilinear/sinc interpolatioand aHigh-Pass filter with a cutoff of
0.005 Hz. This was followed lbyormalization of functional scans into the common Talairach
space (Talairach & Tournoux, 1988), and coregistration of functional and anatomical data
into volumetime coursdiles (VTCs).Spatialsmoothing witha Gaussian kernel of 6mm
(FWHM) was appliedd the created VTCs of each participant. Finally, the ta@vblume
periods corresponding to the Bach amddhsections of the run were extracted using

Matlab.

Data Analysis

Analysis of the data was performed using the techniques developed by Eadppi
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colleagues (KauppilSSskelSinen, Sams, & TohR@10;Pajula, et al 2012 Kauppi et al.,
2014). Kauppi et al. (2010) investigated frequerspecificintersubject correlatiolSC)
maps in an experiment where participants watched a single movie. Here, the same
methodology was used across the full frequdpayd to investigate ISCs within individual
stimulus conditions (Bach, Breath) and differences in ISCs between the stcontlisons.
Theanalysis was performed usiagVatlabbasedSC toolbox, which is freely available at

http://code.google.com/p/igoolbox/ As a result of the analysisyd types of statistical

mapswereobtained: 1) maps showing conditispecificlSCs obtained froma single
stimulus conditionand 2) maps showing the differesde ISCs between the two stimulus

conditions

The analysis followed the same principles as presented in Kaupp{29H). An
ISC test statistic was derived by computing PearsonOs correlation coefficientisexel
across the timeourses of every possible subject pair and then averaging the result:
L I r,

F: " ! H ij?
m(m" 1)/25, j=2,j>i

wherem is the number of subjects angddenotes the sample correlation coefficient between
the timecourses of subjegtand subjecj. Note that because there wene= 22 subjects in

the study, as many as 231 subject pairs e@txlbe averaged. Standard parametric statistical
inference apprazhes are not valid for this test statistic due to the dependency of the
correlation coefficients. Therefore, a fully nonparametgamplingbasedootstrap test was
conducted against the null hypothesis that the test statistidd be the same as for
unstructured data, which would be expected if there was no ISC present. An approximate
OnullO bootstrap distribution was generated by calculating the test statistic after circularly
shifting each subjectOs tiseries by a random amount so that they weremger aligned in

time across the subjects. Altogether 10 million bootstrap resamples were drawn by
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randomizing the experiment over all brain voxels and shifting points.phfeues were

corrected usinghonparametricFalse Discovery Rate (FDR) based nmidt comparisons

correctionat the level g = 0.00Benjamini& Hochberg, 1995; Nichol& Hayasaka, 2003).

The correction was performed voxeise over the whole braifhe corrected values of the
test statistic were used to threshold the two comput€dri&ps, one corresponding Bach

and one tdBreath

The difference maps were computed using the same test statistic as presented in
Kauppi et al (2010). First, a modified Pears@ilon statistic based on Fisher@s
transformation (ZPF) (RaghunathaRoserital, & Rubin 1996) was computed voxelise

between every subject pair:

ZPF B (3! 3)J(N! 32 ,
N Y S (T G RN R)

whereN = 152 s the number of tim@oints,z s the FisherOs z transformed sample

correlation coefficient, and superscrigaandBr denote the conditiorBachandBreath
respectively. The formula for larggeale covariance cav,f‘a, ri,-B’) can be found, e.g., in
Raghunathan et g]1996). The ZPF statistic is a recommended test statistic for testing if two
nonoverlapping but dependent correlation coefficients arerdifft (Raghunathan et al.,

1996). In this study, the assumption of dependent correlation coefficients across the

conditions was made because the same dance performance was presented in both video clips.
The grouplevel test statistic for the difference nsapas obtained by combining pairwise

statisticsfor all subject pairs:

ZPF!BaBr :! ! ZPI:ijBaBr ) (1)

i=1 j=1,j>i
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To threshold the difference maps, a nonparametric permutation test was performed
under the null hypothesis that each ZPF valasdrawn from a distribution with zero mean,
which occurs when there is no difference in ISC between the two conditions. The
approximate permutation distribution was generated by randomly flipping the sign of 231

pairwiseZPF; BaBr

statistis before calculang (1) using a subsample of 25,000 random
labelings (out of #* possible labelings). Maximal and minimal statistwer the entire

image corresponding to each labelingreasaved to account for multiple comparisons by
controlling familywise error rattFWER) Due to symmetry of the distribution, thresholds for
bothZPF;®®" (ISC significantly greater iBach andZPF;®®2 (ISC significantly greater in
Breath were obtained with this proceduiéhe threshold applied was p = 0.05, vewése

FWER-correced for whole brainSee Kauppi et a(2010 for amore detailed description of

the above permutation test.

