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Abstract

The production and perception of music is a multimodal activity involving auditory, visual

and conceptual processing, integrating these with prior knowledge and environmental ex-

perience. Musicians utilise expressive physical nuances to highlight salient features of the

score. The question arises within the literature as to whether performers’ non-technical,

non-sound-producing movements may be communicatively meaningful and convey impor-

tant structural information to audience members and co-performers. In the light of previous

performance research (1, 2, 3), and considering findings within co-speech gestural research

and auditory and audio-visual neuroscience, this thesis examines the nature of those move-

ments not directly necessary for the production of sound, and their particular influence on

audience perception.

Within the current research 3D performance analysis is conducted using the Vicon 12-

camera system and Nexus data-processing software. Performance gestures are identified as

repeated patterns of motion relating to music structure, which not only express phrasing and

structural hierarchy but are consistently and accurately interpreted as such by a perceiving

audience. Gestural characteristics are analysed across performers and performance style

using two Chopin preludes selected for their diverse yet comparable structures (Opus 28:7

& 6). Effects on perceptual judgements of presentation modes (visual-only, auditory-only,

audiovisual, full- and point-light) and viewing conditions are explored.

This thesis argues that while performance style is highly idiosyncratic, piano performers re-

liably generate structural gestures through repeated patterns of upper-body movement. The

shapes and locations of phrasing motions are identified particular to the sample of perform-

ers investigated. Findings demonstrate that despite the personalised nature of the gestures,

performers use increased velocity of movements to emphasise musical structure and that

observers accurately and consistently locate phrasing junctures where these patterns and

variation in motion magnitude, shape and velocity occur. By viewing performance motions

in polar (spherical) rather than cartesian coordinate space it is possible to get mathemati-

cally closer to the movement generated by each of the nine performers, revealing distinct



patterns of motion relating to phrasing structures, regardless of intended performance style.

These patterns are highly individualised both to each performer and performed piece. In-

stantaneous velocity analysis indicates a right-directed bias of performance motion varia-

tion at salient structural features within individual performances.

Perceptual analyses demonstrate that audience members are able to accurately and effec-

tively detect phrasing structure from performance motion alone. This ability persists even

for degraded point-light performances, where all extraneous environmental information

has been removed. The relative contributions of audio, visual and audiovisual judgements

demonstrate that the visual component of a performance does positively impact on the over-

all accuracy of phrasing judgements, indicating that receivers are most effective in their

recognition of structural segmentations when they can both see and hear a performance.

Observers appear to make use of a rapid online judgement heuristics, adjusting response

processes quickly to adapt and perform accurately across multiple modes of presentation

and performance style. In line with existent theories within the literature, it is proposed that

this processing ability may be related to cognitive and perceptual interpretation of syntax

within gestural communication during social interaction and speech.

Findings of this research may have future impact on performance pedagogy, computational

analysis and performance research, as well as potentially influencing future investigations

of the cognitive aspects of musical and gestural understanding.
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GLOSSARY

Central Limit Theorem The use of repeated measures anal-
ysis of multiple stimulus trials presented to 20+ par-
ticipants, allowing the Central Limit Theorem to be
met and significant results to be interpreted as exter-
nally valid, enabling findings to be extrapolated to the
wider population of audience observers with an un-
derstanding of the concept of phrasing.

Concatenation The state of being connected or conjoined;
a series of interconnected things or events. (Oxford
Dictionary: Oxford University Press, 2015).

EEG Electromagnetic encephalography is a neurological
test using electronic monitoring to measure and record
electrical activity within the brain. A non-invasive
technique, EEG records electromagnetic field fluctu-
ations along the scalp that result from neural synap-
tic firing of during activation. By placing multiple
electrodes across the scalp it is possible to measure
and calculate Event Related Potentials (ERPs) corre-
sponding to averaged EEG electrode responses. These
are time-locked to cognitive processes involved in
neural processing of presented stimuli. EEG research
offers excellent temporal resolution for cortical acti-
vation but poor spatial resolution. This neuroimaging
technique has provided deep insight into the precise
timing of cortical activation related to visual, auditor,
memory storage and retrieval, and motor processing,
among other cognitive and neuropsychological fields.

Emotional Contagion This phenomenon describes the ten-
dency for two individuals to emotionally converge
(4). Hatfield, Cacioppo & Rapson (5) suggest this oc-
curs through the social mimicry and synchronisation
of automatic processes and physiological responses to
face-to-face non-verbal cues, such as expressions, vo-
calisations, movements and postures. Emotional con-

tagion generates and develops emotional synchrony
and empathetic understanding between individuals or
a group. A broader definition is of the conscious
or unconscious induction by a individual or group of
behavioural attitudes and emotion states to influence
the behaviours and emotions of another individual or
group (6).

Haptic “Relating to the sense of touch, in particular relating
to the perception and manipulation of objects using
the senses of touch and proprioception: ‘haptic feed-
back devices create the illusion of substance and force
within the virtual world’.” Oxford Dictionary, Oxford
University Press, 2015.

Magnetoencephalography (MEG) is a neuroimaging tech-
nique that measures the spatial distributions in mag-
netic fields to localise neural activity within the brain.
These analyses are superimposed upon anatomical
images of the brain, such as those produced by mag-
netic resonance imaging (MRI), to provide precise
information regarding the structure and function of
cortical activity. MEG is a direct measure of neural
function, unlike fMRI and other neuroimaging tech-
niques, which are secondary measures reflecting brain
metabolism. MEG provides extremely high spatial
and temporal resolution localising activity to within
1 millisecond and 1 millimetre within the brain. This
highly sensitive and non-invasive technique is used to
inform research into cognitive and perceptual and pro-
cesses as well as holding applications within clinical
settings.

Mirror Neuron System these are neurons which fire not
only when an animal executes a physical action, but
also when it observes this same action made by an-
other. Deep brain single-electrode primate research
and human neuroimaging studies propose mirror neu-
rons to be typically located in the frontal, premo-
tor and parietal regions of the brain. Mirror neu-
rons are suggested to hold explanations for prosocial
behaviours such as imitation and empathy, and have
been implicated in conditions such as autism. For de-
tailed discussions and reviews see (7, 8).

Motion Capture The process of recording the real-time mo-
tion of people or objects. This process is used for re-
search, medical applications, military and entertain-
ment purposes, sports science and training, and to
advance computational developments of robotics and
graphical communication. See section 5.3 for brief
discussion of techniques applicable to performance
and perceptual research.
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Motor resonance Regions of the motor cortex specifically
attuned to motor perception activate when observing
the actions of another. This activation is similar to that
produced when we make these actions ourselves and
is also found to occur during spoken or heard descrip-
tions of current or past actions. This phenomenon is
termed motor resonance, and is closely connected to
the observance of MNS in rhesus monkeys (9) and
is considered to be linked to sensations of empathy
and processes of imitation (10) Imitation, empathy,
and mirror neurons Annu Rev Psychol, 60 (2009), pp.
653?670 action perception, language comprehension
social interactions more generally (11).

NIPALS Non-linear Iterative Partials Least Squares: devel-
oped by H.Wold in 1966 ((12)). In comparison to the
more traditional form of PCA, which uses singular
value decomposition, NIPALS yields greater accuracy
of results for quantitative analysis.

Recapitulation Musical repetition; a section of musical
form where the exposition is repeated in an altered
form and the development is concluded; “A part of a
movement (especially one in sonata form) in which
themes from the exposition are restated.” (Oxford
Dictionary. Oxford university Press, 2015). Also
refers to a brief summary, repetition and development
of a musical concept theory or idea. “An act or in-
stance of summarizing and restating the main points
of something: ‘his recapitulation of the argument’.”
(Oxford Dictionary. Oxford university Press, 2015).

Tip-of-the-tongue (TOT) a phenomenon that occurs when

the left temporal and frontal regions of the brain fail
to communicate in order to retrieve names, words
or other information stored in lexical memory. TOT
has been widely researched and can be caused by fa-
tigue, natural ageing, and overloading the cognitive
demands placed upon your brain (i.e. stress or mul-
titasking). The phenomenon typically involves par-
tial recall of information, such as the first letter or a
word, similar sounds or meanings, or a sensation of
using it last, and is often coupled with a state of mild
anguish or anxiety followed by relief whilst mentally
searching for the word/information. Studies into TOT
phenomenon have revealed that lexical retrieval oc-
curs in stages and draws upon multiple regions/neural
networks within the brain (? ? ).

Western Music Theory (WMT) refers to the tradition of
understanding and communicating Western tonal mu-
sic that has been developed in western Europe,
from 1650-1900AD, through over 300yrs of music-
theoretical tradition. WMT represents a widely ac-
cepted system for the description and analysis of mu-
sic and forms the foundation of much classical, rock,
pop, and many aspects of blues, jazz and country
music genres. The system is not designed to de-
scribe how music should work, but rather is a useful
tool by which individuals may represent, communi-
cate and understand Western tonal music. WMT ex-
plains the fundamental demands within music, such
as pitch, timbre, rhythm, melody, harmony, tone and
form, as well as describing concepts and ideas con-
tained within the musical narrative.
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PRELUDE

Introduction

As a prelude to the main body of this doctoral thesis, I offer the reader here a more general introduction

to the underlying premise of this research and of its background. The research presented within the

following chapters concerns technical concepts and approaches from multiple disciplines. As such it

seems appropriate to open with a general overview of where this research has arisen from and how the

differing theoretical influences throughout my academic career have combined in the form of the thesis

presented here. Opening with a discussion of the nature of body movement and its meaning within the

current corpus of performance research, this prelude moves to the issue of definition within an area of

multidisciplinary research, such as performance science. Throughout these opening pages I will present

a brief recapitulation of the general theories and percepts of human perception and motion for the reader

in order to set the scene for the multidisciplinary approach presented in the chapters beyond.

Prelude

Within the fields of psychology, music and engineering scientific research is pushing disciplinary bound-

aries, existing more and more frequently in the grey areas between conceptual divides. As a result it

is becoming increasingly important that we, as researchers, also move beyond the comfort of our own

disciplines, opening our minds to new angles of investigation and developing new and revised concepts

of understanding.

Bridging the divide between multiple disciplines, all individually tackling similar questions in very

different ways, is central to this thesis. I will bring you differing and often diverging concepts and

approaches to elucidate the gaps existing between perceptual psychology, music research, computer sci-

ence and electrical engineering. In reconsidering definitions of concepts such as gesture and movement
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I aim to consolidate these approaches, creating an empirical investigation into the meaning and function

of human performance movement. In so doing I will address an emerging view of how structural infor-

mation may be integrated and processed within the human brain. Through the unravelling of some of

the mysteries underlying communication and human understanding this innovative notion of cognitive

processing, first suggested in linguistic and auditory neuroscience, may help scientists and researchers

in engineering, computing science, music and psychology alike move towards a greater understanding

of what music is as well as how to model, examine, modify and progress our involvement with and

experience of it.

The shortage of rigorous scientific data supporting clinical application, noted within the literature

(57, 256), reveals a need to extend musicological research and understanding of the implications of cog-

nitive & behavioural processes associated with human experiences of music. Following a call by clinical

practitioners and neuropsychologists, a new wave of research into the cognitive and perceptual elements

of music began in the late 1990s and early 2000s. Over the last decade, researchers in the fields of

music science, performance and perception have seen a resurgence of investigations across disciplines

concerning the music experience as a whole, from performance to perception, of which this doctoral

thesis is a part. On the cusp of this wave of new music research, the last ten years has yielded investiga-

tions and forums for the exchange of ideas that have crossed disciplines, forging unusual collaborations

and challenging existing concepts and terminologies.

As we progress toward a deeper yet broader understanding of the concepts within musical experi-

ence, we also move toward significant implications for the pedagogy, analysis, computational modelling,

technological design, cognitive processing and clinical application of music. As we discover more about

the relations between music cognition and performance, composition, communication, movement and

meaning, we become more able to blur the edges of our respective disciplines and so deepen our ques-

tions of research.

While neuropsychological and perceptual research has seen a movement away from investigations

into vision-science to that of sound, current music-related research is undergoing an opposite transfor-

mation, acknowledging the role of the performer, their body, and the social and environmental context of

their representation in addition to the audible aspects of music performance. This shift echoes a similar

call for the involvement of the body within affective (emotive) neuroscience and behavioural studies of

emotional expression (expression of affect).
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Figure 1: Body motion in Music Performance - A graphic representation by Kirsten Zirngibl
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Prelude

By May 20091 over 95% of literature into the expression and perception of affect centred around

studies of facial expressions of emotion and their detection (13). Around the same time that performance

science demonstrated an international interest in body motion and gestural communication, scientists,

such as Beatrice de Gelder, began to raise the explanation and invitation “Why Bodies” to the neuro-

physiological and neurobiological communities. So, why look to bodies for cognitive and perceptual

music research? Why should researchers look to the actions and expressions of the human body to

further understanding of human communication and expression? While researchers investigating areas

such as performance and dance may find this question obsolete, I feel it still necessary, for those outwith

this niche research, to expound upon the reasons why findings regarding the role of the human body

within a performance scenario hold serious implications across the board for human research.

Despite the lack of research into the role of the body outside of performance-science and social

interaction studies, issues regarding the importance of bodily expression have been socially accepted

throughout scientific history. Darwin and James discussed potential meanings of postural expressions

at great length, describing the communicative aspect of certain developmental actions and corporeal

expressions (14, 15). James went on to note the social mimicry of emotional expressions, now labelled

‘motor resonance’ and ‘emotional contagion’, whereby observers use slight, often almost impercep-

tible movements to reflect the emotive expression they perceive in another. When this expression is

located within the body, the observer experiences a type of kinaesthesia, an empathetic motor memory

and activation, in the regions of the body usually involved in the observed posture (15, pp419). The

developmental importance of physical mimicry during language acquisition and lexical development

(16, 17) is widely acknowledged both within and outwith scientific research, being applied almost un-

consciously in our daily interactions within teaching and other social environments, in learning and

development for children and developing adults, as well as within work environments for trainees and

new recruits. Neuroimagery has supported James’ observations showing increased activation of motor

regions, as well as classical areas related to production and detection of emotion and intent, mirroring

the observed expression’s cortical activity ((18, 19, 20) for review).

This support for motor resonance and emotion contagion strengthens the proposals for the existence

of a connection between physical motion and posturing of the body and the expression of affect. And

yet we must ask where this distinction between bodies & action and faces & expression, still evident in

current topics of research, originates.

1when this research began
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This same distinction between body and mind is evident throughout Western history. De Gelder

aptly describes this distinction as an “historical neglect for the body” and terms the behaviour as ‘face-

centrism’ (13). There is an observable ethnocentric bias towards the face in Western culture, which is

evidenced within Western philosophy, literature and art. This bias is not evident, however, across all

cultures. Islamic art for example focusses on secular and religious elements through the geographic and

floral representation of objects and calligraphy (21, 22), while central and southern African art often

centres upon the human form and everyday activities such as transporting water or herding livestock.

(23). This dichotomy between body and mind so pervasive throughout Western culture springs from

Cartesian dualism, where Descartes expounded on the separation of mind from brain, and so of body

from mind (24, 25). This dualism of dividing thought and reflex, emotion from sensory perception,

intention from action, has become ingrained within Western culture and pervades much of what we see

today; through art, science, learning and social interaction.

The founding of Cartesian dualism in Western culture epitomises the distinctions we see within

research. The distinction of body and mind by Descartes, and Western culture’s interpretation and

incorporation of this, emphasise the body as the machine, and the face and eyes as the windows to the

mind and soul. In our culture, and many others, we tend to see the eyes and the faces of another as a

way of interpreting their thoughts and emotions without conscious consideration of the body. “In their

faces we read what others think and feel and we see ourselves reflected, accepted or rejected in their

eyes” (13, p3476).

Both historical and current emphases on body image, fashion, health and the culture of ‘corrective’

or ‘cosmetic’ surgeries serve to endorse this cultured image, accentuating the notion of the body as su-

perficial decoration for the person within. This notion is of a decorative shell or casting that is malleable

and may be manipulated to present alternative images of ‘self’. Together these percepts might be seen

to bring doubt to the the perceiving of our bodies as a natural means of communication.

However, what a body looks like and how it moves are two distinct and different things. The form

and aesthetics of the face may also be transformed, dressed and sculpted, perhaps more so than the

body, and yet the viable reliability of the face as a source of affective communication is not culturally

cast into doubt. Visible aesthetics are highly individual, malleable and rooted in culture. In contrast,

motion and posture appear as being more generalisable on a grander scale, and potentially largely innate

(15). Research into bodily expression and its recognition is yet to confirm or refute such theories. How

a person moves and the postural, gestural and bodily expressions that are recognised and replicated are

similar across individuals, carrying similar meanings regardless of the height, weight, age or even sex of
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a person. I say that the movements and meanings are similar for two reasons: Firstly, body movement

and expression has been shown to be highly individualised. Studies of dance (26, 27, 28), embodied

motion (29, 30, 31, 32, 33, 34) and music performance (for example (35, 36, 37, 38, 39, 40)) show

individuals generating often similar but sometimes quite different movements to convey a similar, or

single, meaning or expression. Secondly, point-light studies have revealed that observers may make

strong definitive judgements as to an agent’s gender, sporting ability, and even sexuality (41, 42, 43,

44, 45) in addition to being able to recognise the expressed mood or social intention based solely upon

their body movements. Findings within research suggest some level of variability between individuals

in their expressed body motion, onto which stereotypical distinctions may be made.

It is evident from literature that does consider whole body expressions of affect, as well as from our

own implicit knowledge of our communicative experiences, that emotional expression and body action

are linked. Here I would posit a shift from discussion of affect to the broader topic of meaning and

communication. To remain embedded in emotion at this early stage of performance and music research

is, I feel, to risk overlooking the potential causal effects and underlying processes involved in postural

expression and corporeal gestures.

The consideration of contextual influences on human perception and cognition is still largely lacking

in current literature and research. Ethnographic studies begin to address these and bring anthropological

insight to empirical findings. They bring important social, cultural and environmental, or contextual,

considerations to the fore that may not have otherwise been considered in conjunction with controlled

lab-based investigations. However, conducting quantitative research with a view to environmental con-

text brings many difficulties regarding empirical reliability and control. These difficulties are often

debated by scientists, musicologists, theorists and performers.

Moving from my earlier research into contextual influences on recognition of facial emotional ex-

pression to recognition of bodily gestural communication of structural meaning during piano perfor-

mance may appear a theoretical leap. In reality these factors are closely connected. I would argue that

emotional expression and body action are intrinsically linked. Using neurophysiological findings of

connected networks and activation of classical brain regions typically involved in emotion processing

during production and observation of bodily gestures, literature and research are beginning to confirm

what philosophy and popular-psychology had only previously implied. Behavioural and neuroimag-

ing studies have investigated the role of body language in the perception of expression presupposed by

Western culture and popular-psychology. Despite a conceptual division within Western culture between
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body and mind, it is commonly held that our bodies unconsciously express our true feelings and inten-

tions. The use of interpretations of a person’s body language to detect fear, deceit, amorous affection,

and so on, is utilised and explored throughout modern cultures. From magazines, poker games and

day-time television, to job interviews, psychological evaluations and even military training, our use of

the connection between bodily action and expression is apparent.

Investigations into the persistence of this connection by Meeren and colleagues (46) found that par-

ticipants’ judgements as to the emotion expressed in the face of actors was heavily biased by the emotion

expressed by their body. Under incongruent conditions, where the face expresses a different emotion

to the body (i.e. fear versus anger), both reaction times and accuracy of judgements were affected and

responses were biased towards the bodily expression (46, 47). This tendency to look to the body for

confirmation is also evident in studies involving patients with neurophysiological impairments affecting

their ability to see or interpret socio-emotional expressions (such as lesions to the parietal or striate cor-

tex, cortical blindness, neuropsychological disorders such as depression, schizophrenia, Alzheimer’s or

Parkinson’s disease). These studies indicate that we look to the body, be it consciously or otherwise, for

confirmation of our interpretation of the verbal and facial emotions and intentions expressed by others.

The body is very much part of social communication, be it by using slight, imperceptible gestures

to aid social inclusion and acceptance (14, 15, 48, 49), in reinforcing or masking expressed feelings of

affect and intent through gestural actions and ‘body language’, or through direct bodily communication,

such as grand gestures, signalling and sign language. Bodies are used to express and convey more

than just emotional affect. They recount meaning, intentions and the contextual explanations of an

individual or group (15, 50). We use our bodies to communicate. However, it is possible that the way

we use our bodies may serve different roles depending on the context of the communication and our

levels of awareness of this. Theories of non-conscious emotional perception (51, 52) and the discovery

of empathetic mirrored cortical activation for body movements (10, 53, 54), coupled with theories of

emotional and motor contagion (5, 55, 56), imply a subconscious (or non-conscious) ability to recognise

and discriminate bodily expressions in humans.

Little comparable research has been done in this field and evidence to confirm or disprove this is

sparse. It is mainly in the field of performance science, where the role of the body in communicating

and expressing during a performance is more widely accepted, that we are starting to see evidence that

bodies express, communicate, elucidate and perform in a way that enables observers to recognise and

interpret musical experience and expertise and semantic context, to varying degrees. Yet even within

this area considerations of visible information are still generally overlooked in favour of audible cues,
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and emotion still remains the focus of the majority of research (57).

By moving away from the considerations of emotion to bodily communication and expression of

contextual meaning and structure, I hope to avoid the issues of intersubjective interpretations that have

proven so problematic within new music empirical research. Where many researchers now talk of

variations in tension, stepping away from the vastly diverse and subjective nature of emotion in music, I

propose that musical communication is something outwith and beyond our typical everyday conceptions

of emotion. Descriptors such as happy, sad, angry, fearful, surprised or disgusted are not truly adept to

describe expressions within a performance. A performer strives to express a musical idea, which has

been immortalised and contained within the markings of a notated score, yet this is still very much

open to interpretation (58, 313). The body is the performer’s way of realising this musical idea; it is

through the body that music is made, and without it no instrument would work. As Ortmann observed

when examining the physics of piano technique (59), within practically every musical context “music

is movement”. Indeed, the expression of musical intention and interpretation is being shown more and

more to rely on bodily movement to effectively communicate musical interpretations.

By investigating the nuances of body movement expressed by performers it may be possible to

uncover information relating to the intended meaning being expressed musically by a performer, so

echoing relationships observed within examinations of body language and facial expression during so-

cial interaction. Through discussion of the embodiment of structural and syntactic meaning, and the

detailed analysis of the production and perception of pianists’ performance movements, this research

will examine whether performers convey accurate structural information through their body motions

that can be recognised and understood by an observer.

As we make tiny, almost undetectable movements during social exchange to communicate similarity,

security and attention, so too may we detect minute movements of the body to signal meaningful events

during a performance. Such a dual association of movement and meaning within music performance

and perception would provide strong support for the communicative aspect of body movement and

performance gesture in the conveyance of both semantic and syntactic meaning and intent. As a result,

throughout the course of the following chapters I hope to demonstrate that the body is not only an

important but also a necessary part of effective communication.
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CHAPTER 1

INTRODUCTION

1.1 Research Description

This doctoral research investigates the information that is conveyed from a performer to their audience

during music performance. Musicians’ movements often emphasise aspects of structure and emotion

that are inherent within the notated score (35). The role of body movement in enhancing meaning

has been evidenced in performance, dance, and speech research over the last decade, with findings

demonstrating a range of movements and their proposed role in musical understanding, enjoyment and

communication. Additionally, performers’ body movements may be seen to reflect the physics and

physiology of sound production (60, 61, 62), enhance communication among ensemble performers as

well as with the audience (for example (35, 37, 63)), and serve as performance memory aids for the

musician (64)(see (65) for a comprehensive review). The ancillary movements of clarinetists have also

been demonstrated to reflect musical tension and structure during performance (3, 66, 67). Furthermore,

variations of body movement correlating with phrasing structure, meter and affect have also been ob-

served in solo and duet piano performance (35, 68, 69, 70, 71). These findings are discussed in detail

within Chapter 2 of this thesis.

The current research combines previous theoretical assertions, extending and expounding published

research using advanced motion-capture technologies and quantitative analysis. In addition to detailed

investigation of pianists’ non-technical body motions during performance, the following research exam-

ines the recognition and understanding of these same movements. This is achieved by presenting the

same performances, which were recorded and examined, to musically-knowledgeable audience mem-

bers to assess structural judgement perception and accuracy. This feature of investigation determines
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the extent to which participants demonstrate a clear recognition and interpretation of the presented mu-

sic’s structural segmentation with regard to phrasing. Findings are considered with regard to the shape,

velocity and plausible function of performers’ phrasing movements, as well as to their role in enhancing

the musical understanding of the audience. These observations are then extended to consider their im-

plications within the realms of co-speech gestures and the cognitive processing of structural information

within music and speech. The main premise here is to uncover, if any, a relation between patterns of

physical motion and structural communication, whilst creating a robust, replicable method of empirical

research, to discover whether there exists a gestural communication of structure and syntax within music

performance and social interaction.

As my PhD is entirely interdisciplinary, in line with the interdisciplinary research aims of the Science

& Music Research Group, University of Glasgow, my research into music perception in listening and

performance has continued alongside musicians, composers, producers, music theorists, music psychol-

ogists, physicists, neuroscientists, electronic engineers and computing scientists. The research presented

within this thesis has not been informed by all of these areas, but is in itself intra-disciplinery, combining

within me the skills and teachings of the multiple disciplines that I have interacted with and learnt from

throughout the course of my academic career and research.

1.2 Examination of the Issues

To date, much of the research within electrical and audio engineering resides in computationally mod-

elling aspects of a score and the practical development of these. There are significant problems that arise

when attempting to model music in a way that reflects perceptual qualities without first knowing what

these qualities are, or even if they perceptually exist. There are certain enigmatic aspects of a perceived

music experience that are not obvious within the pure notated score but rather exist as an element of

the performer’s interpretation, the audience’s conceptualisation or from combining the resonant aural

harmonic frequencies.

For example, the auditory perception of an absent third tone of a triad when the other two notes of

the triad are played has been acknowledged by musicians and sound therapists as a useful tool in both

composition and healing. However, this acknowledged facet of harmonic perception creates substantial

problems within audio engineering and the modelling of new music technology.

If the problems that exist in computational modelling and technological engineering of music reside

heavily in not being fully able to model undetermined perceptual elements, it is imperative to first
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1.2 Examination of the Issues

discover what elements are perceived and recognised when understanding and perceiving music so that

they may then be successfully modelled computationally.

The cognitive processing of aural information is an area of human perception still relatively undis-

covered, with new findings regarding the neural processing of auditory cognition continuously emerging.

Sound has only become a valuable topic of perceptual and cognitive research approximately within the

last 10-15yrs, with the analysis of spoken and sung information only really finding a place in research

within the last decade, unlike its visual counterpart„ which benefits from the wealth of over 80years re-

search and empirical experience. Over the past two decades we have discovered areas within the human

cortex where sound, and laterly music, information is processed. We know that particular functions such

as pitch detection and differentiation are dealt with by particular neuronal networks and that, as with

most aspects of cognitive processing, these functionalities overlap and display a degree of plasticity,

interacting to inform auditory scene analysis and understanding (72, 73, 74, 75).

The powerful and ubiquitous effect of music within human culture is a largely accepted phenomenon.

However, what exactly it is about music that can cross the barriers of language and culture to both phys-

ically and emotionally move people remains beyond our grasp. The elements and processes comprising

‘music’ have been investigated by many disciplines and factions of the academic, social and perfor-

mance communities. Despite this common interest, each discipline, and indeed each research team,

often have different conceptions as to what music and its constituent components are.

This doctoral thesis aims to consider these seemingly disparate approaches in unison within a

method that both recognises and meets the theoretical standards and empirical constraints of the var-

ious disciplines involved. Such a holistic approach enables the examination and presentation of findings

relating to performance and perception that may be not only applicable and externally valid within mu-

sic and technological development, but also scientifically reliable and robust.

Figure 1.1: Perceptual Interpretation Path - Process of structural interpretation and realisation from com-
poser, through to the performer and their audience

Figure 1.1 demonstrates the continuous path of interpretation of music features, be they structural

or emotive, syntactic or semantic, from the notated composition to the recognition and interpretation of

these features by an audience. The notated features are interpreted by the individual performer, based on
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their particular school of learning, style, and their previous experiences with this piece and others. The

features are then expressed according to the performers’ individual interpretations of the score within

the paradigms of their own particular performance style. This may be influenced by contextual factors

such as the performance setting and environment; whether they are playing alone or in an ensemble, the

instrument type, the location of the performance and possibly the size and background of the audience

present. The performance is received by the audience and the sensory information, both visual and

auditory (and arguably also haptic and olfactory), is recognised and interpreted to form each individual

audience member’s perception of the quality and meaning of the performance experienced. As with all

stages of perception and interpretation, these judgements are affected by prior knowledge such as the

extent of previous experience with similar and differing performances, and so on.

Placing music perception in relation to music theory brings this research back to the composed and

notated music and how this in itself is analysed and interpreted, and segmented into its composed struc-

tural and expressive features. Within music theory there are several diverging yet reasonable analyses of

harmonic and melodic relations that may exist for any given piece. Whilst these potentially contrasting

analyses are all musicologically viable, the fact that they are all plausible exemplifies the high sub-

jectivity of music experience, and so also of perceptual research into music perception and cognition.

Indeed, there are growing theories that music structure itself is not composed but rather arises from an

individual performer’s subjective interpretation and experience of the music (324). Such a premise re-

moves traditional analysis and the intentions of the composer completely from perceptions of structure,

adding yet more complexities to the issue of analysing even the basic syntactic, structural constituents

of a performance.

In addition to contrasting implications and analyses, music research is subject to influential factors

such as the issue of music genre, effects of intention in composition on interaction, and the inevitable

effects of culture and ethnocentricity, not only on the musician and audience but also upon the analyst

and researcher. Such variable factors raise important questions as to what music perception realistically

is and how it can be investigated. It is up to the researcher to ask whether music perception is universal,

distinctly human, cultural or highly subjective. Furthermore, it is for the researcher to uncover what it

is that defines music as such, and to what measure is music one, many or all of these things.

To begin to answer such questions it is essential to address the conceptual divide which often

emerges between disciplines and conflicting results. In order to do this I must first outline the con-

cepts and conditions employed within my own research. The following section addresses the problems

which arise when faced with overlapping terminologies, whose words hold different meanings within
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different disciplines. The following section introduces the main concepts central to this research, consid-

ering contrasting interpretations of these concepts and defining how they will be referred to throughout

the remainder of this thesis. The final section details the structure of the current and proposed future

investigations, moving on to relate these proposals, and the impact of current and potential findings, to

the wider communities of audiovisual perception, cognitive neuroscience, music technology and perfor-

mance analysis.

1.3 The Problem With Words

1.3.1 Concepts & The problem with words

In all facets of research we come across the fundamental problem of words. When used to convey

conceptual theoretical paradigms, certain words often hold different ideas, meanings and connections

for researchers that are dependent on our experiences and knowledge surrounding them. We use words

differently depending on our background, on our daily interactions and on those we communicate our

ideas to and with. It stands to reason, then, that concepts such as ‘performance’, ‘perception’ and ‘ges-

ture’ will arouse different meanings and ideas for researchers within different faculties, disciplines and

even simply different research groups when connected to something as complex and variable as music. I

will base my conceptual definitions on my current understandings of the terms existent within the litera-

ture. These are derived through my academic training, literary research, personal experiences and, most

importantly, upon my interactions with researchers from many different fields throughout the duration

of this investigation, all sharing the same goal; of understanding music performance, perception and

cognition.

1.3.2 Concepts Explained

1.3.2.1 Perception

A generally well recognised term, ‘perception’ is sometimes mis-referred to within music-related re-

search as an ambiguous entity to explain all psychological experiences of music. Here perception is

referred to in psycho-neurological terms to explain the process of recognising and interpreting informa-

tion received and extracted from music-related environmental stimuli.

Perception is the process of the receiving of external sensory stimulation to the nervous system and

the subsequent processing, recognition, interpretation and incorporation of this information to generate
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activation, reaction and understanding within the cerebral cortex. Cognitive perception has a longstand-

ing and well established tradition within psychological research. I have adopted this examination ap-

proach, already finely tuned with respect to visual and audio-visual perception, and adapted and utilised

its methods for use within a music performance paradigm. I have also drawn upon the wealth of research

into human speech production and understanding in terms of gestural and syntactic processing to draw

conclusions regarding the relationship between music performance and gestural communication. This

methodology is explained in Chapter 3 and forms the basis of the analyses presented in Chapter 5.

Perception, in this instance, is considered as bi-directional for the creation of a performance expe-

rience; with performers perceiving structural information from the score notation and their learnt and

practical experiences with the music stimuli, and audience members using their recognition and inter-

pretation of perceived auditory and visual information and audiovisual scene alaysis to form judgements

of structural information contained within a performance.

1.3.2.2 Music Theory

The research presented within this thesis is predicated upon Western music-theoretic traditions for the

analysis and interpretation of the pieces used. Primarily, this is because this is the theoretical tradition

most readily available to me. Structural analyses from several music analysts across Britain and cen-

tral Europe were compared to confirm the structural analyses of the musical stimuli examined here (see

Chapter 3.3 for musical analyses of the presented scores). Secondly, the Western world has amassed over

200 years of notated music tradition that forms the basis for nearly all of Western music composed prior

to the 1950’s and, as a result, offers a well structured and heavily researched foundation from which to

begin my investigations. By selecting classically composed pieces of music it is possible to investigate

the perceptual effects and underlying processes involved when performing or listening to these com-

positions, directly relating findings back to the structural components as denoted by music-analytical

theory. The main goal, therefore, is to discover whether humans do in fact process and perceive music

in the same fashion as music theory denotes, or whether we are cognitively doing something quite dif-

ferent. If we do communicate and perceive elements within music in the same structural way as it is

composed and analysed, then it would be possible to take Western music theory as the foundation for

a model of western musical listening. It would then only be a short step to begin modelling musical

listening within the brain to discover when and where certain structural elements of music are received

and processed. The potential implications of this for learning, technological development, science and

therapeutic advantages for individuals who have little or no social and emotional communication are
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vast (with potential implications stretching to research into autism, Alzheimer’s and schizophrenia, for

example).

Finally, I am conducting research within my own culture and within my own cultural concepts and

restraints. Before I can investigate additional music traditions such as, for example, Indian sitar, Chinese

yanquin, flamenco, or even jazz, I must begin with what is conceptually understood and agreed within

my own culture. This is in no way to suggest that the Western music tradition or classical compositions

are superior in any way, nor that they hold a greater foundation historically. However, when embarking

upon a new realm of research it is important to acknowledge a certain degree of ethnocentrism and bias

that may impact on inferences we might make if investigating music traditions from other cultures with-

out having first uncovered some of the secrets contained within our own. All of the additional traditions

of composition and performance, outside of the classical romantic Western compositions examined here,

present extremely viable and valuable areas of investigation and would make excellent comparisons for

the findings of this doctoral research.

1.3.2.3 Performance Analysis

In this instance performance analysis pertains to the analysis of particular actions performed by each

of the participating pianists in their representation of the notated music. This involves the analysis

of music-related actions made whilst performing a piece of music. Where many of these movements

will be technical in nature, necessary for generating alterations in pitch, volume, tone, rhythm, and so

on, others may be indicative of individual performing style rather than that of sound production. This

premise is discussed further in the Literature Review of Chapter 2, and forms the basis of examination

presented within Chapter 4.

Throughout this thesis, performance analysis will be discussed in relation to the generation, obser-

vation and audition of a musical performance. In particular, solo piano performances of two Chopin

Preludes (Opus 28: Preludes 6 & 7) will be discussed. These performances were recorded and analysed

through varying modalities (MIDI, audio, video, Vicon 3D motion-capture, semi-structured interviews,

audience ratings and questionnaires, Rosegarden1) and multi-modal analyses of performances were con-

ducted. For the purposes of this research, only the investigations into the analysis of the 3-dimensional

motion data and the presentation of the audio and video recordings will be discussed in detail. Some

analyses conducted in collaboration with my colleague and peer, Jennifer Griffiths (neé MacRitchie)

have been removed from the main body of this thesis at the examiners request as both researchers hold

1Rosegarden is a computational software for the recording and scripting of music in MIDI form as it is received by a computer.
PML refers to the Performance Markup Language within the Rosegarden software, developed in-house by Douglas McGilvray,
which performs a ‘mark-up’ of a musical score associating received MIDI events with the score’s notation (76).
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full joint first authorship and responsibility for the principal component analyses (PCA) and multimodal

performance analyses of this collaborative research. These investigations inform findings presented

within this research and additional analyses of the performances referred to within Chapter 4 may be

found in found in MacRitchie, Buck & Bailey (40), and in Buck, MacRitchie & Bailey (77), and as

a supplementary paradigm in MacRitchie’s doctoral thesis (70, Chapter 8: pp95-147). Performance

analysis within this doctoral research refers to the detailed 3-dimensional examination of non-technical

performance gestures and music-related movements made by solo pianists as they performed the se-

lected Chopin Preludes.

1.3.2.4 Gesture

Possibly the most controversial concept within this thesis, use of the term gesture has caused con-

fusion and heated debate at international forums of all levels1. This term has been used to describe

intended physical movements (81, 82, 83, 84), unintentional movements (85, 86, 87), technically neces-

sary motions (64), ancillary physical movements (36, 37, 67, 88, 89), music induced movements (32, 33)

communicative physical displays (1, 63, 90, 91), notated musical motives (Obed), and much more. To

remedy the conceptual conflict it has been proposed within the literature to use phrases such as ‘music-

related action’ (80) and ‘technical/ancillary musical movements’ (36, 88). However, controversy still

arises as different researchers and investigations place differing levels of importance on what may be

classified as a ‘gesture’, and on what constitutes as being sound-related or ancillary. Often the distinc-

tion between these perspectives can become blurred, such as in the raising and lowering of a clarinet

bell to emphasise gesture, alter timbre or aid sound production.

When considered from each respective analytical viewpoint the many varied distinctions made be-

tween levels of physical motion generated during a single performance, or during speech, are all em-

pirically valid. The validity of all of these differing conceptual terms for describing a similar physical

embodiment of music is perhaps why research into the cause and function of performance movements

has made limited progress within the last 10-15 years. I propose that it is because of the very mul-

tidimensional and multi-meaningful nature of performance motion that we, as researchers, musicians,

analysts, developers, teachers and coaches, find it so difficult to identify the adequate words with which

to explain performance motion to one another. Conversely, it is because we cannot find the words

to describe, that findings continue to conflict and the causal nature and meaning conveyed within the

production and perception of movement remains in despute. In an attempt to consolidate the various

terminologies present within current research literature, and to find common ground on which to discuss

1For reviews see (63, 65, 78, 79, 80).
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the nature and meaning of bodily movement within performance and social interaction, this research fo-

cuses on the physical motions not directly necessary for the production of sound that are observable to

the naked eye of the beholder, be they an instructor, co-performer, researcher or audience member, as

constituting performance motions.

In speech, gestural research has generated much debate as to which speech-related actions may

be termed ‘gestures’. Within the field of speech research we see in the terminology the remnants of

the same debate we, as music researchers, now find ourselves in. Yet in speech and linguistics, even

twenty years on, this controversy has never completely been resolved. Instead the literature has seen a

move away from gestural research towards less ambiguous and terminologically controversial topics of

investigation.

