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ABSTRACThis paper explores the characteristics and impacts of adopting an
improvisatory approach to the performance of classical chamber music.
Improvisatory approaches to the classical repertoire, once widespread, are now
rare in contemporary professionglerformancepractice and so there are few
opportunities to study it. This study attempts to fill a gap in knowledge by
obtaining data during a lev professional concert pformed by achambertrio.

Each of fivepieceswas performed twice, with and without the adoption of an
improvisatory aproach.The contrasting timing and dynamic features of the two
performances were analysed, differential audien@sponse was measured by
questionnaire, andgynchroniseccomparative EEG analyses were undertaken on
data from all three performers and two audienogembers.Audience members
rated the improvised performances moranprovisatory in charactermore
innovdive in approachmore emotionally engagingnore musically convincing,
and more risk-taking than the non-improvised (regularperformance. During the
improvised performances, the musicians showed less activity in cortical areas
associated withsustainedattention and more activation of motivational areas
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and areas relatetb free will as well aplannirg and coordination of movements.
The improvised performances resulted in greater activation of areas for motor
planningin both performers and audience mdyars. Improvised performances
were characterised by a larger tactus and a more coherent phrase structure than
the regular performances, which displayed a regular and somewhat rigid short
term pulse. The data providerima facieevidence that improvised p@armances

of the classical repertoire can heighten musical quality and audience
engagement.

KEY WORDS8lassical improvisation, EEG measurement, performance analysis,
audience response

Classical improvisation today

Improvisation is rarely associatedth western contemporary classical music making, either

in terms of educational curricula or mainstream classical muesiformance (Creech, 2008).
Indeed, classical musicians often report anxiety and/or uncertainty when faced with the
prospect of improising (Alter, 2008). However, improvisation has played a pivotal role in
the education and practice of many of the most commonly performed classical composers,
many of whom were known to their contemporaries as great improvisers. Composers such
as Bach, Mmpart, Beethoven, Liszt and Chopin were known to showcase their musical
virtuosity by producing works spontaneously in performance (Eigeldid@&6 Hamilton,
2008). This practice was associated with a substantial body of improvisation pedagogy to be
found in historical treatise§Corri, 1810; Czerny983/1836 1840; Bach, C.P.AH949/1753,
1949/1962 andsupported a lively traditiorihat survived into the early twentieth century,

as evidenced by improvisatory practices found in early recordinggschWilkinson, 2010p

which illuminate not only the creation of impromptu musical works, but also an im@evis
tory approach to notated musigHamilton, 2008)

LO A& GKA& WA YLINERd@statesthe Main fdcuslloiNEs| papérQandi K |
extends thedefinition of improvisatio beyond thatcommonly used in most other research
and practice. In conventional discourse regarding performance practice a distinction is
normally made between the performance of composed music on the one hand and
improvisation on the other, where improvisation ischaracterised as the spontaneous
generation of newly created musicpmprisingnovel notes, motives, rhythms, harmonies
in the tonal context¢ and musical structures. We extend the scope of the concept of
improvigtion to include spontaneous changes to all performarslated parameters, even
in composed music where all or most of the actual notes played are not alteBeath
changes are to be differentiated from those found in the more commonly described
WSEAINB S LIS NiFtBaNhe A S OA I vy Q&  Rf fihme Bf daMdbarelsizch v
that he or she takes aimprovisatory approachmanifestedby novel and spontaneous
gestures throughout the performance.

This larger definition allows us ttreat free impovisation and the improvisatory
performance of composed music as points along a continudiassical musiciang/ho
return to the tradition of enlivening supposedly concrete wotksough spontaneity and
flexibility in every performancean be describeds taking anmprovisatory approach to
composed musidn these casesmprovisation may be represented by anhanced level of
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spontaneity at the level of WHowQand not only (or even predominantly) by means of
extemporising new note§What> €ee forinstance Dolan, 2005). THEowQevel refers to
aspects of performance suchs timing, dynamics, timbre, accentuation and balance
between lines in an ensemble.

Such variations have been documented in contemporary accounts of the performances
of Chopin ad Liszt (as reported, for instance, in Eigeldind®86 Hamilton, 2008). These
accounts suggest that the two composers would never have performed the same piece in
the same way twice; they would replace previously written passages with freshly improvised
ones and make spontaneous changes to the aspects of performance listed above. The role
of improvisation in performance thus enabled rslking and the possibility of indefinite
novelty in the moment, unplanned and left entirely to remhe within-performance
decisionmaking. Both Chopin and Liszt strongly encouraged their students to approach
performance in just this way, seeing the improvisatory approach as integral to being a
complete performer.

There are few contemporary examples of this approaott it is manifest in the
performance practice of artists such as Robert Levin (Berkowitz, 2010, pf.3D21evin,
2009) who improvises by ornamenting or colouring composed passages and extemporising
novel fermata pointsgingangs cadenzas and otheragsages. Levin uses basic strategies
and inherent musical forms prepared in the course of both shamd longterm
pre-planning and extensive practice (Berkowitz, 2010) but leaves the final deaisikimg
to the last momentOther performers who emplog similar approach includeolan (1994),
Lancastel(2010), Sivan (2013) and de Jong (20TBus we can see a qualitative continuity
0SG6SSy / K2LAYy> [Aald FyR GKSasS o0g0SNE TS84
approaches. All have basic plans that ae@egotiated in real timeduring performance
producing unique musical outcomes ewery occasion

Historical accounts, many of which pdate the advent of recording, can only offeat
most ¢ tantalizing pointers to the nature and impact of impro\isg performance practice.
Contemporary empirical studies are required to explore and more rigorously characterise
the parameters and effects of improvisatory performances.

Classical improvisation has not been a major focus of contemporary empirical
investigations, probably precisely because of its rarity in contemporary practice. However
there is some relevant literature that relates to three major topics: the objective dimensions
along which performances differ from one another; the effects on listeaediences of
variations between different performances; and the effects of being involved in
AYLINROAALF GA2Y 2y (KS LISNF2NX¥SNDa SELISNASYyOS
each of these topics in turn.