The calculation of the maps showing the ISC across the subjects during the stimulus
and the maps showing the difference in ISC between the twolgsimenditions were
calculated in Matlab and the results visualized in Brainvoyager. In this final step we also

applied a cluster threshold c®@mm?®.

Results

The brain areas where synchmed brain activity was found among the 22
participants for the Bach and the Breath conditions are shown inZadnld a visualisation
of these results is presented in Figure 1. The brain areas with significantly greater
synchroniation across subjects Bach versus Breath as well as Breath versus Bach are
shown in Table3, and a visualisation of these results is presented in Figure 2. An important
point to note is that the tables report the precise location that hadyedikoniation, but as

can be sen in the tables and figuresfewof the regions are extensive and thus the anatomic
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labels provided in the tables ftreseregions of extensiveynchroniation should be
interpreted with care. For exampile both the Bach and Breath conditions thees a large
cluster with a peak in the visual cortex (BA 18 for Bach and BA17 for Breath) that extended

substantially into the temporal lobes of both hemispheres.

From inspection of Figure 1 we can see that overlayingythehroniation for Bach
(yellow) and Beath(purple) showed that although there were differences in their extent and
spatial organisatigrihere wasnuchoverlap (brownishpetween conditionsMoreover, this
general pattern of overlap in synchronization diagsributed throughout the &in. For both
Bach and Beath,ISC was found to be significantly synchronizediisual and auditory
regions on both sides of the cortex. This is most evident in Figure 1 at the horizontal sections
of z=0 and z=10as shown byhe brownishcolour which @notes an overlap of conditions.

In addition there were regions of overlaghe bilateral parietal cortex that extended from
theinferior to superior regions. Another area of overlap included bilateral regiting of

dorsal premotor cortex (BA6)However an additional cluster of sychronization was found

for the breath condition that extended from the dorseéidral premotor cortex (BAGh the

right hemisphere A value of z=50 was used to delineate the boundattyeaforsal and

ventral premotor cortex (Mayka, Corcos, Leurg&¥aillancourt, 2006). Finally there was
extensive overlap ithe bilateral superior temporal gyrus that extended to the border with the

inferior parietal cortex.

The results obur statisti@l examination of howynchroniation differed for the two
conditions are presented in TaBland Figure 2.Locations where there was greater ISC for
Bach than Breath are shown in red on Figure 2. These regions with greater ISC for Bach
includethe occpital cortex including clusters in the rightuneusleft lingual gyrusand in a
cluster that extended from the right lingual gyrus into the cerebellum. In addition to these

clusters in the occipital cortex, there was a left hemisphere cinsterantaor region of the

+$



AESTHETIC EXPERIENCE OF SOUND AND MOVEMENT

superior temporal gyrus (Brodmann area R2gations where there was greater ISC for

Breath than Bach are shown in blue on Figure 2. These regions with greater ISC for Breath
include areas of the occipital, parietal and temporal cartite the occipital cortex, clusters
were found in Brodmann areas 17, 18 and 1®the parietal cortex there was a single

cluster in Brodmann area 7. In the superior temporal gyrus there was bilateral activation in
Brodmann area 22, as well as a ctush left Brodmann area 41. Finally, there were bilateral