As with speech, music involves bodily movement. This use of the body becomes more prominent

when an external instrument is utilised, as opposed to sung music. Choral music demonstrates similar

gestural uses as in speech, perhaps only grander and more deliberate. Singers have nothing acting

as a barrier between themselves and their audience (92) and often appear to use physical motion quite

deliberately in order to draw an audience in to their performance in much the same way one would whilst

giving a paper or a public speech. Instrumental musicmaking involves the use of the body’s actions to

generate sound, and so the use of gestural communication becomes intertwined with technical motion,

producing complex human movement potentially conveying multiple levels of meaning. Together, our

creation and reception of these elements enables the recognition and understanding of performance and

social interaction. We apply our knowledge and memory to our actions and perceptions to formulate

meaning and emotional understanding. From this develops theoretical understanding and analyses, as

well as emotional recognition: ‘music, as performed’, becomes ‘music, as perceived’.

In defining gesture, this investigation makes a single distinction between the observable physical

movements technically necessary for the production of sound and of those non-technical performance

movements not directly related to the production of sound. While it is acknowledged that technical

motions may be seen as a rippling throughout the body, accentuating the attack of a key, activation of

a string, or modulation of a note, I would argue that the nature of this accentuation of the technically

necessary action is a performance choice made by the musician to add flavour to their performance and

colour to the sound itself. This research concerns solo performance on the piano, which is a static in-

strument requiring the attack of keys and modulation of pedals to control the sound produced within the

body of the instrument. Recent research has demonstrated that the curvature of a performers finger and

the force and velocity exacted at a particular location of a key can significantly alter the sound produced

by modulating the action of a hammer against the string. However, as evidenced by the virtuoso Arthur
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Rubinstein, it is technically possible for a pianist to perform with the minimum of additional body move-

ments, maintaining a static position at the centre of the keyboard and allowing only the arms, hands,

fingers and feet to move in the production of sound. While schools of piano performance range from en-

dorsing a strict, stoic, central positioning to maximise the health and wellbeing of the performer, such as

those employing approaches such as the Alexander technique to minimise the movement of the spine,

others encourage the use of the body to enhance the expressivity of a performance with approaches

such as that of Dalcroze eurythmics (93), evidenced in the extreme in performances by Rubinstein’s

polar opposite, Glenn Gould. This investigation does not seek to determine any approach to perfor-

mance as more affective or efficient than another. The goal here is simply to determine a differentiation

between the use of the body technically and non-technically within such performances. Furthermore,

while my peers have sought to differentiate between the types of non-technical movements produced,

I feel it pertinent to investigate the potential causal relationships between structural interpretation and

perceptual communication before defining and categorising these movements. While I agree with the

research distinctions drawn between the observed relations of sound facilitating, sound-manipulating,

and sound-related movements, the level of overlap between movement categories may sometimes mask

the importance of a given motion beyond that of the general production and embodiment of sound. This

research is concerned with the communicative value of such movements for both the performer and their

observer. As a result, the manner in which a performer uses their non-technical performance movements

to express structural features is explored through detailed analysis of their upper-body movement.

The term gesture will be used throughout this thesis to describe the physical motions made during a

music performance that are seen to carry embodied structural meaning. I will not refer to notated phrases

or compositional motifs as ‘musical gestures’, instead using traditional music-theoretic terminology for

such notation (i.e. these will be referred to as phrases, cadences, harmonic and melodic arrivals, etc. in

accordance to their music-analytic content with regard to harmonic and melodic relationships - see sec-

tion 3.3 for full musical analyses). For physical movements made with respect to the actual generation

of sound from the instrument, I will talk of ‘technical performance movements’ or ‘sound-producing

gestures’. Such references would involve varying the curvature of the finger to alter the sound of the

keystroke, or lifting the foot from the pedal to release the damper, or the force of the movement caus-

ing an attack on a key, etcetera. Movements that are supplementary to the actual playing, conveying

meaning whilst not being ‘directly’ necessary for the production of sound, are the primary focus of this

research and not the technical sound-producing movements themselves1. I will draw upon the limited

1Where a pianist moves some part of their body repeatedly at phrase endings, say, for example, their head or elbow, these
movements are not technically required to produce or alter the sound (although their relation to the sound is acknowledged).
Instead these actions may hold some other meaning or purpose potentially conveying additional information to the observing
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psychological research into language-related gestures to help identify such movements. In relation to

the structural interpretation and perception of the music, I will refer to these repeated movements as

‘non-technical performance movements’ or ‘structural or communicative gestures’.

1.4 Thesis Overview

1.4.1 Chapter Summary

This doctoral research presents a two-tiered, bi-directional analysis of performance motion, looking at

the production and the perception of performers’ non-technical performance gestures. As a result there

are several ways in which the following chapters may be approached by the reader. The following pro-

vides a chapter overview so that the reader main gain the most from their reading experience.

Chapter 2 presents a summary and critique of the current findings existent within the research lit-

erature, reviewing analyses of movement and music within performance science, speech and gesture

research, and audio and visual studies of music cognition and perception. Having presented the reader

with the literary background for the presented research, Chapter 3 discusses the methods of analysis

selected for the recording and examination of performance movements generated by nine pianists and

the subsequent perception of these movements by 30 audience participants. A detailed discussion of

the musical stimuli selected is presented, providing a music-theoretic structural analysis of each of the

chosen works. Following this, a full description is given of the empirical design employed, detailing

participant and performer selection, equipment used and methods of data collection and analyses con-

ducted.

Chapters 4 and 5 present the body of results gained from this research, presenting the two sides of the

empirical analyses employed. They describe in depth the results of the performance analysis conducted

to investigate the existence and meaningful relation of non-technical performance movements generated

by pianists (Chapter 4), and the effects of varying the viewing condition and presentation modality

of performances on audience perceptions of phrasing structure (Chapter 5). The results of the two

chapters feed back on to one another, providing bi-directional investigation from the production to the

perception of gestural performance movements, examining the communication of phrasing structure

from the performer to their audience. Findings are considered in relation to both the traditional structural

audience and to co-performers.
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analyses outlined in Chapter 3, and to the performers’ own interpretations of the structural elements

within the scores.

Chapter 4 focuses on the production of non-technical performance movements by the nine selected

pianists. Analyses move from an examination of motion trajectories of individual points of the upper-

body to a summary of analyses of the full upper-body motion profiles generated by each performer.

These are discussed in relation to current suggestions of the causal role and location of performance

motion found within the literature. Findings are extended to consider varying analyses of motion, com-

paring observations to velocity of movements in particular body regions. This final analysis enables

further examination of performance movement to explain findings relative to structural elements found

within the notated score.

Chapter 5 concentrates on the behavioural studies of phrase perception conducted, examining the

impact of varying stimuli presentation modalities on an audience’s ability to make accurate judgments

of phrase segmentation during a performance. A mixed group design is presented, with two groups of

audience-participants being presented with the same performances of both Chopin Preludes examined

in Chapter 4. Participants within each group were all presented with a full set of performances across

varying presentation modalities (visual-only, audio-only, and audio-visual). Between groups only the

factor of viewing condition was varied, from full-light to point-light (see section 3.3 for a full description

of methodology and design).

Chapter 6 brings the two elements of the empirical analysis together, summarising findings for

both the production and perception of performance motion before discussing the relationship between

these findings within the wider context of analytical research. Observations are discussed in relation

to their potential role in combining theories and investigations of performance science, cognitive and

behavioural neuroscience, studies of gestural communication and music, theoretical music analysis,

piano pedagogy and computational modelling. Issues raised within Chapters 2 and 3 of this thesis are

addressed in this penultimate chapter with regard to results, and findings are discussed in relation to the

research aims and hypotheses outlined in section 1.4.

Chapter 7 presents a final summary of the conclusions drawn from this doctoral research and their

implications for application and for future research within the wider scientific, pedagogic and perfor-

mance communities.

More detailed analyses of individual data plots, as well as graphical representations for the full sets

of performer-data across both preludes are provided in the appendices. A list of presentations and pub-

lications received by this research and its resulting collaborations to date is available in Appendix E. A

disc containing copies of the full- and point-light performance presentations in the varying modalities

12
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is included in the final pages of the thesis. Copies of consent forms and questionnaires given to partici-

pants are available in Appendix A.1. Anything further that may be required by the reader may be made

available on request.

1.5 Aims & Hypotheses

1.5.1 Research Objectives

The specific objectives of this research were:

• To record piano performance in both audio and visual modalities using the 3D Vicon motion-

capture system alongside audio and MIDI electronic keyboard output. Standard visual capture

was also recorded using a Sony Handycam digital camcorder.

• To analyse visual performance gestures using 3D-motion capture to determine presence of non-

technical performance movements and relate these results directly to the traditional musical anal-

yses of selected Chopin Preludes.

• To present audio, visual, and audiovisual performances to musically knowledgeable participants

under controlled conditions in order to investigate whether musical structural information, in this

case phrase structure, was conveyed to an observing audience via gestural motion during perfor-

mance.

• To present performance stimuli as full- and point-light displays to assess the effect of degraded

viewing conditions on perceptual judgements by musically knowledgeable observers.

• To assess the effects of musical expertise and instrumental experience on response accuracy.

• To inform theories of musical listening, either confirming or addressing current findings, sup-

porting the notion that actual musical stimuli is required as stimuli in order to investigate music

perception.

• To inform research into music performance, perception and cognition, supporting and extend-

ing current theories to further the field of music research, and investigation into communication

through corporeal performance motion.

• To reveal perceptual elements of observed piano performance that may inform computational

modelling and the advance of music technology as well as advising music pedagogy and perfor-

mance research.

13



1. INTRODUCTION

1.5.2 Research Aims & Hypotheses

There are several hypotheses held within this project. Generally speaking it was expected to see repeated

gestures arising within performance movement, not directly linked to technical elements of the perfor-

mance, occurring at or close to each phrase boundary. These gestures were expected to differ between

performers due to the individual and personal nature of human expression. If the performance analysis

revealed such gestures, however, it was proposed that movements would be linked to the corresponding

phrasing structures of the selected Preludes.

I hypothesised that not only would performers generate such phrasing-gestures, but that perceivers

would be able to recognise and identify these gestures, making use of subtle non-technical movements

to form judgements regarding the phrasing structure of the pieces.

If structural information is communicated and perceived, it may enhance one’s experience of the

music performance. If this communication is found to be maintained within non socio-emotional in-

dividuals, future research may develop a music-structure related understanding of the brain that may

be applied to individuals with autism, schizophrenia, depression or Alzheimer’s Disease, among other

conditions.

Therefore, the aims and final goals of this research is as follows:

a) To develop understanding of music perception and the communication of structural music features

during piano performance.

b) To better understand audio-visual interaction during perceptual interpretation of music structure.

The specific research problems under investigation are:

1. Whether performers express structural features bodily through non-technical movement and if so

in what way.

2. Whether the audience extracts information from visual motion to identify structural features, so

aiding understanding of the piece performed.

3. And lastly, whether structural units of phrasing, as denoted by traditional Western Music Theory,

reflect tangible elements of human music perception.

The findings of these research questions may then be used to address whether:

i. there is a communicative role of movement during piano performance.

ii. audio-visual integration enhances understanding of structural information for a perceiving audience.
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iii. non-technical performance movement analysis may reveal patterns for future investigations into the

cognitive processing of structure and syntax in human behaviour, which might be applied not only

to music performance but to communication more generally.

I argue that performers generate repeated patterns of motion, not necessary for the production of

sound, that relate to structural segmentation of the composed piece. By comparing production to per-

ception I conclude that these repeated movements inform structural judgements of phrasing made by

an audience, so rendering them meaningful gestures. I also demonstrate the novel effect of examin-

ing performance motion in spherical coordinate space, proposing a new avenue for future research that

considers a few key research areas, drawing together social, behavioural and cognitive psychology with

music performance research to open future investigations up to new paradigms.

The explicit hypotheses of this research are:

H1: That performers generate repeated non-technical performance movements relating to phrasing

structure.

H2: That these performance movements may be recognised and understood by an observing audience

in the absence of sound to inform judgements of phrase segmentation.

H3: That through the relationship between the production and perception of performance movements,

a communication of compositional structure may be seen, rendering such performance move-

ments as meaningful gestures.

H4: That the visual element of performance may inform structural judgements made by a perceiving

audience of an audiovisual performance.

As this research adopts a two tiered approach, these main hypotheses may be broken into sub-

hypotheses to consider the individual investigations into i) the production and ii) the perception of

performance movement with respect to phrasing structure.

1.5.2.1 Sub-Hypotheses for the Production of Performance Movement:

The hypotheses presented relative to performance analysis are as follows:

HM1 That performers will be seen to make patterns of movement relating to the phrasing structure

of the pieces performed. Furthermore, it is suggested these movements will be non-technical in

nature.
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HM2 That the size of such movements may be influenced by individual performance style.

HM3 That individual regions of the body may be seen to be leading motion, but that these leading

motions and the use of motion to express phrasing will be particular to individual performers.

1.5.2.2 Sub-Hypotheses for the Perception of Performance Movement:

The hypotheses presented relative to the perception of phrasing structure during performance are as

follows:

HP1 That participants will be able to extract information from visual performance stimuli alone to

form judgements of phrasing structure.

HP2 That this information will be contained within the pure biological motion of the performers’

body movement and not relative to extraneous environmental information, such as facial cues

or positioning relative to the keyboard.

HP3 That information extracted from the visual aspect of performance will inform judgements made

from audiovisual performance stimuli (as compared to audio-only performance stimuli).

HP4 That this ability to perceive phrasing structure from performance motion will be maintained across

compositions containing phrases of varying complexity and rhythm.

HP5 That participants interpretations of phrasing structure will be influenced by individual perfor-

mance style, reflecting changes in individual performer’s body motion.
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CHAPTER 2

LITERATURE REVIEW

2.1 Gesture & Communication in Music & Linguistics

Human communication is fundamentally a multimodal activity. Like speech, music may be described

as a method of communication, conveying intentions, concepts, narrative and ornamental or background

information. As forms of communication, both music and speech are organised hierarchically, compris-

ing strict syntactical rules and recognisable structural sequences (95, 96, 97). In addition to the mode

of communication, be that of notes or of words, sentences or melodies, both speech and music involve

inflections and variations in tempo, pitch and dynamics to express an intended mood or temperament

(98, 99). This places the heard discourse within a particular context.

Further to these audible expressive variations, a visual component exists within both music perfor-

mance and speech. The role of physical movement or bodily gestures in social interaction are now

widely acknowledged throughout research. It has been proposed that in order to fully understand the

intentions of a speaker we must integrate information from multiple sources, namely the aural and visual

elements of performance and language (100, 101, 102). The role and importance of body language is

so prolific within Western culture that it is often used to influence or determine decisions from whether

a child is telling the truth, to how a candidate’s performance at interview relates to the job in hand,

and is even used in military training (13, 103, 104, 105). Indeed, research into the importance of body

language (or co-speech gestures) in connection with emotional recognition has revealed that observers’

recognition of clear facial expressions of emotion, such as fear, anger and happiness, are biased by the

emotion expressed through the bodily gestures of the actor (46, 106). As noted by Goffman (107, p13-

14) gesturing, like speaking, is a part of how people ‘give’ and ‘give off’ information to one another,
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be that willingly or inadvertently. However, apart from a few notable studies (i.e. (108, 109, 110, 111))

and despite the almost ubiquitous use and acknowledgement of the role of the body in social awareness,

there appears to be a lack of empirical evidence within research literature for investigations into bodily

gestures1, both in science and the humanities and particularly outwith performance research.

Broad investigations of co-speech gestures have implied the existence of physical motions relating

to development of knowledge and diminishing vocal ambiguity (121) social intent (113, 122), concep-

tualisation, syntactic sectioning, narrative, topic, context and semantics (83, 101, 123).

Such findings coincide well with the Western tradition of music performance, where it is generally

accepted and agreed that performers develop their own particular playing style, which may vary notice-

ably in the degree of expressiveness evident in their body movements. Human actions and expressions

may be subject to wide degrees of individual differences (124, 125). Still, we are generally able to recog-

nise with ease, and little apparent cognitive effort, intentions expressed in daily social interactions. This

implies that there may exist generalised forms and sequences governing the processing and recognition

of gesture.

As with speech, music performance and the perception of music involves input from multiple

sources. These include (but are not limited to): the audio information, containing rhythm, pitch, tempo

& dynamics; the visual element, comprising bodily actions, both technical and non-sound producing,

generated by the performer. Recent research suggests that norms of understanding similar to those

apparent in speech research are evident in audio-visual music performance, aiding the perception of

structure (1, 3, 31, 40, 66, 67, 77, 91, 126) and intended emotional expression (1, 37, 88, 89, 90, 127,

128, 129, 130, 131, 132, 133, 134, 135, 136). The types of gestures apparent in music performance are

influenced by a variety of factors (63, 65, 78, 79), the probable cause and functions of which remain

largely debated. For example, Jungers, Palmer & Speer (137) demonstrate that one particularly impor-

tant factor is the visibility of both parties during both spoken interaction and duet piano performance.

This would suggest that performers gain crucial information from one another’s body motion which

serves to aid synchronisation of expressive dynamics. In contrast, some researchers suggest that arising

movements hold little to no meaning for communication, being for the benefit of the performer alone,

and place the majority of communicative importance on the audible element of both activities (64, 138).

While previous investigations have found consistencies in particular movements during perfor-

mances, such as movements of the head pertaining to communication of structural features (3, 30, 35,

63, 65, 66, 71, 89, 90, 127, 139), few have reliably tested these hypotheses across either a range of

1As opposed to research into facial expressions and emotional recognition, of which there are countless studies. Some
examples include: (5, 104, 112, 113, 114, 115, 116, 117). For recent reviews see (118, 119, 120).
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performers, instruments or compositions. This same empirical problem is true for studies investigating

co-speech gestures, with an apparent gap evident within research literature. However, the existence of

similar and relatable findings throughout the literature lends weight to the theory that musicians’ ges-

tures are not exclusively sound producing but serve multiple functions for both performer and audience

members ((37, 38, 64); for reviews and discussions see (63, 65, 78, 80, 139)). Furthermore, perfor-

mance gestures may be seen to convey structural and emotive information to the audience, pertaining

to the performer’s interpretation of a notated score that appears similar to that of gestures produced in

concordance with speech.

A comprehensive review and comparison of the many and varied roles that gesture is thought to

play is beyond the reach of this chapter (for a more detailed consideration see (77); for extensive re-

views on music related gesture see (57, 63, 65, 78, 80, 140, 141), and (82, 83, 84, 101, 142) for speech

related gesture research). However, three noticeable functions reoccur throughout the literature: Firstly,

gestures appear to concur with syntactic and structural sectioning; the segmenting of meaning into sen-

tences, into phrases, a completed or whole narrative. Secondly, repeated gestural sequences have shown

some consistencies across speakers or performers (101, 124, 125, 127), with investigations suggesting

gestures first become codified before becoming stylised or abbreviated by individuals (101). Lastly,

gestures appear to aid understanding in the absence of words (81, 143), supporting their evident ability

to aid understanding within performance.

It is reasonable to propose that, as with linguistics (144), these gestures are rooted in the performer’s

own cultural and social conceptual framework, developed through a lifetime of daily social interactions.

Whether this embodied expression is an intentional outward communication, an internal cognitive aid

or simply subconscious manifestations of social learning is still to be discerned.

This is, indeed, the crux of the current research. By reviewing the evidence collected regarding co-

speech gestures and relating these to the research hypotheses presented in 1.5, it is proposed here that

certain non-technical movements not only convey key structural information, but may also be generated,

at least in part, for the purpose of the perceiving audience, implying a level of cognitive deliberation and

communication.

The fundamental premise of this research is that particular gestures generated during music perfor-

mance function to aid audience comprehension and interpretation of the key structural features within a

performed piece. That is, that certain movements serve to emphasise structure, helping the audience to

visibly understand meaningful and expressive sectioning within the musical discourse.

To demonstrate this, the following sections review previous analyses within the literature, drawing

comparisons between findings existing in speech, performance and cognitive neuroscience research.
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Having compared findings of structural communication through motion in music performance to gestu-

ral communication of syntax in speech, this chapter will discuss these in relation to the research ques-

tions raised within this thesis. In this way, the current chapter presents the hypothesis that there exists

a generalised use of physical movement in human communication to convey and emphasise structural

events.

2.2 What are phrasing & gesture within Music & Speech?

As this research is concerned with the existence and function of physical movements related to structure

in communication, it is necessary to briefly discuss the key concepts assessed within this investigation

(outlined in Chapter 1.3) as they appear within the literature, and the controversy surrounding them.

Phrasing, within linguistics, is a largely understood and agreed upon concept. A linguistic phrase

comprises units of meaning presented in context. A phrase constitutes a composed syntactic structure

comprising terminals, or words, denoted by the grammar of the language a phrase emerges from (i.e.

English, Portuguese, Finnish, etc). Phrases can vary in size, ranging from simple one-word phrases to

complex phrase structures, to sentences, functioning as a single unit of syntax (146). Within the gram-

matical hierarchy of language, a phrase appears as being above single words that are not in themselves a

phrase but are lower than a clause, the smallest grammatical unit capable of expressing a complete logi-

cal, meaningful, proposition, concept or idea (147, pp29-37). Therefore, a phrase may be seen to be the

first syntactic abstraction in language beyond that of individual word units. Phrases may be classified

into one of five categories dependent on the word that heads the phrase, whereby the head determines

the syntactic nature of the phrase whilst the stem determines the semantic category (eg ‘giant purple

dinosaur’ is a noun phrase, headed by dinosaur, whereas ‘frog song’ is headed by the stem, song, which

relays the basic meaning of the phrase)(148).

In the discourse of Western Music Theory the term phrase refers to various levels of structural seg-

mentation within a composition. Phrasing is used here as the focal segmentation unit for comparison for

several reasons. Primarily this is because a phrase provides a directly comparable construct and is used

within both language and music composition. There exists an accepted hierarchy of musical phrasing

ranging from descriptive motifs, to musical questions, which may be extended, repeated, developed and

answered, to larger sections constituting the narrative or ‘musical idea’ within the piece. As in speech,

a musical phrase contains semantic expressions, accents, and contains smaller units of structural mean-

ing (for example, notes, motifs, rhythmic groups, and melodic and harmonic accents). Phrases form
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recognisable and definitive units. Furthermore, in music a phrase signifies a musical idea to be con-

veyed, transposed, transformed and interpreted throughout the piece. The phrase also comprises the

first abstraction from the notated score content. This abstraction into phrasing may be seen, therefore,

to represent the syntactic and structural building blocks which form the compositional foundations of

both linguistic and musical discourse.

The concept of gesture is somewhat more controversial and less well defined. As demonstrated in

1.3.2.4, there exists much debate in both music and language research as to what defines a gesture,

in addition to its role, meaning and function for communication, memory and cognition (for detailed

reviews see (63, 65, 78, 82, 84, 149)).

Within the study of linguistics, Kendon (101) describes a physical gesture as any visible movement

that conveys meaning. Hatten (85, 86, 150) proposes that a gesture may convey meaning to a perceiver

even where none was intended. Conversely, Krauss and colleagues (151, 152) suggest that co-speech

gestures exist solely as memory aids for the producer and hold little meaning for the observer. McNeill

(83) defines co-speech gestures as devices acting as part of language to reflect conceptualisation of

different levels of the discourse; syntax, semantics and prosody. Other researchers have suggested that

co-speech gestures are used as tools for regulating attention and demonstrating understanding during

conversation (153, 154).

Building on these ideas within music research, King (87) proposes that performers’ body movements

contain meaning, be they conscious or otherwise. More recent research implies such movements aid

co-performer and audience understanding of a performer’s interpretation of a piece and their intended

expression (39, 71, 90, 144, 155, 156, 157), enabling us to infer that these non-technical movements

are not entirely meaningless but rather do convey some degree of information, aiding understanding and

interpretation by the perceiver.

In music research, physical gestures may be termed as either sound producing or as non-technical

and ancillary (78, 80). They are proposed to aid memory, arising during practice as chunking mech-

anisms for segments of a score (64, 141). Alternatively these movements are proposed to represent

expressive nuances of performance (37, 38, 67, 89, 90). A full consideration of the role and types of

gesture is presented in the publication The Interpretive Shaping of Embodied Musical Structure in Piano

Performance, by Buck et al., (77).

While it is acknowledged that performance movements likely serve multiple functions, this research

is primarily concerned with physical movements that are not directly technically necessary, nor sound

producing, but appear repeatedly in concordance with structural features of a piece. Rather than term
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these motions as ‘ancillary’, this research explores the meaning and function of such movements. If non-

sound producing, non-technical gestures were truly unnecessary then they would likely be trained out

of many highly expert classical musicians. However, while some performers do aim to reduce certain

forms of movement it is questionable whether they eliminate them completely.

2.3 Gestural Communication in Speech Research

Researchers in the field of linguistics have identified co-speech gestures that appear to relate to narra-

tive and structural features of the spoken discourse. Much of the current thinking regarding co-speech

gestures relates to the theories of McNeill, Kendon, Krauss and Goldin-Meadow, the leading voices

in speech and gesture research. Advances on these writings have expounded the possible roles and

functions of co-speech gestures. However, empirical research supporting a definitive view of existent

co-speech gestures and their structural, emotive and narrative relations are somewhat lacking within the

literature. This gap within research may be mostly due to a lack of conceptual agreement within the field

as to what constitutes a co-speech gesture and whether they are intended as part of the communication

or solely for the benefit of the speaker and for language production.

Within research into the role of gesture in linguistics there exist three main schools of thought.

The first is that speech and gesture are two isolated systems and that any apparent links are the result

of high cognitive demands during speech production (158, 159, 160, 161). Researchers conforming

to this line of thought suggest instead that gesture reflects an auxiliary support system compensating

when speech production is interrupted or unavailable. There is limited support for this notion and

findings from cognitive neuroscience, revealing double dissociations for cognitive processing (162) as

well as activation of motor regions during perceptual tasks (163, 164, 165) suggest the necessity for an

alternative explanation. The second proposed role of gestures is the theory purported by Krauss and

colleagues (138, 152, 166, 167) suggesting that reciprocal links do exist between action and speech

but that these links relate solely to speech production. Krauss proposes that gestures serve as verbal

formulation or memory aids and convey little to no information to the recipient (151). Gestures are said

to be related to issues of lexical access and memory retrieval, acting to aid memory and resulting in

correct articulation. Krauss and colleagues propose that gesture acts to create cross-modal activation of

meaningful concepts stored within the language lexicon. The third view regarding the role of gesture

during speech is the opinion most closely related to that presented in this paper and holds the strongest

support from gestural research in both music and cognition studies. This is the view that gesture and

speech are intricately linked, forming two connected parts of a shared whole in the cognitive process of
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communication. This view is splintered into supporters of the three main voices in co-speech gestural

research, Kendon, McNeill and Goldin-Meadow.

McNeill proposes that speech and gesture form a single system of communication based on a com-

mon underlying thought process occurring at the levels of discourse, syntax, semantics and prosody

(83). Co-occurring during production, McNeill states that they are co-dependant, cognitively linked,

and that disruptions to one would result in disruptions to the other and vice-versa (84). Following from

McNeill, gesture for Kendon is connected to but separate from speech, supplying a means of rendering

meaning visible. Kendon states that “together with speech gestures are used as an available source for

the construction of units of action out of which conversation is fashioned” (101, p114). Goldin-Meadow

proposes that gesture acts as a developmental tool for the acquisition and production of language, while

supporting McNeill in stating that in speech gesturing is associated with conceptual activity during

production (123). All three researchers discuss the observation and categorisation of hand gestures

generated by individuals whilst speaking.

Through double-blind gestural ratings of individuals within a story telling scenario, McNeill de-

scribes different categories of gesture types observed pertaining to different structural levels within the

discourse. He describes iconic, metaphoric, beat or rhythmic, and deictic hand gestures, as well as co-

hesive and emblematic gestures, terming all those that fall outwith these descriptors as ‘other’ gestures

(83, 84). For McNeill, iconic gestures are said to capture the semantic aspect of speech. They cre-

ate a visual representation of cognitive linguistic processes, enabling the speaker to express conceptual

thought through enactment (83). Examples of iconic gestures would be when a speaker uses their hands

to represent the same act as described verbally, such as pulling the hand back to represent the bending

back of a tree (83, p12). Rhythmic hand gestures, also referred to as ‘beats’, are structurally suggested to

indicate when the speaker is presenting new, as opposed to given, information (101). ‘Beats’ resemble

metric movements of the hands when keeping a musical beat and also emphasise discontinuities in the

temporal sequence of semantic information (83). Deictic gestures refer to pointing-style gestures and

are used to indicate participants of the narrative as well as being a means of diagramming the struc-

tural plot of the discourse within physical space (83, p197). Cohesive gestures, such as the knitting of

the fingers of both hands or the bringing together of hands, are proposed to reflect logical connections

within the context of the discourse. Used to emphasise temporal continuities, cohesive gestures may

consist of all and any of the above gesture types. McNeill based this categorisation of gesture type on

theories of the cohesive function of speech (168), whereby a speaker ties together parts of the discourse

over time that are thematically related. Emblematic gestures do not tend to occur with speech and hold

direct meaning, such as extending a thumb to indicate your wish to catch a lift. Such gestures do not fall
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within the discussion presented here but are equally interesting for understanding communication and

body action. Emblematic gestures, however, appear strongly grounded in culture, often representing

quite different meanings for different cultures (22, 169). Other gestures, those that do not lie within the

taxonomies of the above categories, are said to reflect narration versus presentation of background in-

formation. McNeill proposes that such gestures indicate to the perceiver whether the speaker is referring

to the definitive descriptor in the discourse, or is presenting additional subsidiary information.

In his description of hand gestures accompanying speech, McNeill claims that co-speech gestures

are a part of language. They are improvised, not planned, and therefore, according to McNeill, may be

considered linguistic as they cannot be broken down into elements. This view of gestures being ‘part

of language’ runs contrary to the theories of Kendon (101, 170), and this division of opinion is evident

throughout the literature in language, linguistics and co-speech gestural research.

Instead Kendon proposes that the production of gestures and speech are separate, parallel systems

forming two parts of the same communicative process (171, 172). He describes co-speech gestures as

silent and visible. He claims that anything which visibly contains meaning may be considered a gesture,

describing actions produced alongside verbs to enhance understanding; such as a slicing downward

motion generated with the verbalisation of ‘axe’ when storytelling (171). Kendon proposes that such

actions and vocalisations are cognitively produced in synchrony as they occur together in time (101,

171), suggesting that the production of action and the vocalisation of a verb are processed in parallel

simultaneously within the brain. However, as the gestural action must be organised in advance of the

linguistic production of the verb for them to occur in temporal synchrony, Kendon argues that they

cannot directly be part of the same cognitive process, but rather exist as two parts of a larger network of

processes. This co-dependency of speech and gesture considering a pre-formed motion connected to the

lexical access of a verb, such as ‘axe’, implies a cognitive and perceptual relation between the speaker’s

interpretation of the narrative and their expression of the interpreted meaning.

If the speaker’s actions occur in synchrony with key structural features within the discourse, then,

according to Kendon, these actions and the expression of structural features will be cognitively organised

together. For Kendon (170), the fact that co-speech gestures are both silent and visible renders them

highly adapted for a variety of communicative functions. Most notable of these is his observation

that a given gesture may become ‘codified’, or ‘foregrounded’, in the absence of verbalised language

(101, p120). In his examination of speakers’ gestures, Kendon noted that gestures become stylised or

abbreviated and consistencies in gestural sequences begin to develop into a gesture system.

Krauss, in observations of spontaneous hand gestures produced during speech, relates gesture pro-

duction to difficulties in accessing lexical memory. Krauss suggests gestures are developed solely for

24



2.3 Gestural Communication in Speech Research

the benefit of the producer and are separate from but linked to linguistic conceptualisation (151). This

role of spontaneous gesture in memory retrieval was examined by instructing participants not to ges-

ticulate during tip-of-the-tongue (TOT) tasks (173, 174). Restricting gesturing was found to interfere

with word retrieval, leading researchers to conclude that gestures are not related to semantic or syntactic

conceptualisation, but instead reflect phonological encoding within speech. Furthermore, when consid-

ered for participants with aphasia, the use of hand gesturing was seen to result in the resolution of more

TOT tasks than without (174). What researchers did not consider, however, was that the task was geared

towards production difficulty and that the act of being instructed not to use gesture during vocalisation

may have itself interfered with retrieval, particularly if word and gesture production draw upon shared

resources. In this instance, interference to the spontaneity of typical gesture type, frequency and timing

would theoretically detract attention from the linguistic production of the task in hand.

Contrary to Krauss and colleagues, Goldin-Meadow has demonstrated that recipients in conversation

do in fact gain information from spontaneous gesturing (142), such as those Krauss describes during mo-

ments of temporary lexical interruption. Goldin-Meadow’s research focuses on hand gestures generated

during speech development, such as referential pointing by children while developing language skills.

Goldin-Meadow has shown that even in the absence of viewing conditions, such as phone conversations

or conversations between visually impaired individuals, hand gesturing during speech persists (175).

She has also observed, in collaborative research, that speech and gesture elements synchronise to form

semantic units during language conceptualisation (176). Consistencies were also observed in gesture

patterns of individuals during observation of storytelling, supporting Kendon’s proposal of a rudimen-

tary syntax of gestural relations (83, 101, 177). While physical gestures may be highly personalised

and individual, consistencies have been observed across speakers suggesting a compositional value of

form-meaning relations (124, 125).

As in music production, it is not only the type of gesture that plays a role in speech but also the

frequency and intensity of the movement. Gestures become richer and more frequent when the pro-

ducer has difficulty retrieving words from memory (166) or when language is insufficient (101). This

observation of a foregrounding or increased frequency of gestural production in the absence of words

is echoed by studies of developing linguistic ability in children (121) and co-speech gestures in patients

with aphasia (178) and other linguistic difficulties (179). In a study involving children of three, four and

five years of age, a significant decrease was observed in the type and frequency of co-speech gestures

exhibited as verbal and lexical understanding and abilities increased (121). Findings demonstrated a

proportional decrease in gestural frequency and type with increasing age and ability. Children at three

years of age exhibited a high proportion of deictic pointing gestures. For children of four years of age,
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researchers observed fewer to no deictic pointing gestures, instead observing a high proportion of iconic

hand gestures (121). This may relate to a deeper understanding of dialogue but possibly also to an as

yet underdeveloped use of vocabulary and grammatical knowledge. At five years of age the children

observed generated considerably fewer gestures when speaking, which researchers related to the chil-

dren’s ability to now disambiguate verbally. In line with both Kendon and McNeill, this research by

Kidd and Holler (121) suggests that co-speech gestures are used to clarify content when vocal skills

are insufficient, or hampered. Such a use of gesture in the absence of language and clear meaning may

explain why gestural communication appears prominent in non-vocal communication, such as in dance

and music performance. However, an alternate and additional role for gesture in communication may

also be applicable.

Investigation into the integration of speech and gesture in patients with aphasia by Cocks and col-

leagues (178) supports the notion that gesture is used to supplement linguistic abilities. Aphasics demon-

strated impaired spoken-word comprehension and an inability to retrieve words and meaning from lex-

ical memory. In their investigation they found a stronger reliance on gestures where lexical retrieval

was impaired or absent. In contrast controls relied more on words to convey meaning over gestural

communication.

Botting and colleagues (179) observed a substantial increase in the number of co-speech gestures

produced when speakers experienced word retrieval difficulties. They suggest the appearance of spon-

taneous gesturing acts as a lexical or memory retrieval aid for the speaker. It is questionable whether

these gestures serve to aid the speaker, spurring lexical access and memory retrieval, or whether they

are intended for the receiver, filling the space within the dialogue by explaining the retrieval process and

emphasising that the speaker has not yet completed their communication. Investigations into the exact

role and function of these gestures is restricted within the literature. However, use of co-speech gestures

have been suggested to aid aphasia therapy, and studies have found that co-speech gestures appear richer

in the absence of speech and language abilities.

Much of the research into syntactic processing during speech refers to the processing of auditory

information. Studies are yet to be reported within the literature specifically concerning gestural pro-

duction relative to narrative structure and syntactic organisation. Those investigations categorising

co-speech gestures focus on movements of the hands and rely primarily on researcher-categorisation

through observation. To date there have been no investigations, to the author’s knowledge, into recoding

and measuring of speech-related movement to define consistencies in movement. Nor have there been

any reported analyses of motion patterns to confirm gestural categorisation and relations to semantic

and structural organisation within a given discourse.
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In considering auditory processing during speech, Lehiste and colleagues first noted that individu-

als made longer pauses in their utterances at important structural (or syntactic) boundaries (181). This

directly relates to the work by Todd on the speed and shape of the ritardando in music performance

regarding phrasing structure (60). Todd proposed that the tempo and dynamics of a performance reduce

as a phrase comes to a close. Both Lehiste and Todd note a slowing of speed and a pausing at structural

segmentation boundaries such as phrase endings. This would imply an audible slowing that may serve

to communicate structural importance, with speakers pausing to place emphasis on the structural event

for the listener. If such a method of conveying structural significance is apparent in the auditory domain,

it is plausible that speakers and performers may also use variations in the speed, size and manner of

their bodily gestures to exaggerate this audible emphasis visually, such as suggested in studies of body

language and gestural articulation. This would imply a more emphatic role of gesture when communi-

cating meaning. Rather than simply being supplementary to meaning, enacting when the sound itself

cannot carry the agent’s intentions, gesture may also be part of the meaningful discourse, emphasising

and accentuating structural and semantic features of the produced sound.

Across research changes in speed and magnitude of gestures appear to coincide with variations in

tempo and dynamics of speech utterances. However, findings vary and have a tendency to conflict. This

contradiction may be due to a lack of experimental control, possible experimental bias, or to substantial

differences within the research goals and hypotheses under investigation. To date, no empirical studies

exist that investigate the actual phrasing nature of co-speech gestures. Much of what does exist in the

literature is anecdotal or supplementary to the research question in hand. However, several similarities

across research relating to syntax and phrasing structure may be established, and connections between

music performance and speech are becoming more apparent.

Studies by Gill (50), Miles (182) and Macrae (183) present analyses of the musicality of speech,

reflecting how synchronised body movements such as pointing, body sway and hand positioning serve to

aid social memory and enhance social bonding. These findings demonstrate how two individuals can be

aware of one another’s actions, attending to each other’s vocalised expression while acting in rhythmic

synchrony throughout the conversation, be that consciously or otherwise. Gill’s findings examine a joint

understanding, the resolution of a contentious point of debate and a move to a change of topic within

conversation by an apprentice architect and his employer. This example demonstrates how the two use

their body gestures to communicate focus, cohesion of understanding and a continuation of discussion

(50, 184).

Subtle nuances observed in daily conversation may reflect the larger and more distinct changes in

body motion expressed by performers. If, as the current research proposes, music performers are seen
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to emphasise salient structural features, such as phrase segmentations and hierarchies within the score,

there would be strong support for not only the musicality of speech, but also for using the definitions of

speech research to disambiguate performance movements as meaningful gestures.