Objective dimensions

A significant body ofpublished research exists that compares different recorded
performances of individual composed classical works, analysing professional recordings
available in the public domain to reveal, for instance, historical trends in performance
practice.In recentyears it has become commonplace for these analyses to be assisted by
computer software, allowing greater accuracy and objectivity in the characterisation of
expressive methods used, including a wide variety of tiamel pitchbased musical features

(see Cook, Clarke, LeedNilkinson, & Rink, 2009, for a review). Some studies have
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documented the interpretational development of individual performers by undertaking
longitudinal studies of the recordings of the same piece of music made at different times
(@21 HANTOD® hGKSN) daGdzZRASE KIF @S O2YLI NBR RA
same pieces (Repp, 1990, 1992). A major feature revealed by such studies is a tendency
towards homogeneity amongst modern recorded interpretations of mainstream classical
works, which suggests a relative lack of the application of an improvisatory approach, at

least in the recording studio (Philip, 2004).

Even where some recorded professional performances studied might have been
expected to contain elements of an improatery approach, thee have nogenerally been
an explicit focus of the investigation. For example FahiahSchubert (2009) compared the
effects on listeners of three different commercially available recorded performances of a
Bach Partita for solo violjrsome of which are likely to have included improvised material
such as ornamentation and embellishmeHbwever, the descriptions of these
performances provided by the authors did not identify the differential use of such
embellishments, and thereforentir nature and contribution to listener experience remains
unknown.

A different approach to comparative performance analysis has been taken by some
experimental psychologists who have brought professional musicians into the laboratory
and asked thento provide performances of the same musical materigspressive in
different ways, often with little prior preparation, thus potentially encouraging an
improvisatory approach. For instance, Vieillard, Rog Peretz (2012) asked performers to
play thesame piece of music in three different modégyY S O K I, With ExprésSiogand
With too much expressidd However, this study used short experimentgnerated
fragments of music, and the evaluation of differences between performances was confined
to calculations of gross averages of parametaishas tempo and dynamics. This analytic
approach yielded rather minor differences between the performances, which could indicate
¢ among other thingsq that the performers in this study were not accomplished
practitioners of an improvisatory approach. Also, it is possible that many critical differences
between differently expressive performances are not so mathhe overall level of a
parameter such agempo or dynamicsas in its distribution over time,nked to structural
features (as demonstrated, for instand®;, Sloboda& Lehmann2001).

Additionally, many psychological studiesvafriation inperformancefocus lessn dif-
ferences in musicologicallpformed effects,and more on the capacity of diffent perfor-
mances to communicate different specific (usually basic) emotions (see, Rislioda&
Gabrielsson,2012, pp 595598 for a table summarisingthe performance features
discovered to be associated with the five basic emotions of happinessessdanger, fear,
and tenderness). These studies demonstrate the wide variety of parameters that are
capable of being deployed by performing musicians when asked to provide performances of
the same piecahat are expressive in different way$hey do nothowever, shed light on
how they may be deployedpecificallywhen the intention is to apply an improvisatory
approach.

Effects on listeners/audiences
Historical accounts of classical improvisers have sometimes contained eyewitness reports of
the effects and impacts of improvised performances on audiences. For instance Eigeldinger
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quotesremarks made by Sir Charles Hallé on attending a concert in which Chopi impr
vised

dn listening to him you lost all power of analysis; you did not for a moment thavk

perfect was his execution of this or that difficulty; you listened, as it were, to the iniprov

sation of a poem, and were under the charm as long as it lagtédlE, 1896,quoted by

Eigeldinger, 1986. 31).
These remarks suggest a particularly ceflipg quality that absorbed the listener and
captured his imagination. Other observations speak more to the musical and structural
convincingness of the improvisation, as in this remark by Sir George Macfarren on hearing
an improvisation of Mendelssohn:

dt was" said Macfarrer'as fluent and well planned as a written work, and the themes,
whether borrowed or invented were not merely brought together but contrapuntally
worked (Grove, 1882p. 300)

In the present age, similar audience responses have lsscribed by Berkowitz (2010)
when discussing the improvisations of the contemporary classical pianist Robert Levin. For
instance, he reports Richard Dyer, music critic, as saying

His improvisation of cadenzas showed extraordinary daring; his solo salvirtge fourth

concerto first movement cadenza reached such a level of brilliant madness that it seemed
as if Beethoven himself were seated at the keybo&@erkowitz, 2010p. xiii).

However, anecdotes such as these are indicative at best. They do bstitste for
detailed empirical investigation into audience response using rigorous methodologies. There
are no studies known to uthat directly compare listener f2sponses to improvised and
nonA YLINE @A & S RerforiaNdddalzhé daie)piece. Hever, some studies have
compared listenedt f@2sponses to recorded performances of the same mtisid vary in
expressive intent. For example, in the study VWigillard et al. (2012) mentioned above
listeneraverageratings forthe ¥xpressiv€performances of a given sequenaadicated
that they were perceived asiore expressive and more stimulating than theechanical
performancesof the same sequenceHowever, listeners were not asked to specify or
elaborate on which aspects of the performancef®rmed their ratings.

Very few studies have attempted to investigate the impact on traditional concert
audiences of listening to live performances of classical music that vary in their expressive
intent. me studieshave measured the subjective responsafsaudiencemembers via
guestionnaires and/or interviews (Dobson, 2008; Pitts, 2005; Pitts & Spencer 2007,
Thompson 2006, 2007), but none of them directly addressesponses tahe improvised
or spontaneous elementsf the performance Neither, as famas we are aware, have there
been any studies measuringctivity inthe brairs of individuals listening tamprovised
music.

9FFSOGa 2y (GKS LISNF2NYSNDa SELISNASYOS k Fél N
Most empirical work on performer €xperience of improvisinghas involved thegzz genre,
for the unsurprising reason that jazz is the locus of the largest number of contemporary
improvisers.