clusters at the occipitotemporal junction in Brodmann area 37.
Discussion

ThelSC analysisgpproach used in this study provides a measuignational brain
activity (Pajula et al 2012, butit only captures activityhatis common to the group of
participantsHence, the ISC analysissults inform us of what parts of the brain acted in
synchrony across observers theyexperienedthe dance video individualiy the scanner
This is imporant to emphasise sindedoes not fully reflect the situation in the live
performance (i.e. where spectators share the experience in space and time). Moreover, greater
correlation in ISC mapis a measuréhat does not strictly relate the overallevel of brain
activity. For example, even if each individual participant had large changes in brain
activation as a result of experiencing the video in the scaheeecould still be littleto no
synchroniation found among the participantgach reacted in an idiosyncratic manner to
the different events present in the stimulus matefiaus, the results of the single conditions
reveal the neural activity common to experiencing each dance video separately, and the
results comparing dancenditions reveal how this common activity differs between the
dance conditions. This is interesting in relation to the audience research discussed above,
which indicated widespread heightened responses to the Breath &eaftibbeing more
Ophysicalihd more Ointend@lut also provided a more varied evaluative assessments of

whether this sense of physical intensity was enjoyed or not. In other words, we might argue
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that the common sensory experience was evaluated differently in terms of aesthetic

preference. We will return to this comparison in the overall conclusion.

Examination of the single ISC maps revealed large regions of overlap for the two
conditions, while the difference maps revealed distinct regions where the two conditions
differed. Thebrain regions that were common to both the Breath and the Bach soundscape
conditions includedhe primary visual and auditogreas. This is to be expected, since these
regions encode the incoming sensory information and are generally found to respoyd to
auditory and visual stimulus (Hasson et al., 2010), including decezempanied by music
(Jola,et al, 2013). Other regionsvhere ISC was found in both conditiomstended paghe
primary sensory cortices into secondauglitory and visugbrocessig regions including
thosethat have also been implicated in aesthetic procesgiigt watching dance
(Brodmann Areas, 19 and 37n addition, both conditions yieldd8C mapsn frontal and
parietal regionsshowingthatsynchroniation can be obtaidein areas involved ihigher
orderprocessing of the dance stimuli. These regions incltitegiarietal cortex as well as
ventral and dorsal aspectstbé premotor cortex (BbdmannArea6). Activation in these
parietal and premotor areas is commonlynid in tasks involving action observatj@amd is
thought to involve aspects of motor cognition. Additionally,wéetral premotor cortex
(BrodmannArea6) has been implicated the aesthetic processing of dantand thus the
synchroniation could reflet processing aesthetic aspects of the dander both audio

conditions

As predicted from the audience research, differences in ISC results were found in
statistical omparison otheBach and Beathconditions Clusters were founiah the
temporal corte that were unique to the different audio conditions and indicdézat
differences between the processing of the sound in the Bachreatth&nditions.

Synchroniation was greater in tHeft anterior portion of the superior temporal gyfoisthe
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Bachcondition Given that tks brain regions widely known to proceskigher order

properties of soundhis suggests that the participants were processing more complex
structures of the audio signahile hearingBachthanduring theBreath cadition. This

same region has also been reported by Abrams et al (2013) in ISC maps produced from
listening to a baroque symphon@n the other hand, grea®mchroniation for Beathwas
foundbilaterallyin amoreposterior region of the superior tearpl gyruswhich includes

primary auditory cortex and associated with the initial processing of auditory information.

This suggests that the synchronization to Breath was driven blgl@ivauditory features,

while the synchronization to Bach was @tivby complex auditory featurehus, ar results

show clear differences in the auditory processing of the different soundsbtépresiver, the

results of Jola et al. (2013) have shown that visual areas show greater synchronization when a
dance is obseed with music, and this suggests a role for auditory information in influencing
visual processinglf this auditory processing were to drive the interpretation of the visual
dancethen wemightexpectthe Bach soundscape to impose a more complex aradustd

signal tharthatprovided by breathingesulting in increased ISC in visual aredsowever,

this is not what was found; instead greater ISC in auditory regions (Brodmann Areas 22 and
41) as well as visual areas (Brodmann Areas 17, 18 and 19%waswith the Breath

soundscape than with the Bach soundscape. One possible reason for this is that the breathing
sounds as well as the sound of the footfalls were synchronous with the motion of the body,
and this audiovisual congruence could enhancesythehronization of visual area8vhether
thesedifferences in audiovisual interactions of sound and daswdd be a core cause of any
difference in aesthetic processing of the dance is an open question, and a significant one that

the dance neuroaesthetiliteraturas only beginningo address.