Across the literature, gestures that accompany speech appear to serve various functions, decreasing

with increased language abilities and appearing richer when articulation is disrupted or impaired. Ges-

tures appear to act to disambiguate communication of meaning and content during speech. Varying in

frequency and magnitude relative to structural boundaries, co-speech gestures also appear to emphasise

syntactic relations and segmentation throughout the discourse. Appearing as memory aids, developmen-

tal linguistic tools, and ways of placing communicative emphasis on structural and semantic elements

within conversation, gestures used in speech appear to reflect the same communicative and expressive

dimensions as those observed within music performance.

As music and language share many commonalities in structure and contextual content and intent, it

seems reasonable that they may also possess a shared function of gestural embodiment. The instances

where gestural communication appear richer and more prominent in the absence of language and the

ability to express intent and meaning vocally, would suggest a concurrence with music performance and

bodily expression, particularly where words are absent and the musical concept is interpreted, expressed

and perceived through non-verbal sound and movement alone.

2.4 Performance Gestures in Piano & Clarinet Performance

Research into movement and gesture during performance within the literature largely focuses on the

emotive aspect of expression and the communicated interpretation of a musical concept (26, 27, 36,

37, 89, 90, 120, 127, 128, 130, 132, 133, 134, 135, 136, 185, 186). While this is unquestionably an

important aspect of music research, it is only one side of the musical coin. Emotional expression and

interpretation is a highly personalised phenomenon, reflecting an incredibly subjective experience of

past and present events. Compositional structure, on the other hand, while also being potentially contro-

versial and subject to interpretation by the performer, once expressed becomes more generalisable in its

interpretation. Simply put, a piece of music may be considered as comprising sections, each of which

may be segmented in turn into phrases and sub-phrases by means of harmonic and melodic accents or

cadences. Once a performer has assessed where they interpret these segmentations to lie within a piece,

their performance will represent their interpretation of this structure to the audience.

Studies investigating the perception of musical features and emotion have shown that perceivers

are able to discern musical information from the visual element of performance alone. In most studies
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participants appeared to distinguish higher order features, such as sectional breaks and the location of

harmonic climax, with no prior knowledge as to the nature of the piece performed and without auditory

information to assist interpretation (1, 3, 36). Studies by Wanderley and colleagues (3, 67), investigat-

ing the perceived phrasing of a piece, revealed that an audience is capable of discerning the phrasing

structure based on auditory or visual information alone and that these perceptions appear to match

music-analytical phrasing structure. The observance of such findings holds important consequences for

performance science. The evidence that observers glean information about a performance, be that of

intended affect or formal structural events, from visual information alone indicates that performers do

likely embody the music they are playing to some extent. Furthermore, it suggests that their bodily ex-

pression of information relating to the music is conveyed to, and understood by, the perceiving audience,

plausibly aiding musical interpretation and facilitating the observer’s musical experience.

While research involving both music and object-action events have been ‘almost completely ne-

glected’ (143, p339), findings are emerging acknowledging that communication and understanding is a

multisensory, multifaceted experience (57, 102). As a result, to be able to interact on a socially appro-

priate level we must be able to integrate information from multiple senses, including those of biological

actions, such as gestures.

Several studies have recently investigated non-technical performance movements that occur at seg-

mentation junctions (3, 27, 36, 67, 89, 90, 141, 185, 186, 187). Piano gestures have been measured

within research to reveal a correlation between the amount of movement and the expressive intention

relayed to audience judges (89, 188). Certain movements within performances appeared to occur at sim-

ilar temporal locations regardless of the expressive intention required. For both the piano and clarinet

investigations, it appears that performers have great difficulty in stopping these ancillary, or subsidiary,

movements when asked to play in a ‘deadpan’ or non-expressive style (89, 90). Instead the performer’s

magnitude of motion is only minimised, implying an integration of sound-producing movements with

accompanying gestures (189).

Performance analysis studies such as those by Davidson and colleagues have concluded that body

movement in piano performance helps the performer to ‘express utterances of the mind at the keyboard’

(190, p145). According to Davidson, these movements, such as head and body sway, appear to hold

more individual concerns, such as communicating with co-performers and relating to issues of memory

and performance anxiety. In an investigation where performers were instructed to give either ‘deadpan’

or ‘expressive’ performances, Davidson (90) concluded that global body movement generated by the

performer helped listeners to accurately perceive the performance manner being musically expressed.
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In a later study, when investigating the effects of points of climax and phrasing on emotional expres-

sion, Davidson (190) found that, despite noting variations between performances of the same piece by

a single pianist, there were observable consistencies in the timing of motion at specific points within

the piece. This research investigated the expression of affect in relation to structure, and motion con-

sistencies were interpreted as being connected to a performer’s initial reading of the music, referring to

the ‘physicality of performance’ as revealing an intuitive time-keeping function which was observable

across phrase boundaries. However, it is unclear from the findings whether repeated movements were

intent or structure specific.

In her research into performance manners and their influence on audience perceptions of musical in-

formation, Davidson observed that pianists’ body motions differed when instructed to play using varying

performance manners; ‘deadpan’, ‘projected’ and ‘expressive’ (35). While only marginal differences

were observed in the extent of hand movements between performance conditions, large differences in

head and body motions in both vertical and horizontal dimensions were recorded between performances.

In further investigations of violinists’ and piano players’ use of movement during performance and re-

hearsal, Davidson concluded that the visual domain (i.e. physical movement or performance gesture)

most clearly specified the difference between expressed performance manners (1, 35, 191). Moreover,

performers appeared to utilise the magnitude and amplitude of expressive movements relative to expres-

sive emotional intent; the more expressive the intent, the larger the amplitude of the movement (90, 192).

Additionally, Davidson and colleagues have observed that these expressive movements reside in motions

of the head and torso of the performers (127, 155, 193). As is frequently seen throughout performance

literature, these head and body movements are reported to hold different causal purposes, depending

on research conditions, performers and pieces examined, and are not always clearly related to structure

(90, 127). Large variation between analytical conditions and experimental paradigms across research

literature often renders findings difficult to interpret and compare, making it hard to draw definitive

causal conclusions regarding findings and their implications.

While stating that body sway was not a gesture, Davidson did note, however, that compositional

structure and body movement were ‘co-defining features’ of a performance, in that they are mutually

determinate1 (190)[p145].

Already the same issues which arose within speech literature have begun to appear in music research.

The debate as to the nature of what is and is not a music-related gesture and the roles these may or may

not play has been discussed at length by researchers (for reviews see (63, 65, 78, 79)). Taxonomies of

1“musical structure and body movement are ‘co-defining features’ of a performance insofar as the latter can determine the
former and vice versa” (190)[p145]
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broad gesture types have been discussed and reviewed in recent publications (78, 193, 194). However,

investigation into the precise movements comprising such gestures and their relation to the music being

performed remains limited. Davidson and Correia (193) produced a vocabulary of gestures including

circling wrist actions and shoulder rotations that are produced only when the hands are actually free to

move and not tied to the technicalities of producing the movement, i.e. at structural locations such as

rests. Goebl and Palmer (71) also reported repeated movements of the head and torso when perform-

ers appeared to communicate between one another. Furthermore, Wanderley and colleagues’ research

into clarinettists’ ancillary gestures relates performers’ movements to structural features within the mu-

sic being performed, particularly within pieces that have a strict rhythmical structure (36, 66, 67, 89).

These measured accompanying gestures were also found to be consistent across each clarinettist’s per-

formances of the particular piece.

Examining the movements of multiple performances of the first movement of Brahms? First Clar-

inet Sonata (Opus 120, number 1) by a single clarinettist, Wanderley found a high consistency in per-

formance movement patterns (2). This was extended this to look at the movements of five performers

playing the second movement of Stravinsky?s Three Pieces for Solo Clarinet, through observational

and frame analysis of the total movement made by each performer between successive screens of digi-

tal audiovisual performance recordings. Wanderley and colleagues observed that these consistencies in

movements related to the structural and metric features within the score, notably occurring at the begin-

ning and ends of phrases (36). These findings support the proposal that a performer generates a specific

set of movements for a given piece based upon their interpretation of the structural features within the

score (64, 193, 195). Nusseck and Wanderley (67) extended analyses of such performance movements

to consider the contribution of individual body regions of four clarinettists on audience perception of

music-related features. Kinematic displays of the clarinetists’ performances were manipulated to adjust

for torso, arms and whole body movement in the presented performance stimuli . Manipulations of the

individualised arm and torso movements appeared less influential on judgements of phrasing than for

the globalised body motion for each performer.

In a detailed quantitative case study, Camurri and colleagues (27) investigated the ability to convey

intended emotional intensity to an audience through piano performance and choreographed dance. The

authors applied automated motion detection algorithms to 2D audiovisual recordings of five dancers

performing a specifically choreographed performance in four emotional expressions (anger, fear, grief

and joy) and a single pianist performing a Scaibin Etude in three intended expression scenrios (nor-

mal rehearsal, exaggerated rehearsal, normal concert to audience) to determine what audio and visual
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cues might be involved in communicating emotional intensity of expressed emotion categories to audi-

ence participants. The periodicity of the pianist’s head movements, key strike velocity and performance

tempo were compared, revealing little correlation between head motion with performed and perceived

phrasing structure. They found little evidence to suggest visual cues informed listeners’ ratings of emo-

tional intensity or phrasing structure. Instead, findings appeared dominated by the audible aspects of

the performances, with tempo relating to perceived phrasing and performance dynamics influencing

audience’s emotional engagement. Findings of expressed and perceived emotional intensity showed

high differences between human and computational detection, and large differences between perform-

ers in the acurracy and ability to communicate emotional intent. Conversely, investigations using 3-

dimensional motion capture techniques by Thompson and Luck (89), into the performance movements

of three pianists performing a Brahms intermezzo, found evidence that performers’ head movement did

in fact appear to follow phrasing structure.

Dahl and Friberg’s work with percussionists also explored the use of movement as an expressive

feature and not solely as sound producing (37). They acknowledge that as the arms of the musician

are involved in producing the sound from the instrument, expressive movements in the same region,

therefore, either coincide with the playing movements or must be located in different parts of the body.

Facial expressions made during performance have also been studied in conjunction with body movement

(196). Here, the authors linked body and facial signals to the performers’ cognitive attention, perception

and memory processes.

A performing musician’s interpretation can be seen as an integration of the structural informa-

tion and the emotive character of the piece. As detailed above, researchers have begun to inves-

tigate whether or not a performer conveys aspects of the music visually to the audience by means

of gestural expression. To date, as with gesture studies, the majority of embodiment research fo-

cuses on emotional expression conveyed during a performance (particularly (29, 30, 31), but also

(26, 27, 36, 37, 89, 90, 120, 127, 128, 130, 132, 133, 134, 135, 136, 185, 197, 198), among others).

Yet understanding physical gestures in musical performance has revealed that performers’ ancillary, or

non-technical, movements carry information directly relating to the music being produced. These can

have implications for the communication of the performer’s emotional intent (1) and structural infor-

mation of the piece (67, 126, 199). For example, Davidson and colleagues (35, 193) have demonstrated

that performers exhibit particular movements that correlate to specific and identifiable expressive lo-

cations within a given piece. However, although reference is made to musical structure, the principal

basis of Davidson’s investigation is movement consistency over time. Other studies have suggested that

movements correlate with the emotive nature of a piece and the performer’s intent (3, 102, 200).
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Moving from solo performers to group and ensemble scenarios within the literature, eye-contact,

hand gestures and head and body sway are suggested to facilitate temporal coordination and cohesion

between performers (39, 71, 90, 144, 155, 157, 201). The notion that performers use their head and

body sway as a time-keeping mechanism (127) is supported by studies showing that piano duos syn-

chronise body movements during performance (71, 155), which is suggested to aid the synchronisation

of sound production (39). In their investigation into performance motion, Williamon and Davidson

(155) observed that, in ensemble scenarios, in addition to pianists synchronising body movements they

also communicated using head nods, smiles, and eyebrow flashes. Goebl and Palmer (71) elaborated on

these findings, demonstrating that pianists exhibited a bi-directional co-dependency for temporal syn-

chronisation, using head movements, finger lifts and body sway to regulate coordination. Goebl and

Palmer found that key strikes were synchronised temporally regardless of which parts, lead or accompa-

nist, were played by each pianist, but that leaders tended to lift fingers higher between key presses, and

head movements preceded those of the accompanying performer. This implies a strong conversational

role for performance movement. From their findings that body movements became more important to

participants in the absence of auditory feedback, yet persisted in the absence of visual contact between

performers, it is possible to conclude that the physical movements observed may hold multiple functions

for self and others. It is also plausible to derive from Goebl and Palmer’s findings that, even though these

movements may not been seen by the co-performer, they may still hold valuable information regarding

the musical content, being produced in connection to the conveyance, or communication, of the musical

idea through performance regardless of whether or not they ‘can’ be seen, but in the event that they

‘may’ be seen. Considered in this way, performance movements may be seen to function in much the

same way as co-speech gestures, whereby a speaker will often still make gestures with their hands even

though they are on the phone or their hands are obscured under a table (83, 177).

2.5 Role of performance expression in co-performer & audience
communication

Although seemingly consistent, the findings reported above are not always clearly related to formal

music structure (90, 127). The use of head movements and swaying of the body to reflect performance

expression has been noted, however, in research involving differing instruments, musical pieces, genres

and performer settings.

In the study investigating the performance motions of five solo clarinettists Wanderley and col-

leagues noted various types of expressive performance movements exhibited by performers. These
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consisted of the raising and lowering of instruments, circular movements of the clarinet bell, vertical

movements of the head and shoulders, shifting of weight from one foot to another, the bending of knees

and curling the back and movements of the arms (36). Wanderley noted that different performers made

use of different expressive movements to varying extents. However, the vertical movements of the head

and clarinet bell were frequently exhibited by all five performers. Furthermore, these movements were

consistently located over multiple recordings over time (2). The use of head and bell movements by in-

dividual performers altered in magnitude of movement but not temporal location when performers were

instructed to play using different performance manners (standard/expressive) and the vertical movement

of the clarinet bell persisted to a lesser extent when performers were instructed to remove any unneces-

sary body movements from their performance (2). It is plausible that the vertical movements observed,

particularly of the shoulders and clarinet bell, may be related to the breathing patterns of the performers,

particularly given the style and type of movement used. More recent investigations by Wanderley and

colleagues have looked at the perception of performance movements within phrasing segments, rather

than over the piece as a whole, to avoid exactly this issue. It is noteworthy that breathing has been

suggested to regulate timing and phrasing not only in wind players, but also in pianists (35). However,

observational investigations into piano players’ respiratory patterns relative to music structure found no

significant consistencies between either performers or performances (87). King did, however, note var-

ious types of expressive movements used frequently by her four pianists relating to structure and tempo

during performance. She noted that performers tended to use a circling motion of the elbows, wrist

pulsations, and head tilts to emphasise the main beats within a bar, and hand lifts to highlight phrase

endings within their performances (87).

Within choral groups, singers have been shown to sway to the beat, moving as a group to the tempo

and rhythmic flow of the music (32, 34, 202). Clarinetists recorded using marker-based motion cap-

ture (3, 36, 126) were also seen to make gestural movements with their body and their instrument at

phrasing boundaries. Additionally, Saxophonists (200) and violinists (189, 203, 204, 205, 206) have

been observed making head and body movements relative to intended levels of expression and emotion

(1, 35, 90, 190), structural dimensions, such as phrasing and dynamics (1, 3, 40, 66, 67, 69, 77, 91, 126)

and respiratory patterns (87, 190). In Rodger’s study (126), for example, clarinettists were seen to circle

the bell of the instrument relative to the harmonic and melodic relationships within the piece. Whereas

singers and pianists in performance duos, where the instrument is either static in the case of the piano

or not directly visible in the case of the singers, were seen to utilise head, hand and body movements to

emphasise technical points within the pieces (157, 207). In ensemble research performers are thought

to use body motion to regulate temporal and dynamic aspects of the performance (32, 34, 208) as well
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as creating co-ordination in performed sound by synchronising body movements during rehearsal and

performance (39, 71, 90, 144, 155, 157, 201). Piano duos were also observed using head, hand and body

gestures to communicate with their partner in a test environment (71). The type and size of movements

generated appear related to whether the performer is leading or accompanying the melody. This was also

observed in Keller & Appel’s investigation into ensemble cohesion (39). Direct eye contact between en-

semble performers does not appear prolific while playing/rehearsing (155, 207), implying a possible

stronger role of peripheral vision and audition in gestural recognition and communication. Even so,

movements that appear to communicate structural and technical information, whilst not in themselves

being technical and sound-producing motions, have been seen to become accentuated in the absence of

auditory feedback, where performers can see but not hear one another (71, 143, 178, 209) and persist

even when the performers cannot see, but only hear, one another (210) demonstrating the prevalent role

of performance movements in musical expression.

2.6 Multiple Functions of Performance Motions

In the event of performance gestures fulfilling multiple functional roles (37), it is plausible that physical

gestures occurring in the same and closely connected regions of the body may serve as both sound-

producing and sound facilitating/accompanying gestures simultaneously (37, 88). Wanderley goes so

far as to propose that there is a complete integration of sound producing and sound accompanying move-

ments (36, 189). In researching performance movements and those created during spontaneous dance

for development of music information retrieval technology, Godøy and colleagues notably assert that

movement is integral to sound production (211), suggesting individuals use movement not only to gen-

erate sound, but to physically and cognitively understand it. Godøy proposes that sound and movement

are interpreted on three different temporal levels, sub-chunk, chunk and supra-chunk, focusing on the

temporal and hierarchical aspects of music performance. Such a consideration of performance results

in generating percepts of continuous sound and movement into segmented chunks of meaning (195).

Co-articulation is suggested to be the main feature of chunking within sound and movement (88, 211).

In the case of the findings of Wanderley, Vines, Luck and colleagues (2, 3, 36, 89, 212), wind in-

struments require the musician to breath at certain intervals, as does choral music (157). It may be

argued that the rise and fall of the body and the instrument corresponding to phrasing may also be a

direct effect of respiratory patterns and the fact that most wind players are taught to breathe at rests,

which often (but not always) occur at structural boundaries. This does not exclude such movements

as being viably related to structure. Nor does it belittle any communicative value such movements
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may hold for the observing audience. However, it does exclude such movements from being primarily

intentionally expressive as they are technical actions, necessary for the production of sound, making

them a prerequisite to performance that may be exaggerated rather than accentuating structural com-

munication through ancillary, non-technical movement. The potential exaggeration of such technical

respiratory movements, however, could be interpreted as an intentional communicative gesture made by

a performer. It is important not to exclude such actions from analysis, particularly as it is not possible to

confirm actions as respiratory without recording for in/exhalations during performance. If evident, even

if autonomic respiratory actions, these movements may still hold an emphatic communicative function

at structural boundaries, particularly for musically knowledgeable observers and co-performers, or for

the performers themselves. Furthermore, given the many parallels drawn between music and language,

emphases at sectional boundaries, such as phrasing and other salient events, may hold more meaningful

communicative information than first supposed.

Findings regarding breathing and respiratory motions, such as those mentioned above, appear to

hold more implications for perception than they do for production. While the movements may embody

a dual function, conveying formal music structure through movement whilst also being a necessary

technical action for the generation of sound via the instrument, the primary cause for their generation

may undoubtedly be respiratory, functioning to allow the continued production of sound.

2.7 Auditory & Visual Behavioural & Cognitive Neuroscience Ex-
aminations of Structural Interpretation

Audiovisual integration within the brain involves the simultaneous processing of two very different

streams of information and describes practically all of our typical daily interactions with our environ-

ment. Research into audio-visual (av) processing within speech has shown recipients to have high

tolerance for av asynchrony for highly familiar stimuli, such as language. Studies have shown sim-

ilar asynchromy detection for music-related stimuli but not for object based stimuli (143, 254, 255),

suggesting an equally high familiarity with music-related audio-visual stimuli in our daily environment.

Research into audiovisual integration has shown that the cortex extracts information from multiple

sensory dimensions and combines them to form faster, more comprehensive judgements and under-

standings of the environment surrounding us.

‘Music as composed’ and ‘music as heard’ often divides disciplines researching music and its effects.

Attempts to reconcile these two aspects of music appear in discussions such as those of Clarke (222),

Hasty (223), London (224), Sloboda (225) and Lewin (226). However, music as seen is only recently
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coming to the fore within the various aspects of music research. Attempts to reconcile music as heard

with music as seen are emerging from the works of Davidson (1, 90), Wanderley (36, 67), Godøy

(141, 211), Keller (39, 135, 227), Toiviainen, Thompson and Luck (31, 31, 89, 185), Palmer (63, 91),

Leman (140, 197), and their respective colleagues. The collaborative publications of this research also

focus on combining music as composed with music as heard and seen (40, 68, 69, 77, 228).

As previously discussed, the majority of research into the auditory perception of music deals mainly

with the expression and interpretation of affect rather than that of compositional structure. Much in-

vestigation has been done into the cognitive processing of sound itself within the realms of neuro-

science. Such research has led to the discovery of where within the brain aspects such as pitch, harmony

and even timbre are processed (74, 75, 229, 230, 231) as well as uncovering interesting double dis-

sociations of music processing within child development, ageing and from disorders such as acquired

and congenital amusia (the inability to correctly process pitch), which may also lead to effects when

generating or accessing musical memory (232, 233). Findings from behavioural, neuroimaging and

physiological studies have resulted in strong comparisons being drawn between music and language

regarding not only the written and developmental constructs of each but also the perceptual processes

involved in the recognition and understanding of both these systems within the human cortex (for ex-

ample (72, 73, 74, 75, 234)). Such investigations have led to the comparison of human speech with the

vocalised utterances of other living creatures, such as between human speech, musical communication,

and birdsong (235, 236, 237) or whale-song (238).

Prreviously, research into auditory cognition has tended to focus on the physical properties of per-

ceived sound, such as pitch, timbre and duration or perceived events, and identifying the spatial and

temporal location of the underlying processing of these within the brain. As a result, research remains

largely focused on familiar and vocalised sound, detection of affect and auditory scene analysis. In-

vestigations incorporating these vital findings of speech and music processing that moves beyond the

physical properties of pitch, timbre and rhythm are typically concerned with investigations into music

development or the emotive qualities of music, and those aspects of music-as-composed or music-as-

heard that may elicit such emotions (120, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,

251, 252, 253).

Little audio-visual research has examined the syntactical, or structural, aspect of music perception

in isolation from investigations of development or affect. Koelsch (145), Bod (95), Patel (96) and col-

leagues have investigated the perception of violations within expected or anticipated melodic and har-

monic progressions, with research into the presentation of Neapolitan sixths1, as well as other chords,

1A Neopolitan Sixth is a major chord using the flattened supertonic as its root: usually it appears in first inversion ([II6). In
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presented out of context within audible chord progressions. Their findings revealed cortical BOLD1

reactions and ERP2 responses to musical violations that are remarkably similar to neuronal responses

found for equivalent grammatical violations presented during speech perception. Such findings sub-

stantially strengthen the parallels that may be drawn between language and music, implying a neuronal

overlap in the regions responsible for the processing and interpretation of meaning within the two sys-

tems. Koelsch (74, 145) and Patel (96) go further to suggest that there may exist some over-arching

mechanism for the processing of meaning within knowledge-based systems, explaining why grammat-

ical and structural violations of rule-based systems, such as music and linguistics, evoke highly similar

cortical responses within listeners.

Within music research audiovisual integration dance and drumming sequences have been explored

and the effect asynchronous presentations have on receivers’ perception of note attack and a performer’s

intended expression (143, 245, 256, 257, 258). Again, the majority of such research has concentrated

on the emotive aspect of expression and intent rather than on the syntactical, structural interpretations

of music stimuli and so is not addressed here.

The perceptual processes of music, vision and language have been shown to share common features

of structural organisation into hierarchical processing systems (98, 161, 259, 260, 261, 262). Excepting

a few isolated studies (243, 263, 264, 265), research concerning the commonalities between the three

is limited within the literature. Those investigations that do touch on common properties and potential

similarities in perceptual processing have arisen within the last decade, and remain primarily located

within the auditory domain, identifying and exploring perceptual processing involved in the production

and recognition of acoustic information (28, 244, 248, 249, 266, 267, 268, 269, 270, 271). While a

number of researchers are investigating the relationship between music performance movements and

audio-visual processing (131, 243, 264), the majority of studies investigating audio-visual integration

of gestural interpretation tend to be predicated on the discussion regarding the existence, cause and

function of the mirror motor neuron system and its involvement in social learning and imitation (16, 53,

272, 273, 274, 275, 276). There are some notable investigations into the emotional aspect of gesture

and human action in audio-visual perception (see (277, 278, 279) for reviews). Tamietto and colleagues

found that responses within the human amygdala exist for facial and bodily expressions of emotion

C major, the triad’s notes are D[, F and A. Popular with composers of, and named after, the (18th Century) Neapolitan school, is
provides a particular method of preparing the listener for the dominant chord of a cadence, or, with an added note, a secondary
dominant allowing a modulation. (From www.wikipedia.org)

1Blood Oxygen Level-Dependant, or blood oxygenation level within a given region of the cortext.
2Event-Related Potential.
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even when the observer themselves is unaware of the triggering stimuli (110). This has substantial

implications for the recognition and causal function of such expressions within audiovisual performance

settings. A brief discussion of the main relevant theories relating to music and language processing is

presented here. Although not directly concerned with the processing of gestural information, such

findings present a view to how the human brain process meaningful and action events which relate

to the cognitive processing of bodymovement, syntax, and audio-visual integration. In the absence of

research regarding gestural cognition with regard to speech and music performance, this review provides

an insight into how these domains may be connected not only to each other, but possibly also with the

processing of co-speech and performance gesture.

Within the field of neuro-linguistics and brain imaging a general mechanism for the perception of

structure in audio stimuli has been proposed to exist. This encompasses both music and language sys-

tems (74, 95, 96, 280). The effects of structural irregularities in linguistic syntax structure (281, 282)

and the musical structure of chord progression (232, 283, 284) on cortical activation has been exam-

ined, relating specifically to the processing of syntax or structure. This cortical activation takes three

forms and points not only towards strong cortical similarities for the structural processing of language

and music, but also to the possibility of a shared mechanism targeted at structural perception. In tests

investigating the cognitive processing of words that are difficult to integrate structurally into meaning-

ful sentences, Patel and colleagues uncovered electromagnetic cortical activation relating to semantic

processing (96, 281). These words elicited a positive peak in ERP readings around 600ms after pre-

sentation of the word and the structural violation, referred to as the P600. Patel (281) found that music

and speech stimuli containing elements that were difficult to meaningfully integrate structurally elicited

indistinguishable ERPs at the P600. Following this, observation of an early left anterior negativity in

cortical activity, ELAN, at approximately 400ms after stimulus presentation in the right frontal regions

of the brain, was found to be associated with syntactic processing in language (282). This is of particu-

lar importance when considered alongside the discovery of an early right anterior negativity, ERAN, at

around 350ms in the left frontal region of the brain specifically related to the processing of syntax, or

structure, in music (232). Broca’s area, most commonly recognised for its role in language and speech

production within the brain, was implicated as the region generating this ERAN activity during har-

monic structural processing in music. More recent studies, using the localising techniques of functional

magnetic resonance imaging (fMRI) have extended these findings to implicate not only Broca’s area in

the inferior frontal gyrus of the brain (Brodmann’s areas 44 and 45, see (285)) in the processing of music

syntax and structure, but also Wernicke’s area, located in the superior temporal gyrus of the dominant
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hemisphere, typically the left and known for its role in recognition and understanding during language

and speech processing (283).

These remarkable findings of similarities in syntactic processing and the cortical overlap for lan-

guage and music processing led to proposals that there might exist a general mechanism designated for

the detection and integration of structural elements present within auditory input (74, 95, 96, 286).

2.8 Issues Arising Within Research Literature &
Framing of the Current Investigation

Gesture research in speech and motion indicates a role of body movement for the expression of structure

and syntax and the exemplification of meaning in the absence of successful auditory communication and

comprehension. Gesture is suggested to have many functions within both performance and speech, rang-

ing from technical use in the learning and shaping of meaning and sound production, use as memory aids

and performance tools, as well as being used to emphasise salient features within an audible discourse

or narrative, be that music-related or linguistic. Drawing on theories proposed within speech research

and examination of the auditory aspect of performance, a pattern emerges within findings implying that

detailed performance analysis may find a general slowing and magnifying of gesture at phrase endings

by performers. Based on observational studies into performance movements, a communicative and em-

phatic role for body movement relative to key structural features is suggested that focusses on tilting of

the head and/or instrument and body sway. Perceptual investigations of audience recognition of body

motion imply that performers may communicate structural or syntactic meaning through their perfor-

mance motion alone, enabling observers to accurately detect phrasing structure (3, 36, 39, 67) from

gestural body movement.

The main conclusion drawn from the literature is that, although collectively research literature im-

plies a use of performance motion to shape or emphasise structure and expressive intent, across in-

vestigations terminologies, methodological approaches and empirical reliability vary greatly making

interpretation and comparison of findings difficult.

In a performance, musicians are expected to demonstrate an understanding of the larger-scale struc-

ture of the music by employing expressive parameters such as tempo, timbre and dynamics (213). In

speech, people accentuate syllables within words or words within sentences with their tone, pitch and

timing of their voice, or use particular physical gestures to accompany words and phrases in order to add

certain emphases (84). Musicians also use such parameters to add to the information being conveyed by

the musical structure (100). Their nuances are related to the position and function of structural features
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and can also communicate details relating to the mood or emotive character within a piece, information

potentially also contained within the score. If communication of musical structure through motion is

similar to that of syntax and linguistic structure, then performers may be seen to emphasise salient fea-

tures within the composed structure using physical gestures that are not necessarily tied to the production

of the music. These ancillary, or subsidiary, non sound-producing movements may appear different for

each performer. However, studies of phrase perception in audio versus visual conditions indicate that

an observer may be able to effectively discern expressed meaning, using audio-visual parameters and

gestural expressions to infer accurate judgments of structural importance and segmentation.

Perceptual investigations of audience recognition of motion suggest that performers do communicate

meaningful information through their performance motion alone, and that this likely extends to syntac-

tic information regarding music structure, enabling observers to accurately detect phrasing structure

from performance body movement (1, 3, 37, 67, 77, 89). To examine the non-technical and commu-

nicative nature of these movements, the ambiguity of movements which manipulate the positioning of

the instrument or relate to respiratory patterns need to be considered. To further develop comparisons

and allow reliable, robust inferences to be drawn from findings, examination of a representative sub-

population of performers, each performing multiple pieces (which themselves contain limited variables,

allowing for direct comparison of factors being observed), analysed through systematic mathematical

evaluation (to eliminate experimenter-observer bias) would provide valuable insight to findings already

gathered through empirical case studies, and multidimensional investigations touching on more than

simply structural communication in performance motion.

The importance of the visible aspect of performance in relation to audible communication has only

been touched upon within research, and findings are restricted with respect to audience interpretation

and understanding of music structure (1, 3, 35, 37, 38, 40, 67, 77, 89). It is therefore proposed to

combine aspects of audio-visual integration analysis, prevalent within psychological research into facial

expressions, with detailed performance analysis so as to create a method for the investigation of the

production and perception of non-technical performance motions and their relevance in conveying mu-

sical structure from performer to observer, be they audience or co-performers. The relative contribution

of visible gestures to the overall audio-visual experience will also be examined so that findings may

be considered with respect to those findings of auditory perception (120, 240, 243, 244, 245, 246, 247,

248, 249, 250, 251, 252, 253) and the use of tempo and dynamics within the audible aspect of music

performance (32, 34, 60, 120, 270, 289, 290, 291, 292, 293). Given the findings emerging from gestural

research, which point toward a deeper connection between meaning, motion, visual and auditory percep-

tion, it seems reasonable to extend the theories of Bod (95), Koelsch (74, 120) and Patel (96, 287, 288)
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to propose that there may exist an overarching cognitive mechanism responsible for the processing of

structure for rule-based knowledge-governed systems, such as music and speech. I would go further to

suggest that this overarching mechanism may be responsible for the processing, detection and integra-

tion of structure, not limited by the nature of the input but capable of regulating and perceiving structural

information for not only music and language, but also other rule-based, knowledge-governed systems,

such as mathematics, as well as input from other sensory domains, such as vision and motor responses.

Previous studies are extended within the current research, incorporating the use here of a static

instrument, multiple performers and two comparable pieces. This allows assessment of whether detec-

tion of performance motion is maintained across multiple performances, using an established musculo-

skeletal recording model with advanced motion capture technology and data processing software. The

use of a recording model based upon musculo-skeletal joint and muscle action means that motion anal-

yses are not simply measuring the trajectory of marker locations, but their location within the confines

of how the human body is known to move. This means that analyses do not simply consider body

movement relative to the trajectory of selected markers, but considers the twisting and turning of these

body regions, measuring the trajectory of markers relative one another as determined by the restrictions

of joint and muscle action of the human body within 3-dimensional space (217). The combination of

theoretical proposals of linguistics, performance analysis, music theory and cognitive neuroscience, the

current research proposes that performers convey their structural interpretation of the score not only

through technical actions and audible parameters, but also through non-technical body movements. In

line with Todd’s theory of the ritardando (60), it is proposed here that, in addition to generating re-

peated movements pertaining to phrase segmentation, performers may extend their use of parameters

such as tempo and dynamics to their phrasing gestures, forming faster and grander bodily gestures at

more salient, higher order structural features notated within the score. As a result, an observing au-

dience would then be able to recognise patterns within performance motions to infer structural and

syntactical meaning within the piece from biomechanical information alone (point-light performance

presentations).

Although the use of motion tracking is not new, per se, I am not aware of another investigation

utilising high-speed, detailed 3D motion capture systems and data processing software for the structural

performance analysis of a highly representative subset of performers and multiple pieces. Through the

course of extending and replicating their own studies, Vines, Wanderley, Nusseck, and colleagues have

restricted the type and scope of movement analysed, limiting the comparisons and conclusions able to

be drawn. By employing detailed motion-capture analysis that provides a more detailed consideration
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of biokinetic motion1, the current investigation addresses the limitations of previous studies comparing

limited marker location or the parsing of 2D digital recordings to motion-tracking software. To date,

motion-capture examinations also include information regarding the location of the hands and instru-

ment. In the case of clarinet and saxophone analysis, the direction of the bell of the instrument can reveal

technical information about a performance, creating a confound between the analysis of sound produc-

ing versus non-technical performance movement. The use of a static instrument within the current

research and the exclusion of location trajectories of hands, feet or instrument from both performance

analyses and point-light performance stimuli, removes this confound from results, enabling inferences

to be drawn directly relating to non-technical performance motion (see Chapter 1.3.2.4).

This research is unique not only in its consideration of 3D biomechanical recordings of nine perform-

ers playing two comparable and recognised pieces, but also of its mathematical application of space-time

theory to motion analysis. Existing investigations applying standard cartesian motion analysis may not

always reliably represent what the eye sees during a performance. By adjusting the co-ordinate system

of the trajectories considered, it becomes possible to get closer to the movement patterns generated by

performers, and mathematically represent motion that is more representative of what an audience or co-

performers may actually see. The combined application of these approaches renders this research novel

not only in its examination of performance motion but also in its generation of performance stimuli

created for judgement response examination.

The following chapter addresses the empirical methodology underlying this thesis, extending and

expanding upon the research within the literature discussed here.

1Using a physiological model based on joint and muscle actions of the body (217), such as those used in graphic represen-
tations of human movement in live-action computer games, cinematic CGR and modern psychological research into physical
movement and social interaction.
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CHAPTER 3

EMPIRICAL DESIGN

3.1 Introduction

The effective empirical design of scientific investigation requires many levels of consideration. In or-

der to formulate an experimental design that effectively address the hypotheses presented within this

thesis (outlined in Chapter 1.5.2) whilst efficiently encapsulating the research criteria of the disciplines

involved, careful deliberation of influential factors, variables and analytical techniques was necessary.

My background knowledge and skills have been shaped by my undergraduate experiences of quan-

titative studies in psychological perception and neuroimaging, my qualitative anthropological research

using participant observation and engaged learning for investigations into British subculture, as well as

an informed knowledge of Western Music Theory and the restraints of 3D motion-capture recording.

Drawing on these, I devised a design which not only addressed research concerns often aired within the

music community, but also holds true to the experimental validity and statistical reliability exercised in

quantitative scientific research. The nature of this investigation was to uncover aspects of music per-

ception so that they may later be modelled computationally in order to advance electronic and electrical

research, progress developments in music technologies, aid understanding of human perceptual systems

and further music performance and analysis research. The following section leads the reader through

these stages of deliberation, introducing the various influencing factors and their respective investigative

techniques.

The direct impact of the findings of this research are be as follows: Consistent identification of per-

formance motion relating to phrasing structure for multiple performers addresses the sometimes con-

flicting findings existent in research literature. This allows the existence and nature of non-technical
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structural performance gestures to be tested to either confirm or challenge existing results. The ex-

amination of these movements for a representative subset of performers over multiple pieces allows

robust comparisons over varying structural importance and complexity of phrasing, so furthering cur-

rent findings within the literature. Examination of participant responses of perceived phrasing to stimuli

of varying modalities (vo, ao, av) assess findings existent within the literature for an increased stim-

uli set of 18 performances, enabling greater reliability and external validity of conclusions drawn than

previously seen. Presentation of performance stimuli in degraded viewing conditions (PL) enables fu-

ture comparison to existing psychological motion research into social interaction, drumming and dance,

whilst extending support of previous findings to consider non-technical biokinetic performance mo-

tion without the confounds of visible instrumental manipulation. Using perceptual stimuli generated

from analysed performances allows any findings of judgment perception and accuracy to be directly

compared to performance motion patterns, providing a rigorous and in-depth examination of structural

gestural communication whilst maintaining empirical conditions and constraints, and so reducing con-

founds of extraneous variables within factors of performer, piece, recording systems and presentation

mediums.

The resulting investigation comprised a two-tiered experimental design, considering both the per-

formers’ interpretations and realisations of a piece, and the audience’s interpretation and perception of

the subsequent performance, relating both aspects to structural analysis of the musical score as per West-

ern Music Theory. The first stage of the design examines performance movement trajectories in varying

co-ordinate space and changing velocity of movements relative to phrasing structure. The second stage

explores audience perception of music structure and performance movement, and the effects upon this

when varying experimental conditions and modes of stimuli presentation.

Of great importance were the selection of music pieces to be used within this investigation. Three

preludes by Frederic Chopin (1810-1849) were selected for this research. The pieces chosen were ‘The

Polish Dance’ Prelude in A Major, ‘The Tolling Bells’ Prelude in B Minor, and the ‘Suffocation’ Prelude

in E[ Minor; Opus 28: numbers 7, 6 and 4 respectively1. Of these pieces two were used for the formal

examination of communication of music strucutre, while the third Prelude, Op. 28: 4, served as a

distractor trial within perceptual experiments. The selection and music-theoretic analyses of the two

investigated pieces are presented in section 3.3.

The A major Prelude was used as the main control, or examination, piece. This served two key

control purposes: Firstly, the strict, repeated rhythmic structure comprising eight phrases of similar

1Scores are presented in Figures 3.1, 3.2 and in Appendix B, Figure B.1.
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length and form ensures that performers’ structural interpretation would not differ too greatly across

performers and individual performances. Secondly, the high familiarity and external use of this Prelude

within performance and analysis allows for collaborative examination and future extensions to this and

resulting collaborative research, enabling cross-disciplinary and multimodal comparisons of research.