Neurological studiegvestigatingbrain activity in the context of musical improvisation
have tended to place performers in fMRI and PEThsess (BengtssorCsikszentmihalyi, &
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Ullén, 2007; Berkowitz & Ansari, 2008, 20M& Manzano & Ullén, 2012a, 2012b; Limb &

Braun, 2008).Such studies requirenusiciangto perform in highly nomaturalistic settings

that are physically constraining, andsa preclude audience and/or betweeiperformer

interaction. Nevertheless their findings suggest someimportant differences in brain

activation between improvised andegular performance. For example, Limb and Braun

(2008)found that improvisation was @racterized by a dissociated pattern of activity in the

prefrontal cortex along with extensive deactivation of dorsolateral prefrontal and lateral

orbital regions with focal activation of the medial prefrontal (frontal polar) cortex. They

argue that such LI G GSNY aYlF & NBFTESOG | O2Yo0AylF A2y

for spontaneous improvisation, in which internally motivated, stimuhdependent

behaviours unfold in the absence of central processes that typically mediatmealforing

andcoy A0A2dza @2t AGA2Yy I O2 YimNEPBEraur0p8, 23 32 Ay 3 LIS N.
In relation to social psychological effects on performers, research on group creativity

O0{ I 68SNE MPPHI MbPhdpv I 2N WSYLI (K PandSedddNB | { A ¢

& Biasuti (2009), suggests that group improvisation in different genres is supported by

increased levels of attunement between performessmilar effects have also been found in

the contexts ofmusic therapy (Gilboa, Bodner & Amir, 2006) and musication (Beegle,

2010).

The current study

Our specific concern in thiarticle is to understand more about the characteristics of
performances of composed repertoire when an improvisatory approach is adopted, and
explore the psychological and neurolagieffects of such performances on performers and
listeners in a live performance context.

Based on the considerations above we pbdee following research questions:

1. Are there systematic differences between prepared and improvised performance
in (a) meaurable performance characteristics (changes over time of durations,
dynamics, timbre and the intaelations between them); (b) subjective audience
responses (ratings and verbal descriptions); (c) objective responses of beth pe
formers and audience membgmeasured bglectroencephalographic (EEG)-ev
dence?

2. Do these differences suggest a heightened response to improvised performances?

Differences in performances can be explored and analysed through musicologically
informed analysis of performance data mgi specialist analytic software and intensive
listening and viewing of video recordingShe preconscious responses of both performers
and audience members can be monitored througdhe tuse of brain measurement in
addition to verbalreports. In contrastto previous studies using fMRI, this studitained
EEG data. Unlike fMRI, the technology for EEG data collection is such that it allows relatively
free movement of musicians while playing, and the data can be collectettrusivelyin a
naturalistic peformance setting.The use ofEEG data also provides the opportunity to
examine momemnto-moment changes irthe responsa of both performers and listeners
simultaneouslywith high temporal resolution, whereas verb@lports can be collected only
at the erd the performance of a work anare therefore both retrospective andummative
This approach, combinintpe three different disciplines of psychology, neuroscience, and
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music performance analysis in a single studyg,tsour knowledgeg the first time that such
an approach has been applied in the study of classical music improvisatiore@edentsa
new method of investigation

METHOD
Participants

Performers

The performers were members of a professional chamber music trio (fhdks, harp). All

three performers had taken intensive coursesth individually and as a groum classical
improvisation and its applications to the performance of classical repertoire. These courses
(taught by the first author) extended over four years.

The courses inggrate historical approaches with modern strategies, where students are
taught to improvise in both individual and group contexts, across a variety of stylistic
languages and forms. Whilst a significant portion of the coursework is devoted to the
creation of novel material based on forms such as preludes, baroque dances, rondos,
classical sonata form, and generic ABA forinis, equally focused on developi@gp impio-
visatory approach to repertoire that the students are already working on. An immersion in
improvisatory practice is thus encouraged to seep into mosad&ing in general.

This approach is a novel application of a Schenkerian concept that is both a
reSYy 3 3SYSyid ¢A0GK ONBI GAGBS LINI Ol KoDigprdviggR KA I K
tion (RiNE Mdppo O d { OKSY 1SN adz33SaidSR GKIdG GKS 02\
work allowed for a lucid realization of middle and foreground structures (Schenker, 1979).

This methodencourages students tengage with this proposed compositional mindset,

allowing them to challenge the perceived fixity of a work, opening it to reinterpretation
gAOGK2dzO RSLI NIAY3a FNBY GKS O2YLRaSNDa YI G
SyO02dzN» 3SR (2 dziAt AT S GKSANI Ayl dzinderh@®ay¥ SSt A
in which they perform, creating a fusion between intuitive and learned skills.

Audience

The audience compriset4 individualsa mixture of students and staff from UK academic
institutions, as well as outside guests and casual corgaets.Among them were two of
the authors of this paper who were attached to EEG sensors. All merabéne audience
were invited inaddition,to provideverbal responses via a questionnaire.

Procedure

The experiment took the form of a live concert 30 March2012 with an invited audience
in a large studio regularly used for chamber music performance at the institution where two
of the authors work, comprising a somewhat naturalistic setting. Prior to the start of the
performance, each audience member wagegi a questionnaire to fill in during the concert.
The audience was briefed by one of the researchers that they were about to hear five pairs
of trio performances that would involve some elements of improvisation

The concert consisted of five differentusical items: three short movements from the
composed classical repertoire and two group improvisations. Each item was performed
twice: once in an improvised mode, and another time in a prepared mode, where the
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performers were asked to perform convincipgbut without taking risks. The prepared
version was likened to the type of performance usugilyenat an international compet
tion. The order of the prepared and improvised performances was randomly varied from
item to item, and this order was known bynto the performers and one of the authors, who
did not participate in the study as a listener.
The programme order was as follows:
1. Ibert: Andante espressivivom Interludefor flute, viola and hargprepared mode
followed by improvised mode)

2. Telemann: ¥ movement, Adagiq from the Trio Sonata in G mind@WV 42:g7
(improvised mode followed by prepared mode)

3. Group improvisation semitonal in ABA form (improvised mode followed by
prepared mode)

4. Ravel: Minuet from theSonatinefor piano, arranged for fl#, viola and harp by
Salzedo (prepared mode followed by improvised mode)

5. Group improvisationtonal, in ABA form (prepared mode followed by improvised
mode.

After each pair of linked performances membeafsthe audiencewere given a short
time to rate thetwo performances for the degree to which they detected or experienced
five qualities in them: improvisatory in character, innovative in approach, emotionally
engaging, musically convincing, amgk-taking Responses were madsinga sixpoint Lk-
ert sale, ranging from#ot at all/ non€o 4otally/completelyQ There was also a spaire
the questionnairefor free written commentson each performance.