Comparison osynchroniation between the Bach anddathconditions also revealed

clusters in the parietabrtex (Brodmann Area Andthe boundary of theccipital and
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temporal cortices (Brodmann Area 3/\vheae ISCwas greater for Eaththan Bach. The

region in the postcentral gyrustbie parietal cortex (BbdmanrArea?) which showed
greaterSCis known for simultaneously processing multiple sensory modalities, in particular
the somesthetic modality thaicludes touch. This somesthetic connection implies a form of
motor cognitionand could suggest that tBeeath conditiorelicited greater engagement of
action understanding within boebpecific mechanisms. For examghés could involve

coding the viewd posture in a way that emphasisedibodttributessuch as the details of

the posture and the relationship of the body to the sensory consequences of the dancersO
actions. Consistent with the potential role of particular postures forrdaHgondition is

the finding of greatelSC in Breaththan Bach irthe occipitotemporal cortex ([®dmann
Area37). This region is close to the extrastriate body area (EBA) which is known to be
activated when viewing body postures (Downing & Peelen, 2&xdhas been implicated in
theaesthetic processing of dan€alvo-Merino et al., 2010 These findings of increased

ISC among observers iime parietal cortex and occipitotemporal cor{&BA) suggest a

greater influence of the body when experiencing treatB condition. Greater involvement

of the body is consistent with embodied theories of cognition that stress the importance of
motor cognition when interpreting actions and the possibility of mirror mechanisms
(Rizzolatti & Sinigaglia, 201)) enabling sesory information to drive motor simulations of

the actions being observed.

In summary, the results show both common and diffdyemnib processeselated to
watching dance with different soundscap®¢atching dance with either Bach Breath
sounds lead® synchroniation acrosspgectators in auditory and visual sensory areas along
with in theparietal and frontal regions involved in motor cognitiBach apparently provides
a greater common experience regarding the complex structure of the sonséting that is

paralleled in the audience research where spectators described immersing themselves in the
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combined experience of dance and mugieanwhile,Breathmore readily engage¢ke
processing of sound along with a more embodied response involviriganstiry areas in
theparietal cortexand body posture and motion sensitive regiariee occipitotemporal
region. This more embodied response for breathing is something that was also evident in the
audience research data. Finallyftee fourmainregionsconsideredy Christensen and
Calvo-Merino (2013) to be involved in aesthetic processing, we idensfiadhroniation in
all but the inferior parietal cortex. While findisgnchroniation in these implicated regions
does not guarantee that thenchroniation was being driven by cognitive aspects of an
aesthetic interpretation rather than something(siseh as physical properties of the dgnce
it does invite further studies usih§C analysito explore these regions sensitive to dance
aesth#écs. These future studies will also help to further confirm the reliability of the fMRI

signal while watching dance (Bennett & Miller, 2010).
Summary and Concluding Discussion

Rosenfield (1992) describes transdisciplinary research as involving Oresearche
working jointly using shared conceptual framework drawing together discigieeific
theories, concepts, and approaches to address a common problemO ( #88Btudy the
transdisciplinary approach shaped the research in many wagstilisation of the two
approaches this researcprovided opportunities for each to inform the other in terms of
what to look for and how to interpret potential findingkee chosen hypothesis for fMRI
research was shaped to a significant degree by the intighesmerged from the qualitative
audience research. Additionally, the neuroimaging technique employed (ISC) is a data driven
approach. It provides some quantitative results about what the common brain response is to
stimuli, but this then needs to be imeeted in the light of existing knowledge. The
gualitative audience research informs this interpretation, enabling insights that can be

matched to the ISC analysis.
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A first interesting connection to pursue is in terms of spectator responses to the
relationship between the Basloundscapand the movement of the dance performance. Here
the audience research revealed a greater perception of flow and grace and also a greater
perception okynchronicity betwen musi@and movemerthan in the Breath soundscape
Some of the participants described this as providing an opportunity to immerse themselves in
the experience, witthere beinglmost no interpretative or perceptual gap betvieen
movement anthemusic. This observation can be placed alongside the fighRilts that
describe hovduring the Bach section there was greajgrchroniation in the anterior
portions of the superior temporal gyihsan in the Breath sectipauggesting that during this
section participants were processing the complex struefuhe audio signal in a manner