3.2 Factors of Investigation

3.2.1 Genre & Instrument Selection

Classical pieces composed for piano from the Romantic genre have been selected as the subject for this

investigation as the romantic genre is purported to be the more expressive in compositional style within

Western tradition. It is therefore expected that performers will be more expressive in their playing style

as a result, bringing expression to the foreground of the investigation. Use of existing Western classical

music stimuli allows examination of established structural concepts, elements and relations in order

to discover whether performers embody aspects of structural meaning and, if so, whether they convey

this to the observing audience. The piano is a static instrument, meaning that, unlike wind and other

stringed or percussion instruments, the piano itself does not become involved in performers’ movements

and adjusting its positioning during a performance to affect the sound produced is not typical (unlike

the dipping of a wind instrument or the raising of a bow at certain compositional junctures). Therefore,

any movements made by the performer that are not technically necessary or beneficial to the production

of sound are more noticeable due to the nature of the instrument. It is expected that, by using a static

instrument and inherently expressive music compositions, effective investigation of performers’ bodily

expressions relating to compositional structure will be possible. In terms of communication, by using

real performances of existing classical compositions, the empirical questions posed here are applied to

recognised, rather than transformed or purposely created, musical concepts. As a result it is possible to

determine if and how a performer communicates the structural meaning contained within the musical

score and whether such communication aids understanding of the concept being expressed.

3.3 Music Selection

3.3.1 Empirical Constraints and Research Criteria:

In order to meet the constraints of the various disciplines considered within this research, the following

criteria was incorporated into the compositional selection and design:
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In order to retain viable music-theoretic analyses for comparison, the music-theoretic community

requires that the pieces under investigation not be altered or manipulated from their original form in

non-musicological ways. For example, researchers should avoid merely extending a phrase or altering

pitch intervals without regard for harmonic and melodic relations or the musical concept. Psychological

criteria for experimentation restricts pieces to being comparable in all aspects outside of those factors

under investigation, as much as is reasonably possible. Meanwhile, the electronic and computational

demands on the musical stimuli are that they comprise the same number of recordable dimensions that

can later be modelled and compared.

A final, but important, constraint on the music selected was the equipment used. The pieces were

to be for solo piano, playable on the high-action keyboard available, and had to be short enough in

duration so as not to overheat the 12 infra-red cameras employed by the Vicon 3D motion-capture

system. Pieces longer than a few minutes would cause the camera system and the room to overheat,

rendering recordings useless as the cameras would no longer be capable of detecting and differentiating

the 28 retro-reflective markers placed on the performers’ upper body. As the current design involves

the direct comparison of detailed body movement with perceptual judgements made of those same

performances, it was pertinent that the Vicon motion capture and stand-alone HD camera recordings

matched precisely.

To retain as natural and genuine a performance as possible it was elected to explore varying phrase

structures and overall structural and rhythmic complexity using existing music compositions, varying

themselves in specific structural and compositional dimensions, rather than manipulating one compo-

sition musically through transposition to manufacture variations of structural parameters using a single

piece. While the latter manipulation would theoretically maintain emotional parameters as constant,

arguably retaining the emotive concept to be expressed, to redefine the structural relations within the

piece is, by definition, to alter the original composition. Therefore, in practice, such an alteration may

have the effect of creating a new composition which may no longer be seen as comparable by those with

a deep knowledge of music-theory and music-analysis, such as the performers themselves.

The careful selection of a trio of pieces, all from the same composer and genre, diverging one from

the other in a scale of increasing structural complexity, removes issues regarding the viable musicality

of the pieces. Using valid music stimuli enables this investigation to meet the research demands within

the music community. The selection of a trio also provided the performers with a sense of preparing for

a genuine solo performance scenario, so helping to evoke as typical a performance as possible. While

the three preludes were rehearsed, performed and recorded as a trio, only two of these were examined
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within this investigation. This is discussed within the method & design section of this chapter (section

3.4).

Compositional integrity is maintained and both investigated pieces have been subject to detailed

music analysis and debate. They therefore provide a wealth of music-theoretic analysis from which to

draw upon. Furthermore, the selected Chopin preludes form part of a standard Western piano repertoire,

meaning that most performing pianists approached to participate in the analysis will have, at one point

or another, previously played the pieces and so will have already begun to construct an interpretation

of the structural form and compositional ‘idea’. Given the nature of this design prior experience of the

music by the performers is neither a prerequisite nor an empirical confound. All performers were given

a month to prepare and to practise with the notated scores, and were asked to play as they would in

a concert scenario. They were instructed that they should be able to play the pieces from memory to

ensure a full grasp of the music. Having a solid, well formed interpretation of the piece, rather than

playing a novel piece from sight, would have a large impact on playing style (302, 303). This would

subsequently impact upon any gestural embodiment and potential communication of structure expressed

by the performer, particularly as this expression has been posited to be developed only after a performer

has full command of a piece (58, 64).

To meet psychological criteria the empirical design had to retain as many variables constant as pos-

sible so as to limit the number of conflicting inferences that may be drawn from the results. By using

pieces generated by the same composer around roughly the same period of their life and from the same

genre and music-theoretic tradition, variables such as culture and style of composition are maintained.

Factors of human individual difference, such as personal experiences, past knowledge and environmen-

tal influences, were also maintained as the composer, Frederic Chopin, remains constant throughout,

exacting influences from the same life, learning and development on all three musical stimuli.

3.3.2 Structural Analyses:

The pieces selected for this investigation (Chopin’s Preludes in A Major and B Minor, Opus 28:7 & 6

respectively) diverge in structural complexity. They provide a gradient of rhythmic and structural form

and identity that may be directly measured and related for comparison.

Figure’s 3.1 and 3.2 provide examples of the scores for the A major and B minor Preludes re-

spectively1. Phrasing segmentation is denoted by blue lines located at transitional boundaries between

1The score for the third prelude, Chopin’s Prelude in E[ Minor, “Suffocation", Op.28:4, is provided in Appendix B, fig.B.1.
Although this third prelude was performed by all nine pianists, it is only used within this investigation as distractor trials within
the perceptual phrase detection analyses of Chapter 5.
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phrases and red lines above the notation demonstrating the basic progression of each phrase. Markings

added to the score are for the reader’s benefit only, to exemplify the structure considered within analy-

ses, and were not present on the scores distributed to performers. The phrasing structure demonstrated

here is as agreed by fellow researchers David Lewis (Musicologist, Goldsmiths University, London),

Christophe Rhodes (lecturer in music technology, Goldsmiths University London), Jennifer Griffiths

(neé MacRitchie: Musician, research collaborator and Doctoral graduate in technical performance anal-

ysis), Graham Hair (Senior Professional research fellow and Professor Emeritus, University of Glasgow)

and as detailed within the literature by James William Sobaskie (304) and Kofe Agawu (305).

3.3.2.1 Prelude 1: Chopin’s Prelude in A Major (Opus 28:7)

The first piece, Frederic Chopin’s Prelude in A Major (Op.28:7), contains a strict 2-bar phrasing struc-

ture, maintained across eight rhythmically identical phrases. Figure 3.1 shows the notated score of the

A major Prelude. Segmentation into phrases and sections is denoted by the blue vertical bars at phrase

endings, and red horizontal lines above the melodic and harmonic progression of each phrase (fig.3.1).

Appendix B demonstrates the accented structural relations within the piece between harmonics, melod-

ics, contours and phrasing (fig. B.1, (407)). At a higher level of segmentation the prelude may be said

to comprise two sections, each consisting of four phrases altering only in harmony and importance. The

hierarchical importance of each phrase varies due to its location within the piece and the harmonic and

melodic relations contained within it. This is widely acknowledged within the music community and is

detailed in Neil Todd’s theory of the hierarchical nature of the ritardando (60) among others (see Chap-

ter 2). The climax of the piece is generally agreed to be located at the harmonic arrival point of the F]

minor chord in bar 12, phrase six. This is the highest pitched note in the piece and represents the least

expected change in harmony within the composition.

The end of the fourth phrase indicates the closing of the first section and is the absolute middle, with

the fifth phrase opening the second half of the piece. The fifth phrase also reflects a recapitulation of

the original musical ‘idea’ where the ‘musical question’ introduced in the opening phrase, phrase one,

is repeated. The conceptual expansion over the following three phrases in this section this time brings

us to the closing of the piece, with the final cadential ritardando appearing on phrase eight. This final

phrase may be seen to contain both the false and the actual endings, the sub-phrase segmentation being

of increased structural significance to some performers and music analysts for this reason.
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Figure 3.1: Prelude in A Major (Op. 28:7) - Notated score for Chopin’s Prelude in A Major (Opus 28: 7),
taken from the Mutopia project (www.MuptopiaProject.org). Blue vertical lines denote phrasing boundaries,
with red horizontal lines shaping the phrases from above. The sectional boundary within the piece occurs at
the midway point, between phrases 4 and 5.
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3.3 Music Selection

Figure 3.2: Prelude in B Minor (Op. 28:6) - Notated score for Chopin’s Prelude in B Minor (Opus 28: 6),
taken from the Mutopia project (www.MuptopiaProject.org). Phrase transitions are denoted by blue vertical
bars, with red horizontal lines shaping phrases from above. Sectional boundaries are considered to lie after
phrases 3, 5 and 8 (score continued overleaf), although the location of this second sectional boundary is
debated, with some viewing the sixth phrase as part of the second section, with the final section comprising
only the 7th and 8th phrases. 51
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Figure 3.3: Prelude in B Minor (Op. 28:6) (continued) - Notated score for Chopin’s Prelude in B Mi-
nor (Opus 28: 6), taken from the Mutopia project (http://www.MuptopiaProject.org/). Phrase transitions are
denoted by blue vertical bars, with red horizontal lines shaping phrases from above.
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3.3.2.2 Prelude 2: Chopin’s Prelude in B Minor (Opus 28:6)

The second piece, Chopin’s Prelude in B Minor (Op.28:6), begins to depart from the rigidity of the

A major Prelude, varying in length of phrasing segments, whilst maintaining a similarly identifiable

phrase structure (fig.3.2). This allows direct comparison of gestural movements at phrase transitions

across diverging pieces for individual performers. Music-theoretical analysis of the prelude tells us

that the first two phrases differ only in harmony and melody, with the length and rhythmic identity of

the phrases remaining constant. This use of repeated rhythmic identity is directly comparable to the A

major Prelude. The third phrase of the B Minor Prelude, however, reflects an extension of the musical

concept and its phrase structure, presenting a 4-bar phrase that varies in rhythmical content as well as in

harmony and melody.

In most formal analyses of the B Minor Prelude, the end of this third phrase also represents the close

of the first section, leaving the two pieces comparable in their use of initial sectioning; in both preludes

the first section is 8-bars long. The difference in phrasing within these two opening sections allows

for direct comparison of performance movements for pieces with diverging phrasing that are consistent

across other factors including genre, composer and duration.

The fourth phrase is an exact repetition of the first, demonstrating the same compositional style as

the A major Prelude, where the first phrase of the second section was a repetition of phrase one. The

following fifth phrase indicates a second sectional boundary, this second section comprising only two

phrases, one a 4-bar extension of the other. Phrase five provides a repetition of the 2-bar theme presented

in phrase four, which then modulates, bringing the piece from the key of B Minor into C major. This

point is of particular interest as different performers may interpret different levels of structural impor-

tance at this juncture. Indeed some music theorists and performers interpret the sub-phrase segmentation

here to represent two separate phrases, transforming this section into three 2-bar phrases comprising two

repetitions of the idea and the modulation into C major. Such differences of interpretation were also ev-

ident across the nine performers examined, with some viewing the fifth phrase as one complete phrase,

and others interpreting it as a concatenation of two smaller sub-phrases.

This climactic modulation, the debated sub-phrasing, and the change in melodic and harmonic pat-

terning within the fifth and sixth phrases are the first examples of divergent and controversial interpreta-

tions of phrasing within the stimuli. The structural segmentation into eight 2-bar phrases of the A major

Prelude is standard throughout musicological analyses and conformed across the nine performers’ in-

terpretations. However, there are presently debates within music-analytical circles as to the structural

importance of bars 7-8 (within phrase 3) and bars 13-17 (constituting the modulation into C of the fifth

phrase and changing tone and form of the 6th phrase). From this point in the musical stimuli the B
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Minor Prelude has departed from the strict structural composition seen in the first section of the prelude,

and it may be the case that varying interpretations may elicit quite different bodily expressions from

performers at this juncture. The recent and growing controversy over the nature of the third phrase

also renders comparative analysis and interpretation problematic without clear understanding of the per-

formers’ own structural interpretations. As the B Minor recordings are primarily to confirm and support

findings arrived at from the A major Prelude, for the purpose of this research perceptual responses will

be considered primarily for detection of the first four phrases, with care taken when considering the

third phrase. Within analyses of performance motions the B Minor Prelude will be examined insofar

as performers’ interpretations coincide, with analyses concentrating on the production of movement

throughout phrases 1-5, with added awareness of the diverging interpretations of phrasing within the

fifth phrase by performers.

The final section of the B Minor Prelude diverges again from the original rhythmic identity first

encountered in the A major Prelude. It comprises three 4-bar phrases resulting in a modulation back to

the tonic and the resolution of the piece. The musical concept introduced in phrase five is replicated in

phrases six and seven, modulating finally back to the original idea, as introduced in phrase one, in the

closing eighth phrase. The first phrase of this section, phrase six, introduces the new melody which, in

some ways, mirrors that of the modulation in phrase five. This inversion of the idea is then repeated

precisely in phrase seven, with a modulation in the final bar revealing the tonic note, B. This early

return to the tonic may be interpreted as a false ending, revealed as such by the beginning of the final

phrase. This closing phrase, phrase eight, opens on the tonic note, is repeating the original musical idea

presented in the opening first phrase. This is described as the coda and is interpreted within music-

analysis as the ending of the piece.

An important aspect of the second Prelude is that here the phrases do not typically end on the elon-

gated pause of a minim, as they do in the A major Prelude. This removes the argument that perceivers

may only recognise a phrase due to a notated pause, which would cause the performer to pause while

holding the final note of each phrase, so implying a potential pausing of a performer’s body motion

and a consistency in sound produced. As a result, if viewing participants are capable of determining

phrasing structure from performers’ body movements in the B Minor Prelude, it cannot be argued that

perceivers are only able to recognise the closing of a phrase purely because the final note is held, as this

is not typically the case for the second prelude.

The typical audience perspective of presented behavioural stimuli (see section 3.4.3; ‘audience per-

spective’ is depicted in Figure 3.8) further reduces this argument, as the melody of the B Minor Prelude,

and so any occurrence of a held minim at the closing of a phrase, appears in the left hand of the pianist
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and so is occluded from the audience’s view by the performer’s body. In contrast, the melody of the

A major Prelude resides in the right hand, the side most visible to the audience. To attain such levels

of comparison between stimuli it may have been plausible to adapt the A major Prelude, altering the

rhythm for comparison. However, this would have raised larger issues within the music community re-

garding the authenticity of the composition, the maintenance of the original concept, and the reliability

of the inferences made.

The progression throughout the first four phrases of the B Minor Prelude and the full eight phrases

of the A major Prelude provide the perfect basis to explore the effect these differences in phrasing

and structural hierarchy have on performers’ interpretations of music structure and on any corporeal

expressions generated. For each changing component it is expected that performers would emphasise

their interpretation of the structure using non-technical body motions to exaggerate what they are trying

to convey to the audience. Events of high structural importance, containing features such as phrasing of

sectional segmentation boundaries, are expected to be emphasised by the performer. It is interesting to

also consider other higher-order features, such as the climax of a piece or the final cadential end, and

whether performers feel a need to communicate these bodily to their audience.

There are several more ambiguous structural analyses of the B Minor Prelude, all of which are

equally reasonable. This brings an added element of discovery to this research as any researcher and

observer bias may be thoroughly challenged by the potential for differing interpretations of the piece by

the performers. Of particular interest is to what extent the performer’s own personal interpretation of

the structure (extracted during the post-performance interview; see Chapter 4) impact on any gestural

communication, and whether this is recognised and accurately interpreted by the perceiving audience.

In this way the A major Prelude exists as a pseudo control or test piece, establishing results between

rhythmically identical phrases. Once analysis of performance motion and perceptual judgements of the

A major Prelude reveals whether structural information is communicated between a performer and their

audience, and how these motions relate to structural interpretations by performers, the B Minor Prelude

provides the opportunity to test these assumptions. Comparisons and correlations of results from the

two pieces makes it possible to test research hypotheses that performers embody their interpretation

of composed structure, expressing this through non-technical bodily motions that are detectable and

interpretable by their viewing audience (Chapter 1.5.2).
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3.4 Method of Investigation

3.4.1 Research Questions

The behavioural study described in this thesis may also be applied to neuroimaging studies to reveal

the temporal and spatial processing within the various networks of the brain. Investigations have al-

ready begun, mapping phenomena such as pitch detection and motor activation within the human cortex

(145, 270, 284, 306). However, as the perception of phrasing structure has not, as yet, been fully investi-

gated during piano performance (1), with comparative studies concentrating on the intended expressivity

of performance style (80, 89, 140), and has previously been concentrated on clarinet and violin perfor-

mance (3, 66, 67), the objective of the current empirical design is to directly compare aspects of pianists’

performance motion with structural judgements made by ‘audience’ perceivers. Results of both the pro-

duction and perception of phrasing during performance are related to music-theoretic analyses of the

pieces performed. This design format enables a comparison of performance motion, from composition

to production to perception, allowing three main research questions to be examined, outlined in Chapter

1.5.2. These are::

1. Whether performers express structural features bodily through non-technical movement and if so

in what way.

2. Whether the audience extracts information from visual motion to identify structural features, so

aiding understanding of the piece performed.

3. And lastly, whether structural units of phrasing, as denoted by traditional Western Music Theory,

reflect tangible elements of human music perception.

To examine these questions the following methodology was applied:

3.4.2 Performance Analysis

3.4.2.1 Participants

Nine highly trained amateur pianists were enlisted to perform a trio of Chopin Preludes, two of which

were used for analysis (Op.28: 6 & 7). All performers were of conservatoire performance standard.

They comprised five music performance undergraduate students, four at the University of Glasgow and

one at the University of Edinburgh, two postgraduate students from the Royal Conservatoire of Scotland,

Glasgow1 and two semi-professional amateur pianists, each with more than ten years of performance

experience. Each pianist was paid a one off sum of £25 for their participation in the experiment.
1Formerly the Royal Scottish Academy of Music and Drama, RSAMD, Glasgow.
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3.4.2.2 Stimuli & Equipment

Music Stimuli: Musical stimuli used comprised two Chopin preludes selected for this investigation

from the existing corpus of Western classical music. A detailed analysis of these is provided in section

3.3 of this chapter. These make it possible to compare gestural movements at phrase endings of similar

and divergent structural importance and rhythmic identity. Once the phrase segmentation is interpreted

for each performer, these will be compared across all performers to establish any points of agreement

or variation when considering formal music-analytical structure. The structural elements within the tra-

dition of Western Music Theory to be examined were defined as phrases; the third level in the hierarchy

of structural segmentation of a piece and the smallest unit of meaning capable of expressing the musical

concept, or ‘idea’ (see Chapter 2.2, phrasing).

The first piece (Prelude in A major) reflects repetitive, rhythmically identical use of phrases, vary-

ing only in harmony and higher-order structural importance. Its largely explicit structure assures that

pianists would not have differing views regarding phrasing. This allows for the identification of any

phrasing motions produced by the performers and the investigation of whether these phrasing segmen-

tations are perceived by the observing ‘audience’ participants. This piece may be considered the control

piece within the investigation, whereby detailed investigation of performance action can be stringently

conducted, enabling direct comparisons across performers. Any patterns emerging within the motion

trajectories can then be compared across the eight phrases within the piece.

The second piece (Prelude in B minor) represents an initial repeat of the phrasing structure of the

first, which then departs, diverging into extended phrase durations and phrases of increased structural

complexity. This allows for the assumptions identified in the initial performance and perceptual analyses

to be tested, so determining whether the expression and communication of phrase structure discovered

in the first is maintained across separate performances and when phrase structure is altered, extended

and modulated within the second. This enables comparisons of results for individual performers to be

made across different performances, as well as providing a second dimension for comparison between

performers across multiple and diverging phrase structures within and between performances.

Of particular interest for comparison are the opening two phrases and the fourth phrase of the second

Prelude, providing a comparison of the 2-bar phrases from the first Prelude. Comparisons across these

phrases will illustrate whether performers’ motions generated in the first Prelude are maintained for

similar phrases across differing pieces and performances. Comparison of the fifth phrase of the first

Prelude (in A major) and the fourth phrase of the second Prelude (in B minor) allow for examination

of performance movements for phrases exhibiting a repetition of the opening musical ideas of each

prelude.
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Figure 3.4: Motion Capture Set-Up: Above you can see part of the scaffolding onto which 12 infra-red
cameras where mounted to continuously record and triangulate the precise positioning of each of the 28 body
markers throughout the course of each performance.

Vicon Motion Capture: To capture body movement the Vicon motion-capture system was used to

record movement of the upper body and the head in a design that has been further explored by the

author in additional publications and presentations(40, 68, 69, 77, 228, 307, 308, 309).

The Vicon 3-dimensional motion-capture system records the position of small retro-reflective mark-

ers using a configuration of infra-red cameras placed around the room (fig.3.4). These markers are

placed on each performer’s upper body in the configuration seen in Figures 3.5 and 3.6. This model

combines a stable upper body model developed for medical examination of joint and muscle move-

ment (217) with four additional reference markers included for head motion. These 28 markers were

recorded at 120 fps and their 3D position was calculated through computational triangulation and the

use of pre-developed algorithms to control for the possibilities of muscle and joint action.

Using the Vicon 3D-motion-capture system and specially designed templates of the upper body,

head and hands, pianists were originally to be recorded using the model depicted in 3.5. This model

was then adapted to include only those 28 markers that may be involved in non-technical movements,

excluding data capture of the hands to increase reliability and robustness of the model (fig.3.6). Using
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Figure 3.5: Vicon motion-capture system: The model developed by (217) was adapted to include additional
markers capturing head, finger and hand movement. The figure shows a pianist as they were captured and
represented by the Vicon Nexus motion-capture system. Markers were positioned according to skeletal joints
using a specially formulated jacket and hat. Adhesive tape was used for markers placed directly onto the
skin. The model was further developed to remove motion-capture information from the performer’s hands to
minimise recording error and optimise non-technical performance analyses.

this revised model, recordings were made of the nine highly-skilled amateur pianists performing the two

selected Chopin preludes. The Vicon motion-capture system used comprised 12 high-definition infra-

red cameras mounted at set locations around the room on an affixed scaffold frame. Each performer

is dressed in an especially tailored jacket on to which the 28 retro-reflective markers were attached

(fig.3.5). The markers used were round and approximately 1cm3 in size. The Vicon motion-capture sys-

tem records the precise position of the markers throughout the performance, triangulating their location

on three-dimensional axes using the highly sensitive infra-red cameras.

Each recording was captured at 120 fps, recorded in synchrony with the analogue input from the

audio stream. The recordings subsequently underwent manual post-processing to reconstruct upper-

body models using the Vicon Nexus processing software, locating any points at which the system had

failed to detect individual markers. These points were corrected using the estimation algorithms of

plausible human biological motion available within the Vicon Nexus softwareTM.

Digital Recording Equipment & Keyboard: The Preludes were performed on a Roland RD-150

88-key weighted electronic keyboard, chosen specifically for its highly realistic key-action to enhance
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Figure 3.6: 3D Motion Marker Positioning Model - The above figure shows a representation of the po-
sitioning of the 28 markers across the upper body and head once they have been detected and triangulated
by the ViconTM motion-capture system. Spheres refer to individual marker positions, with the referent of
each marker notated in white. Lines represent the muscular and joint relations between markers, with groups
of markers denoted by similar colour codings. The single orange marker on the left arm (red) indicates the
reference marker for the body model (based on an adaptation of (217)).
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the performers ‘piano’-playing experience. The MIDI data for each performance was recorded via

the keyboard output. Performances were also recorded through the Vicon’s high definition camera to

enable video and sound to be synched to the motion data. A second digital camera (a Sony Handycam

DCR/SR50 camcorder) was placed at a typical ‘audience perspective’ to make separate recordings to be

used as stimuli for the perceptual experiments presented in Chapter 5 (see fig. 3.8 for typical audience

perspective). The secondary digital recordings also enabled performers to view their own performances

when conducting the self-report interviews on completion of recording. These interviews were used

within this investigation to confirm agreement between the structural interpretations of phrasing made

by performers1. Audio and MIDI information was stored using the department’s Rosegarden codicil

and Performance Mark-up Language (PML) software (76) through a Toshiba laptop.

3.4.2.3 Experimental Method & Design

Performance Recordings: The nine conservatoire performers were given the music one month in

advance of the recording session and were asked to play the pieces from memory, as they would in a

public performance setting. This was to ensure that the performers had practised the pieces to a high

standard. Although they all prepared to play from memory, performers were given the choice to be

recorded playing from the score or from memory so as not to raise issues about the differences between

memorising a piece versus performing a piece well. All performers who elected to play from the score

were capable of playing by memory and were performing as they would personally in a real performance

setting.

Retro-reflective markers were attached to the pianists’ upper bodies and head using a specially made

jacket and hat. These markers were recorded using the ViconTM system and translated computationally

using stable structural models. A stand-alone standard digital camera was placed at an audience per-

spective typical of a piano recital to monitor the performance as well as to give each performer the sense

of there being a ‘watching audience’.

Each performer was given ample time to practice prior to recording to ensure they were suitably

warmed-up and familiar with the action of the keyboard. Once ready, the performer was applauded

into the room. They then proceeded to play the pieces in the order of their choice, as they would at a

standard concert recital. There was a brief pause between each piece to allow for recordings to be saved

and software to be re-initialised before the next performance recording began. This initialising of the

1Interviews are part of ongoing analyses which lie outwith the scope of the research provided within this thesis.
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subsequent piece was lead by a clap given by the principal researcher1. Following the close of the final

piece pianists were applauded for their performances.

Post-processing of Data: The high density of data collected via the ViconTM 3D motion-capture sys-

tem can occasionally yield competing signals at the infra-red cameras. It is also sometimes the case that

the system fails to accurately detect the spatial and temporal location of a given marker in a manner not

typical of human elbow joint action. To correct for this, manual post-processing was conducted to fill in

any missing marker positions using the estimation models available within the system software. These

algorithms are based on high precision analysis of human biological motion studies to predict realistic

positioning of markers given previous and post positioning.

As the majority of the markers were not placed directly onto the skin but onto a velcro jacket, some

problems were encountered particularly with the elbow markers. At several points during performances

the elbow markers would appear lost by the camera triangulation as the jacket moved around the el-

bow and displaced the marker. Manual use of interpolation algorithms incorporated into the ViconTM

software corrected for the majority of these displacements. Unfortunately, as the ViconTM system is pro-

prietary the precise algorithms are not available for inspection and so the accuracy of reconstruction at

these points cannot be confirmed. However, as ViconTM and NexusTM are established 3D motion-capture

and data processing systems it is reasonable to assume that these algorithms are effective. As the use

of these algorithms was monitored by the researcher, and taking the frame-rate of the motion capture

recordings, the validity of the reconstructions are presumed accurate for presentation and analysis.

Post-performance Interview: Following performance of the selected preludes each pianist was sub-

ject to a semi-structured interview to determine their interpretations of their intended and expressed

musical structure. Each was presented with a copy of the notated score and asked to mark their in-

terpretation of the musical structure. The ‘audience view’ recordings of each performance were then

played back to the respective performer and they were asked to comment on their personal use of motion

and expressed musical structure throughout the piece. Each pianist was asked to note any differences

they observed between their intended and expressed performance. These would later be used to rule

out extraneous movements and to corroborate any correlations found between performed and perceived

structural segmentations

1B.Buck.
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Detailed performance analyses were conducted on the individual and collective marker’s motion

trajectories and changing velocities across 3-dimensional space. Results of analyses are presented in

Chapter 4.

3.4.3 Perceptual Analyses

3.4.3.1 Research Objectives:

The experimental design examines various aspects of structural perception when viewing a performance.

These progress throughout the chapter as follows:

1. Visual-only recognition of Phrasing Structure (planned analyses)

2. The effect of degraded visual information on performance judgements (planned analyses)

3. Relative contributions of Visual & Audio Information to Audiovisual interpretation (planned

analyses)

4. Effect of increased compositional complexity on phrase perception: Effect of phrasing judge-

ments over divergent music compositions (planned analyses)

Commencement of further studies arising from this work include:

• Analysis and comparison of patterns of acceleration of motion and phrasing judgements (post-hoc

analyses)

• Effects of Music Expertise and Instrumental Experience on Judgement Accuracy (pilot investiga-

tion)

For each of the following experimental conditions, participants were recruited to complete two be-

havioural experiments. Findings examine participants’ response accuracy for judgements of phrase

structure in presented stimuli. This model differs from its predecessors in that it not only presents stim-

uli of multiple performances and multiple performers to participants within one mixed-design method-

ology, but that this design also constitutes two fully comparable within-design investigations of multi-

modal performance perception to examine the effects of extraneous environmental information versus

raw bio-kinetic performance information on judgements of phrase perception. Probable confounds of

manipulations of timbre, dynamics and respiratory factors are controlled by using a static instrument,

such as the piano or high action keyboard. This is the first study of it’s kind, to the author’s knowledge,
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to use such a large stimuli set to conduct quantifiable detailed perceptual investigations of multiple per-

formers and pieces that may be directly compared to multiple performance analyses of the same group

of performers’ gestural body motion. Such research dimensions allow for a level of external reliabil-

ity not previously seen within non-technical audio-visual performance motion research. Although the

stimuli for each experimental condition vary in modality (vo, ao, av), with restraints imposed on partic-

ipant groups to control for the various factors being investigated (viewing condition, phrase hierarchy,

piece), the overall experimental design is constant across modalities. This serves to render all findings

comparable, allowing an in-depth analysis of the factors under consideration affecting judgements of

musical structure made by a perceiving audience for the selected works. The following provides a full

explanation of the empirical design undertaken by all participants. For each of the variations within

this investigation only the factors described are altered (IV), while all other variables affecting phrase

judgement response (DV) and empirical constraints are maintained as constant.

3.4.3.2 Participants

Participants were recruited by email and by word of mouth from the University of Glasgow and various

orchestral groups currently active in the city of Glasgow, U.K. These include the University’s orchestral

group ,‘The Kelvin Ensemble’, and The Glasgow Wind Band. All participants have a minimum musical

knowledge of ABRSM1 Grade 5 music theory, or equivalent to ensure a knowledge of the term ‘phrase’.

Participants were randomly assigned to each group, so that all had an equal opportunity to be allocated

to either data set. Participants were assured that all data would be treated confidentially and that they

could remove themselves from the investigation at any time. All were debriefed fully upon completion

of the two-part experiment. Participants were paid the standard participant rate of £6/hr for their time

and participation.

3.4.3.3 Stimuli & Apparatus

Presented stimuli were generated from recordings made during the performance phase of the inves-

tigation (3.4.2.3). Stimuli sets comprised two groups of performance presentations, which varyied in

viewing condition (VC) between full-light (FL) and point-light (PL) performance stimuli. Live feedback

from the slider response panel was presented to participants below the performance stimuli (fig.3.8).

Full-light (FL) viewing condition mpg2 digital recordings, created using a Sony Handycam DCR-

SR50 camcorder shot from a typical audience perspective, depicted pianists as they sat facing to the east-

1Associated Board Royal School of Music. This and Trinity constitute the main examining boards of music practice and
theory in the U.K.
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south-east of the audience and played the high action Roland keyboard in the motion-capture recording

room (see fig.3.8, left). The keyboard location, sound and action were based upon the optimum acoustics

of a classic grand piano, as would commonly be used in a concert scenario (see fig.3.7). All performers

wore uniform velcro jackets and hats for the placement of retro-reflective motion tracking markers

(section 3.4.2.2).

FL recordings were edited to display each performance in its entirety in three separate modalities.

Stimuli comprised 27 visual only (vo; depicting only the visible digital recording captured using a

stand-alone Sony Handycam DCR-SR50 camcorder), 27 audio only (ao; containing a white fixation

cross on a black screen and the audio-information captured from the Sony Handycam recordings), and

27 audiovisual (av - presenting both the visual and audible aspects of the performance) presentations of

the same recorded performances (9 performers, 3 Chopin Preludes1 ).

Figure 3.7: Piano & Concert Hall: This image shows a grand piano set for a typical concert scenario. The
lid is open to allow full transmission of sound, which is directed towards the audience. The piano is slightly
angled allowing the audience to view the pianist at the keys as well as benefiting from the of the sound of the
performance produced. Image by Jeremy Young and taken from Aldeburgh Music’s website .

For the point-light (PL) viewing condition, stimuli were constructed using the 3D marker recordings

gathered via the ViconTM motion-capture system and prepared using Nexus post-processing software

(section 3.4.2.2). PL stimuli contained only the upper body motion contained within the 3D recordings

of the 28 markers, placed across each performer’s head, arms and torso. Figure 3.6 depicts a point

light performer avatar with the location and corresponding referents for each of the 28 markers within

1Resulting in 54 multimodal performances of the two test Preludes and 27 multimodal performances of the third distractor
Prelude for the FL viewing condition.

65

http://www.aldeburgh.co.uk/about_us/press


3. EMPIRICAL DESIGN

the model used. PL performers were presented from a typical audience perspective, as for FL visual

stimuli (see fig.3.8, right). PL displays provide the observer with the precise biological movements of

each performer recorded in three dimensions over time. The model used for marker location was based

upon a model originally developed for medical research into joint and muscle movement by Cutti and

colleagues (217). This original model has been developed and employed for the recording and graph-

ical representation of accurate human bio-kinetic movement within media and computational forums.

For the purposes of comprehensive performance analysis and coherent performer representation, four

markers were added to the Cutti et al. upper body model to capture the full 3-dimensional movement of

the head during each performance (see fig. 3.9 and Chapter 3.4.2.2). PL videos were presented in the

visual-only and audio-visual modalities by synching the ViconTM videos to the same audio information

recorded by the stand-alone Sony Handycam, and used within the FL stimuli trials. This maintained

consistency in the audio information presented to participants of both groups, removing any confounds

of varying recording equipment on audio performance perception. Visual PL and audio performance

information were synched using Audacity, Rosegarden and Adobe Premier Pro editing software. The

audio-only stimuli presented in the point-light condition were identical to those presented within the

full-light condition, comprising a white fixation cross and the audio information generated by the Sony

handycam camera.

Due to post-processing anomalies1 and the need for novel practice trials, only seven of the nine

performers were presented as test stimuli in the PL condition. All nine performers were presented within

the FL condition, with recordings of a tenth performer serving as practice trials2. This resulted in 54

(9x2x3) full-light experimental stimuli 42 (7x2x3) point-light experimental stimuli, as well as 27 FL and

21 PL distractor stimuli. The 144 performance files were then converted using a particular codec (indeo-

5) into a format that was compatible with the experimental design software (PresentationTM). Originally

captured at 120 fps for accurate performance analysis, the ViconTM motion-capture recordings were

transformed here into presentations comprising 30 fps using Adobe Premier-ProTM digital video editing

software3. This was to meet the stimuli requirements and restrictions of the PresentationTM software

1Post processing anomalies caused areas of videos to appear jerky for one performer’s PL presentations. The raw data for
this performer was more than suitable for the motion analysis of Chapter 4 and the FL displays were recorded through a stand
alone camera and so were unaffected. However, once PL displays were converted from 120 to 30fps these anomalies rose to the
fore rendering them unsuitable as perceptual stimuli.

2Motion capture recordings were not generated for the practice performance trials used in the FL modality. These were made
using performances by my collaborative researcher and professional pianist, Jennifer MacRitchie. Performance analyses of these
performances would have risked introducing researcher bias into the experiment and so 3D motion capture recordings were not
obtained. All environmental conditions for these recordings were, however, consistent with those of the nine FL test trials.

3As typical television displays present at approximately 25 fps, while blu-ray presents images at 24fps, this transformation
is considered perfectly acceptable for visual perception and cognitive processing as it presents images at a higher rate than may
consciously be detected by the human eye (310). The codec and frame rate transformation was controlled via the software’s well
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3.4 Method of Investigation

used to run the empirical investigation.

The resulting set of test stimuli comprised 18 presentation trials of each audio, video and audiovisual

modalities, 6 trials per performer, or 27 per musical piece for the FL VC Group, and 14 presentation

trials of each audio, video and audiovisual modalities, 6 trials per performer, or 21 per musical piece for

the PL VC Group. The stimuli trials lasted on average 40s for the A major Prelude, and 90s for the B

Minor Prelude performances.

Figure 3.8: Visual Stimuli: The images above depict examples of full-light (left) and point-light (right)
performance stimuli. Participants were presented with 30-120s long movies displaying a pianists performing
a musical piece in the centre of the screen. Bellow the video the slider bar was represented to give an idea of
how much or how little participants were moving the slider. For experiment 1, performances were presented
without sound (visual only modality, vo).

3.4.3.4 Empirical Design

The overall design model is a mixed design: A within-participants design was adopted for all modal

conditions of each factor (vo versus ao versus av); a between-subjects design was used when comparing

results of different formats of viewing condition (FL versus PL). This was to ensure stimuli remained

novel in each viewing condition (VC) to reduce learning effects and maintain stimuli integrity. The

mixed-design of factors under consideration constitutes a 2x2x3x2 design and may be represented as

shown in Tables 3.1 and 3.2.

The overall mixed subjects design involved 30 participants, comprising two groups of 15 partici-

pants, one group for each factor viewing condition (FL and PL). For each within-design group (FL and

PL paradigms) all participants within the same VC were subject to the same empirical stimuli. These

stimuli varied only in viewing condition between groups, with all other factors remaining the same. For

established algorithms for effective smoothing and transformation. To the naked eye there is no discernible difference between
the original 120fps recordings and the 30fps presentation stimuli.
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3. EMPIRICAL DESIGN

Figure 3.9: Full Vicon Motion-Capture Model - The model developed by Cuttie and colleagues (217) is
developed here to include four markers to capture head movement. The model was further developed to
remove motion capture information from the performers hands to minimise recording error and to optimise
performance analyses.

FL, Group A, stimuli comprised 54 trials containing performances by nine performers in three presenta-

tion modalities (aoFL, voFL, & avFL) of the two compositions (9x3x2 within-design model). For Group

B, PL stimuli constituted 42 trials, comprising performances by seven performers in three modalities

(aoPL, voPL, & avPL) of the two compositions (7x3x2 within design model).

The following tables present the independent variables under consideration (IV: factors and con-

ditions) and the quantity the dependant variable was measured. The factors under consideration were

viewing condition (VC), presentation modality (mode), and composition complexity (Prelude). The re-

spective conditions varied within these factors were of FL vs PL for VC; vo, ao and av for mode; and

the divergent yet comparable phrasing structure between the two pieces (A major vs B minor Prelude).