The three performersand two members of the audienceere connected to EEG
sensors. The performers Habeen involved in earlier trialling and development of the
method, and the precise technical configuration had been improved on the basis of their
prior comments to minimise distractions from their normal mode of playing.

Technical details of EEG measuorents

Dataacquisition

The electricabrain activity of althree musicians andwo listeners was measured by a €E
certified EEG device (Brainmarker, the Netherlands) at the following locations: frontal cortex
(F3, F4), central cortex (C3, C4), temparaittex (T7, T8), parietal cortex (P3, P4) and
occipital cortex (01, 0O2), all localized according to the internation&018ystem (Jasper,
1958). Ag/AgCIl electrodes with carbon shielded wires (Temec, the Netherlands) ana-condu
tive electrode gel (Ten2@.O. Weaver & Co) were used nonimise movementartefacts

Data acquisition was carried out with a sample frequency of 250 Hz. Data filtering was
executed using a first order 0.16 Hz high pass filter and 59 Hz fourth order low pass filter. All
five ampifiers were timesynchronized using a customized external trigger. Before the
measurement the skin was cleaned using abrasive gel (NuPrep, D.O. Weave) & Co
SYyadzaNS t2¢ aiAy AYLSRFIYOS o6fmn {m0O FyR KA3IK

Data analysis
After each measureent, raw EEG data files were stored aadalysed furtherusing
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Standardized Low Resolution Electromagnetic Tomography (sLOR&ESéuaMarqui,
2002). Using SLORETA, the cortical sources of certain brain waves are estimated based on
the input from the diferent scalp electrodes (cortical electrical current dens@annon,
2012).SLORETHas a better temporal resolutiothan fMRI,for example which makes iin
appropriate toolfor studying state changes in the brain related to musical performance. Like
fMRI, multiple epochs can be used to calculate average values of brain waves for different
cortical areas.

The sLORETA analysis consisted of several stepevesf EEG file was segmented in 1
second epochs. The totabmbersof epochs, electrodessedand the rateof samplingvere
used to calculate the EEG cresggectra of every participant (Cannon, 2012). The eross
spectra were calculated for distinct EEG frequency bands as commonly used in neurology
(delta, theta, alpha, betal, beta2, beta3). Thal output consisted ofstatistical maps of
cortical sources per frequency band gaarticipantand piece of musidverall differences
in brain activation in response to the two modes of performance, improvised and regular,
were measured as follows: the ¢mal maps for each mode were averaged over all pieces
for all players, and over all pieces for all listeners. The modes werecthraparedfirst for
players and then for listenerssing paired tests.

The analysisvas focusedn two frequency bands: thalpha band, traditionally related
to cortical inhibition (MayhewOstwald, Porcaro, et al2013; Mo, Liu, Huang, & Ding,
2013), and the beta band, related to cortical excitation (Kra&ssher, & Kaplan2011).
Spatial changes in amplitudes of thesentia are presented using the Brodmann areas,
which are distinct anatomical areas based on cytoskeletal differences of cortical neurons
(Brodmann & Garey, 200®evlin & Poldrack 2007). Onligsificant differences (p < 0.01)
between the two modes are prestad.

Technical details of musical analysis
The analysis of recorded performance using computer software such as BeatRoogrieraat
Audacity has become standard practice in empirical musicology (see Marsden f@0a8
overview). The free and flexible opensource platform Sonic Visualizer
(http://www.sonicvisualiser.org/index.htmlhasparticularlywide appeal because the gof
ware allows for reatime analysis using the graphic representatiorited acoustic features
of a recording, as a waveform or as a spectrogram, and the annotation of visually
recognized datalt is possible to clarify relationships within this single application between a
variety of musical parameters, asr@tation can be udertaken atthe level of tempo and
dynamic differencesfor example making it particularly useful for the analysearried out
in the presentstudy. Applications for performance research are explained in depth by Cook
and LeechWilkinson (2009)for more detailed technical information, please see Cannam,
Landoneand Sandler(2010).Sonic Visualizemnas been used by researchearmsa variety of
ways, often focusingon the expressive performance characteristics of a genre or work
across different performerse(g, Cook, 2007; Dodson, 2011dagbman, Orney & Chor, 2012;
Sapp, 2007;Volioti, 2012) or different performances of the same work by the same
performer (e.g, Dodson 2011b;Grachten & Widmer, 200®&eechWilkinson, 2010a).

The analyse# the presentstudy are based on intensive listening sessions by the first
author, with objective sound measures as represented graphically by the Sonic Visualiser
software. One ofits many advantages is that it enables immediate informal visual
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comparisons othe performance features of different recordings (a method used, for i
stance by Cook, 2011; Dodson, 2012; Ohriner, 2012; and Sung & Fabian, 201dljowe
the example of such authors as Leatfikinson (2010b), Fabian and Ornoy (2012) and
Ohriner (2012) by maikg the recordings of the performances discussed in this sectiorl-avai
able to readersas PE@& filesthat can be seen and heard usistandard video playback
programmes such as QuickTirmed inspected using Sonic VisualiSer

RESULTS
Questionnaire data

Figue 1 shows the average scores for the rating scales, combined across audience members
and performances.

45 -

3.5

2.5 - m Prepared

2 Improvised
1.5

1
0.5

0 - ‘ ‘ ‘

Mean rating

Improvisatory  Innovative Emotional Musical Risk taking
Rated characteristic

Figurel. Average sores for the rating scales, combined across audience members
and performances.