that did not occur for thBreathsection

Theaudience researcuggestshat in discussig the Bach sectionparticipantsO
perceptios werethat the structures of the movement and the music were very much aligned.
We might speculate that the pleasure derived fraBiéchsection emergefrom a
neurological pleasure in complex processing, the spectator in a sens@hsieg awad
becausé¢he brain is pleasurably occupied with the task of simultahgpuscessing (and
perhaps matching) two different visual and auditory codes. The qualitative audience research
suggests that for some spectators, aesthetic pleasure is derived from findiergeoces
between these two processes of interpretation, in contrastheitdispleasurehat might be
experienced through misalignment and failures to perceive synchronitig/thus possible
that this greater convergence of audio and visual primgessght somehow be related to the
greater synchronization for Bach found in the cuneus and lingual gyrus (BA 18), but this

requires further confirmation from future studies.

The second connection relates to the aesthetic experience of the Breath ldection
the fMRI evidencesuggestshat theBreathsectionmore readily engagktheprocessing of
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sound along with a more embodied response involving multisensory ateapamietal
cortex and body sensitiaeas in theccipitotemporatortex This desription of a more
embodied experienadearly correlates wittthe qualitative research, where audience
membersO saiflective conversations demonstsidence ot similardy corporeally
focused experience. Tlygalitative research revealed spectteporting aheightened sense
of both their own physicality and that the performers during tH&reath section. We
interpretedhis in terms of th&reath section triggering a shift from a predominantly visual

mode of perception to experiencing a propejgtive sensation or body to boeffect.

This embodied response was something that the neuroimaging revealed as occurring
across spectators, rather than being idiosyncratically limited to individuals. The audience
research also found the perceptiomeightened physicality to be widespread in spectatorsO
subjective reporting of the experience. At the same, tmaeever, the audience research also
revealed that the impact of timsorecorporeal sense of perceptibihat is,a greater sense of
their ownbody, as well as that of the dancBrwwas articulate@ithernegativelyor positively
by different spectators. Often the nature of the experience 8ir#dath section was described
usingvery similar language, but the evaluation of whether this wasynlalble andwhether
it wasliked or disliked, was very different. For some spectators this proprioceptive or
contagious bodyo-body effect is anenjoyable kinesthetic and empathegtementof their
aesthetic appreciation of darband it is this kindf experience that they seek out when
watching danceln contrastfor other spectatorthiese effectslisrupt the visual experience
and aesthetic appreciation of grace and fioand in turn they seek out different, more
ethereal kinds of dance performascehe evidence indicated by the qualitative audience
researchalong withthe measuremengsovided bythe neuroimaginglatg indicates that
hearingaudible breathing as part of watching dance leads to increased embodiment for

spectators, whether they ewjit or not !
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Details of the mairour exercises undertaken in the workshops and their role as both data

gathering and participatory analysis

Activity

Meaning making

& analysis

Exercise 1.

Collecting memories

(incidents).

Each participamivasasked to relate something they
rememberedrom the performance. The facilitators
employed a set of open prompts to draw out more fi
these recollectia such as OCan you tell me more
about that?0, OAnd what did you think about that?¢
Once everybody had contributed a memory, the
facilitator wentround the group a second and third
time, with participants asked to contribute further
recollections that nobody had identified.

Gathering of raw
memories (data).

Exercise 2.

Sorting memories.

Working together, participants were asked to group
memories uder a set of categories, such as OThing
sawQ, OThings | heard®, Gsielgand thoughtO. In
this exercise participants were encouraged to work
each other to think about how to group memories ar
to aim to try and get everything written down.

Cdlaborative meaninc
making; an early stage
of data analysis.

Exercise 3.

Interrogating
memories.

Working individually, participantsvereinvited to
select one memory that was particularly significant ¢
them. Having been given a large sheet of paper
confining a blank spider diagram, participawese
asked to write their selected memory in the centre o
the diagram and then spend time filling out the rest
the paper with connected memories, feeding
interpretations, and/or sensations. If they ranobut
circles they were invited to add more. When each
participant had finished, they were asked to talk
through their diagram to the group, with members
invited to ask each other questions or find comparis
between their responses.

Individual meaning
making.