The dependant variable (DV) being measured is perceived phrase location, or phrasing judgement accu-

racy of perceived phrase locations, made by participants using the slider response panel for each of the

performances and their respective phrase segmentations.

By representing the factors being investigated as shown in tables 3.1 and 3.2 we can see that the

design format is a 2 x 2 x 3 x (9; 7) mixed subject design comprising a 2 x 3 x 9 and a 2 x 3 x 7 within-

subject designs. This results in presentation of 2 x 3 x (9; 7) x 8 target phrase boundaries to be detected

by each group, resulting in comparative analyses of 432 FL and 336 PL responses of phrase perception

across the three modalities (144 and 112 responses per modality to be made each by 15 participants for
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3.4 Method of Investigation

Table 3.1: Multimodal Design: Factors & condition levels

factors Prelude FL PL
conditions Phrase Performer Phrase Performer

Modality VO P7 x8 x9 x8 x7
P6 x8 x9 x8 x7

AO P7 x8 x9 x8 x7
P6 x8 x9 x8 x7

AV P7 x8 x9 x8 x7
P6 x8 x9 x8 x7

Table 3.2: Multimodal Design: Factors & condition levels

(Group:) Group A Group B
(viewing condition:) FL PL
(presentation mode:) vo ao av vo ao av

Prelude 1 Phrase (x8) (x8) (x8) (x8) (x8) (x8)
Performer (x9) (x9) (x9) (x7) (x7) (x7)

Prelude 2 Phrase (x8) (x8) (x8) (x8) (x8) (x8)
Performer (x9) (x9) (x9) (x7) (x7) (x7)

FL and PL conditions respectively).

Simply put, all participants of Group A are presented with the same FL stimuli for both Preludes

(within-design), while all participants of Group B are subject to the full set of PL performances for

both Preludes (within-design). Comparison of the two groups to compare effects of viewing condition

employs a between groups design, making the full, overall investigation a mixed -participant design1.

To ensure that the information contained within the audio stream did not effect visual-only judge-

ments, the responses given during the initial isolated vo conditions (Experiment 1, section 3.4.3.5) were

used for statistical comparison, enabling the vo stimuli presented during the second experimental session

(Experiment 2, section 3.4.3.5) to act as distracter trials. This provides an additional2 cognitive break in

the audio information received by participants, so easing the auditory cognitive load on participants.

By leaving a minimum of 24 hours between experiment sessions (Experiment 1: vo trials only;

Experiment 2: vo, ao & av trials), the visual information stored within the short term memory (STM)

of the cortex would be able to decay3 (311, 312). STM decay reduces the effects of familiarity of the

stimuli, particularly in the FL condition where external information regarding the performer’s identity is

available. By allowing the visual STM to decay and providing vo distracter trials during the experiment,

1Design is a 2x3x2x2 for 7 and 9 performers and 8 phrases, dependent on viewing condition. There are 2160 FL and 1680
PL trials per modality (vo, ao & av) for comparative analysis across the 30 participants (15 participants for each group of viewing
condition; Fl vs PL).

2In addition to the stimuli distractor trials of the E[minor Prelude performances.
3This is a well established method of investigation within psychological studies of perception and human behaviour.
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the audiovisual stimuli are rendered viable and comparable to the vo and ao trials in terms of novelty.

3.4.3.5 Methodology

Participants were recruited to complete two perceptual behavioural experiments. As the task difficulty

was quite high, prior to beginning the first experiment each participant completed a Bayesian question-

naire to ascertain as much of each persons prior musical knowledge and experience as possible. The aim

here was to decipher which factors may be important for completing the task by determining as much of

the musical knowledge and experience that might influence the individuals’ phrasing judgements. For

example, if only two people were able to complete the task successfully, we may find that both of these

people had listed Chopin as a favourite composer or as being in their performance repertoire, or even

had just bought the same music album recently.

In Experiment 1 each viewing condition group (VC Group A, FL; and Group B, PL) were presented

with a set of visual-only performances (18 FL, 14 PL) of the two test preludes (Op.28, 6 & 7) and

9FL/7PL distracter trials. Participants were not informed as to the nature or number of the pieces

performed, nor were they informed as to the number, gender or skill level of the pianists performing

them. In the PL group condition, participants also had no knowledge as to the number of or individual

differences between performers presented. Participants had no previous experience in watching these

particular performers play, therefore making these performance stimuli entirely novel.

Using a within subjects design for each group, participants were asked to determine where phrase

endings occurred within each performance. Performances were presented to the subjects in a pseudo-

randomised fashion to control for ordering effects. This was conducted in controlled conditions using

a computer monitor and a slider response panel. Practice trials were conducted to allow participants to

familiarise themselves with the slider-response panel. All participants were presented with two perfor-

mances by a performer not included in the experimental group to become accustomed to the task and to

using the response panel prior to test trials commencing. Each trial was separated by a rest screen and

participants controlled their own breaks by initiating the next performance trial with a key strike. Stimuli

trials were preceded by a white fixation cross to control for visual attendance during the experiment.

Participants were asked to monitor the progression of each phrase during a performance using the

slider panel for each of the presented stimuli, replicating and extending the work of Vines and col-

leagues (3). Participants were instructed to use the full range of the slider to demonstrate phrasing

structure during each performance. Live feedback of the slider position was represented on-screen be-

low the performance stimuli (fig.3.8, with the cursor completely to the left as each performance stimulus

commenced. Participants were instructed to move the slider to the right as they felt each phrase built
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to its centre, returning the slider to the left as each phrase came to a close, with the change in slider

motion from left-directed to right-directed indicating a perceived phrase boundary; demonstrating a per-

ceived judgement of where one phrase ended and another began. This process was then repeated for the

subsequent phrases of each performance.

Participants were informed at the start of each experiment that all data was confidential and that they

may withdraw from the investigation at any point. Consent was acquired for data to be used for the

purposes of this research prior to commencing experimentation (see AppendixA.1).

Instructions to participants appeared as follows:

Your task is to watch the following piano performances and judge the shape of each musical phrase using the
slider/mouse

Whilst the performance is being shown, watch the upper body of the performer (head, arms, torso, back etc)
and move the mouse in relation to how you think the phrase is being shaped.

As you think the phrase is reaching its CENTRE move slider to the RIGHT
As you think the phrase is reaching the END move slider back to the LEFT.

For every phrase the slider should begin and end to the far left Move the mouse as much or as little as you
need to during the display.

Each performance will be played without audio so try to make these judgements as best as you can.

The starting point for each video will ALWAYS be to the LEFT
at PHRASE BEGINNING.”

Following completion of the task, participants were asked to report on their experiences regarding

the use of the slider-response panel, the task, the nature of the displays and any insights they might

have as to what they had been presented with. Care was given not to prompt participants’ responses.

No feedback was given to participants regarding their responses and comments were noted and stored

alongside questionnaire results. They were asked if they would return to participate in a follow-up

experiment. Participants were not debriefed as to the nature of the investigation until after completion

of the second experiment, undertaken on a separate day, no less than 24hours after the vo experiment to

allow for short term memory decay1.

The basic format of Experiment 2 followed that of the previous experiment. Participants were seated

in a darkened room, as before, approximately 40cm from the computer monitor. This time, as well as

the slider-response panel, participants were given high quality headphones2 to ensure a consistent and

1A standard accepted minimum period of 24hrs is allowed for information stored in short term memory to decay, enabling
participants to be exposed to further stimuli with little risk of interference from initial stimuli. The majority of participants
returned 1-2 weeks later to perform the second experiment.

2GRADO Prestige Series SR325i.
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high quality projection of audio information. Participants were presented with the same two practice

trials as for the vo conditions, depicting a pianist not presented in the test trials performing composi-

tions in the visual-only modality. These practice trials served to refresh participants as to the task to be

performed and to allow them to re-familiarise themselves to responding using the slider-response panel.

For both VC groups (FL and PL), Experiment 2 presented participants with performances of the same

Preludes by the same performers, this time in three varying modalities: visual only (vo), audio only

(ao) and audiovisual (av) (see section 3.4.3.3, stimuli). As with Experiment 1, stimuli were presented

in a pseudo-randomised order to control for order effects. Participants were instructed to treat each per-

formance presentation separately and to provide continuous response judgements as to the progression

of the phrasing structure within each. All multimodal presentation and data collection conditions and

constraints remained the same as for the previous vo conditions (Experiment 1).

Following the completion of both experiments all participants were given a full debriefing session

whereby the precise nature of the experiment was explained. All participants were given the opportunity

to ask any questions they wished and give comments regarding their experience of the experimental

procedure.

All data collected from questionnaires, self-reports and debriefing for both parts of the behavioural

experiments were collated by participant identification number and stored securely to ensure confiden-

tiality and anonymity of results.

3.4.4 Measurements & Data Storage

Slider response data was recorded per 118ms1 and stored in the form of the slider position in relation to

time. To be able to interpret the data it first had to be manipulated into a format suitable for statistical

analyses in order to compare between the responses of the 15 participants for both groups of viewing

condition (FL vs PL) across both the nine performers and the two preludes for all three presentation

modalities (vo, ao, av).

During the course of this research it was necessary to learn python, matlab and c++ programming

languages in order to manipulate, use and apply commands to extract and analyse data. Before perform-

ing any planned and post hoc statistical analyses, the data first had to be transformed into a comparable

and uniform format. As all of the performers played the two preludes at varying speeds, the response

files also varied in the length of data points. Additionaly, the time recorded for the visual stimuli and

the perceptual responses differs from that of the ViconTM motion-capture data. Manipulations of gestu-

ral data used computations developed in-house by members of the Science and Music Research team.

1as per PresentationTM software data collection settings.
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Transformations and interpretations of the perceptual data were computed using python, awk, Matlab

and R.

3.5 Research Summary

This doctoral research investigates the presence and the nature of structural features of music, namely

phrases, in the production and perception of solo classical piano performance. Selected music stimuli

consisted of two classical romantic piano preludes by Frederic Chopin. The first, Prelude in A Major

(Op.28:7; fig.3.1), has a strict rhythmic phrase identity repeated over eight 2-bar phrases. These vary

only in harmony and structural importance. The second, Chopin’s Prelude in B Minor (Op.28:6; fig.3.2),

echoes the short 2-bar phrase structure seen in the first Prelude before departing in rhythmic make-up to

produce phrases which vary in harmony, structural importance, and rhythmic identity.

The experimental design was carefully planned so as to allow for detailed recordings of both the

production and perceptual recognition of phrase structure within performance motion.

A within subjects design to investigate multiple behavioural responses by ‘audience’ participants for

a phrase judgement task enables examination of questions as to whether observers are able to discern

phrase structure from performance motion alone. The relative contribution of the visual information

relative to the accuracy of phrasing judgements in audiovisual conditions is calculated to determine

whether seeing a performance as well as hearing it enhances structural interpretation.

The mixed design allows findings to be tested under additional conditions, namely the presentation

of point-light displays as opposed to full-light performance displays (see fig.3.8). This is to examine

the judgement effects from observing pure biological motion versus a full visual presentation1. This

second paradigm of viewing condition comprised a within subjects examination of display condition

and a between subjects investigation of the effects of musical expertise and instrumental experience on

response accuracy.

Overall the perceptual investigation constitutes a mixed group design, with two groups of audience-

participants being presented with the same performances of both Chopin Preludes examined in Chapter

4 in different visual capacities (FL; PL). Participants within each group were all presented with a full

set of performances across varying presentation modalities (visual-only, audio-only, and audio-visual).

Between groups only the factor of viewing condition was varied from full-light to point-light.

The detailed performance analysis conducted using data captured through the Vicon 3D motion

system, the stand-alone video camera, MIDI and Rosegarden recordings may be directly compared to

1The effects of musical expertise and instrumental experience on response accuracy were also tested as a pilot study within
this paradigm but a full discussion of findings lies beyond the scope of this thesis. Preliminary results may be found in (308).
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findings from the perceptual behavioural study to provide an detailed examination of the pattern of com-

munication where structural features are thought to be embodied and physically expressed by performers

to their audience. The audience, in turn, are proposed to make use of some cognitive heuristic, likely

related to those used in speech and social interaction, to attempt to recognise these phrasing gestures,

extracting structural information to make judgements of phrasing boundaries. Despite the task complex-

ity, this anticipated expression and recognition of phrasing is hoped to be maintained across variations

of phrase length and complexity, and so demonstrated in the comparison between the responses of the

two pieces.

The proposed findings from these experiments would have implications for performance pedagogy

and computational modelling of music features, as well as in furthering our understanding of the under-

lying human behavioural processes involved in music performance and perception of structure.

Significantly, these findings may hold implications for future investigations into the cognitive pro-

cessing of structure for knowledge based, rule governed systems more generally, such as of music,

language and mathematics.
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CHAPTER 4

PERFORMANCE ANALYSIS

4.1 Introduction

Before the features within a music performance that are perceived and interpreted by an audience may be

accurately and effectively investigated, we must first investigate what features are expressed by the per-

former and probabale their causal function. As this doctoral research comprises a two-tiered approach

constituting detailed performance analyses followed by behavioural perceptual analyses of audience re-

sponses, this chapter focuses on the first tier of these analyses, investigating performance movements

to identify performance cues relating to formal music structure and their plausible functional relation.

In this way it is possible to discover cues that may be generated by the performer to be received by an

observer.

Throughout sections 4.2-4.5 results are presented of the motion analyses of nine skilled amateur

pianists, representative of the range and span of the wider population of semi-skilled piano performers

within the Western music tradition, performing the two selected Chopin Preludes; Preludes in A major

and B minor respectively (Opus 28.7 & 6). Kinematic analysis of performance movements are presented

section 4.2, expressing movement within both cartesian and spherical co-ordinate systems. Comparative

analyses of kinematic and changing velocity vectors of the performers’ body movements are detailed in

section 4.5.

The aim of this chapter is to determine whether performers reflect composed structural information

in their non-technical, or sound-facilitating and accompanying, movements1.

1See Chapter 1.3.2 for definitions of sound facilitating, sound accompanying, and sound modulating performance movements.
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4. PERFORMANCE ANALYSIS

4.1.1 Performance Sub-Hypotheses:

The sub-hypotheses presented in See Chapter 1 as specifically relative to performance analysis are as

follows:

HM1 That performers will be seen to make patterns of movement relating to the phrasing structure

of the pieces performed. Furthermore, it is suggested these movements will be non-technical in

nature.

HM2 That the size of such movements may be influenced by individual performance style.

HM3 That individual regions of the body may be seen to be leading motion, but that these leading

motions and the use of motion to express phrasing will be particular to individual performers.

RFHD LFHD

LBHDRBHD

C7

T10

CLAV

STRN

LSHO

LUPA

LUPC
LUPB

LELB LMEP

LFRA

LWRA LWRB

LFIN

RSHO

RUPA

RUPC RUPB

RELBRMEP

RFRA

RWRB

RWRA

RFIN

Figure 4.1: 3D Motion Marker Positioning Model: Location of the 28 markers across each performer’s
upper body, positioned to record detailed performance motion based upon an adaptation of muscular and joint
motion detection by (217). Each marker is denoted by the individual spheres represented within the model,
separated into body regions by grouping and colour (head and torso in orange; green, right arm; red, left
arm). Individual marker referents are displayed in white. Lines represent the muscular and joint relations
between markers. The orange marker on the left arm (LFIN) indicates the reference marker for each body
model (reproduced from page 60).
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4.2 Performance Motion: Trajectory Analyses & Observations

In order to investigate claims that performers, in particular highly skilled amateur solo pianists, em-

phasise structural information through head and body sway, the motion trajectory of markers placed in

these body regions were examined across three-dimensional space. Head motion was examined through

vectorial analysis of the four markers placed around the occipitofrontal circumference of the head (see

fig. 4.1: front and back left and right head markers). Torso trajectories are measured by the vectorial

analysis of the clavicle, the sternum, and cervical and thoracic spine markers (referents CLAV, STR, C7

& T10; fig. 4.1). Marker motion for each performer was recorded by means of triangulation measure-

ment via the 12 ViconTM infra-red cameras (see section 3.4.2.2). Clavicle motion trajectories follow the

3-dimensional motion of the single clavicle marker, located above the sternum of each performer (see

fig. 4.1 referent CLAV).

Detailed analysis of the motion trajectories for all 28 body markers for each of the nine performers

is too vast for a comprehensive presentation. To examine claims existent within research literature that

performers exhibit phrasing in the movements of their head and torso, this section focuses on the analysis

of the head, torso and clavicle movements for three of the nine performers, with findings of the full sub-

set of nine performers available for graphical comparison. This is to provide a detailed investigation of

performance motion in relation to the formal theoretical music analysis of the two preludes, provided in

Chapter 3, without excessive repetition of kinetic inferential analyses. The exemplar performers were

selected by two independent piano judges as being representative of the range and scope of performance

motion and ability within the sample population, and of highly skilled amateur pianists more generally.

The three performers, Performers A, B and C, correspond to Performers 2, 3, and 9 represented in the

Figure 4.2 (plots b, c & i). Conclusions and inferences drawn form results are based upon the findings of

all nine performers, and the scope within these findings are represented within the consideration of these

three exemplar performers. All graphical coordinate representations can be made available on request.

For pertinent markers and analyses these are presented within the appendices.

Performance movements are examined across the three spatial dimensions, corresponding to direc-

tional motion as follows; movements along the x-plane represent movement towards and away from the

keyboard, movement in the y-dimension corresponds to motion along the keyboard from right to left,

and movements depicted along the z-axis show vertical movements perpendicular to the keyboard. An

increase in x relates to increased movement away from the keyboard, an increase in y to movement to

the right of the keyboard, and an increase in z to an increase in height of the markers above, or vertically
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4. PERFORMANCE ANALYSIS

away from, the keyboard.

By plotting the motion trajectories of each marker, and groups of markers, it becomes immediately

apparent that these performers do indeed appear to embody musical structure through their performance

movements. Each performer moves in relation to phrasing and structural segmentation in their own

individualised manner, supporting the hypothesis that non-technical (or facilitatory) performance mo-

tions may be used to emphasise music structure (HM1, 4.1.1), demonstrating that this can be highly

individualised and particular to each performer.

4.2.1 Cartesian Motion Trajectories: Prelude No.7 in A Major

Figure 4.2 shows the motion trajectories of all three dimensional axes plotted individually for the nine

performers. Variation in the x-axis (red) represents motion toward and away from the keyboard, with

an increase in x representing movements away from the keyboard. Variation in the y-trajectory (green)

depicts motion along the axis to the left and right, parallel to the keyboard axis. Variation in the z-axis

(blue) presents the performers’ head movements in the vertical plane, detailing a variation in height of

the head markers perpendicular to the keyboard. The location of structural phrase boundaries, as they

appear within the audio signal, are indicated using the vertical broken arrows and relative phrase labels

as they occur along the time axis.

It is immediately apparent that each performer utilises head motion differently, expressing various

structural and emphatic points within their own personal performance. It is also apparent from the data

that each performer has formed their own interpretation of the rhythmic and contextual directions within

the score, as each performance holds a different temporal durations (the average duration being ∼45s).

Quite often variations in phrase duration are evident despite the strictly repeated rhythmic nature of the

composition.

Initial observations show that most, if not all, performers exhibit some change of motion patterns

around the central sectional boundary (between phrases four and five) and at or leading up to the cli-

mactic arrival of bar 12 (phrase 6). This accentuating of higher order structural features through bodily

movement is one which will be revisited in later sections. Of immediate interest is the apparent phras-

ing nature suggested in at least one dimension of the motion trajectories for the head movement of all

nine pianists. Each performer emphasises phrasing junctures in different ways, be that by generating

emphasis along different axes or through differences in their variation of motion direction. For example,

Performer 1 produces a large motion trough in the x-axis to emphasise the climax, whereas Performer

2 creates a peak in motion along the y-axis at the climactic harmonic arrival of bar 12, within phrase
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6. The patterns of movement generated by each performer range across the subset from between being

very controlled, as with Performer 6, being highly restricted and confined, as with Performer 1, to being

highly expressive, as with Performer 9. This expression of repeated movements, particularly in the x

and y dimensions, implies that performers are embodying phrasing structure within the movements of

their head. Deeper investigation of the cause and function of these movements will confirm whether

such movements are incidental, technically related to the production of the sound, or non-technical,

facilitatory and potentially gesturally communicative.

4.2.1.1 Cartesian Motion, Performer A:

The motion trajectories for the 3-dimensional movement the head for Performer A show a rhythmic

beating motion in the z-dimension, almost as if in time to the execution of the notes played, whilst

simultaneously exhibiting a slow swaying motion of the head towards and away from the keyboard in

the x-dimension (fig. 4.3 a,b,c). The evident decrease in the x-axis, showing movement towards the

keyboard, is not accompanied by any change in the height of the head position, with the motion data

showing a sustained position in the z-axis (fig. 4.3 b&c). The x-axis shows a slow lean toward the

keyboard during the first two phrases, and away from the keyboard throughout phrases 3-6. This is

continued across the final closing passage following a large dip in head motion down and toward the

keyboard partway through the penultimate seventh phrase.

Motions emphasising phrasing structure are also apparent in the y-dimension (fig. 4.3 a & c). The

head moves to the right, along the keyboard, to a position that is maintained throughout each phrase

before being moved to the left, returning to the initial starting position for the next phrase. Motion in the

y-axis shows the largest decreases, (indicating parallel movement to the left of the keyboard) at phrase

boundaries that precede structurally significant phrases: Large decreases in the y-axis are evident at the

end of phrase three, prior to the final phrase of the first section; at the end of phrase four, the sectional

boundary and phrase preceding the first phrase of the second section where the initial musical idea

presented in the first phrase is repeated; and during the seventh phrase before the closing passage of the

piece begins. These movements in the y-axis are all accompanied by slight increases in both the x and

z dimensions, reflecting a backward-left ascension of the head (fig. 4.3 a, b, d).

The z-axis (fig. 4.3 b & c) shows that this performer makes repeated upwards head movements

at phrase boundaries. There is a slowing and an exaggeration of this pattern evident during the sixth

phrase, considered to hold the climax of the piece. This pattern is then amplified during the seventh

phrase, where the performer moves her head significantly downwards towards the keyboard, reflecting
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4. PERFORMANCE ANALYSIS

the change of motion in the x-axis (fig. 4.3 b). These emphases are echoed by an increased movement

towards the right of the keyboard, indicated by the increase in the y axis (fig. 4.3 c).

4.2.1.2 Cartesian Motion, Performer B:

Performer B exhibits groups of movement patterns in the x-axis (fig. 4.2: c), with the range of for-

ward/backward motion moving down toward the keyboard toward the sectional boundary of phrase

four. The head then makes two identical peaks during the pivotal sixth phrase before ending the piece

with three controlled and identical waves of head movement throughout the final phrase pair and the

closing passage of the piece. Although not evidently linked to phrasing structure, the grouping of the

head movements in the x-trajectory may be seen to be related to higher-order structural features, em-

phasising the first section ending and repetition of the first phrase in phrase five, the climactic chord of

phrase six and the closing passage of phrases seven and eight.

More phrase related movements are apparent in the y-axis variation (figures 4.2: c), with phrases

ending on a left-directed motion of the head followed by a smooth motion toward the right and then

back to left, often crossing the starting point at the centre of the keyboard. The global minima of y-

axis movement, reflecting the largest motion parallel and to the left of the keyboard, is generated at the

section end of the close of phrase four. The smallest change in head motion occurs during the sixth

phrase of the piece, generally considered to represent the climax of the piece. Interestingly, following

this climactic phrase the performer alters their repeated right-then-left sweeping pattern of the head,

instead generating a smaller but similar motion just prior to the the global maxima for this dimension,

reflecting the largest increase in motion towards the right end of the keyboard, resulting in two waves

of head motion during the penultimate seventh phrase, a pattern exhibited in the opening first phrase for

the presentation of the original musical idea. This performer then uses a large leftward motion of the

head during the closing cadence of the piece, prior to the final chord.

Motion in the z dimension is reasonably restricted in comparison to that in the x and y dimensions

(figures 4.2: c). The movement of the head in this vertical plane does not appear to follow any pattern

relevant to phrase structure, other than that the head is always raised over phrase transitions.

4.2.1.3 Cartesian Motion, Performer C:

Performer C utilises a very different pattern of head motion to convey structure during performance of

the A major Prelude. Looking at the cartesian positional coordinates, the head movement along the

x-axis is the inverse of that expressed along the y-axis (fig. 4.2: i). Furthermore, the variation within
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the x-trajectory is a near-precise magnification of that observed within the z-axis, rendering this axis

as a smaller inversion of the motion seen in the y-trajectory. These changes in motion reveal that this

performer moves her head up, back and left throughout each phrase, a motion which is not only the

opposite of that generally expressed by the other eight performers, but is also contrary to the flow of the

music. Performer C generates very clear and repeated phrasing movements with the head, moving it in

the opposite direction to that of the hands, making repeated gestures exaggerating the musical narrative

contained within each phrase. The x and y trajectories see a synchronisation over the fifth phrase, show-

ing the global maxima of x and a substantial increase in y (local maxima), reflecting a move toward

and right of the keyboard. The sixth phrase sees a return to the original pattern of motion, with large

decreases in all three axes; x and z as the phrase initialises and y around the point of the climax of bar

12. The y trajectory depicts a final sweeping leftward motion during the final phrase as the performer

begins to bring the piece to a close.

4.3 Spherical Motion Coordinates

4.3.1 Considering Motion in Spherical Coordinates

Examining cartesian positional coordinates of the markers throughout the performance the extraction

valuable information regarding head motion relative to structural features. However, consideration of

physical motion in this way does not fully reveal the qualities of what may be fluid, complex gestural

movements. Instead this style of analysis may separate movement into apparently segmented, jerky

motion. Locally, cartesian dimensions (x, y and z) are adequate descriptives. Converting motion infor-

mation into spherical dimensions (rho, theta & phi), however, reveals more detailed information about

the curvature of the motion, it’s shape, and positional coordinates on a global geometric scale.

When working within a particular coordinate system it is possible to identify elements which may

appear as singularities. By moving to a coordinate system that allows for smaller radial dimensions to

be analysed, it is possible to uncover details within movement data that exist beyond what had originally

appeared as the event horizon.

Spherical, or polar, coordinates are a system of coordinates designed specifically for considering

points within a sphere (Walton 1967, Arfken 1985). These curvilinear coordinates consider position

using distance from a point to it’s origin (rho; ‘r’) and two positional angles, theta (θ◦) and phi (φ◦)(see

fig.4.4). θ◦ is the azimuth angle in the x-y plane describing the angle from the x-axis (0 ≤ θ < 2π,

also denoted as λ when referring tot he longitude). φ◦, the zenith or polar angle, is calculated from the
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4. PERFORMANCE ANALYSIS

positive z-axis using φ = 90◦ − δ, where δ = latitude. The symbols used within this thesis are rho (r)

theta (θ◦) and phi (φ◦). However, these values may also be represented as r = ρ, θ = ϑ, and φ = ϕ.

Spherical coordinates relate to cartesian coordinates through:

r =
√
x2 + y2 + z2

θ = tan−1
(
y
x

)
φ = cos−1

(
z
r

)
and may be described in terms of cartesian coordinates by:

x = rcosθsinφ

y = rsinθsinφ

z = rcosφ

Figure 4.4: Spherical and Cartesian coordinates: Spherical coordinate system; rho (r), theta (θ◦), phi (φ◦),
represented in relation to Cartesian dimensions; x,y,z (figures taken from ‘Coordinate Systems in Physics’.
Openstax CNX).

The same motion data for each performer may be expressed as spherical, or polar, coordinates rather

than as cartesian x,y,z coordinates. When the head motion for each of the performers is examined

within the spherical coordinate system clear evidence of phrasing patterns are revealed that are highly

individualised to each performer. By calculating rho (r) theta (θ) and phi (φ), the head motion for

Performers A, B and C can be described in greater detail relating to repeated patterns of motion and to

phrasing structure

Rho (r), represents the root mean square (rms) of distance travelled or the rate of change of head

motion in 3-dimensional space. Alone this global variation in distance magnitude (r) tells us only about
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4.3 Spherical Motion Coordinates

the general distance travelledrelative to the original starting point of the head.

It is possible to describe the directional changes in r by examining the x, y, and z motion trajectories.

However, the precise direction of rho, and the vector magnitude it represents, is best described through

calculation of the angles theta (θ◦) and phi (φ◦). Theta represents the vertical angle of r relative to the z

axis, while phi describes the angle (or azimuth) at which r occurs between the horizontal x and y axes

(see fig. 4.4).

Figures 4.5 and 4.6 depict the motion data in the previous cartesian analyses presented as 3-dimensional

spherical coordinates, plotting changes in rho (r), theta (θ◦) and phi (φ◦) along a 3-dimensional axes

over time. Examinations of the changing radial distance, horizontal, and vertical angles of each body

region throughout the performance are described in detail within respect the three exemplar performers,

A, B and C. These detailed analyses are summarised graphically here, presenting the motion data on

a 3-dimensional spherical polar scale concentrated around the markers (or groups of markers) central

gravitational pole (see section 4.3.1 for polar co-ordinate description). Once represented as spherical

coordinates on a 3-dimensional scale the patterns of motion described within the previous sections be-

come clearly evident. Points where patterns are modulated in size or direction adhere to the higher-order

structural features within performances, such as section boundaries and climactic arrival points within

the Prelude, as suggested previously.

4.3.1.1 Spherical Motion, Performer A:

consideration of spherical dimensions: For this performer, the change in theta over time (fig. 4.6 e)

shows a nodding of the head almost in time to the performed rhythm of the 3:3 waltz beat of the piece.

There is a significantly increased bowing of the head toward the keyboard at the start of the second

phrase, and again at the beginning and end of the sixth phrase. This is followed by a substantial lifting

of the head during the penultimate seventh phrase, and the final deep drop of the head following the close

of the final phrase signalling the absolute end of the performance. This rhythmic beat-like bobbing of

the head during each phrase is unnecessary for the execution of the notes and, as demonstrated by the

cartesian plots, is a culmination of phrase-length swaying to the left and right of the keyboard (y axis)

as well as backwards and forwards motion in the x axis, and not simply a vertical bobbing in time

to the beat. Figure plots 4.3c and 4.3d show this more fluid complexity of the head movement. Phi,

depicted in Figure 4.3c, shows a sweeping rise in angle with motion across the x/y plane. Figure 4.5(b)

demonstrates this pattern of movement more clearly, enabling a closer examination of the pattern of

movement generated by this performer to be plotted as it was observed. This rise in head motion follows

phrasing structure very clearly and reflects the turning of the head from left to right in consistent repeated
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4. PERFORMANCE ANALYSIS

patterns throughout the performance. This first appears to be a possible feature of the composition and

the pattern of the written notes, which flows from left to right along the keyboard and back for each

phrase. However, the highest note in the piece occurs within the climactic F] chord of bar 12 (phrase

6). If this performer’s head movements were simply following her hand movements as she executes the

notes it would be expected that the largest rightward head motion, and so highest value of phi within

the performance, occurred here. This is not the case. Instead of an increased right turn of the head to

follow the performed notes, this performer exhibits a tighter change in horizontal angle accompanied

by a decreasing and then increasing of the vertical angle theta (figs. 4.3b & 4.6a). This declination

and rightward ascension and declination of the head over this most structurally salient phrase suggests

some level of structural expression exists beyond the rhythmic beat-keeping already evident in the head

motion of this performer. Generally speaking, throughout this performance, this performer appears to

use smaller variations in the horizontal angle of her head at structurally significant phrases, with the

pattern of right ascension smaller and less pronounced for phrases two, four, six and seven.

By plotting theta against phi the full movement of the head throughout the performance becomes

more apparent. The performer can be seen to raise her head from the left to a high centre position. From

here tight head movements from left to right, lowering and rising across phrases, are evident whereby

the performer appears to sway right and down diagonally toward the keyboard during each phrase,

whilst simultaneously bobbing slightly in the vertical plane to the performed beat of the music. The

head returns backwards, up and left smoothly for the start of the subsequent phrase. The motion data

plotted here shows that the performer favours head movement just left of her original starting position,

and closes the piece with a pronounced fluid rightward declination toward the keyboard.

The sharp 180◦ switches in phi (seen in the vertical lines of fig. 4.3c and the long horizontal lines of

fig. 4.3d) result where spherical coordinates are relative to the initial point of origin. Therefore, when

the head travels over the central point of an axis the coordinates along that axis become negative. As a

result, when the performer exhibits a steep declination of the head pushing the x position of r over the

y axis or, most frequently, when the head travels along the keyboard, pushing the y coordinate of r over

the x axis, we see this switching of phi from negative to positive or vice versa, evidence by the jumping

of phi from -90◦ to +90◦, and the inverse.

When theta is plotted against phi interesting patterns of head movement emerge. For many perform-

ers plotting phi over time reveals the steep 180◦ switches in angle. By reversing the values, and so the

horizontal axes, of x and y when calculating phi a different pattern emerges. By reversing the values of x

and y the plot of theta versus phi now reveals changing angles primarily above and along the keyboard,

with sharp flips in the sign of phi representing the position of the head crossing the y axis instead of the

88



4.3 Spherical Motion Coordinates

x. Figure 4.3 shows repeated smooth sweeping movements down and back, and in and up again, travel-

ling rightwards along the length of the keyboard, followed by shorter leftward motions with a forward

raising and shallow backward lowering of the head, almost as if the performer were tracing out an oval

with her head throughout phrases. Regardless of which axis is used as the horizontal reference when

calculating phi, plotting motion in this way enables the highly individualised nature of performance

motion to come to the forefront. The subjective and largely idiosyncratic use of head motion exhibited

by each performer during this piece becomes particularly pronounced when motion is considered in this

way. This individualised performance style is evidenced in figures 4.2 and 4.3.

3D Spherical Performance Motion (Performer A) By plotting the spherical coordinates in 3-dimensional

space the relations between the magnitude of the motion vector, r, with angles θ◦ and φ◦ is clear and the

individualised patterns of motion, through which each performer shapes the phrasing structure, emerges.

Figure 4.6 shows the 3D spherical plots for Performers A, B and C’s torso, clavicle and head motion,

with plotted spherical head motion during the A major Prelude for all nine performers presented in

Figure 4.5, discussed in section 4.3.1.1.

From examination of θ◦ vs φ◦ and the full spherical plot motion Performer 1 appears to raise her

head as the piece initiates, then generates a small tight swaying of the head left and up during phrases

and down and right at phrase endings.

This pattern becomes more pronounced at two main points, one showing a larger declination and

further movement along the keyboard (right and left motion), the other depicting an ascension of the

head (increase in θ◦) whilst continuing these same increased horizontal swaying movements to the left

and right, before the performer lowers her head steeply and to the opposite side to her starting position,

signalling the end of the performance. The angle of motion shows a favouring of the side of the keyboard

to the left of the centre, with more variation in phi occurring in the -90◦ to 0◦ than above. The head

motions exhibited by this performer are relatively small and compact, with the majority of motion

occurring around the central origin of the horizontal axis. Rhythmic and phrasing structural motions are

apparent despite the controlled, confined movement expressed by this performer.

Through examination using a spherical coordinate system it is apparent that this performer makes

rhythmic head motions in time to the beat of each phrase, whist simultaneously making phrasing motions

using a slight forward declination at the start of each phrase, followed by a right ascension of the head, up

and away from the keyboard throughout each phrase, ending with a left declination at phrase boundaries

ready to begin the pattern again for the subsequent phrase. The depth of declination is exaggerated at
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key structural phrase transitions, whilst the turning of the head to the right is reduced across significant

phrases, a detail that was otherwise masked through cartesian analysis. The largest movement exhibited

by this performer’s head motion occurs during phrase six, emphasising the climax of the performed

piece.

The shape produced relative to phrasing traces a sliding motion along the length of the keyboard with

a loop in the motion pattern occurring around the left (bass) end of the keyboard as phrase boundaries

transition, tracing a shape much like the head of a pin or the eye of a needle for each phrase.

To further explore performance movements of head and body sway, the following section considers

the performance motion of the nine recorded pianists, focusing on the movements of the three exemplar

performers, in 3-dimensional spherical co-ordinate space. Consideration of the 2-dimensional cartesian

and spherical motion for clavicle and body markers is provided in appendix C.1 for the readers interest.

4.3.1.2 Spherical Head Motion, Performer B:

When considering head movement in spherical terms, a clear pattern of movement is apparent relative to

the the compositional structure of the piece, although this is not necessarily relative to phrase structure

(figs. 4.5: c, and 4.6: f). The head shows a double-wave pattern for each phrase, typically generating

a reduction in motion relative to the origin (or a return towards, but not reaching, the opening head

position) at phrase boundaries. As each phrase comprises two bars of identical rhythmic identity it

appears that Performer B is shaping two structural features with the magnitude of movement of their

head. Firstly, as each phrase shows two motion peaks, these may be seen to relate to the bars within each

phrase. Furthermore, as the performer appears to generate first a high increase in motion followed by a

smaller peak, and then two similarly sized peaks in the subsequent phrase, they may be emphasising the

question-and-answer nature of the composed phrase pairs. Figure 4.6(f) shows the patterning of head

motion in spherical coordinates, increasing in the angle of motion above the keyboard (θ◦) during the

first phrase being clearly repeated during the third, fifth, and seventh phrases, with the dual-peak motion

generated during the second phrase reoccurring during the fourth and sixth phrases. Only the sixth

phrase shows an alteration of this pattern, with a small variation of head motion followed by a larger

but still condensed increase in motion. This may be to emphasise the climax of the piece, drawing the

perceiver in using smaller and novel (to this performance) movements of the head. The seventh phrase

then shows the largest movements of the whole performance, possibly to emphasise the penultimate

passage of the piece and the approaching closing of the performance. This closing of the piece during

the final eighth phrase is elongated, with the performer almost halving the tempo, and so nearly doubling

the duration of this phrase.
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4.3.1.3 Spherical Motion, Performer C:

Figures 4.5(i) and 4.6(i) depict the 3D spherical motion of Performer C’s head motion during perfor-

mance of the A major Prelude. The radial distance of the head during the performance reveals clear

repeated patterns of motion relating to phrase segmentation. The polar and horizontal angles describe

a fall and rise of theta, demonstrating a rise and tilt of the head across each phrase, with the head tilted

back most at the opening of the first phrase and at the close of the climactic sixth phase. There is an

increase in phi evident at phrase boundaries, with variations in the horizontal angle reflecting a sweep-

ing from right to left during phrases. This horizontal motion appears distinctly reduced for phrase four,

likely as the performer begins to synchronise motion to emphasise the sectional boundary of the piece.

The flip in angle during the sixth phrase shows the performer moves beyond the central x-position at

the start of this phrase, leaning back initially before making the emphatic left motion, generating a large

sweeping diagonal motion, likely signalling the climax of the piece. This backward lean also seems to

appear relative to the close of phrase pairs. This may be coincidental, however, as the pattern does not

appear as deliberate as the rest of the motion. It would be necessary to determine whether the performer

exacted this extended backward lean during repeat performances of the piece to determine whether this

is intended or an effect of momentum and starting position.

The remainder of her actions expressed by the head are clearly defined and repeated over multiple

phrases, making it possible to interpret this head motion as intentional and phrase related. Moreover, as

this performer’s motions very clearly defy the direction of the notes within the score, and that the move-

ments are in fact counter productive to the execution of the notes, means that these may most certainly

be interpreted as expressive gestures, intended to convey the structure of the piece being performed.