On every measure, the improvised performancaswrated higher than the prepared
performance. This was true for every pieae every dimensiona highly consistent effect.
Means and standard deviations faatings oneach of the dimensionfor each performance

are given in Table 1. A threeay analys of variance (piece, conditiodimensior) revealed

a highly significant main effect of condition (prepared versus improvigeld) 13] = 95.8p

< 0.0001). There was a less significant interaction between piece and condition (F [4,52] =
4.88,p < 0.0@), such that differences between the ratings for improvised and prepared
performancesvere greatest(2.2)for the fifth piece (tonal improvisation) and leg4t.0)for

the secondpiece (semitonal improvisation. Thee were intermediate effects for thpieces

L If the reader has the opportunity to use Sonic Visualiser, it is possible to listen to the entire performance
while viewing the timing and loudns$rofies.

10
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composed byTelemann(1.3) Ibert (1.6) and Ravel1.9. No other twe or three-way
interactions approached significanck.is clear that the difference in instructions to the
musician manifested itself in strong consciously observable diffeemtehe quality of
these performances.

Table 1 Means and standard deviations for each piece, conditiondiménsion

Piece Dim. 1 Dim. 2 Dim. 3 Dim. 4 Dim. 5
Improvisatory  Innovative Emotional Musical Risktaking
1 prepared 1.79(.40) 2.35 (.40) 2.86 (.33) 3.14 (.33) 1.83 (.31)
1improvised  2.92 (.41) 3.29 (.26) 4.29 (.30) 4.21 (.24) 3.86 (.21)
2 prepared 1.57 (.36) 1.50 (.36) 2.00 (.35) 2.57 (.34) 1.43 (.29)
2 improvised  3.14 (.38) 3.43 (.38) 4.43 (.20) 4.14 (.28) 3.23(.29)
3 prepared 3.50 (.39 3.07 (.34) 2.36 (.37) 2.71(.35) 3.29 (.38)
3improvised  3.86 (.32) 3.50 (.34) 4.14 (.25) 4.36 (.30) 4.07 (.22)
4 prepared 2.00 (.38) 1.86 (.34) 2.64 (.41) 2.86 (.33) 1.93 (.37)
4 improvised  3.50 (.33) 3.57 (.36) 4.29 (.24) 4.29 (.19) 3.57 (.32)
5 prepared 2.36 (.39) 2.07 (.35) 2.28 (.38) 2.79 (.33) 1.79 (.40)
5 improvised 4.57 (.25) 4.29 (.24) 4.50 (.23) 4.21 (.32) 4.71 (.19)

YS&Y WE5ATFTFHPQ NBLINB&aSyilda GKS YSIY RAFFSNBYOS Ay NI GAyY:
= Ibert (diff.= 1.3), Piece 2 = Telemann (diff. = 1.9), Piece 3 = Improvisationt¢sahi(diff. = 1.0), Piece 4 =
Ravel (diff. = 1.6), Piece 5 = Improvisation (tonal) (diff. = 2.2).

Most members of the audience also elaborated on their responses with free verbal
2YYSYyGad LYRAOIGAGS NBalLRyaSa FNRY GKS LINBL
0 dzi flrO1Ay3 Ay NBIf O2YYdzy AOF GA2YE 6L0oSNI
O2y @Sy uArz2ylté¢ owl@StoT a/2YLX SGSte oflFyR @Al
By contrast, indicative responses from the improvised performances includéd: (i K 2 dz3 K (i
the first performance moved me until | heard the second. Wow! It could easily have gone

~ _sA

022 FINE o0dzi ¢ ;&% D2NBEGS Idadel F NESR 2 RIED HRISH &Y 1 N i

GaLO o1 a OSNE AyiSyaSo adzaAOortfte | 20 KI LWL
FYR GStftAy3a | &0 2 NBThes® raspansessidggstthat mdst.aNdedce & | ( A 2
members enjoyed richer and more complex experiences during theprovised
performances.

However, this does not mean that every improvised performance was seen as musically
more appropriate in every single case. For examphe quite complex responsended by
favouring the prepared performance:

This performance wamuch more technically convincing than the previous one, there
was no dissonance, it flowed, and it showed on the performance itself. It was one of
those when you get goosebumpsut ¢ and a huge bug, perhaps because of the type of
Mabhlerian music thisvas, this actually distracted from the message of the music, | felt.
As such, the first one | engaged with more, even though the musicians didn't seem to
(Ravel)

Another comment of a similar nature, in response to a prepared performance,awas f 2 3SR
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tKS NBAGNIAYSR FSStAy3d 2F (KA & TThesexdnfensa o O
make it clear that aesthetic value cdre judgedin different waysby different listeners.
Nonetheless, in the great majority of cases the verbal comments were sucthiaivere

consistent with the numerical ratings, and indicated that in general, the improvised versions

were preferred.

EEG data

In order toexploretypical overall differences between prepared and improvised condgion
we calculated mean levels of braactivity averaged over the three players for the five
prepared and five improvised performances respectively. The same was done for the two
listeners. This calculation was made for two types of brain waves: alpha waves, traditionally
associated with cortal inhibition and (fast) beta waves, associated with excitation. Figure 2
shows the average differensdetween sources of alpha and beta wave activity (left and
right panel respectively)y ONRP &a GKS NBIA 2y a&@s pojected & thedt | & S N
cortical surface.

We used the freeware sSLORETA software developed by RobefadauaMarqui
(Fuchs Kastner, Wagnesat al., 2002 Jurcak Tsuzuki, & Dar2007. PascuaMarqui, 2003 to
visualize the changes in levels of brain activity. The softwarenstimages ofhe log of ~
ratios. Non-statistically significantdifferences are indicated by grey and significant
differences by colours. Coloured regions correspond to significant differences of activation
with p values of at least 0.05. The red capends to the maximally observed increase and
blue to the maximal decrease of activation.

Changes in cortical excitation and inhibition are presented using colour maps of cortical
activation sources. The most striking results were increased inhibiti@ddmannArea9
and increased excitation in Brodmawmea24. BrodmanrArea9 is part of the dorsolateral
prefrontal cortex and is actively involved in sustained attention, working memory and
inhibition of responses. Brodmann Area 24 is the anteriorudatg gyrus/ventral anterior
cingulate cortex and is responsible for motivation and will.

3 -
. | o
|
ﬁi‘ ,):..’
" 4 ‘ 4

Figure 2 Differencebetweensources of alpha (left) and beta waves prepared andm-
provised modes. Warm, yellow colour signifies a significant differenceyesydno signit
cant difference.