Collaborative analysis

Exercise 4.

Collaborative
dialogue.

An open discussion, drawing on the material develo
during the workshop, and with a particular focus on
research question of the relationship between sounc
movement. (Notein all three workshops this theme
had already figured prominently within the response
and materials developed in exercises 1 to 3.)

Collaborative meaning
making and analysis.
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Table 2

Results of the Intersubject Correlation Analysis for the two conditions

Condition Anatomical region Hemi Talairachb BA Peak Volume
sphere| coordinate (x,y,z) Statistic (mm?)

Bach Middle Frontal Gyrus Left -22,-11, 60 6 0.094 1317
Inferior Parietal Lobule | Left -34,-50, 57 40 0.116 7793
Superior Temporal Gyrug Left -55,-14, 6 22 0.123 6637

Lingual Gyrus Left -10,-83,-6 18 0.276 114159
Superior Parietal Lobule | Right | 23,-53, 60 7 0.112 7508
Precentral Gyrus Right | 26,-15, 57 6 0.057 247
Superior Temporal Gyrus Right | 65,-20, 12 42 0.113 6073
Fusiform Gyrus Right | 37,-47,-12 37 0.064 916

Breath Superior Parietal Lobule | Left -31,-50, 63 7 0.118 10144
Middle Frontal Gyrus Left -22,-11, 54 6 0.065 985

Cuneus Left -13,-86, 6 17 0.203 153029
Parahippocampal Gyrus | Left -22,-47,-6 37 0.065 277
Fusiform Gyrus Left -43,-41,-15 37 0.062 282
Superior Frontal Gyrus | Right | 20,-8, 63 6 0.078 3523
Precentral Gyrus Right | 47,-5,51 6 0.054 512

Superior Temporal Gyrus Right | 62,-26, 9 42 0.177 14949

Nbe BA - Brodmann area
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Table 3

Results showing where the comparison of the level of synzimioni differed between the

Bach and Beathconditions

Comparison Anatomical region Hemk Talairachb BA Peak | Volume
of sphere | coordinate (x,y,z) Statistic | (mm)

Conditions

Bach greater

than Bre#h
Superior Temporal Gyrus| Left -58,-8, 2 22 |130.6 179
Lingual Gyrus Left -10,-83,-6 18 |191.8 1775
Cuneus Right 8,-89, 18 18 | 155.6 2101
Culmen (cerebellum) Right 8,-68,-6 NA | 124.7 389

Breath

greater than

Bach
Superior Temporabyrus | Left -65,-47, 12 22 |118.2 280
Superior Temporal Gyrus| Left -46,-29, 9 41 | 253.1 2249
Middle Temporal Gyrus | Left -59,-68, 6 37 |143.4 362
Middle Occipital Gyrus | Left -46,-77, 6 19 | 1184 382
Inferior Occipital Gyrus | Left -25,-89,-2 18 | 129.1 150
Postcentral Gyrus Right 8,-56, 66 7 119.0 742
Superior Temporal Gyrus Right 59,-32, 15 22 | 223.3 3326
Cuneus Right 20,-92, 6 17 | 138.6 1184
Middle Occipital Gyrus | Right 50,-71, 3 37 | 161.7 1535

Nbe BA - Brodmann area
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Figure 1 Results of the Intersubject Correlation Analysis on the 22 observers for the two
different conditions of Bach (yellow) and&ath(purple) plotted on an average brain (an
overlap of both conditions results in a brownish colour). The values of z correspond to the
Talairach coordinate at which the horizontal slice was taken. Large overlap is seen in visual

and auditory cortices fdyoth conditions.
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Figure 2 Results of the Intersubject Correlation Analysis on the 22 observers for the two
comparisons of Bach greater thare8h(red) and Beathgreater than Bach (blue) plotted on
an average brain. The values of z corresportidedalairach coordinate at which the
horizontal slice was taken. Regions where Bach was greateBtéath are shown itine
visual cortex andeft anterior regions of the superior temporal gyrBggions where iath
were greater than Bach incluthes primary auditory cortexthe middle occipital cortex for

the processing of body postures and mqotswell as Brodmann area 7tbé parietal

cortex whichis associated with multimodal processing of sensory information, including

somatosensation.
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