4.3.2 Clavicle/Upper-Torso Motion: Cartesian & Spherical Coordinates

Previous research has indicated that pianists may communicate timing and phrasing structure using the

backwards and forwards swaying motion of their torso (39, 71, 89, 193, 212). To investigate the use

of body sway by the performers used in this examination of performance movements the following

presents analyses of the marker placed on the upper torso, located at the top of the sternum between the

collar bones of each performer (see fig. 4.1, referent ‘CLAV’). This marker, termed the clavicle marker

for this investigation, enables the examination of the pivotal motion of the trunk, or upper portion of

the spine, relative to the head motion of each performer. The combined body motion, considering all

four of the markers located on the trunk of the body, was also assessed. However, for the purposes of
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this thesis and analysis of precise trajectory of the upper torso, it is preferable to examine the individual

markers as they enable better analysis of the shape and size of body motion when examined in detail.

The clavicle was selected for analysis to allow consideration of respiratory motions during performance

(as per (87)). Further investigation may benefit from examination of the marker located at the base of

the neck, between the shoulder blades (see fig. 4.1, T10), as this is implicated later in performance anal-

yses and is more visible to the observing audience. However, for the research considerations presented

here examination of the clavicle marker is considered sufficient to explain body sway with regard to

performance literature and previous analyses.

Cartesian motion trajectories for the three exemplar performers across the identified body regions are

presented in Figure C.4. The x, y and z coordinates for all nine pianists’ movement of the clavicle marker

during their performance of the A major Prelude are presented in Appendix C.1, Figure C.3. Patterns

of movement evident in these trajectories are very similar to those represented by the head markers.

As before, movements appear to be repeated according to phrase, the most evidently phrase-related

trajectory being movement along the y-axis for the majority of performers, representing movement

along the length of the keyboard.

Looking in depth at the trajectories of the three selected performers (fig. 4.2) it is possible to see how

the movements along each axis interact and how these alter across body regions, revealing the repeated

patterns of motion that may be deemed as gestures. The position of the clavicle marker is examined

using both cartesian and spherical coordinate systems to provide a more cohesive view of the motion

patterns. The results of these are presented for each performer in turn in Figures C.3 and C.4.

Of the three performers analysed in detail, different use of body and head movements are observed

between the three performers, with some showing use of the upper torso similar to that of their head,

while some demonstrate very different movements between the head and clavicle markers This is par-

ticularly evident in the x-trajectory, representing movement toward and away from the keyboard.

4.3.2.1 Performer A: Clavicle & Torso motion, A major Prelude

Performer A can be seen to make the same right-then-left movements with the clavicle as with the head

throughout phrases, whilst simultaneously moving forwards and upwards throughout the first half of

each phrase before returning back and down as each phrase comes to a close (fig. C.4, b, c). Emphasis is

placed along the y-axis upon the second, sixth and seventh phrases, with an additional peak in movement

located at the boundary between phrases six and seven, indicating an additional movement of the clavicle

to the right, parallel to the keyboard.
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4. PERFORMANCE ANALYSIS

The x-axis shows the performer moving steadily farther from the keyboard throughout the first sec-

tion (phrases 1-4), altering her body movement in the second section with large sweeping movements

towards and away from the keyboard. Whilst the body motion sways along the x and z axes and appears

consistent and rhythmic, it is not consistently replicated for each phrase with phrase boundaries falling

at differing points of the diagonal clavicle motion. The phrase boundaries do not consistently see the

performer moving up and toward the keyboard, yet there is a consistency in the left-directed motion

along the keyboard at phrase endings. It is plausible that the motion parallel to the keyboard is not

directly related to the diagonal motion observed in the x and z planes. This may, instead, reflect the

displacement of the marker due to the respiratory movements of the performer. However investigation

using respiratory and pulse recordings is necessary to confirm this. Movement in all three axes are re-

lated, with x being an enlargement of z, possibly referring to a timekeeping aspect within the piece or

to respiration, with phrasing-related movement evident in the y-axis.

Looking to the qualities of the motion as a vector (fig. 4.6, plots b, c) the variations in the radial

distance of the clavicle marker (rho, r) reveals more structural emphasis within the motion of the marker

than first appeared. Maxima are evident at the ends of phrases three and four, emphasising the closing

phrase of the first section. The global maxima is located during the seventh phrase, prior to the closing

passage of the piece and following the climax at the end of the previous phrase. The two most notable

minima within r appear during the sixth and eighth phrases, most likely indicating the approach of

climax of the F] chord in bar 12 (phrase 6) and the closing chord of bar 16 (phrase 8). A smaller trough

is apparent during phrase four, suggesting that the performer may use a tightening and constricting of

movement, returning the centre of the body towards the initial starting position, to emphasise phrase

hierarchy and structural importance rather than the presence of the phrase segmentations themselves.

The direction of the marker’s movement is explained by the polar and horizontal angles, theta and

phi respectively. A rhythmic change in the size of theta shows a rise and fall in the tilt of the marker

towards the keyboard across phrases. Perhaps more informative are the variations in phi, reflecting an

increase in direction of body movement to the right repeatedly during phrases. Phrase six is an exception

to this pattern, closing on the largest negative value of phi, describing a substantial move of the clavicle

to the left.

From the spherical analysis of the clavicle motion we can see that Performer A makes repeated

right-descended movements toward the keyboard at phrase endings, reversing this action for the phrase

ending immediately following the performance climax. The majority of motion is located around the

focal point of origin, with sweeping motions apparent along the length of the keyboard. The clavicle

raises and lowers, with more salient structural features emphasised by a deeper movement back, away
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4.3 Spherical Motion Coordinates

from the keyboard.

4.3.2.2 Performer B: Clavicle & Torso motion, A major Prelude

As with the head motion for this performer, peaks of movement relating to phrasing structure are evident

along the y-axis (fig.C.4: e). Phrases close as the left-directed motion of the clavicle ceases, each

phrase beginning with motion initiating toward the upper scale (right) of the keyboard. Performer B’s

movement shows that motion in the x and y axes are very closely related to phrasing, with the vertical

z-motion appearing to reflect timekeeping motion in addition to phrasing (fig. C.4 e). Maximal motion

appears at the start of the seventh phrase, with both x and y axes demonstrating an additional peak in

motion, most likely located around the execution of the F] chord at the close of phrase six, regarded as

the climax of the piece. This transition between the sixth and seventh phrases sees the global minima in

the z-trajectory, showing that the performer moves her chest right, down and towards the keyboard more

at this point than any other during the performance. Global minimum in both x and y axes are located

at the end of phrase 4 and during phrase eight, reflecting the sectional boundaries within the piece.

Radial distance demonstrates an apparent accentuation of key phrases and features evident within

the score (see Chapter 3, fig. 3.1), as well as a rhythmical beat-keeping action being apparent at this

marker (fig. 4.6: e). Movements are shortened at the sectional boundary between phrases four and five,

and become enlarged around the climax at the close of phrase six and the opening of the final phrase

pair. The representations of theta and phi against time (fig. 4.6, e) indicate that the fluctuations in

direction of motion are not restricted to phrase segmentation. The polar angle of the radius (θ◦ - plot e)

increases and decreases rhythmically, with a slight suggestion of decreases tilting for ‘answer’ phrases

(phrases 2, 4, 6 & 8). However, this concertinaing of polar tilt also appears in the fifth phrase. This may

still reflect the ‘response’ narrative within the composition though, as phrase five signals the opening

of the second and final section of the piece and sees a repetition of the original musical idea presented

in the first phrase, and so may be considered the opening of an answer to the original musical question

presented in the first section.

This performer’s clavicle motion appears to be located around the x-point of origin. Horizontal

movements appear to span the parallel length of the keyboard whilst also moving back and forth around

the central pole fig. 4.6: e). The shape of this performer’s phrasing motions becomes most apparent

when viewed in a 3-dimensional plot using spherical coordinates.
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4. PERFORMANCE ANALYSIS

4.3.2.3 Performer C: Clavicle & Torso Motion, A major Prelude

As observed with the head, the upper torso movements of this performer are almost the opposite of those

generated by the other performers within this investigation (see figures C.4, & 4.6 for comparisons). The

shape and direction of the motion patterns appear almost counter-productive for the actual notes being

played, demonstrating without question that the patterns observed here are non-technical expressions

generated intentionally by the performer.

As with the head markers, the x and y axes show opposing changes in motion direction, although the

movement of the clavicle marker appears to be counter to that of the head marker (as depicted in fig. C.4:

h). As y increases x decreases and vice-versa. This appears fluid and controlled across phrases, with

movements decreasing substantially in range around the sectional midway point of the end of phrase

four. The largest ranges in movement along the keyboard (y-axis) are observed around the climax of

phrase six, while the x-axis shows the performer generating sharp long leaning movements away from

the keyboard to divide the piece, placing emphasis prior to salient structural features, such as the section

break at phrase four and the climax of phrase six. The z-axis illustrates slight vertical motion in time

with increases in the x-trajectory. Unlike many of the other performers, this performer raises her body

as she moves toward the keyboard rather than leaning down toward it.

The movements described by the x, y and z axes reveal a movement of the upper torso diagonally

back, left and down toward as each phrase progresses, returning to the right, forward ascended posi-

tion at the opening of each new phrase. This movement is almost completely counter to progression

of the notes executed at the keys. The z-trajectory shows a slight emphasis during the fourth phrase

and throughout the closing passage of the piece (following the climax at the close of phrase 6). This

emphasis takes the form of a reduction in the height of the clavicle marker, generating a slow and steady

leftward lean in and down toward the keyboard.

The radial magnitude of Performer C’s clavicle motion, when viewed as spherical (polar) coordinates

(fig. 4.6: h), demonstrates very definite phrasing, with the size and range of movement altering during

the second section. Motion patterns appear to reflect a build up within the piece over the first three

phrases, with peaks in radial distance appearing in the first half of each phrase. Equally large troughs,

or returns to origin, are evident during the second half of phrase. This pattern is continued during the

fourth phrase but is significantly reduced. The second section sees two peaks in radial magnitude per

phrase, with the use of motion almost the inverse of that expressed during the first four phrases (section

1). The largest change in movement is generated during phrase six, where both the global maxima and

a significantly large minima in r are located. Movement of the clavicle (and so of the upper torso) is
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4.3 Spherical Motion Coordinates

then concatenated, reducing both in size and range for the duration of the final phrase pair (phrases 7 &

8). These final two phrases have been extended by the performer making them substantially longer in

duration than that of the other phrases within this performance, all of which are represented as similar

in length during performance of this prelude. This elongation of the closing phrases occurs despite the

identical strict rhythmic identity composed for the tempo and duration of all eight phrases within the

notated score (as demonstrated in fig. 3.1, Chapter 3).

The tilt of the chest towards the keyboard and away from the performer’s central pole (variation

in theta, θ◦, fig. 4.6: h) fluctuates across and within phrases. It does not appear particularly tied to

phrase structure but may instead reflect breathing or a time-keeping motion within the body. (or chord

key depression). There are notable decreases in the angle theta during phrases 2 and 6, indicating a

backward ascension in the tilt of the chest & upper torso. This motion during the sixth phrase is most

likely connected to the execution of the F] chord, generally accepted as the climax within the piece, as

also evidenced in the representations of the cartesian coordinates of this marker (fig. 4.6: h). However,

the emphasis that is placed within the second phrase is unusual and not easily explained by analysis of

the musical structure. Theta demonstrates a steady tilt of the chest down towards the horizontal plane

following the climax of phrase 6, depicted by the gradual increase in angle size showing a movement

away from the central pole.

The changing horizontal angle of the chest (phi, φ◦, fig. C.3 h) clearly indicates an effect of phrasing,

with phrase boundaries during the first section consistently closing on an increased position toward the

left of centre (-ve φ◦).

Looking at the vector as a whole the shape of this performer’s phrasing motions appears to be a left

and back ascension to emphasise phrase endings, with increases in backwards tilt and a raising of the

chest above the keyboard to signify phrase hierarchy and a movement to the right, generating a mirror

image of this performer’s typical phrasing motion to accentuate the climax of phrase six.

4.3.3 Summary: A major Prelude Motion Trajectories

The varying use of performance motion relative to phrasing by the three presented pianists is particularly

apparent when directly comparing trajectories of the differing body regions. Figure C.4 presents the x,y

and z trajectories of the torso, clavicle and head motion for Performers A, B and C within a comparative

matrix.

From this it is clear that each performer expresses repeated patterns of performance motion relative

to phrasing structure (depicted as vertical dotted lines). Each performer does so in their own idiosyn-

cratic way, generating different physical expressive nuances to emphasise salient features of the music’s
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4. PERFORMANCE ANALYSIS

formal structure. In some instances these expressions appear counter intuitive to those necessary for

the technical execution of the notes themselves, particularly as observed in the instance of Performer C.

While the Cartesian motion trajectories highlight how motion along the 3-dimensional axes relate and

interact, calculation of spherical coordinates allows examination of each performers’ movement beyond

the event horizon, better describing the shape and size of the motion. The 3D plots of performer’s move-

ment presented in figures 4.5 and 4.6 below summarise the detailed motion analyses provided in this

section with regard to the changing shape and size of performance motion as an observable and highly

personalise physical phrasing gesture.

4.4 Performance Analyses, B Minor Prelude

4.4.1 3-Dimensional Cartesian Motion:

Figure 4.8 shows the xyz motion trajectories for the head movement of the nine pianists’ head move-

ments during performance of the B minor Prelude. As before, the formal phrasing segmentation (de-

tailed in Chapter 3.3 of this thesis) is denoted blue vertical dotted lines. These indicate the segmentation

from the start to the end of the piece, with each intervening blue line notating the transition from one

phrase to the next. Following time normalisation, data pertaining to phrase one lies between 0.1-0.2,

phrase two between 0.2-0.3, phrase three between 0.3-0.4, and so on until the closing phrase, phrase

eight, which lies between 0.8-0.9 on the time line. The phrasing content and rhythm of phrases within

the B minor Prelude varies, diverging from the strict rhythmic identity of the A major Prelude. The first

four phrases of this second piece allow for direct comparison of how a performer’s movements may

alter or persist in the face of altering rhythmic content and hierarchical importance of phrases. The first

two phrases show the 2-bar context already seen in the first prelude. Phrase one introduces the original

musical idea of the piece. The second phrase sees a repetition and a transformation of this idea within

the same 2-bar phrasing context. Phrase three provides an elongation of this initial phrasing construct,

presenting the performer and their audience with a 4-bar phrase which contains the melodic climax of

this first section, while the fourth phrase returns to the original 2-bar rhythm to open the second section

of the piece.

Structural interpretations by the individual performers differ after the first four phrases, with several

pianists conceiving the fifth phrase as a concatenation of two smaller sub-phrases. As the primary goal

here is to confirm findings of the A major Prelude, investigation of the effects of differing interpretations

of structure on performance lies beyond the scope of this thesis. Full analyses of the Prelude in B minor

and the correspondence between individual interpretation and performance movements are considered
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4. PERFORMANCE ANALYSIS

Figure 4.9: Cartesian Head Motion for Performers A, B & C: B minor Prelude, phrases 1-5: Plots
provide a closer look at head motion for Performers A, B and C of x (red),y (green) & z (blue) trajectories
across phrases 1-5 of the B minor Prelude. Phrasing boundaries as they appear in the audio streams of each
performance are depicted by vertical dashed arrows along the time axes.

in MacRitchie et al. (40) and Buck et al. (77) respectively. In this manner phrases one to four provide

a direct comparison for the findings of the A major Prelude analyses, enabling examination not only of

whether performers maintain their phrasing movements across compositions but also of whether these

patterns of structural embodiment persist across phrases of differing rhythm and structural content.

Phrases one and two are directly comparable to the first and second, fifth and sixth phrases of the first

Prelude. Phrase three may be compared to phrases four, six and eight of the A major prelude, reflecting

performance motion for phrases containing higher-order structural importance being the closing phrase

of a section (as with phrases 4 and 8, A major Prelude), presenting the melodic climax of the piece (as

with phrase 6, A major Prelude). Phrase four of the B minor prelude offers an examination of the effect

on movement patterns when rhythm returns to the 2-bar construct of the opening phrases, as well as a

comparison with phrase 5 of the A major prelude, where the original musical idea is also repeated, and

with phrase seven, as a phrase following a melodic climax.

For all nine performers repeated patterns of motion relating to phrasing are evident across all three

spatial dimensions, as for the A major Prelude. These repeating patterns again show a combination

of head movement along and toward the keyboard that appear to double for elongated phrases and to

increase in activity where phrase content increases in complexity (such as for phrase 5, which contains

a modulation to the tonic into C and the harmonic and melodic climax of the piece as a whole, and for

phrase 6 which shows a variation of rhythm within the phrase itself).

Focusing on the three representative performers from the previous sections and the first four com-

parative phrases of this second prelude, Figure 4.9 presents a closer look at the head motion x, y and z

trajectories during performance of the B minor Prelude. As with the A major Prelude, performers are

again seen to exhibit very definite patterns of movements relative to phrasing structure. Performers A

and B generate peaks in the x and y axes prior to phrase boundaries, representing a simultaneous move-
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4.4 Performance Analyses, B Minor Prelude

ment of the head toward and to the right of the keyboard. Both also present a dip in the z-axis as each

phrase commences, indicating a tilt or dipping of the head. In contrast, Performer C generates a peak in

the y axis at the start of each phrase, followed by a long and large movement toward the left (bass) of

the keyboard. There is a subsequent accompanying peak in the x-axis, showing a movement toward the

keyboard midway through the phrase during the deep motion to the left. This pattern of motion runs in

contrast to the path of the melody, not only demonstrating the stark differences in how a performer may

move their body during performance, but also implying an intentional motion to accentuate the melodic

progression within each phrase.

Interestingly all three performers exhibit a smaller but repeated pattern of motion in all three tra-

jectories during phrase three, reflecting the elongation of this phrase from two to four bars. This is a

pattern of expression also echoed by the remaining six performers in the data set (see fig. 4.10). The use

of two similar motion patterns rather than one new or larger movement to reflect the longer rhythmic

composition raises questions as to the structural relation of these performance movements versus the

interpretative relation of motion. The doubling of the pattern of the head motion for a phrase which

has doubled in duration may reflect each performers’ interpretation of this phrase being an extension of

the musical idea and rhythmic content. It is equally plausible that the 2-bar phrasing motion founded

across the first two phrases becomes a 2-bar rhythmic regulatory motion rather than a phrasing motion

per se. However, given that all three performers also show a variation of movement and a return to the

single pattern in trajectories across the fourth phrase, it is possible that the motion patterns are in fact

structurally related rather than serving to regulate beat and tempo.

Examination of the actual shape of the motion generated rather than of the pattern of the cartesian

trajectories may reveal more about the causal function of performers motion patterns regarding the

structural content of phrases. The next section looks at the motion data within spherical coordinates,

following the shape of the motion patterns traced by performers’ head and body regions.

4.4.2 Performers A, B & C: 3D Spherical Motion, B minor Prelude

Figure 4.11 clearly depicts repeated patterns of head motion created by each performer during perfor-

mance of the B minor Prelude. From this the same repetitive shaping of phrases is apparent as was

evident during the A major Prelude performances. As before, each performer clearly employs their own

personal motion patterns, each tracing their own unique patterns of phrasing during their performance.

As with the A major Prelude, these repeated patterns of motion observed relate directly to the phrasing

structure of each performance. Although interpretation of this is more complex for the B minor Pre-

lude, it is still possible to clearly see how each performer follows their own pattern of motion repeatedly
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4.4 Performance Analyses, B Minor Prelude

throughout the performance relative to their interpretation of phrasing structure. Patterns are seen to

expand and elaborate for phrases containing salient structural features, supporting the findings of the A

major Prelude in sections 4.2.1-4.3.1.1.

Focusing more closely on the three selected performers, A, B and C (corresponding to plots a,b &

i of fig. 4.11) it is possible to examine how these patterns of motion vary throughout the overall body

movement of the performer. Figure 4.12 shows the spherical plots of torso, clavicle and head motion for

each of the three performers.

It is evident from examining the Prelude 6 plots that performers alter their shaping of the phrase

structure in much the same way as before. The head is seen to be accentuating the pattern made by the

body, as seen for performer B whose butterfly shaped phrasing patterns become elongated in the head

motion as compared to that of the body. The head trajectories are even seen to be emphasising structural

features by inverting or alternating the body’s pattern, as is the case for Performer C, whose head motion

shapes the phrasing at an approximately 45◦ rotation to that of the torso and clavicle, elaborating on this

rotation for climactic arrival points. Performer A may be seen to execute a combination of these two

approaches, making the shallow loops apparent as body motion changes direction along the keyboard

(seen in fig. 4.12, plots a & b) wider and more elaborate with her head (fig. 4.12 c), having the resulting

effect of creating of a more lemniscate (∞) pattern of phrasing with the head than the s-shaped pattern

evident during the A major prelude. In addition Performer A transforms her head trajectory completely

for one phrase duration, reflecting the controversial sixth phrase, where the melody transforms and in-

verts, generating a very different mood and structure within the piece following the climactic modulation

into C in the fifth phrase. In summary, Performer A duplicates the pattern of motion seen in the second

phrase during phrase three. They then repeat the pattern seen in phrase one during phrases four and five

before altering this pattern in phrase six. The final section then sees a combination of the patterns of

motion expressed in phrases five and six during phrases seven and eight.

4.4.3 Motion Trajectory Summary & Discussion

In terms of performers generating swaying body movements that reflect and communicate phrasing, the

findings presented here do not substantiate the general findings proposed within the literature. However,

they do not disprove them either. While all performers do appear to shape the phrasing of the piece

within the movements of their head and upper torso, this appears within variations along the horizontal

plane of motion parallel to the keyboard. Not all of the performers within this data set can be said to

clearly represent phrasing through their forward and backward body sway, as suggested by the research

findings of Goebl & Palmer (71), Thompson & Luck(89), and Davidson & Correia (193). However,
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4. PERFORMANCE ANALYSIS

detailed analysis of the motion trajectories produced by these performers across multiple coordinate

systems show that there exists evidence to support the possible timekeeping function of chest and body

sway. Supporting the findings of King (87, 157) and Keller (39, 135, 227), phrase segmentation and

additional salient structural features are expressed by the performers examined here and appear empha-

sised through the overall shape and size of the body motion.

Performers do appear to shape phrasing with their head and torso movements, but each express this

as an overall gestural movement that is repeated over phrases, spanning all three spatial dimensions and

not simply expressed as a back-and-forth swaying of the body. All performers presented here utilise

a change in the size of their repeated motion to accentuate key structural features and emphasise the

structural hierarchy between phrases. However, this too is done in different and very individualised

ways.

The shapes and sizes of the performers’ phrasing movements vary not only in range and magnitude

but also in spatial dimension, with some performers leaning away from the keyboard, some towards,

some favouring motion to the left of centre, and others to the right, whilst others express a combination

of these.

Such variation in the shape and position of motion when all performers are playing the same piece,

a piece that is itself comprised of rigid, rhythmically identical phrases, implies that movements are not

technical, or tied to the execution of the notes themselves, but are emphatic, expressing an intention or

embodiment of rhythm and structure by the performers themselves.

Such definite embodied expression during performance of structure, and the accentuation of key

higher order features present within the score, suggest that the nine performers examined here carry a

substantial level of structurally meaningful information within the visible element of their performance

in addition to that conveyed within the audible aspect of their performance.

The head and upper torso movements of each pianist are revealed here to be highly informative

in themselves. It is notable that the analyses presented thus far only explain the performance motions

located within these body regions. Whilst highly informative and adding great weight to the current

knowledge and theories existing within performance research regarding the communicative nature of

performance movements, these analyses consider only five to eight- of the 28 markers used to capture

the upper body movements of each of the nine pianists examined.

To extend this motion analysis to consider all 28 markers over three dimensions at 120 measurements

a second for all nine performers, even for just the A major Prelude, would lose the reader in such detail

as to render the analyses redundant. In using the 28-point body-marker model, the Vicon 3D motion-

capture system generates such a corpus of data that, in order to uncover any meaningful patterns in the
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4.4 Performance Analyses, B Minor Prelude

performers’ movements, the data must be reduced, so as to bring forth any prominent markers that may

appear to be leading motion. This is done using principal components analysis and is presented in the

following section1.

4.4.4 Ancillary Analyses: PCA

To determine whether any particular markers or groups of markers were leading observed motion pat-

terns, principal components analysis was conducted on the data sets of the 28 markers’ 3D motion

tracking recordings for all nine pianists’ performances of the two Preludes. The findings are part of

collaborative research in which I am joint first author. Detailed description of these analyses and their

results have been deemed to lie outwith the scope of this thesis. Therefore only a brief description of

the findings of results is presented here for coherence. Full findings and analyses may be found in the

joint first-author publications of Macritchie, Buck et al., (40, 68), and within a supplementary chapter

of Dr. J. MacRitchie’s doctoral thesis (70, pp 95-147).

The findings of this research confirmed that no individual markers or groups of markers were signif-

icantly leading performance motion for any performed piece or component phrasing section. This was

consistent across all nine performers and results were significant in more than 95% of instances2, giving

the findings external validity and robust reliability, so enabling them to be extrapolated to the wider pop-

ulation of highly skilled amateur pianists of Western classical training more generally. Consideration

of the first 6 principal components were required in order to explain >90% of the movement (40, 68).

These components comprised weightings from a substantial number of markers and their various trajec-

tories, meaning that no general direction or location of movement stood out mathematically above the

rest in order to describe the motion patterns observed in sections 4.2 & 4.3.1.1.

The loading information generated by the PCA provides a general overview of the motion patterns

being created and expressed by a performer and does not explain the finer details of recorded move-

ment. For example, the head markers have been shown to contain evident phrasing patterns within the

x-trajectory (section 4.2). However, this motion does not appear highly weighted, and only becomes a

contributing factor within the third and fourth components of the PCA results. The fact that movements

along the y-axis appear more descriptive of the general shape of global body movement for many per-

formers does, however, support the earlier proposal, within the motion analysis of the previous section,

that the y-dimension is largely responsible for movements relating to phrasing within this performer set.

1For more detailed analyses see Buck et al., (331) and MacRitchie, Buck and Bailey (40, 68, 69).
22 way ANOVA for peak location relative to phrasing boundary revealing that performers consistently made globalised

patterns of variation within their performance motion relating to phrasing structure (A major prelude: F[8,56] = 15.06, p<0.001.
B minor Prelude: F[8,56] = 10.14, p<0.001).

107



4. PERFORMANCE ANALYSIS

The x/z patterns observed may sometimes arise as separate or subsidiary gestural motions, generated

simultaneously, which, in other instances, may form the individual shape of the phrasing gesture that is

particular to a given performer’s idiosyncratic physical rotation around their central gravitational pole

(section 4.3.1.1).

In summary, the collaborative PCA findings demonstrate that all performers generate similar yet

divergent patterns of motion relating to phrasing structure. These repeated patterns of global motion,

while differing between performers in direction, shape and magnitude, are generated consistently in

time across phrase segmentations by each performer. Examination of performance motion using spher-

ical coordinates allow the shape and location of these motions to be revealed, highlighting the highly

individualised nature of performance motion implied within the PCA motion profiles. The variation

in size and shape of phrasing gestures is illustrated by the different forms traced by the body regions

of each performer, and replicated across phrases, throughout their performances. Performers appear to

alter the direction, pattern or size of phrasing gestures to emphasise climactic features within each per-

formance, with some performers inverting, magnifying, contracting or sometimes completely altering

motion patterns at key structural events.

By combining PCA motion profiles with spherical analyses the holistic yet idiosyncratic nature of

performance motion is exemplified. Performers appear to use a global motion of the body to reflect their

structural interpretation of the music, while altering these general motion patterns on a local level, poten-

tially to describe the finer or more complex details contained within the music’s structure. For example,

both Performers A and C move their head in quite different ways to their bodies when emphasising

phrasing. However, both do so in temporally consistent segmentations, resulting in a global motion

profile arising from PCA rather than any individual markers or body regions being seen as responsible

for leading the motion.

The differentiated use of motion in the x, y and z trajectories relative to elements of individualised

rhythm, notation, dynamics, accents or segmentation also highlights the complexity of individualised

performance motion. All of these expressive features, including variation in corporeal location, dimen-

sional direction, size, shape and temporal location of movements combine to produce the generalised

global patterns of repeated motion evident within the PCA motion profiles for each of the nine per-

formers. The findings of the Prelude in B minor support those of the A major Prelude, showing that

performers do embody musical structure, adapting their performance movements to reflect changes in

rhythm and duration between phrases. Whilst performers are all consistent across the two pieces in their

temporal relation to phrase structure of their movement patterns, the shape and size of these patterns

vary between pieces, indicating that the actual form of the movement traced by the body region may be
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particular to the performer’s interpretation of the piece in hand rather than representing a more general

phrasing movement per se.

To further examine the details of motion variation within and between phrasing movements, the

change in speed, size and direction of motion relative to phrase structure was examined. The next and

final analytical section of this chapter investigates variations in the instantaneous (or relative) velocity

of performance movements at different body regions for the three example performers.

4.5 Velocity Analysis

In line with the theories of Repp (314) and Todd (60) presented in Chapter 2, this section examines

whether the general activity of the performers’ upper body movement is indicative of structural commu-

nication during a performance. This is primarily to ensure that results demonstrating a communication

of music structure through physical gesture within the second tier of this research (Chapter 5) are not

simply the result of participants merely reacting to the overall activity presented to them on the computer

monitor but that they are instead accurately and effectively perceiving and interpreting the structural in-

formation embodied and expressed by each performer.

4.5.1 Instantaneous Velocity: Data processing and Analysis

As the second tier of this doctoral investigation considers the perception of performance motion (Chapter

5), and as no particular markers were revealed as leading motion during either of the two preludes for

any of the nine performers (40, 68)1, a different approach to investigating performance body motion was

conceived.

Unlike previous studies, audience observers within Chapter 5 make online decisions of conveyed

musical structure in real time with no option to return to the beginning to view a performance again.

Therefore, it was elected to examine whether it was possible that observers might make judgements

based upon the overall activity presented on the screen, as opposed to interpretation of any definitive

phrasing motions or gestures that are seen to be generated by the performers. It is highly plausible that

without prior knowledge as to the nature and structure of the piece, the analytically structural nature of

performance movements may not be immediately apparent to perceivers. As a result observers may defer

to changes in general activity or, alternatively, use high speed, online perceptual heuristics to discern

the patterns of motion and their meaning as generated by performers. The potential interpretation of

1Citations refer to collaborative publications that arose as a direct result of this doctoral research, for which the current author
holds full joint first authorship.
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performance movements is considered in Chapter 5 of this thesis. The hypothesis here is that changing

velocities of body movements, as they appear in real time, may reveal additional cues for perceivers

both informs and extends those findings of Chapter 5.

By calculating the change in speed and size of movements it is possible to investigate whether per-

formers use the general velocity of movements, or possibly a change in relative velocity of movements,

to signify structural features as they are performed. If so, it is of interest to examine whether this change

is related to local emphatic gestures and recognisable movement shapes or is globally providing a cue

to which audience members and observing participants may respond1.

To investigate this the absolute (VA) and instantaneous (VI ) velocities were calculated for segmented

body regions. Based upon previous findings implicating movements of the head and body sway in com-

positional expression (35, 36, 91, 127, 155, 157) and proposals that performance movements may hold

multiple functions (37, 88), markers were amalgamated into groups to consider the following regions

of the body: head, trunk/torso, left and right elbows, left and right upper arms. The lower portion of

the arms, constituting markers along the radius and ulna, wrist and central metacarpal of each hand

and arm, were not included in analyses. This was to focus investigation on the existence and plausi-

ble function of movements, identified both within the literature and findings of the previous sections,

that are arguably non-technical and ancillary to the direct execution and production of the sound itself.

Examination of excluded markers was proposed to describe actions that are more technical in nature.

While consideration of such actions is useful, there already exists extensive research into the effective

technical actions involved in the audible aspect of music performance. The goal of this research is to

investigate and uncover additional movements made by performers that may also provide a meaningful

aspect of performance beyond that already acknowledged. Therefore, consideration of such technical

movements would not explain the overall patterns emerging from the body motion analyses presented

previously but rather would describe the relative velocity of actions responsible for the audible aspect

of the performance.

Discussion throughout this chapter regarding instantaneous, or relative, velocity differs from con-

versations about acceleration of movements. Acceleration describes the rate of change of velocity over

time. Acceleration is also a vector quantity, with reference to size and direction of acceleration over

time and this vector is calculated with reference to the point of origin, considering the rate of change

of velocity of movement across the piece as a whole with reported variation calculated relative to the

initial starting position, velocity, and time. Instantaneous velocity describes the derivative of an object’s

1As opposed to a globalised activity, not reflecting any particular gesture or phrasing movement.
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velocity, so in this case VI is a derivative of the change in position of the performance movements exhib-

ited by the performers within this study. The analysis of the instantaneous velocity provides a measure

of the rate of change of position within that immediate time segment relative to the previous position.

Acceleration may be determined by the gradient of the plotted VI data. In addition to being directly

related to spherical examination of motion coordinates, analysis of velocity in this manner provides a

mathematical measure by which to assess the body motion of the performers more closely resembling

the way performance motion is received by the visual cortex. Interpretation and inference would then be

perceptually applied later during cognition, in a similar manner to the way the descriptive and statistical

interpretations are applied here to the instantaneous motion data.

The relative, or instantaneous, velocity vector calculated describes the change in distance travelled

through time by the markers considered relative to their previous position rather than describing their

typical absolute velocity:

Absolute velocity, VA = change in distance
change in time

V̄ =
∆d

∆t

where the absolute velocity radial magnitude | VA |=
√
v2x + v2y + v2z ,

whereas instantaneous velocity, VI change in velocity = change in displacement
change in time = d1−d0

t1−t2
,

where displacement = change in position from tn to tn+1, giving ∆d = dn − dn−1

The magnitude of this velocity vector is calculated as before, with | VI |=
√
v2Ix + v2Iy + v2Iz

The VI results are presented and examined for each of the three selected performers, A, B & C, in

turn to provide an overview of how each performer uses their body to express and emphasise musical

structure. These performers have been chosen by two independent piano judges as being representative

exemplars of both the sample population investigated and the wider population of Western amateur

professional pianists more generally. Their findings are reflected in vary degrees as consistent within

the subset of the nine performers as a whole.
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4.5.2 Instantaneous Velocity: Results and Observations

4.5.2.1 Performer A, Prelude in A major:

Head VI : The smooth, controlled head movement of Performer A (fig. 4.13) not only seems to shape

the phrasing but also the rhythmic progression of the piece. While repeated features do occur at phrase

boundaries, it appears that the VI of head movement for this performer is more strongly connected

to beat, potentially using peaks in velocity magnitude to emphasise the key beats within a bar (i.e.

downbeats). This relates to the variations in the z-axis noted earlier in section 4.2. Performer A exhibits

a large peak in velocity midway through each phrase, followed by a smaller peak and ending with a

decrease in velocity at each phrase ending. Additional peaks are apparent throughout some phrases. The

overall size and speed of movements are contained during phrases four and five, marking the sectional

transition within the A major Prelude. This is evidenced by smaller velocity fluctuations and peaks

preceding and following the segmentation boundary, with a substantial peak in movement VI occurring

immediately prior to the end of phrase four, signalling the end of the first section. An additional pause,

or tightening, of motion occurs during phrase eight, just before a large increase in VI is seen, located

around the final chord of the performance.

Torso/Trunk (fig. 4.13 b): In contrast to head movements, the torso velocity patterns for this per-

former (fig. 4.13 b) demonstrate an increase in VImagnitude just prior to phrase endings. Again peaks

in VI appear clustered into eight groupings, corresponding to groups of movements within each of the

eight phrases. This reflects a use of body sway shaping the performer’s interpretation and execution of

each phrase. There is a large peak in velocity magnitude after the sectional boundary of phrase four,

emphasising the start of the fifth phrase and the second half of the piece. Groupings of velocity pat-

terns appear similar at the opening and close of the piece, as well as at the start of the second section,

suggesting this performer may use a certain patterning of the speed and size of her torso movements to

emphasise sectional segmentation. There is, however, no definitive patterning on observation that relates

specifically to phrasing or key compositional events within the piece other than the increased velocity

preceding, and the decreased velocity following, phrase boundaries. The body appears to fluctuate in

velocity in a near-rhythmical pattern, slowing most toward the centre of phrases. Save the slightly di-

verging clusters of velocity patterns between the first and second sections, no other striking indication

of structural emphasis is apparent for the body velocity of Performer A.
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Right Elbow (fig. 4.13 c): This performer’s elbow velocity (fig. 4.13 c) shows large peaks at several

poignant locations. The first appears within the second phrase, where the original musical idea is re-

peated for the first time. Further peaks are seen at the close of the seventh phrase, following a smaller

isolated peak at the climax in phrase six, and two peaks within the final eighth phrase. The two peaks

evident within the closing phrase may represent a sub-segmenting of this phrase into two cadencial sub-

phrases by the performer, the second increase in VI potentially emphasising the approach of the closing

chord. The right elbow shows an increase of velocity at the end of each of the phrases of the first section

(phrases 1-4), as well as repeated peaks throughout the phrases. The maxima for this right elbow VI

occurs during the second phrase, followed by a slow, near stable, velocity during the third phrase and a

larger maintained velocity during phrases four and five. VI decreases through phrase six, before rising

again over phrases seven and eight. This slowing around phrase six may be to emphasise the harmonic

climax of the piece located within this phrase. There is a possible division of the piece into three main

segments using her right elbow. While not relating specifically to the formal structure of this piece, this

sectioning may relate instead to the narrative of the piece, communicating the performer’s interpretation

of the beginning, middle and end of the performance.

Left Elbow (fig. 4.13 d): Large fluctuations in velocity magnitude with sharp peaks occurring at

the start of each phrase are evident in the left elbow movement patterns (fig. 4.13 d). VI magnitude

patterns seem to reflect a ‘beginning-middle-end’ clumping of velocity spikes. Pauses in movement

are apparent around the boundary between phrases two and three, after phrase four, and during phrase

seven, this latter continuing into the start of the final eighth phrase. The change in the range of left

elbow VI appears to shape the piece as a whole, reducing over phrases one and two, then building to

a global maxima (point of most increase in velocity magnitude reflecting faster and further variations

in VI ) at the sectional close of phrase four. The range in fluctuations of VI drops for the fifth phrase,

indicating a reduction and a slowing of movements for the opening of the second section (and half)

of the piece similar to that of the opening phrases of the first section. This range of changes in VI

magnitude builds again as the performance approaches the structural climax of the piece (bar 12, phrase

6), before decreasing again towards the closing phrase. These results suggest that Performer A uses the

speed and size of her left elbow movements to shape the progression of the piece, using larger and faster

movements to indicate a build within sections, and slowing and tightening movements to emphasise a

soft beginning and gentler close of each section. The largest variance in elbow movements, occurring as

the performance approaches the climax of the piece, suggests the performer is building anticipation in

her audience rather than generating movements in preparation for the technical difficulty and harmonic
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4.5 Velocity Analysis

importance of this climactic chord. VI is minimal during the close of the piece, bar a large and fast elbow

movement midway through the final phrase, most likely to indicate the arrival of the final cadence of the

phrase and the closing of the piece.