Increased inhibition (left figure) was present in Brodma&mea 9, increased activation (right
figure) in Brodmanmrea24. Alsga slight but significant decreased inhibition (blue ew)o
was observed at the left visuabrtex (BrodmanrAreal19). A similar analysis was made for
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the EEGlata obtained fronlisteners.

These analyses suggéiseé musicians, while playing in the improvised mode, exhibit less
activity in cortical areas associated with sustained attention andenaxtivity in cortical
areas associated with motivation and free will, than while playinthexprepared mode
CKSNBE gl a |faz2 AyONBI| zdtiRal dre@dirasgohsibe forpjanniagk S Y d.
and coordination of movementand aslight but sigificant decrease of inhibition in the left
occipital cortex (BbdmannArea 19), possibly related to increased visual processing during
improvisation.

By contrast with the performers, the listenersvere more actively engaged with the
musicianswhen they vere playingin the improvisedthan in the prepared mode. The
improvised mode was associated with more activation of areas responsible for executive
functioning, whereas cortical regions associated with-gelareness were less activated.
The finding thatlisteners showed activation of cortical areas in charge of motor planning
and execution that were almost identical to the activation patterns of the musicians
suggests thatisteners seemed to relate more to the movements of the musicians in the
improvised mode, likewise, theyexhibited increased activation in BrodmaAnea24 during
improvisation, as did the musiciariBhe similarities between theortical activation patterns
of musicians and listeners suggest that that both groups experienoelated cognitive
change during improvisation compared with prepared musical performance.

Figure 3.Left panel: Averaged across all improvisation the differences between musicians
and Isteners are located in the right hemisphere, with the highest vaiube right aud-

tory cortexindicating more activation ilBrodmann Area 22or musicians.Right panel:
Averagel over special moments onlthe small area of the precuneus (Brodmann Area 7,
related to visuospatial information processirgf)ows significantly mer activation inmu-
sicianghan listeners. These results are true for all frequency bands.

The data show that neuronal activity of both players and listeners varied substantially
over the time course of each performance. To begin to account for thistieriave
analysed the EEG response in the same way as described above but restricted to a few
temporal windows of particular musical significance as identified through musical analysis.
Thesespecialmoments arein the Telemann movementhe fourth crotchets of bars 4 and
10, as well as thenodulations in bars @ (detailed belowin p. 19; and in the Minuet from
w I @ Songiae bars 5156 and bar 67We discusshese moments in the next section
First,we present the resutt of the SLORETAnNalysis ofEECGdata at the specialmoments
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only, in comparison with improvised performance overall (Figure 3) and, second, during
improvised and noamprovised performance (Figure.djhe comparison showm iFigire 3
wasmade by subtracting the averaged activati@vels of the listeners from the averaged
activation levels of the player$he comparison showm iFigure4 was made byubtracing
YdzZaAOALyaQ I @SN ISR | tdiimgdviselp2riormanSedr6ni their 6 KA £ S
averaged activation levels whilplaying improvised performances (left panel) andby
subtractinglistened Q | GSNIF ISR | OG A @I G AnprbvisedD&iibrindnces KA £ S
from their averaged activation levels while hearing improvised performarags panel).
We found that the brain activity of musicians and listenemuring improvised
performancewas more similaat the special moments than improvised performance ieve
all, as shown byhe larger region of grey in the right paral Figure Jepresentingsignif-
cant differencesy YdzZAAOA L YA Q | yR fAAGSYSNEQ@=-@ORF Ay I Of
When we compared the brain activity of musicians and listertensng the special
momentsonly, in improvisedand nonimprovised performancesve found higher levels of
activaton around Brodmann Area 6, responsible for movemenhath listeners (Figure 4,
left panel) and musicians (right panel) during improvisation. We also found lower levels of
FOGAGlIGAZ2Y Ay fAAGSYSNEQ o606dzi y20 Yedah A OAl Y
processing, during improvisation. These findiags clearly only preliminary ande hope to
be able to substantiate thenm the near futureby undertakingfurther experimental studies

7;1 ‘{‘; : 3 a, \3,
+9> 2 :‘/‘ s “ % -
X5 Y

. v—\

L

gl

.

Figure 4.Average differences of excitation in cortical aseof musicians (left) and liste

ers (right) during special momenin norimprovised performances subtracted fromm-
provised performancesThe yellow and red areaspresent increased activation in Rro
mann Area 6 comprising the premotor cortex and suppatary motor area, which iser
sponsible for the planning of movements. The blue shading represents decreasext activ
tion in Brodmann Area 19esponsibé for visual processing.

Musical performance data

We present here a detailed analysis of twbtbe five pairs of performanceselected to
representdifferent stylistic genres (baroque and impressionist), and becaiuserelatively
straightforward to makea direct comparison between two performance$ composed
music The comparison gberformanceghat are both freely improvised requirea different

2 Note that the musicians made more improvisational gestures at these moments, as shown in the
next section of this article.
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and more complex approach that will be developed in a future publicatiothe present
analysis wecriticaly apprai® the way the musicians approached the two modes of
performance, and highligrhe factorswe believe tohave contributedo the responses and
enhanced experiensgeported bythe audience. We do this in two stages. Fiwst describe
some overall characteristics of the performances differemigibetween the prepared and
improvised versioa Next we analysespecific sections of the performances in detail
focugngon the strategies typically adopted by the performers at key expressive moments in
the music:the four segments for whiclnalysis otime-specific EEG dataas reportedin

the previous section.