Right Upper-arm/Shoulder (fig. 4.13 e): The velocity of the right upper arm and shoulder (fig. 4.13

e) depict quite a different pattern to that of the right elbow. There is an evident raise in velocity at

the ends of each phrase throughout the first section, peaking at its highest for the close of the first two

phrases before dropping again for next phrase pair. The lowest peak in velocity appears at the end of the

fourth phrase, marking the end of the first section before the range of velocity magnitude change across

phrases begins to rise once more. This pattern of variation repeats with VI reaching its highest peak

during phrase seven before dropping again for the final phrase, marking the end of the second section

and the close of the piece. The use here of decreased velocity is perhaps just as telling as Performer A’s

use of maximal velocity. Minima in velocity (point of least change in velocity) occur at the start of the

piece, at the close of phrase three, before the repetition of the opening phrase, and the close of the first

section, again at the end of the fifth phrase, in preparation for the following climax, and during the final

eighth phrase, prior to the closing cadence and final chord. In contrast this performer appears to use

a decrease in velocity of movements when approaching higher-order structural features. She slows the

movements of her shoulders, particularly that of the right upper arm and shoulder, to draw attention to

approaching salient structural events. The left emphasises the sectioning of the piece, whereas the right

appears to highlight the approach of structurally important phrases, the harmonic climax, and the final

chord and closing cadence of the piece. This differential use of the shoulders to accentuate higher order

features, particularly in a manner varying from that of the head and torso, provides strong evidence for

the expressive, communicative value of performance motions over the technical necessity of action.

Left Upper-Arm/Shoulder (fig. 4.13 f): The left upper arm and shoulder velocity (fig. 4.13 f) shows

the largest decrease again at the harmonic climax of phrase six. This may be related to the technical

difficulty of the climactic chord but may also represent a use of decrease in speed and size of movement

to accentuate the structural importance of this event. The magnitude of VI peaks in the left and right

upper arms/shoulders increase toward the centre of each section and decrease at the close of each of

the two sections. This performer appears to use a decrease in velocity generally to emphasise sectional

boundaries and the climax in phrase six, whilst using sharp increases in velocity in the right side of the

body to emphasise structurally important phrases.
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4. PERFORMANCE ANALYSIS

Overall this performer appears to exhibit a decrease in VI on her right side of the body coupled

with a contrasting increase in velocity in her left to reflect phrase transitions. She uses a decrease and

a sustained VI magnitude when approaching significant structural events such as higher order structural

features, emphasising the sectioning and narrative within the piece more so than phrasing through the

changing VI of her gestural performance movements.

4.5.2.2 Performer B, Prelude in A major:

Head (fig. 4.14 a): The pattern of Performer B’s changing head velocity (depicted in fig. 4.14 a)

demonstrates sharp increases of VI at phrase endings throughout the first section (phrases 1-4). Across

the second section of the piece maxima occur at critical structural points, evident at the climax of phrase

six and during the seventh and eighth phrases. The patterns of VI magnitude can be seen to alter after

the fourth phrase. This may be an indication how this performer embodies structure, using a change in

their use of head VI to signify a change of section and musical narrative. This variation can be seen as

a pattern of decreasing VI towards the middle of the phrase during phrases five, six and eight, reflecting

higher-order structural events.

Torso (fig. 4.14 b): There is a sharp increase in VI magnitude evident at the start of each phrase,

particularly apparent for phrases one to four (section one), which are followed by a low body velocity

that reduces throughout the remainder of each phrase. This reduction in the range of VI magnitude is

also observed more generally throughout the first section (see fig. 4.14 b). This particular performer,

therefore, appears to use increases in torso velocity to signify the opening of phrases. The patterning

of velocity fluctuations alters in the second section (phrases 5-8), with the range of velocity magnitude

and movement building across phrases five and six, and dropping again, following the piece’s climax

of phrase six, during the subsequent and final phrase pair. This rise and fall in the range of vectorial

movement magnitude and speed shapes this second section and emphasises both the climax and the

close of the performance. There is a final sharp peak midway through the closing phrase located around

the final chord and closing cadence of the piece. Again, a rhythmic swaying of the body is used to

emphasise phrasing, most probably indicating the opening beats of each phrase.

Right Elbow (fig. 4.14 c): Phrasing is apparent in the right elbow velocity patterns, with peaks in

velocity arising at phrase boundaries. The right elbow echoes the pattern of VI variation evident within

the head movement of this performer relative to phrase boundaries. The shape of VI magnitude alters

again, to a similar but lesser degree, following the close of the fourth phrase. Relative velocity of this
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4. PERFORMANCE ANALYSIS

body region, as well as demonstrating phrasing emphasis, shows the greatest reductions of velocity

(combined with brief maintenance of velocity) following the close of the first phrase where the original

musical idea is presented. This reduction of VI appears again prior to the harmonic climax of phrase

six, as well as before the cadence and final chord midway through phrase eight, signalling the close

of the musical narrative and the performance. Reduction in VI at salient temporal locations within the

performance demonstrate an accentuation of key structural features central to the harmonic and melodic

relations contained within the piece.

Left Elbow (fig. 4.14 d): Repeated patterns are evident in the VI variation of the left elbow of Per-

former B (fig. 4.14 d) but do not appear to be necessarily related to phrasing in particular. There is a

decrease in the range of velocity magnitude over the first section, with elbow movement demonstrating

an increase again in overall VI as the performer approaches the climax of phrase six. This decrease

and increase in the general range of VI magnitude is seen again over the final two phrases of section

two (phrases 7 & 8), with elbow VI decreasing throughout phrase seven, increasing at the final chord

of phrase eight. The movement required in order to play these phrases will have some influence on

the patterns of velocity magnitude depicted in the graph. However, as each phrase is compositionally

identical in rhythm and structure this rise and fall in the use of elbow velocity suggests this performer

uses a decrease followed by an increase in the speed and size of her movements to shape the progression

of each section and the higher-order importance of individual structural events. High VI magnitude may

be used to indicate the initial stages of a section, with movements slowing as that section draws to a

close. She repeats this fast-to-slow pattern for the climactic higher-order feature of the second section

(bar 12, phrase 6), and again as the performance draws to its cadencial close (bar 15, phrase 8).

Right Upper-arm/Shoulder (fig. 4.14 e): The movement velocity of the right shoulder/upper arm of

Performer B (fig. 4.14 e) shows a reasonable maintenance of speed and position of the shoulder, with

peaks of VI evident toward the end of each phrase. There is a dramatic increase in VI magnitude located

at the opening of phrase eight, prior to the closing cadence of the piece. The global minima for shoulder

velocity is seen midway through the seventh phrase.

Left Upper-arm/Shoulder (fig. 4.14 f): The left shoulder/upper arm velocity of this performer (fig.

4.14 f) is slightly larger in range but otherwise identical to that of the right. This performer appears to

emphasise phrasing with both shoulders, moving slightly more in the left than in the right. The global

minima and maxima are the same for both shoulders, with the minima occurring midway through the
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4.5 Velocity Analysis

penultimate phrase, and the maxima located prior to the final cadence of the closing eighth phrase.

In summary, this second performer appears to use changes in velocity to gently signify sectional

segmentation and the progression of the piece as a whole using her head and body sway. Phrasing

is indicated by the change in velocity of movements in her shoulders, showing an increase at phrase

endings, and in her body sway (or trunk movements), particularly during the first section (phrases 1-4).

The general range of velocity of elbow movements may be seen to shape the progression of the piece

and the approach of salient structural features. This is evident here with the right side emphasising the

progression of sections and the climactic arrival slightly more readily than the left, which demonstrates

a more drawn out and slower change in VI patterns throughout the piece.

4.5.2.3 Performer C, Prelude in A major:

Head Velocity (fig. 4.15): Figure 4.15 a, showing the vector of torso velocity against time, reflects

the pattern of rising and falling VI echoed in the 28-marker analysis. The rise and fall of head velocity

clearly divides the piece into patterns of repeated movement velocities. The pattern of altering velocity

demonstrated within the first phrase contains sustained motion followed by an increase in VI magnitude

at the middle and end of the phrase. This is followed by a sustained head VI within the second phrase.

The pattern depicted in the first two phrases is clearly repeated and accentuated in the third and fourth

phrase. From the fourth phrase the pattern of velocity of motion alters, presenting several peaks of

increased and reduced velocity, creating an almost Gaussian curve in the use of VI , peaking toward

the centre of the fifth phrase and reducing in range throughout the sixth, with this pattern again being

replicated and magnified across the seventh and eighth phrases. Interestingly, the head vector shows the

lowest points of movement to be located when the performer is approaching the end of the first section,

in phrase four, and at the harmonic arrival, in phrase six. The patterning of speed and size of head

movements implies a use of head motion to indicate question and answer phrases, as they are noted

within the piece, with phrase one posing the musical question, and phrase two providing the musical

answer, and so on. The altering of question-answer phrasing patterns within the second section relates

to the transposing and transforming of the original musical concept within the notated score (see Agawu

(1987) and Chapter 3 of this thesis for detailed analysis).

Torso Motion (fig. 4.15 b): This sectioning of the piece using velocity of the body movements be-

comes more apparent when we look to the torso vector (fig. 4.15 b). VI appears to peak at or around

structural segmentation boundaries, maintaining high levels of movement speed for the opening section
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4.5 Velocity Analysis

(phrases 1-4) with an increase in velocity magnitude and range toward the centre of the piece (phrase

4). This is followed by an apparent slowing and shortening of torso movement velocity throughout the

second section (phrases 5-8), with the lowest point of torso VI magnitude appearing before the close of

the final phrase, indicating a substantial pause, reflecting zero velocity, during the final cadence of the

performance. The highest point of movement velocity, depicting the largest vectorial change in instan-

taneous speed and distance of motion, occurs at the end of the fifth phrase, the first phrase of the second

section and the build up to the harmonic and melodic arrival in phrase six. This pattern of movement

reflects the sectioning of the piece using the speed and size of body sway to divide the piece into two

halves.

Left & Right Arms/Elbows (figures 4.15 c-f): While movement of the left elbow (fig. 4.15 d) ap-

pears to show no clear pattern of VI variation within the movements, the data plotted for the speed

and size of movements of the right elbow (fig. 4.15 c) are remarkably clear. Data analysis of the right

and left arm revealed no clear patterns of data (figures 4.15, e & f respectively), with multiple peaks

throughout phrases across the performance resembling those presented by the left elbow (fig. 4.15 d).

As the melody of the piece resides in the right hand of the performer it was expected to see a beat like

pattern of motion in the right arm and elbow corresponding to a performer keeping time throughout the

performance. The pattern that emerges for Performer C, however, is quite different. Performer C ex-

presses a rhythmic beat-like variation in VI which is sustained throughout the piece and is restricted to

a tight band of variation spanning approximately 30mm/0.083s (fluctuating between 20-60mm/0.083s

over time)(see fig. 4.15 c & f). The performer uses the right elbow to generate large peaks of velocity at

four significant points within the performance. These occur at the start of the first phrase, and opening

of the piece; the close of the fourth phrase, and end of the first section and first half of the piece; phrase

six, around what is considered the climax of the piece in bar 12; and the close of the eighth and final

phrase, signifying the end of the performance.

It would seem that while this performer uses a slowing of motion in the head and body (fig. 4.15 a &

b respectively) to indicate sectional and phrasing boundaries (in line with theories of slowing and paus-

ing to place structural emphasis within the auditory elements of performance), she also demonstrates

an increase in use of speed and size of gestures located in the right elbow to emphasise higher order

structural features, such as the opening and closing of the piece, sectional boundaries and the climactic

arrival point of bar 12.
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4. PERFORMANCE ANALYSIS

Investigation of the remaining six performers revealed similar findings, with performers utilising

various regions of the body to represent phrasing, sectioning and higher-order structural events during

performance. Each performer exhibited patterns of VI magnitude changes that reflect different levels of

music structure with different regions of the body. As demonstrated by the previous analyses sections,

while all performers emphasise layers of musical structure throughout the body by means of varying the

size, speed and shape of performance movements, all do so in personalised and idiosyncratic ways.

4.5.3 Prelude in B minor (Opus 28:6)

As the performance motion analyses of the previous sections comparing the B minor Prelude have

supported findings of the A major performances, and ANOVA comparisons between performances of

the two preludes show significant consistency in the use of performance gestures to emphasise phrasing

and structural arrival points, it is expected that further analyses of the VI of motion within the second

prelude will also reflect findings of the first prelude. Due to the contrasting interpretations of structural

segmentation of the B minor Prelude by performers, a full investigation of VI analysis was decided

to exist outside the scope of the current thesis. Ongoing data analysis into the accentuation of salient

features within the B minor Prelude will address the right-directed nature of motion variance during

performance across compositions of varying rhythm and structural complexity.

In order to support the use of VI magnitude within the A major Performances by performers to

emphasise higher order features, the following presents analyses for Performer C only. Performer C

exhibits clear use of non-technical movements at salient structural features, emphasising both their lo-

cation and hierarchical structural importance. By extending the analyses of this performer the following

section investigates the continuation of emphatic performance motion by a given performer across dif-

ferent performances. The pieces performed vary in structural complexity and in melodic location, with

the main melody of the second prelude now residing in the left hand of the performer (see section 3.3

for score analysis). Further examination of this performer for the B minor Prelude allows for direct

investigation as to whether the right-sided bias for higher order structural information seen in the first

prelude was a result of the composition itself or the performer’s embodied structural expression.

4.5.3.1 Performer C VI : B minor Prelude, Results & Discussion

Performer C VI Motion Analysis: Head motion of Performer C shows substantial peaks midway

through phrases 3 and 5, followed by successive large variations in motion velocity changes within

phrases six to eight (fig. 4.16 a). These initial peaks appear to emphasise the beginning of the final mod-

ulations of the first two sections of the B minor Prelude. Interpretation of the variations in VI throughout
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4. PERFORMANCE ANALYSIS

the final section of the piece requires deeper analysis taking into consideration the performer’s interpre-

tation of the phrasing and sectioning of these more ambiguous final phrases. The performer displays

a contrasting use of velocity magnitude and variation with her right elbow, emphasising the beginning

of each section with velocity variance peaking at the opening of phrases one, four and five, signifying

the opening of the first two sections (fig. 4.16 b). The pattern evident in the elbow velocity variation

changes after close of the second section in phrase 6, with additional peaks in VI appearing at the ends

of bars 15 & 16, and again at the close of the phrase. These movements may correspond to the di-

vergent interpretations of the changing tone and form of the sixth phrase. There is little emphasis in

the performer’s elbow velocity within the seventh and eighth phrases, apart from an evident slowing of

movements throughout these closing phrases.

Unlike the right elbow, the VI magnitude for left elbow motion (fig. 4.16 e) does not show significant

spikes in motion relating to structural features of the music. It is arguable that spikes are evident at the

start and finish of the piece, with the range in velocity magnitude building towards the modulation into

C of phrase five. A distinct pause and change in size, direction and speed of motion is contained within

the VI trough at the end of phrase five, and so the close of the second section and the climax of the piece.

This pattern is repeated at the opening of the final phrase, with a spike in motion followed by a slowing

and concatenation of motion velocity magnitude as the phrase and the piece draw to a close. The final

and largest spike in VI magnitude appears after the final note has ended and is most likely representative

of the performer removing her arms from the keyboard. Interestingly, this final flourish in VI is evident

in all body regions apart from the right elbow and the head, which are held in position after the close of

the piece (fig. 4.16 a & b).

The left shoulder presents much the same changing velocity patterns as the left elbow, with peaks

in VI building towards the close of each of the first two sections (phrase ends 3 & 5). An increase in

the magnitude of VI is seen throughout the first half of each section, with the range in VI magnitude

increasing to show a deepening of troughs as well as peaks towards the close of each section (fig. 4.16

f). This pattern is then repeated twice within the final section, with VI building through phrase 6 and

dropping in phrase seven before spiking at the end of phrase seven and the modulation into the tonic, B

(see fig. 3.2).

Velocity analyses of the right shoulder and torso reveal similar findings to that of the left elbow

(fig. 4.16 c & d). In all three cases patterns of variation in VI magnitude are evident corresponding

to higher order structural features such as the sectioning and harmonic and melodic arrivals of phrase

ends three, five, seven, and eight. A slowing and shortening of motion variance is apparent in both the

right shoulder and the torso throughout the second half, and final section, of the performance. Emphasis
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is also placed on the sixth phrase by this performer, signifying an importance in her interpretation

of this phrase, perhaps emphasising the melodic change within it or its diverging nature and form.

Future investigations comparing the performers’ interpretations of controversial scores to their precise

performance movements will better elucidate such functional and interpretative connections between

corporeal expression, understanding and intent.

Despite the melody’s now residing in the opposite hand to that of the A major Prelude, the use

of the right elbow to emphasise salient structural features within the piece is preserved. The lack of

such clarity of movement variation in the left elbow strongly supports my previous suggestion that this

performer accentuates her emphasis of important structural features, such as section breaks and melodic

and harmonic arrival points, by presenting these performance movements towards the audience using the

right side of her body. The elbow is the closest part of a pianist’s body to their audience, with their head

and body movement being the next most apparent regions and I propose that this is no coincidence that it

is in these regions we see an accentuation and emphasis of structural communication via the performers’

body movements. The body motion analyses presented here not only render the performer’s change in

size and speed and style of performance motion meaningful but also, as in the case of this performer,

as being intentionally, be that consciously or otherwise, directed towards the observing audience. These

findings hold serious implications for the communicative importance of body movements, both within

and outwith music performance.

4.5.4 Discussion of velocity analyses

The changing magnitudes in VI of performance movements reflect individual performer’s interpretation

of the musical structure. In line with Todd’s theory of the ritardando (60), Repp’s theory of rhythmic

embodiment (314), and Rink’s theory of personalised interpretation and expression (58, 315)(see Chap-

ter 2 for review), performers were often seen to use a decrease in the velocity of their movements when

approaching the structural segmentation boundaries, making spikes in velocity magnitude at the arrival

points of these structural features. The global analyses of VA variance did not yield definitive phrasing

or segmentation of movement, suggesting that participants would not gain structural information simply

by responding to the general, non-specific activity on the presentation screen (see Chapter 5, sections

5.2-5.4). However, observers may extract information regarding the differentiated levels of structure and

meaning expressed visibly within the performance by attending to multiple body regions throughout the

performance. All of the performers examined here use a change in VI to reflect structural changes

within their performance. However, each performer utilises the change in speed and size of their move-

ments differently to achieve this. Some displaying an increase in VI magnitude at structural boundaries
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while others demonstrate a decrease or a change in corporeal location. It is not uncommon within this

performer set to see performers simultaneously using a change in VI magnitude differently in different

body regions. This is corresponds to the varying degrees of structural hierarchy occurrent within the

score and the performers’ individual interpretations of these (section 3.3). When considering the data

set as a whole, more than half of the nine pianists analysed display this strategy of simultaneous motion

emphasis. Within the performers presented this is particularly evident for Performers A and C, although

all three pianists do make use of this technique in their performances of the A major Prelude. Performer

B, in contrast to the other two, uses a rippling effect throughout the body of what may be interpreted

as one performance gesture. In this way the torso and shoulders can be seen to be echoing the phrasing

movements of the head and right elbow. This is evident within the VI analyses of Performer A’s shoulder

movements, Performer B’s head and torso and Performer C’s right elbow movements. In this way each

performer develops their own individualised performance gestures, expressing the basic musical struc-

ture whilst also emphasising their own interpretation of higher-order, salient structural features through

their non-technical movements.

Findings of the A major Prelude are supported by the examination of Performer C’s body movements

for the B minor Prelude. Despite the main melody now residing in the left hand of the performer

(as opposed to the right hand, as in the A major Prelude), Performer C continues to place emphasis

on salient structural features primarily with her right elbow. It appears that performers consistently

direct embodied emphasis of higher order structural features, through a right-directed emphasis in VI

modulation, towards to observing audience, typically located to the right of a concert pianist.

Performer C’s pronounced use of faster and larger movements of the right elbow suggests that this

performer is communicating, consciously or otherwise, the importance of these events with respect to

the passage of music in a way that is unlikely to be overlooked by an observer. In so doing she is

increasing the likelihood of her audience interpreting her performance in the same way that she herself

has interpreted the notated score.
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4.6 Performance Analysis: General Discussion

4.6.1 Performance motion analysis findings:

The sub-hypotheses presented earlier within this chapter pertaining to performance analysis were as

follows:

HM1 That performers will be seen to make patterns of movement relating to the phrasing structure

of the pieces performed. Furthermore, it is suggested these movements will be non-technical in

nature.

HM2 That the size of such movements may be strongly influenced by performance style.

HM3 That individual regions of the body may be seen to be leading motion, but that these leading

motions and the use of motion to express phrasing will be particular to individual performers.

In relation to the sub-hypotheses presented in the opening sections of this chapter and in Chapter 1.4,

the following conclusions may be drawn:

Results have demonstrated that performers do make patterns of movement relating to the phrasing

structure of the pieces performed, confirming HM1. These repeated movements may be seen as non-

technical in nature as they are not directly related to the production of sound and, in some instances,

were found to persist even when they appeared detrimental to or in conflict with the motions necessary

for the effective execution of the notated score. This is particularly evident in the case of Performer C

whose body movement was often counter-intuitive, moving in contrast to that of the composed melody.

Personal performance style has been shown to have an impact on both the size and shape of perfor-

mance motion, confirming HM2. The findings of spherical analysis of motion, uncovering more about

the personalised and idiosyncratic nature of performance movement than was anticipated. Embodiment

of structure was highly varied, with performance gestures differing across performers and pieces, as well

as within phrases of altering complexity and rhythm. Performance style appears reflected not only in

the size and shape of motion, but also in its corporeal location and the manner in which each performer

varied motions with changing structural importance. For example, by accentuating melodic climaxes

within the pieces, varying hierarchical importance of otherwise rhythmically identical phrases within

the A major Prelude, or the changing rhythm of the B minor Prelude.

The central premise of HM3 was not confirmed, with findings revealing quite the opposite to that

expected. Collaborative research performed as part of this doctoral research found that no individual
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markers or body regions were found to be leading performers’ movements, with PCA profiles indicat-

ing a globalised use of body movement (40, 68). The motion trajectory analyses of sections 4.2-4.4

demonstrate that instead of one particular area generating the observed motion, body movement reflects

different levels of structural importance and phrasing hierarchy as being located within different re-

gions of the body. This hierarchical spread of structural meaning across the upper body was exhibited

differently by different performers, confirming the second premise of HM3 while also confirming and

extending HM2. There appeared within 5:9 performers’ motion patterns a right-sided bias for the ac-

centuation of higher order structural features, such as the harmonic and melodic climaxes and sectional

divisions within each piece. This right-directed emphasis of key structural features was maintained re-

gardless of which hand the main melody of the piece was located in (the right or left hand of the pianist),

as demonstrated within the performance movements of Performer C (section 4.5.3.1). This suggests that

such movements are not tied to the path of the harmonic, melodic and rhythmic relationships within the

piece alone, but also represent a communicative aspect of performance gesture, emphasising salient

structural information towards the audience who are typically, as was also the case for these recordings,

situated to the right of the solo performing pianist.

For individual performers some regions’ movements relate to beat and rhythm, some to phrasing,

and others to higher order features such as sectional boundaries and harmonic and melodic climaxes

within the pieces, providing the combined effect of global emphasis where these levels coincide. This

temporal global emphasis is captured within the motion profiles of the principal components analysis

(40, 68). The current findings demonstrate that performers express phrasing structure through the vari-

ation in shape, size and direction of performance movements and their rippling through the body. This

precise form and variation becomes most apparent when motion data is examined as spherical coordi-

nates. The right-sided, audience-directionality of key structural events is evidenced when analysing the

instantaneous (or relative) velocity magnitude of structural performance movements, highlighting the

varied ways in which highly skilled amateur pianists utilise their upper body in order to express struc-

tural information to their audience and co-performers.

The implication of a conscious direction of emphatic movement towards the audience raises ques-

tions regarding the cause and function of performance gestures for solo and ensemble performers. Par-

ticularly in relation to large static instruments such as the piano or keyboard. The analyses here did

not assess the conscious intention of the performer in relation to their audience beyond consideration

of their personal structural interpretations and their intended physical performance style (whether their

intention were to be restrictive of physically expressive in their movements and to what degree). The
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Figure 4.17: Grand Piano General Acoustics - The above image gives a basic representation for sound
engineering of the manner in which sounds exits the piano and travels out across the room. Here the optimum
position for recording the audio aspects of the performance is demonstrated. This position corresponds to the
typical location of an audience for the maximum sound appreciation. The audience will typically be located
to the right of the piano, with the lid angled to best direct the sound into the room. Varying acoustics of the
performance setting will also impact upon the quality of sound produced and the distance it can travel into
and around the room whilst maintaining much of it’s original quality. Consideration of the way in which
sound travels from the piano into the environment helps to elucidate some of the potential causality for the
generation of right-directed performance gestures by solo pianists. (Image taken from Sound on Sound).

acoustic design of a grand piano means that an audience would typically be positioned to the right of

or behind a solo pianist (see figure 4.17). This implies that the observed directionality of meaningful

motion may hold a level of communicative intentionality. One can not be certain that an audience or

co-performer is looking at these body regions where emphatic gestures are located. However, co-speech

gestural research has shown that such meaningful emphatic gestures persist even when the receiver is

unable to see them (i.e. when on the telephone or where hands are occluded under a table). This would

account for the observed use of sharp increases in the speed and size of movement evident in the VI anal-

yses, as well as the variation in shape, size and direction of performance movements observed within

the spherical motion analyses. The combined spikes in VI magnitude with variations in gestural motion

patterns would then serve to draw attention to and emphasise performance gestures, signalling the key

structural features within a piece and so ensuring the communication of salient structural information

from the performer to the observer. To confirm such proposals deeper investigation of the intentionality

of performance motion is necessary. A possible future direction for investigation would be to analyse

the cognitive intentions of performers in relation to generated performance movements, with potential

comparative examination of eye-tracking analyses for observers whilst making perceptual judgements.
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Whether these right-sided structural performance gestures are intended for the benefit of the audi-

ence cannot be confirmed from analyses presented here alone. It is plausible that these movements may

be for the benefit of the performers themselves, being used as memory aids (as suggested by Munoz,

2007) generated through chunking of notes, phrases and sections during practice, and so echoing the

manner in which the performers learnt and mastered the difficulties within the piece (such as the tech-

nically challenging chord that is the climax of the piece in bar 12, phrase 6 of the A major Prelude).

Alternatively, as all performers were familiar with the pieces and held them as a part of their existing

repertoire, these performance gestures may also be practised movements offering structural information

to any co-performers and observers present (71, 90). It is plausible, however, that performers are gen-

erating such a differentiation of performance gestures, reflecting the hierarchy of the musical structure

they are trying to convey, so as to communicate the structural syntax of the musical narrative to their

audience. In this way their actions may be seen to deliberately express structural meaning to an ob-

server, accentuating key elements of the musical discourse so as to ensure an accurate interpretation by

the audience of their performance (40, 77). The findings presented within this chapter demonstrate that

performers generate body movements reflecting multiple levels of music structure. These movements

are significantly related to phrasing and higher-order structural features, and are generated by performers

at consistent temporal locations. Using these findings it is possible to investigate how audience members

perceive musical information. The following Chapter investigates whether an observer’s judgements of

musical structure are influenced by structural performance gestures. Having confirmed the existence

of such structural gestures, or performance movements, it is possible to now use their presence to ex-

amine the perceptual and cognitive processes involved in music performance for the performer, their

co-performers and the audience.

The performances examined within this chapter are presented in the next to participants as perfor-

mance stimuli, varying in modality and states of degradation. In this way, the findings of this chapter’s

performance analyses and the following analyses of audience judgements provide a bi-directional inves-

tigation into the existance and probable function of non-technical performance gestures within both the

production and the perception of music performance.

4.7 Conclusions

In summary, all performers examined here do appear to embody musical structure and emphasise not just

phrasing but also phrase hierarchy through repeated physical motion. The range of variation between

performance motion implies that such movements are not technically necessary for the execution of the
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music, and in some cases even appear as counter-productive to effective performance. Whilst highly

personal and idiosyncratic, performance motions are repetitive and distinctly related to phrasing. This

structural relation is evident regardless of the size and form of the gesture, with even those performers

who claim not to move during performance generating repeated patterns of movement in accordance

with structural segmentation and compositional climactic events. The use of body motion to emphasise

structure is persistent across different compositions of varying rhythm and complexity. In this way there

can be seen to be a consistent use of embodiment to accentuate key structural features across performers,

phrases and compositions. However, these movements are not always consistent in size or form, varying

not only between performers but also across performed pieces and with phrase content. To this end it

is not the particular shape or direction of the performance movement that appears to hold structural

relevance, but the timing and the repeated nature of the movement in the context of the performance.

The significant results yielded by statistical analyses show the findings of these performers to be

representative of the semi-skilled amateur piano performer population in general. Findings show that

the performance patterns of upper body motion did not appear by chance and are related to the structure

of the pieces performed. Furthermore, the hierarchical emphasis on phrasing, sectioning and accented

events is not only consistent for the performers presented here, but may be considered a facet of general

bodily action when performing these two Chopin Preludes. In conclusion, performers can be seen to ex-

press phrasing within their global body motion, generating idiosyncratic phrasing gestures to signal and

accentuate structural features present within a score. Contrary to suggestions within existing research

literature, not all performers utilise forward and backward head motion and body sway to emphasise

timing and phrase segmentation. These findings suggest that most pianists also express phrasing via

horizontal sway and repeated highly personalised body motions, varying in shape and size relative to

the performer. Timing appears mainly related to the vertical shift and polar tilt of the head and chest

(upper torso). Whether these ‘bobbing’ motions are related to breathing or note depression, or represent

timing is yet to be confirmed. Further investigation into respiratory patterns, downward force during

note execution and performers’ individual conscious intentions and subconscious cognitive processing

is necessary to rule out the former in favour of the latter.

Future and ongoing investigations considering the effects of personal interpretation, intention and

performance style on gestural expression in solo and ensemble scenarios will provide a deeper under-

standing of the relationship between the body, the instrument and the musical mind. In so doing, when

combined with the findings from co-speech and audience investigations of gestural motion perception,

it will be possible to explore and apprehend the cognitive and perceptual processes involved in gestural

communication. Furthermore, within a musical context, the findings presented here enable researchers
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to explore the way in which a performer uses their body as an effective tool for the communication of

structure and meaning during performance.

Findings regarding the varying location of embodied structural hierarchy raise questions as to where

an observing audience fixates when viewing a performance. Chapter 5 returns to this point to address the

question of whether the hands and keyboard are indeed a focal point while watching piano performance.

By presenting the performances of the nine pianists examined here in varying modalities and levels of

degradation, Chapter 5 moves forward to assess whether an observing audience can indeed detect and

decipher the definite phrasing gestures and right-sided emphasis of embodied higher order structural

features generated by these performers.
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CHAPTER 5

PERCEPTION ANALYSIS

5.1 Introduction

This chapter presents an investigation into the perception of performance motion by observing audience

members. Here, the effects on an audiences’ ability to make accurate judgements regarding musical

structure are examined when varying factors of viewing condition and presentation mode of perfor-

mance stimuli. Participants were asked to use a slider response panel to make continuous judgements

of phrasing structure throughout each presentation of performance stimuli. Presented stimuli comprised

presentations of the performances of two selected Chopin Preludes (Opus 28: 7 & 6, as detailed in Chap-

ter 3.3) made by nine semi-professional pianists (previously presented in Chapter 4). Performances are

presented in varying modalities considering full- and point-light presentations of visual-only, audio-only

and audiovisual stimuli. These performance stimuli were generated from the performances constituting

the motion analyses of Chapter 4 of this thesis. In using the same performances as those analysed in

Chapter 4 to examine phrase perception during piano performance, this research provides a comprehen-

sive analysis of the structural relation of the body movement in solo piano performance. In this manner

the perceptual investigation presented here is novel in that participants’ responses are tested over mul-

tiple conditions for both multiple performers and compositions in a manner that enables results to be

directly compared to detailed performance analyses of the presented stimuli.

The following sections present the findings of each individual stage of investigation as they are pre-

sented in the main and sub-hypotheses (see Chapter 1.5 and section 5.1.1). The empirical methodology

and design for the presented findings are outlined in Chapter 3.2. Sections 5.2 to 5.5 talk the reader
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through each adaptation of the factors being examined, presenting analyses of results found. Each re-

search section is closed by a summary of findings and a discussion of results relevant to the hypotheses

outlined in Chapters 1.5 and 5.1.1. Throughout sections 5.2 - 5.5 stimulus conditions vary only in pre-

sentation modality (visual-only, vo; audio-only, ao; audio-visual, av) and viewing condition (full-light,

FL; and point-light, PL)(see section 3.4.3 for design).

An assumption is made here that the variance of interest when measuring participant responses lies

within the difference of mean participant responses from the null hypothesis. As a result, responses

are examined for significant differences and similarities in the mean error, or degree of accuracy, of

participant responses to presented stimuli. This is defined as the distance between perceived phrase

endings within responses and the location of these events as they appear within the measured audio

stream. This ‘actual’ or performed phrasing boundary is identified by the close of the final note of each

segment as it exists within the audio stream for each performance stimuli1.

All participants were randomly assigned to each viewing condition group (FL/PL) to ensure a sample

population spread representative of that existent within a typical concert audience. Criteria regarding

minimum musical knowledge (Chapter 3.4.3, namely 3.4.3.2) was to ensure a stable understanding of

the term ‘phrase structure’ across ‘audience’ participants without interpretations being influenced by

explanation, so avoiding researcher bias. Levene’s test of homogeneity confirms that the variance of

each population is equal, allowing parametric inferential statistics and analyses of variance (ANOVAs)

to be performed.

The chapter closes with a discussion of perceptual findings with respect to previous research found

within the literature (section 5.6). A full discussion of results relating findings to those of Chapter 4, and

those found within published literature on gestural communication in music and speech, is presented in

Chapter 6.

5.1.1 Perception Sub-Hypotheses:

Following on from the aims and hypotheses outlined in section 1.5, the sub-hypotheses presented relative

to the perception of phrasing structure during performance are as follows:

HP1 That participants will be able to extract information from visual performance stimuli alone to

form judgements of phrasing structure.
1Actual phrasing boundaries were located relative to the termination of the last note of each phrase as it appeared within

the recorded audio stream of each individual performance. Response data was then normalised in time and mapped to represent
changes in perceived phrasing structure relative to these boundaries on a timescale of 0 to 1, with each decile in time representing
a complete phrase segmentation in the audio dimension.
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HP2 That this information will be contained within the pure biological motion of the performers’

body movement and not relative to extraneous environmental information, such as facial cues

or positioning relative to the keyboard.

HP3 That information extracted from the visual aspect of performance will inform judgements made

from audiovisual performance stimuli (as compared to audio-only performance stimuli).

HP4 That this ability to perceive phrasing structure from performance motion will be maintained across

compositions containing phrases of varying complexity and rhythm.

HP5 That participants interpretations of phrasing structure will be influenced by individual perfor-

mance style, reflecting changes in individual performer’s body motion.

5.2 Visual-Only Experimental Condition for Full-Light Displays

5.2.1 Results & Observations: A major Prelude

Figure 5.1 depicts the average slider responses for perceived phrasing judgements made by the 15 par-

ticipants presented with the full-light, visual-only performance stimuli (voFL). The mean results are

broken down in Figure 5.2, where the mean participant responses for each of the nine performers are

presented. In both figures, responses have been normalised to a time scale of 0 to 1 and adjusted so that

the responses recorded during a given phrase are presented within a set division in time. Therefore, for

all 15 participants, responses made during a particular phrase in time are presented during the corre-

sponding time series on the normalised scale. As each performer used tempi in slightly differing ways,

making phrase stimuli different in duration across performers for the majority of phrases, presenting

the participant responses in this way fits results to a normalised time scale that is directly comparable

across performers. For all graphical plots of perception data, the stimulus onset is at time zero (0.0),

the performance begins at time 0.1, with each decimal increment representing one of the eight phrase

endings within the piece (phrase ending 1 = 0.2t, 2 = 0.3t, 3 = 0.4t, and so on), with the last count of

the last phrase of the performance ending at time 0.9t. Stimulus offset is at 1.0. The troughs within

mean data represent the point at which participants made the judgement that one phrase was ending and

another beginning.

The overall mean responses for this experiment are unexpectedly clear (fig. 5.1), with participants

determining eight definite phrases throughout the performance stimuli. There is an additional, although

significantly smaller phrase trough evident just prior to the end of the sixth phrase (prior to time 0.7t),

the point of the harmonic and melodic climax of the A major Prelude (see Chapter 3.3.2.1, fig. 3.1).
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Figure 5.1: voFL A major Responses - Depicts the overall mean responses for all nine voFL performance
stimuli of the A major Prelude: Axes presented represent slider position (y-axis) against time (x-axis) for
responses average across all 15 participants and nine performances. A trough in the response output(blue)
represents a (mean) perceived phrase transition, where one phrase was judged to end and another to begin.

This additional peak within mean judgements appears to reflect the onset of the final climactic chord of

this phrase, with the larger trough signalling the end of this chord and the end of the phrase. Phrasing

judgements appear to fall consistently after the occurrence of each phrase boundary, implying that move-

ments signalling phrasing may persist into the subsequent phrase, or that observers may be responding

to actions signalling the opening of new, or subsequent, phrases rather than to motions signalling the

end of a current phrase.

Looking within the mean voFL results to responses given for individual performer stimuli, shown in

Figure 5.2, it is clear from the variations present in participant means across performance stimuli that

not all performers are perceived to express phrasing structure in the same manner. Despite variations

in the slider range and the temporal location of phrasing responses made between performer stimuli,

participants are seen to make consistent phrase judgements in the time point just after actual phrasing

boundaries for each of the nine performance stimuli. Responses demonstrate that participants are able

to accurately perceive the eight-phrase structure of the A major Prelude, regardless of individual per-

formance style. For approximately half of the performer stimuli, responses indicate smaller additional

troughs within phrases as well as the troughs located around phrase boundaries. For the majority of these
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stimuli, patterns in responses reflect within-group variation of the precise location of phrase judgements

while still indicating a clear eight-phrase judgement of structure during performances (as seen for Per-

formers 2, 3, 5, 6, & 7: fig. 5.2, plots b, c, e, f & g respectively). In participant responses for Performers

1, 7 and 9 (fig. 5.2, a, g & h) definitive phrase judgements are preceded by peaks in slider positioning

and a steep gradient to a substantial trough, demonstrating that despite potential earlier confusion in

phrase recognition (or a possible lack of response anticipation) participants have judged these points as

representing phrase transitions. For Performers 4 and 8 stimuli (plots d & i), responses imply an added

level of sectioning occurring above that of phrase perception. Mean responses for Performer 4 indicate

a sectional grouping within mean responses, with the peaks and troughs of phrase judgements being

organised into two groups divided around the central phrase boundary between phrases four and five.