Sonic Visualisepermits the depiction of two profiles simultaneously, synchronised
along a fixed time axis: changes in tempepresented by the upper line in the images that
follow, and changesin amplitude (loudnessyepresented by thdower line. It should be
noted that the amplitude curve is not as reliable as thempo curve and should be
considered merelyndicative. For full appreciatigrthe reader is encouraged to read the
relevant analysis while listenintg and viewing the ravant video recording alongside the
associated graph reproduced in the figures befolw.each pair of graphshe upperpair is
derived from the preparegerformance and thdower from the improvised performance.
Contrasts will be drawn between the use dynamics, timing, and timbre, as well as
extemporisedy 2 1Sa> yR K2g (GKS&S $6SNB RA&GN&Odzi SR
ture, inorder of their appearance ieachperformance

Telemann
The score of the slow movement of a trio sonata for tmelodc instruments and
continuo is presented in Figure 5. Itascanon in free counterpoint writtefn a typical
German, late Baroque, style. Although ibased on one theme and flows as one through
composed lingit is in! . I . (he A fdidfcomprises bars-86, the B section (bars®)
representsa development | Yy R F 2 f 21@\tye isla Qodaita (baksEi)dor
closing phrase elaborating on the material first introduced in bar 3.
We identified a number of special moments of irget in the music that were reflected
in the performances:
¢ On the fourth crotchet of bar 4 at the Neapolitan chord: a lowered second degree
in relation to D minor. This is unexpected, since Telemann prepares a cadential
moment just before this, comprisintpe dominant with the leading note C sharp
leading to tonic D.
e A similar moment occurs in bar 10 and is equivalent to the first; again, it is on the
F2dzNIG K ONRGOKSGZ Ay (GKS O2yGSEG 2F GKS
e Special moments occur also in bar8 @here the viola and the flute have two call
and response sequences. Bars 6 and 7 modulate from D minor to C minor; next,
bars 7 and 8 modulate to B flat major, before returning to G minor. The specific
moments of harmonic change in these bars are thedtturotchet in bars 6 & 7,
and the fourth crotchet in bar 8.
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The verticalines on the graphs represent the eight quaver beats in each bar, labelled by
bar number and beat (e.g. the third quaver in bar 2 is labelled 2.3): this level of
representation is required in the analysis of a slow movement such as this if the gestures
used by the performers in each mode of performance are to be followed and compared. The
prepared performance of the whole movement can be seen and heafluio-Visual 1
and the improvised performance udio-Visual 2 The prepared performance was played
af A3KGfte@ FradSNI O0Rdz2NI GA2YY wmMQnTQQU0 (GKIFyYy (K
improvised performance is nine seconds longer, it nevertheless conveys the ctsed)je
AYLINB&aaAzy 2F 0SAy3 Y2NB WF2NBIFNR Y2Q0Ay3aQ (K
Four generabbservations can be madé&) Tempi and dynamics fluctuated to a greater
extentin the improvised than the preparegerformance 2) Tempi and dynamics changed
with greaterperiodicity in the improvised than the prepargeerformance, as didimbre
and the interplay between performersalthough these features could not be illustrated
using Sonic Visualiseo 0 adzaA OAl yaQ OK2A0Sa 2F ®m&addzNB
improvised than the prepared performance, which may account for higatingson the
UhRovatiVsS 8nd WrBotionally engaginQ R A Y §séeilmigefya2000and Cohen & Inbar,
2002,0n conventions in musical performanc&jinally the musicians useshgerterm local
phrasing andachieved amore coherent global structure in the improvised than the
LINS LI NER LISNF2NXI YOS gKAOK YlI& 002dzyd F2NJ
dimension.
As can be both hearth the audievisual examples ahseen in the graphs belowthe
musicians generally used a crotchet tactus (beatkhe improvised performance but a
guavertactusin the preparedperformance; furthermore thg often slightly accented the
second, fourth, sixth and eightuavers of thebar, resulting in more rigidly regular and
homogenous playingThis is evident from the shoterm zigzag tempo curve and frequent
accents shown in the amplitude curg&gure 6g. By contrast, periodicityin the improvised
performance waswice as long, enaltiglargergestures and more room for the unexpected
(Figure 6b)The ways in which the Neapolitan chord was approached in the third crotchet of
bar 4 is shown ini§ures 7aand 7b, and in the third crotchet of bar 10 in Figur@sand 9b.
The crotchet tactus in the improvisedperformance provided the timeneeded for the
musicians taccommodatdo the unexpected changegn tempo, dynamics and timbre, and
the flexibility that enabledhem to stay togetherat these points
We now focus on somef the moments in the movementt which typical strategies
were adopted by the musiciangn the two modesof performance, although they
subsequently reported nabeingfully consciously awarat the time of the details revealed
by the analysis.The first two bars oftte prepared and improvised performances of the
movement can beseen andheard in Audio-Visual 3 and Audio-Visual 4. TheW ¥ 2 N» I NR
Y 2 @S Y Begrd @ the improvised performance can be seen in the shape of the tempo
curve n Figure 6b fronl.5 to 2.3, which contrasts with the zigzsigape of the curve in the
prepared performance shown in Figure 6a.
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Figure 6aPrepared performance dfelemanrbars 12.
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Figure 6bImprovised performance of Telemann barg.1

The range of tempiwvaswider (5876bpm)in the improvisedhan the prepared mode (61-
70bpm) and the dynamics fluctuated moret the prepared mode an intensity peakeating
more rigid shoriterm regularity can be seeon almost every quaver.

It is evident from the tempo and amplitude curves shown in Figures 7a amlatithe
Neapolitan chords preceded by aallentandoand diminuendoin the improvisedbut not
the prepared performancerather there wasa slightincreasein the tempoand acrescendo
just before the Neapolitan chord in 4.The performers demonstrated theareativity when
playing in the improvised mode by extemporising; €xample, the harpistiddeda bridging
passagen bar5, resolving the Neapolitan chord to the third degree.

68.7]
4.5 4.7 4.8 5.

43 _laa
sl.o_jJ_’/,é-}'/ﬂ T e T e —

53.4]
45.8
38.1
30.5
22.9
15.3

76
0.0

Figure7aPrepared performance of Telemann bar§.4
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Figure7b.Improvied performance of Telemann barsh4

The two sequences of calhdresponse between the viola and the flute in bar8 6an
be seen and heard iAudio-Visual5 and Audio-Visual6 and are illustrated irfFigures 8a and
8b.

68.7)8 63184 g5 ﬁrs's 73 |5, |75 7.7 |78 /MM\‘
610 66" \?.1 ’“‘““*i_\\}ﬁ/*‘_““\\,_ 1

53.4] 15-4’//82/ \,72/

45.8]

38.1

30.5

22.9]

15.3

0.0

Figure 8a. Prepared performance dfelemann bars-8.

68.0] / N 8.1
60.5] 64 &5 7 \ _ 73 S 77|78
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45.4]™

37.8]
30.2]
22.7]

1_:::;M /‘\/ Yava \___J\,\,.\ //\f\/\,

0.0

Figure 8bImprovised performance dfelemann bars-8.

Differentdynamics and tempi were used in timprovised and preparegderformances. The
dynamic were more varied in the improvisederformance with an unprepared pianissimo
in the second sequere. The two sequences were combined within a single coherent
phrase as illustrated by thdong arching shapéat can be seern the tempo curve from
bar 6 to the middle of bar T Figure 8b. There was atcelerandothroughout bar 6,
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shared between thdlute and viola, towards the climax of the passage where the top F is
played by the flute at 6,7which involvedan enhanced level olistening between the
performers.After this gesturghere was aeturnin bar 7 to amore consistenttempo. Other
points of interest include the lack of correlation between thenplitude and tempo curves
for the improvisedperformance: the dynamic level droppeshexpectedly anademainedat
a constant pianissimo througlut most of bar 7 whilst the tempoose and fluctuated.
Previous research suggests that performers usually tend to vary tempi and dynamics
simultaneously (Repp, 1994; Todd, 1992), so the gesture created at this moment by the
musicians playing in the improvised mode contradictext only learned tendenciedyut
alsowhat might be thought of as natural tendencies and expectati@ms thus made it
W& LIS Byicdntra§tthe tempi did not fuctuate in the prepared performancaccording to
the phrasing, and thalynamicintensity stayed the same despitdhe harnonic changeln
the improvised performance thdautist filled the major third Eflat to G by addingthe
passing note before the last beat of bar 7, gesture supported by his two partners who
W 3 | hichSimeQwithin the slowpulse they all shaik a momrent involvingintense listening
and shared riskaking most likely felt by the audience amdth which theyengaged

Finally we turn to bars-22 asseen and hearth Audio-Visual7 and Audio-Visual8, and
illustratedin Figures 9a and 9b.
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Figure 9aPrepared performance dfelemann bars-92.
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Figure 9blmprovised performance dfelemann bars42.

The passage leading towards the final tonic cadence miG®r is similar to bar 4
discussed abovayith a Neapolitan chord at 10.7. Thausicians made theamegestureas
before in the improvisedperformance butin a more pronounced way, adding a sense of
unity andmaking explicit thenacro-structure of the movement.There was alsa noticeable
changein G A YO NB 2y { K St thie tNezpditBrachotdi# YaA 1QDwhere he
prolongation of time (5.1 seconds, nearly twice as long as the 2.9 seconds in the prepared
performance) was supported by the other players, who slowed rather than speeding up. The
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LIKNF aAy 3 Ay 0N mnX 06S3IAYYAY oG wa diffteferd, T dzi
too, in the two performancesWhilst there was a gentle but continuous accelerando

towards the top G in the preparegerformance, representingthe tendency already

mentioned for musiciansto align pitch and tempo, the tempo in themprovised
performance decreasebetween the Fsharp atbar 10.4 and the top G abar 10.5as the

dynamic intensity increased, thus generatetensionto which the¥ f dzi SQ& OKI y3S 2
also contributed.

Ravel

wlk @St Qa aildNRBy3 AyisBanifestad in thgonadiieds & aviiold arid in f#s2 NJY
second movement, shown in Figure i@ an arrangement for violin, cello and piano, since

for copyright reasons we cannot publish the arrangement for flute, viola and harp used in
the study).This Minu¢ is modal in character, moving between D flat major (lonian) and F
minor (Aeolian) modes. Its form is the same as the Telemann movement: A, the main
theme (bars 124), B, the middle section in contrasting mood (bars685bars 5365 being a
closingset A 2y 2F (KS RS QJD0)2cadeta pharHIn4. Tha A thame NE2 ¢ ¢
bars long, divided into 4 + 3+ 5 bars and repeated immediately.

As for the Telemann movement we identified a number of special moments of interest
in the music that were réécted in the performances: first thstretto effect in bars 357
where Ravel employs progressively shorter phrase lengths (4 bars, then 3 bars, and finally 2
bars); second, bars 887, markedplus lent where the harmonic movement stands still on F
shap minor signalling a change of mode from lonian to Aeolian; third, bai®&55¥hich
prepare for the reprise of the main theme and a return to the initial tempo. The prepared
and improvised performances of the complete Minuet can be seen and heafdidio-

Visual 9and Audio-Visud 10respectively.

2 KAES GKS RAFFSNBYOSa 0SGoSSYy (GKS RdzNI GA 2,
LISNF2NXYIFyOSa o6HQupéw NB yS3ItA3aAoftS GKS GSY
very different. Vertical lines indicate bars. Tempi varied morthe improvised (1&6bpm,
the beat lasting a dotted mining see bar 44) than the prepared version {2dbpm¢ see
bar 81). The first two phrases of the prepared and improvised performances (H&sdd
13-24) can be seen and heardAwudio-Visual 11and Audic-Visual 12respedively, and the
corresponding tempo and dynamic graphs are shown in Figures 11a and 11b.

The second phrase is a repetition of the first, but the performance of the two phrases
was fundamentally different in the prepared and improvised modes. It is evifllent the
graphs that in the prepared performance the musicians used similar articulation, dynamics
and tempo fluctuations in both phrases (other than in ba#)2with the tempo peaking in
bar 4 both times. The audiasual example confirms that each pise was subdivided into
two subphrases (4+8 bars). By contrast, the repetition of the first phrase in the improvised
performance was performed quite differently. There was a burst of energy in the first two
bars of the first phrase, and the tempo peaked the second bar before relaxing
continuously until theallentandoin bars 912, producing two sulphrases of 2+10 bars. The
tempo peaked twice in the second phrase, in bars 16 and 20. Again, the-asda
example confirms that the second phrase vgad-divided into 3x4 bars.
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Sonatina fis-moll

. . Maurice Ravel (19203)
Tempo di Minueltto
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