This marks the sectional divide within the music-analytical structure of the piece (see Chapter 3.3.2.1

for full analysis). Responses for Performer 8 appear to reflect a three-group segmentation of responses,

divided around the end of phrase three, the end of phrase five and the end of the final eighth phrase.

This patterning within responses suggests this performer may somehow be emphasising the hierarchical

importance of, and sectional boundary between, phrases four and five, separating them from the sur-

rounding phrases through their performance movements. Music-analytically, phrase four represents the

closing phrase of the first section of this piece while phrase five presents a recapitulation of the first

phrase and the opening of the second section. Notably, responses depict a large peak prior to the end of

the fourth phrase, which indicates that some emphatic movement may be leading participant responses.

It is plausible that Performer 8 may place greater emphasis on the opening of the fourth and final phrase

of the first section and on the closing of the first phrase of the second section rather than on the direct

transitional boundary between the two, and that this is evident within their performance movements.

Responses may also be seen to reflect a possible question and answer pairing within the stimuli: A pat-

tern of ‘one trough-then-two troughs’ is repeated over the first two phrase pairs (1-2, 3-4) and arguably

even over the next phrase pair, although the change in patterning in responses suggests a possible change

in the observed patterning of body movement. The additional peak observed within responses for this

performer during the sixth phrase (0.5-0.6t) may then be interpreted either as a repetition of the 2-trough

judgements following movements patterns for answer phrases, or as an indication of emphasis placed

around the climax of the piece existent within this phrase, or both. Consideration of the performer’s

body movement is required to fully interpret these results (see Chapters 4 & 6).

The smaller additional phrase-judgements observed in the overall mean voFL responses (fig. 5.1) are

also observed for the majority of the presented performer stimuli when each is viewed in isolation (fig.
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5.2). These additional judgement peaks are located at temporal positions corresponding with higher-

order structural features present within the notated score (fig. 3.1). Greater movement of the slider is

observed within mean responses around the sectional boundary of the the piece (between phrases 4 and

5, as depicted in fig. 5.2, plots b, c, d, f, g, & h). This variation in slider responses is seen either during

the fourth phrase, prior to the sectional boundary, or during the fifth phrase, after the section boundary,

indicating that performers may place emphasis on different elements of the sectional divide: the closing

of the first section, or the opening of the second. This explain why the detection of this phrase boundary

within overall mean responses (fig. 5.1) is first seen as an acute accurate detection at the boundary

which then alters in gradient to a final mean judgement that is located after the actual phrase boundary

has occurred.

In the majority instances where additional peaks occur within responses it appears that participants

are perceiving two peaks per phrase, with a smaller change in slider direction recorded at what is most

likely the sub-phrasing or bar segmentation within the 2-bar phrases. This would suggest that, particu-

larly for Performers 1, 2 and 4 (fig. 5.2, a, b & d respectively), there may be a physical emphasis placed

on the opening of each bar within this piece in addition to movements signalling phrasing. I would

suggest that these movements are in addition to phrasing motions as the second peak per phrase (the

one relating to the phrase segmentation) is typically followed by a large sweeping right-ward motion of

the slider, indicating participants’ perception that a new phrase has begun (see participant instructions,

section 3.4.3.5)1. This is especially apparent for Performers 1 and 2 (plots a & b respectively).

For other performer stimuli the smaller additional phrase judgements generated by participants ap-

pear during phrases which are structurally significant within the piece. For example, responses for

Performer 3’s performance stimuli show smaller additional phrasing peaks for phrase endings three,

six and seven. The smaller peak in phrase three may represent a movement or gesture made by the

performer signalling the approach of the fourth phrase, the final phrase in this first section of the Pre-

lude. This is particularly likely as the phrase ending is followed by a large movement of the slider to

the right, possibly reflecting the certainty of observers’ responses in their perceived judgement of this

phrase juncture. The smaller peak of phrase six is positioned around the location of the climax, with

observers appearing to perceive the phrase as closing, changing their mind at the occurrence of the F]

chord of bar 12, and then returning to their decision that the phrase has closed and the next phrase has

begun. This apparent response to the execution of the climactic F] chord occurs irrespective of an ab-

1Motion to the right indicated a judgement that a new phrase has begun and is building to its centre, motion of the slider to
the left indicates that participants perceive this phrase as coming to a close. Therefore, the critical indication of perceived phrase
boundaries is the change in direction of the slider from left to right, i.e. the troughs of Figures 5.1and 5.2.
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sence of audio information in presented stimuli and despite the fact that participants are blind to what

music is being performed1.

Similarly, for the seventh and penultimate phrase of the piece, observers appear to add a second

smaller peak towards the end of the phrase, implying that the performer’s body movements convey

something relating to the structure at this point. This may be more significant to the following phrase

as responses again present a large motion to the right following this peak, potentially demonstrating

that the smaller peak represents a performance movement preparing observers for the coming phrase

and heralding the final passage of the A major Prelude and the close of the performance. There is a

final fluctuation in responses during the eighth phrase, where the position of the slider begins to level,

as though the performance is over before continuing to move to the left, indicating a perception within

the group that the phrase is still closing. This suggests that the performer is visually communicating a

pseudo-ending within the piece, not enough to evoke an additional peak as in phrases six and seven but

enough to stay the participants’ judgements, before finishing the performance with motions reflecting

the actual ending of the piece. This pattern within responses reflects notation within the score where the

composer denoted a pseudo-cadence before the actual closing cadence of the piece (see formal music

analysis of Chapter 3.3.2.1).

Further emphasis on phrases holding higher structural valance can be seen in the slider responses

for the stimuli of Performer 9. Variations in responses can be seen to emphasise phrases four, five, six

and seven, possibly indicating a recognition of their hierarchical importance: troughs at phrases four

and five may reflect perception of the sectional boundary. The variation in responses, additional peak,

and shorter depth of judgement trough during phrase six correspond with the climax of the piece. The

additional peaks and returned confidence in judgement detection (reflected in the long movement of the

slider to the left, indicated by the depth of trough within responses) of phrase seven, appear to reflect

motions heralding the final phrase pair of the piece and the approaching closing phrase. Responses to

Performer 8 stimuli reflect a 1-2 peak pattern throughout the first section of the Prelude (phrases 1 to

4), expressing the question-answer nature of the composed phrasing (Chapter 3.3). This pattern alters

for phrase five, with responses reflecting a more definite pattern of phrasing judgements for the second

section. The phrases of the second section (phrases 5 to 8) show clearer, seemingly more decisive

movements of the slider to depict phrases.

1‘Blind’ is an empirical term referring to the fact that participants were unaware of the nature, or type of target stimuli.
Participants were presented with 27 performance stimuli without audio information. Of these only 9 trials are considered in the
voFL analyses, each containing 8 target phrases. Participants were unable to guess the type, style or number of pieces being
performed. As a result they were ‘blind’ to the target stimuli’s type, genre, number or form. Responses may therefore be seen to
be purely the result of interpretation of body movement observed over the course of each performance stimulus.
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5.2.1.1 Inferential Statistics: A major Prelude, voFL responses

To account for the variation in responses, a measure of consistency to investigate the reliability of

responses was conducted using Spearman’s correlation coefficient analyses (Table 5.2). Two-way anal-

ysis of variance (ANOVA) across participants was performed for each phrase transition to investigate

whether responses were a result of empirical manipulation rather than arising by chance. Inferential sta-

tistical analyses took into consideration the locations of the largest variations in slider movement from

left to right within the normalised time scales, denoting participants strongest phrasing judgements

within mean perceptual responses for each performer stimulus. The precise location of mean phrasing

judgements were extracted though application of the Matlab ‘Interactive Peakfinder’ script (O’Haver,

2006; 2011), and were tested for robustness using a second measure of extraction for comparison;

Matlab’s ‘ipeak’ data detection toolbox (O’Haver, 2006; 2011). The algorithm employed within these

toolkits locates an event where the gradient of the plotted data becomes zero. This may be defined as

being either a peak (+ : 0 : - gradient) or a trough (- : 0 : + gradient). In the case of the participants’

response data, the change in slider direction from left (-ve gradient) to right (+ve gradient) indicated a

change in phrase segmentation, or a phrase boundary. Therefore, the temporal location of troughs within

participant response judgements and their accuracy, or distance from actual phrase boundaries (as they

appeared within the audio stream), describes the DV under investigation. The extraction of troughs

within the data by the Matlab toolkits are demonstrated in Figures 5.3 and 5.4. Figure 5.3 provides

the located troughs of each of the nine performance stimuli from voFL responses. Figure 5.4 demon-

strates the location of individual troughs extracted in more detail, identifying the gradient parameters

and smoothing algorithms employed. Descriptive statistics for mean phrase judgements across perfor-

mance stimuli for voFL stimuli are detailed in Tables 5.1, 5.3 and 5.4 for detailed judgement locations

and distribution data respectively.

Analysis of Spearman’s correlation coefficients show responses within participants are highly cor-

related (rs(6)1 = 0.95, p<0.001), with perceived responses consistently falling at a mean of 0.021t after

phrase boundaries, with a mean standard deviation of 0.022t across all responses and phrases and vari-

ance within responses being minimal (variance (var) = 0.000526t). Analysis of variance (ANOVA)

for responses considering factors of Performer and Phrase Number revealed no significant effects of

either factor, indicating that the high correlation between results are robust across stimuli conditions.

1Degrees of freedom = n-2, where here n=number of phrase boundaries correlated (8). Values within the correlation matrix
consider the mean responses of all 15 participants across each of the nine performance stimuli for the visual-only full-light
condition, for judgment accuracy of responses for each of the eight phrasing boundaries. This is the case for all df reported unless
stated otherwise; i.e. where df = 5 or 7, n = 7 or 9 respectively for performance stimuli correlated, or where df = 1, n = 3 for
conditions of modality considered within the correlation matrix.
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Figure 5.4: Trough Location and Extraction: The four images above demonstrate the gradient analysis,
smoothing functions and time extraction for individual phrasing judgements used within the data extraction
for performers 1, 2, 3 and 9 (Performers 1, A, B & C of Chapter 4, from top left to bottom right respec-
tively). These images are graphical output representations generated by Matlab’s ‘ipeak’ data detection tool-
box (O’Haver, 2006; 2011).

Furthermore, results confirm that the minimal variance observed is not significant and was not due to

experimental conditions. Rather, this minimal variance is most likely a result of individual differences

and/or experimental error typical of perceptual studies of human behaviour and is statistically negligi-

ble. The lack of any significant main effects within the ANOVA data1 suggests that neither the number

or order of the phrase nor the performance viewed impacted on variation within responses. As this vari-

ance is negligible (var = 0.000526t), participants may be interpreted as being consistent in their temporal

judgements of the eight phrases across factors of both Performer stimuli and Phrase Number.

1Results of the ANOVA are provided in Appendix D.1.1 table D.1.
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Table 5.1: voFL Judgement Responses

Phrase Boundaries Phrase locations Judgement Accuracy
end one 0.2 0.23528 -0.03528
end two 0.3 0.31712 -0.01712
end three 0.4 0.43588 -0.03588
end four 0.5 0.53844 -0.03844
end five 0.6 0.6323 -0.0323
end six 0.7 0.73809 -0.03809
end seven 0.8 0.81933 -0.01933
end eight 0.9 0.9186 -0.0186

SD 0.00934309
mean -0.02938

var 8.73E-05
p-value < 0.001

Table 5.2: voFL Spearman’s Correlation Coefficients, A major Prelude

Spearman’s Correlation coefficients (rs) for voFL mean responses

Phrase Number 1 2 3 4 5 6 7 8
1 1 0.1 0.3 -0.48333 -0.15 -0.63599 0.45 0.23333
2 1 0.8 0.23333 -0.16667 0.30126 0.3 -0.16667
3 1 0.31667 0.033333 0.025105 0.18333 -0.46667
4 1 0.55 0.63599 0.1 -0.75
5 1 0.066946 0.13333 -0.81667
6 1 0.10879 -0.23431
7 1 0.016667
8 1

Correlation probabilities (p-value) for voFL mean responses

Phrase Number 1 2 3 4 5 6 7 8
1 5.51E-06 0.80998 0.43662 0.1938 0.70807 0.071693 0.22982 0.55171
2 5.51E-06 0.013828 0.55171 0.67774 0.42756 0.43662 0.67774
3 5.51E-06 0.41008 0.94839 0.95753 0.64364 0.21252
4 5.51E-06 0.13278 0.071693 0.80998 0.025491
5 5.51E-06 0.86831 0.74354 0.010769
6 1.10E-05 0.78435 0.54061
7 5.51E-06 0.98157
8 5.51E-06
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Table 5.3: voFL Phrasing Judgements: per performance stimuli, A major Prelude

Phrase (t) Performer 1 2 3 4 5 6 7 8 9 SD mean var p-value
0.2 0.1972 0.22995 0.23646 0.24815 0.22447 0.21434 0.21373 0.15755 0.20251 0.02654 0.21382 0.00070 0.11832
0.3 0.2802 0.33873 0.3136 0.31765 0.31823 0.31475 0.31951 0.30025 0.31485 0.01581 0.31309 0.00025 0.01300
0.4 0.3886 0.44122 0.43045 0.44785 0.43228 0.42035 0.4327 0.37061 0.43805 0.02585 0.42246 0.00067 0.00914
0.5 0.4985 0.57981 0.52417 0.53675 0.53605 0.52595 0.53485 0.51185 0.54385 0.02263 0.53242 0.00051 1.73E-05
0.6 0.6013 0.62429 0.62232 0.65325 0.64256 0.61105 0.63228 0.58575 0.64024 0.02145 0.62367 0.00046 0.00093
0.7 0.6954 0.76774 0.71964 0.70965 0.73285 0.7098 0.7405 0.705 0.74026 0.02272 0.72454 0.00052 0.00120
0.8 0.8226 0.84086 0.81156 0.83021 0.81924 0.81178 0.82847 0.8181 0.80203 0.01163 0.82054 0.00014 1.16E-07
0.9 0.8852 0.93385 0.95499 0.89849 0.9114 0.95995 0.93386 0.89101 0.87475 0.03101 0.91594 0.00096 0.12292

SD 0.00613 0.24648 0.00026 0.05418
mean 0.02220 0.57081 0.00053 0.03319

var 3.76E-05 0.060751 6.79E-08 0.00294
p-value 0 5.74E-11 1.14E-08 0.083159

Table 5.4: voFL Judgement Accuracy: per performance stimuli, A major Prelude

Phrase (t) Performer 1 2 3 4 5 6 7 8 9 SD mean var p-value

0.2 -0.0028 0.02995 0.03646 0.04815 0.02447 0.01434 0.01373 -0.04245 0.00251 0.02654 0.01382 0.00070 0.11832
0.3 -0.0198 0.03873 0.0136 0.01765 0.01823 0.01475 0.01951 0.00025 0.01485 0.01581 0.01308 0.00025 0.013003
0.4 -0.0114 0.04122 0.03045 0.04785 0.03228 0.02035 0.0327 -0.02939 0.03805 0.02585 0.02245 0.00067 0.00915
0.5 -0.0015 0.07981 0.02417 0.03675 0.03605 0.02595 0.03485 0.01185 0.04385 0.02263 0.03242 0.00051 1.73E-05
0.6 0.0013 0.02429 0.02232 0.05325 0.04256 0.01105 0.03228 -0.01425 0.04024 0.02145 0.02367 0.00046 0.00093
0.7 -0.0046 0.06774 0.01964 0.00965 0.03285 0.0098 0.0405 0.005 0.04026 0.0227241 0.02454 0.00052 0.00120
0.8 0.0226 0.04086 0.01156 0.03021 0.01924 0.01178 0.02847 0.0181 0.00203 0.01163 0.02054 0.00014 1.16E-07
0.9 -0.0148 0.03385 0.05499 -0.00151 0.0114 0.05995 0.03386 -0.00899 -0.02525 0.03101 0.01594 0.00096 0.12292
SD 0.01290 0.01919 0.01407 0.01998 0.01051 0.01663 0.00875 0.02068 0.02512 0.00613 0.00646 0.00026 0.05418
mean -0.00388 0.04456 0.02665 0.03025 0.027135 0.020996 0.02949 -0.007485 0.019568 0.022204 0.020809 0.000526 0.033192
var 0.000166 0.000368 0.000198 0.00040 0.000110 0.000276 7.66E-05 0.000428 0.000631 3.76E-05 4.17E-05 6.79E-08 0.002936
p-value 3.95E-01 5.13E-11 8.47E-08 1.84E-05 2.79E-13 3.54E-04 0.00E+00 3.06E-01 2.76E-02 0 0.00E+00 1.14E-08 0.08316
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Spearman correlations of the distribution of perceived phrasing judgements from actual phrase tran-

sitions yield interesting results. A positive correlation is observed for phrases 2 and 3 (rs(6)= 0.80,

p<0.05), and negative correlations are observed for phrases 4 and 8 (rs(6)= -0.75, p<0.05), and 5 & 8

(rs(6)= -0.81, p<0.05). Correlation coefficients are provided in Table 5.2. Additional non-significant

correlations are observed between phrases 1 & 6 and 4 & 6, which, while not reaching significance, in-

dicate trends within results with confidence intervals approaching significance (rs(6)= -0.64, p= 0.072),

and rs(6)= 0.64, p= 0.072, respectively) . Despite presenting only as trends within results rather than as

conclusive findings, the observed relations between these phrase pairs implies an effect of the detection

of higher order structural features on results.

The significant negative correlation between phrase 8 with phrases 4 and 5 indicates that if percep-

tion of the sectional boundary between the first and second sections is altered this may have an inverse

effect on the perception of the end of the second section. As phrases 4 and 5 show no correlation it may

be inferred that it is the location of this boundary between the two which impacts upon perception of

the closing phrase boundary (phrase 8), and not the relation between detection of the two centre phrases

themselves. The positive trend result for phrases 2 and 3 is unexpected. This may be an effect of partici-

pants adjusting to individual performance motion, or it may be an initial reaction to the question-answer

segmentation of the piece before participants are presented with the more salient sectional boundary.

This may explain why no similar relation is observed between phrases 6 and 7. Results approaching

trend-correlations are seen for phrases 1 & 6 and 4 & 6, implying a potential relation within results

between higher-order features, such as a positive relation between the start of the piece and the climax

of bar 12, and a negative relation between the sectional boundary and the climax of bar 12. However,

as results are trend rather than significant, further investigation employing a greater number of perfor-

mance stimuli and participants is needed to confirm whether results would become significant or remain

as trend when extrapolated to the wider population.

The probability of response accuracy arising as a result of experimental conditions (phrase hierarchy

and phrase number) was assessed by performing a two-tailed z-test of probability on both the overall

mean responses for voFL stimuli, and for group means of the nine performer stimuli (tables 5.3 & 5.4).

Analyses show that response accuracies are significant (z=0, p<0.001) for phrasing and the variance

evident between performer stimuli in the individual graphs of Figure 5.2, while not significant, is most

likely explained by the indication of trend correlations between phrase pairs above, and the cause of the

minimal variance observed within results.
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5.2.1.2 A Major Prelude: voFL Discussion

Examination of the mean data for participant responses show the detection of eight clear phrases. The

temporal location of judgements relating to phrase boundaries is significant and consistent across both

participants and performance stimuli. Findings demonstrate that observing participants consistently

generate phrasing responses for each of the eight phrase segmentations of the A major Prelude that

are typically located in the time point just after the actual boundary has occurred. This consistency

within results for the recognition of the eight phrases appears for all nine performance stimuli. Timing

accuracy of mean judgements varies slightly across performance stimuli. The difference in temporal

judgement observed between performance stimuli within plotted results does not reach significance

within analyses, appearing only as a trend within results. This trend implies there may be some effect

of performance style on responses, but that this effect is not significant within the examined data set.

From these findings it is clear that participants were able to reliably locate the varying phrasing structure

regardless of differences in performance style and despite the absence of auditory information. In an

experimental paradigm presenting only the visual aspects of performance, it may be concluded that the

cues informing these judgements are arising from the physical movement of the performers within the

stimuli themselves.

Phrase judgements are made consistently after the actual phrase boundary within responses, sug-

gesting that either body movement follows phrasing structure and perception follows movement, or that

performance movement indicates the opening of phrases and that participants may be indicating judge-

ments of phrase beginnings rather than of phrase endings, as instructed. Using a two button response

pad may be a way to test this hypothesis, whereby participants would be instructed to indicate a phrase

ending with a button press of one hand and a phrase beginning with a button press of the other so as to

measure any potential differences between the perceived endings and openings of phrases by observers.

Perceived location of additional phrase-peaks and anomalies observed within audience responses oc-

curred despite there being no audio information relating to the performance accompanying the presented

performance stimuli. Observers were metaphorically blind as to what pieces were being performed. In

addition to being presented with the nine A major Prelude performances, participants are presented

with nine performances of the B minor Prelude (Op.28:6), presented for judgement comparisons of per-

ceived phrasing judgements in the following subsection, and nine performances of the E[ Minor Prelude

(Op.28:4), which, for the purposes of this investigation, served as a distractor stimuli within test trials.

Not only were performance stimuli presented in a computationally randomised order, but participants

were not informed as to how many stimuli, pieces or performers they were to be presented with. Nor
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were they informed as to whether performers were playing the same or different pieces. In fact, fol-

lowing completion of the visual-only experiment, participants were unable to successfully guess the

nature or number of musical pieces they had seen1. As a result, the evidence of clearly defined per-

ceived phrasing structure that relates so precisely to that of the A major Prelude, as well as an apparent

differentiation between phrase hierarchy and higher order structural features within results, such as the

sectional boundary, the climax, and the sub-division within the final closing phrase, was unexpected.

To determine whether this ability to distinguish phrase segmentation, and the apparent recognition of

higher order features, is sustained across increasingly complex phrasing structure, the following section

examines participant responses during presentations of the B minor Prelude voFL performance stimuli.

5.2.2 B Minor Prelude: voFL condition

5.2.2.1 Results & Observations: B minor Prelude

To investigate the interpretation of correct phrase structure through visual-only presentation of piano

performance we look now to the participant responses recorded for the B minor Prelude performance

stimuli. Participants underwent the same empirical conditions as for the A major Prelude. Responses

have been calculated across the 15 participants and results are presented normalised in time and fitted to

phrasing, as described previously for the A major results enabling direct comparison of results. As with

the A major Prelude, this second Prelude is made up of eight individual phrases. However, the eight

phrases here are not identical in rhythmic identity or duration. A full description of the music-theoretic

analysis of this piece is provided in Chapter 3.3.2.2 and presented in Figure 3.2.

The B minor Prelude contains three sections, generally comprised of phrases 1-3, 4-5, 6-8 respec-

tively. The segmentation boundary between the second and third sections is often debated among mu-

sicologists, with section two sometimes including the sixth phrase, containing a change in rhythm and

melodic content that differs from the rest of the piece. Phrases 1 and 2 show the same two-bar phrase

structure as the first Prelude. Phrase 3 then departs from this creating a four-bar phrase to end the first

section. There is a melodic arrival within the third phrase in bars 7-8 which is considered the climax

of this section. The second section sees a return to the two-bar phrase construct in phrase 4, followed

again by the four-bar elongation of phrase 5. The modulation into C major within this fifth phrase (bars

13-17) is considered the harmonic and melodic climax of the piece as a whole, as well as signalling

1On completion of the experiment participants were given the opportunity to ask questions and were asked to hazard as guess
as to what they had seen the pianists perform. They were not fully debriefed until the end of the second experiment (section 3.4.3).
When questioned they had no idea as to the composer, genre, or number of pieces performed and any guesses that were proffered
were stated to be guess-work and were incorrect.
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5.2 Visual-Only Experimental Condition for Full-Light Displays

Figure 5.5: voFL B minor Responses - Overall mean Responses for all nine voFL performance stimuli
of the B minor Prelude: Axes presented depict slider position (y-axis) against time (x-axis) averaged across
all 15 participants’ responses for each of the nine performances. Troughs represent mean perceived phrase
transitions, where one phrase was judged to end and another to begin.

the end of this second section. Inter-performer-interpretation of composed structure differs for the re-

maining phrases of the B minor Prelude (phrases 5-8), with several performers interpreting seeing the

fifth phrase as a concatenation of the two smaller sub-phrases. A full description of the music-theoretic

analysis of this piece is provided in Chapter 3.3.2.2 and presented in Figure 3.2.

Interpretations by performers vary for phrases 6-8, with respect to individual interpretation of nar-

rative and structure. As such these remaining phrases have been removed from analyses at this time.

The fifth phrase has been retained to provide two sections of analysis within the piece as performers

agree on the closing position of the phrase. However, it must be remembered when analysing results

that for many of these performers, contrary to the music-theoretic analysis of Chapter 3.3.2.2, phrase 5

is interpreted as being a composite of two smaller phrases. Discussions of the effects of interpretation

on performance style and performance movements of the B minor Prelude are available in Buck et al.,

(77, 331), and have been presented in Buck & Parncutt (228), MacRitchie & Buck (309) and MacRitchie

et al., (40). These results are also directly referred to in (324)As the primary focus of this investigation

is to measure audience ability to perceive musical structure in the absence of prior knowledge and audi-

tory information about the performed piece, analysing participant responses for phrasing when not only
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5. PERCEPTION ANALYSIS

music-theoretic analyses but also performers themselves do not agree on the music’s structure would

prove counter productive (raising the risk of making type I or II errors1)(see Chapter 3.3 for discussion).

Figure 5.6: voFL B minor Responses: Phrases 1-5 - Overall mean Responses for phrases 1-5 of voFL
performance stimuli for the B minor Prelude: Axes presented depict slider position (y-axis) against time (x-
axis) averaged across all 15 participants’ responses for each of the nine performances. Troughs represent
(mean) perceived phrase transitions, where one phrase was judged to end and another to begin.

Examining mean responses over the first five phrases (fig. 5.6), participants appear more capable

of detecting when a new phrase begins than when a current phrase ends. Responses show a repeated

pattern of multiple peaks gradually sloping toward the left of the slider panel (towards y=-300), with

an increase in slider location within responses occurring after phrase boundaries signalling participants

perception that a new phrase has begun2. This pattern within responses can be seen just prior to (and

arguably just after) the end of phrase one, and again shortly after the ends of phrases 2-4. The pattern

of responses becomes more complex for the fifth phrase yet still indicates a slightly deeper judgement

1A Type I error is to attribute a given independent variable as having an effect on the measured (dependant) variable when
the effect is actually caused by random experimental error and/or individual differences. Type II error is made when concluding
that an independent variable has had no effect on the dependant (measured) variable when it is actually responsible for observed
changes/effects. This may be caused by setting confidence levels too high or not properly correcting for experimental paradigms
(325).

2Participants were instructed to move the slider to the right (toward +300 on the scale, see fig. 3.8) as a phrase progressed
and to the left (toward -300 on the scale) as the phrase came to a close. It was impressed upon participants that they were to judge
where one phrase ended and anther began, with the motion of the slider changing from left to right (represented as a trough in the
plotted data) indicating this judgement.
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5.2 Visual-Only Experimental Condition for Full-Light Displays

trough just after the closing boundary of phrase 5. The phrasing judgement located just after the third

phrase transition shows a minima in results, indicating that participants were able to detect this phrase

ending (or phrase beginning) with increased certainty of judgement. This corresponds to the close of

the first section, t=0.4, suggesting that the participants were able to extract additional information from

the movements pertaining to higher order structural features within the piece. An additional replication

of the response pattern is seen midway through the third phrase, possibly marking a physical emphasis

made by performers to convey the elongated nature of this phrase’s rhythmic structure (from 2-bar to

4-bar), the second part of which contains the melodic climax of this section. Plotted responses for

individual performance stimuli are available in Figure 5.7. Phrase judgements representing a significant

change in slider direction within responses, extracted using the Peakfinder data extraction toolkit and

confirmed using the ipeak extraction script, were analysed for consistency and spread within responses.

Details of descriptive and inferential statistical analyses for the first five phrases of the B minor Prelude

are provided in table 5.5, column 1.

Table 5.5: Phrasing Judgements: B minor Prelude, All mods

Phrase (t) voFL aoFL avFL SD mean var p value

end one 0.2 0.02112 0.02871 0.02424 0.00381496 0.02469 1.46E-05 0
end two 0.3 -0.00055 0.03765 0.0314 0.02049026 0.02283333 0.00041985 0.053593
end three 0.4 -0.01931 0.03253 0.03009 0.02925092 0.01443667 0.00085562 0.39263631
end four 0.5 -0.00754 0.07053 0.04904 0.04032791 0.03734333 0.00162634 0.10874365
end five 0.6 -0.00357 0.02401 0.02778 0.01711574 0.01607333 0.00029295 0.10382998

SD 0.01474 0.018493 0.009632 0.013648 0.009082 0.000629 0.152346
mean -0.00197 0.038686 0.03251 0.02219996 0.02307533 0.00064186 0.13176059

var 0.00021736 0.00034198 9.28E-05 0.00018628 8.25E-05 3.95E-07 0.02320927
ztest 0.76510075 2.90E-06 4.44E-14 0.00027573 1.33E-08 0.02236846 0.05312224

Participants mean responses indicate that, with the exception of the first phrase ending, participants

consistently locate phrasing judgements as falling marginally after the actual phrase boundary for the

first two sections of the B minor Prelude. The standard deviations from the mean (+0.0147t) and vari-

ance within results (0.0002t) are minimal indicating a small spread within participant responses. When

responses are calculated including the first phrase no significant result is returned (p = 0.765)1. When

analyses were recalculated for responses not including those of the first phrase transition, and correted

for post hoc examination, the significance approaches trend (p = 0.0598). The lack of significance

within the spread of responses at this stage may be a result of only including responses from the first

1Meaning that the probability of results being achieved in 95% of instances is not significant, as indicated by the p-value of
the z test, where z is zero variance, or the probability of achieving 100% accuracy within results.
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5.2 Visual-Only Experimental Condition for Full-Light Displays

two sections of performance stimuli. However, it is equally possible that it may be a factor of the task

and condition.

As responses for the B minor Prelude were bi-modally distributed, a non-parametric Kruskal Wallis

chi-squared analysis of variance was performed on mean results to further investigate the spread and

reliability of voFL responses for this second Prelude. For examination of the overall mean phrasing

responses given for the first five phrases of the B minor stimuli, no significant effect of phrase was

found. Based on the phrasing troughs extracted via the Peakfinder toolkit script, participants located

significant phrasing judgements around each of the five phrase transitions. Responses fall marginally

after the boundary for phrase endings 2-5 and just before the boundary for the first phrase, although this

difference in phrase judgement for the first phrase is not significant.

Despite the lack of a significant effect of phrasing on participant judgements, the extraction of evi-

dent phrase responses with minimal variance at each of the five boundaries supports the findings of the

A major stimuli results, demonstrating that participants are still able to locate phrase boundaries when

the phrase structure of performance stimulus increases in complexity and rhythmic content. Changes in

judgement accuracy and apparent confidence of responses appear to reflect the increased complexity of

phrase content for visual-only full-light responses, with multiple smaller peaks evident throughout each

phrase. Based on observation of the graphical representation of results, participants appear to be more

effective at recognising the start of a subsequent phrase rather than the ending of a current phrase, with

jerky movements of the slider to the left indicating possible confusion over whether a phrase is closing

followed by large movements of the slider to the right indicating a strong perception of a new phrase

beginning.

5.2.3 voFL Phrasing Judgements: Discussion

Analysis of results demonstrate that audience observers are both capable and effective at locating phrase

boundaries when presented with the visual aspect of piano performance alone. Regardless of individual

performance style, participants consistently located the phrase boundaries existent within the presented

stimuli set.

Clear phrasing structure was evident during the visual-only presentation of Prelude performances. It

would appear that a viewing audience is indeed able to utilise visual information of a performance alone

in order to discern the composed phrasing structure of the pieces being performed. This was achieved

in the absence of any audio information or prior musical knowledge regarding the selected pieces. The

fact that participants were able to perform the task at all supports the hypothesis that performers express
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5. PERCEPTION ANALYSIS

musical structure through non-technical physical performance gestures. Perceived phrasing reliably re-

flects the number and shape of musical phrasing within the A major Prelude and, although with less

clarity of judgement, within the first five phrases of the B minor Prelude. The recognition of musical

phrasing, while corresponding in structure to music-analytical phrasing, consistently falls after the ac-

tual phrase boundaries for A major stimuli. Responses for the B minor stimuli support findings of the

A major Prelude. Perception of the first phrase appears split within results as falling before and after

the actual boundary. The consistent and statistically significant lag in judgements of phrasing by par-

ticipants demonstrates that participants are not simply keeping a beat with the slider, but are following

the embodied structure expressed by the performers. The slight differences in phrasing responses across

performer stimuli for both pieces, as well as the maintained ability to detect phrasing segmentation dur-

ing the less rhythmically rigid and more complex second Prelude supports these hypotheses (HP1&4,

section 5.1.1).

As performers made use of varying rhythms and tempi during performances, the absence of an

effect of performance style, implies that participants are following gestural movement patterns relating

to structural events for all performers and not just for particular performance styles. This in turn suggests

that it is not the particular performance that is important for structural recognition, but the presence of

structurally related performance gestures, and that perceptual findings would suggest that all observed

performances appear to contain such movements at or shortly after phrasing junctures. The absence of

a main effect of phrase number (or location within the composition) indicates that there are no learning

or order effects causing results, but that participants are quickly and effectively extracting structural

information from the body movement within performance stimuli alone.

The differences evident within responses for individual performer stimuli reflect additional informa-

tion contained within the notated score. As participants were unaware of the structure or composition of

the pieces they were observing it may be concluded that both the location of phrase boundaries and this

additional information relating to higher order features must be contained within the visible body mo-

tions of the performers. Furthermore, as these features are apparent within participant responses it may

be concluded that this embodied information is successfully conveyed to an observing audience. It is

possible that in the context of pure phrase detection this potential communication of additional informa-

tion may confuse participants’ judgement of phrasing resulting in the generation of additional smaller

segmentation judgements. However, it may be argued that while these smaller peaks in responses may

detract from the pure phrasing structure desired within results, the difficulty of the task had originally

meant that a substantially lower accuracy of responses was anticipated than findings have revealed. The

discovery of not only the perception of accurate phrasing structure being extracted from performance
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5.2 Visual-Only Experimental Condition for Full-Light Displays

movement alone, but also the detection of key structural events within pieces, demonstrates that the per-

formers’ use of body motion during their performance does indeed carry important and salient structural

meaning.

Having observed strong correlations between the participants’ determination of phrase structure

during multiple performances of the A major Prelude I turn to the B minor performances, containing

markedly more varied, and potentially ambiguous phrasing structure. Participants continue to exhibit

detection of higher order structural features, with the size and location of perceptual judgements re-

flecting not only phrasing but also phrase hierarchy and climactic events within the two sections. The

significant effect of performer for this second stimuli set may be an effect of only analysing the first five

of the eight phrases. However, it may also indicate that when the structure of a piece is more open to in-

terpretation by the performers, individual performance style may have more impact upon the perceptual

interpretations of the the observing audience.

With regard to the temporal lag in judgement responses, it is plausible that phrasing movements

persist beyond the end of the final note of each phrase, with gestures accentuating the opening of phrases

more prominently than that of the close. Equally, performers may be exaggerating the end of a phrase

beyond the end of the last note of each phrase. If participants are following performance motion and

performance motion is persisting beyond the end of each phrase this would account for the consistent

lag in the timing of judgement accuracy within perceptual responses.

It is conceivable, given the lack of effect of individual performance style on visual-only responses in

the first Prelude, that participants may be making structural judgements based upon external contextual

information contained within the performance stimuli and not purely extracting cues from performance

motion. The rich background information contained within the performance stimuli contains indicators

relating to the performers’ gender, identity, size, skill, facial expressions and their position relative to the

keyboard. From this, in addition to many social judgements, viewers are able to locate the movements

of the hands relative to the keys (and so potentially to mentally reconstruct the pitch and rhythm of the

music) as well as detect leg movements pertaining to any pedal action during the performance (typically,

but not always, occurring at the ends of notated motifs and structural segmentations).

The PCA findings of (40) and motion trajectory analyses of Chapter 4 confirm that no markers,

including hand and wrist movements, lead observed motion patterns for any of the nine performers.

Motion profiles do indicate a lengthening and pausing of motion, with performance gestures appearing

to be held and/or exaggerated at the ends of phrases, particularly for the A major Prelude as all eight

phrases close on a 2-beat minim. Performance analysis indicates a slowing and accentuating of tempo at

phrase endings, with emphatic increases in relative velocity of local phrasing gestures at key structural
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5. PERCEPTION ANALYSIS

events, such as of phrasing in the head and body sway, and higher-order features in the size and direction

of elbow movements for Performer 9 (Performer C; section 4.5.2.3 & 4.5.3.1). When considering per-

formance profiles relative to perceptual results it is apparent that audience members are indeed follow-

ing performance movement when extracting structural information in the absence of sound. Moreover,

given the accuracy in phrasing results and the indication of higher-order structural interpretation, such

as of phrase hierarchy, it would appear viewers are following the non-technical performance gestures

uncovered in Chapter 4’s performance analyses rather than fixating on the sound-producing actions of

the hands and sound adjusting (or sound-facilitating) actions of the legs.

The current findings extend those of Vines, Wanderley and colleagues (3, 36, 67, 199, 200), con-

firming that participants are able to make accurate judgements of musical structure based on the visual

aspect of performance alone. Judgements are consistent despite the absence of sound, and responses

follow patterns of performance motion identified within the performance analyses (Chapter 4). This

will be addressed in greater detail later in this chapter and its implications discussed in Chapter 6.

To ensure that participants are following performers’ non-sound-producing body movements and

not contextual cues, such as from facial expressions or from their position relative to the keyboard, all

extraneous environmental information was removed from the stimuli. This allows assessment of whether

the audience’s accuracy of phrase interpretation is maintained when presented with pure biomechanical

information alone. The following section uses presentation of point-light displays of the same full-light

performances presented here, and of those analysed in Chapter 4, to examine how reducing viewing

conditions down to pure biological motion alone, without the context of auditory information, affects a

viewing audience’s ability to accurately recognise and extract meaningful structural information during

a performance.

Reduction of performances to pure biological motion increases task difficulty significantly. How-

ever, following on from Hypotheses HP1 and HP4 (section 5.1.1), and in line with sub-hypotheses HP2

and HP3, as well as in accordance with published findings regarding visual cognition and perception of

social action (Chapter 2), it is expected that participants will continue to show accurate interpretation of

phrases despite the degraded content of the presented visual information. Therefore remaining able to

effectively interpret physical movements to inform perceptual judgements of phrasing structure across

stimuli.

156



5.3 Visual-Only Experimental Condition for Point-Light Displays

5.3 Visual-Only Experimental Condition for Point-Light Displays

5.3.1 Factors of Consideration

This section examines the effect on musically knowledgable participants’ perceived phrasing when per-

formance is reduced to pure biological motion. The ability to perceive coherent motion from seem-

ingly incoherent moving points was first demonstrated by Johansson (214). In Johansson’s study light

points were attached to a person’s limbs, body and head to record their movements. Johansson demon-

strated that observers, when presented with the recorded stimuli, were able to discern human motion

and intent simply from the moving point-light (PL) displays presented (214, 215). Investigations ex-

tending Johansson’s design have led to techniques such as advanced motion capture technologies em-

ploying rigorous biomedical models of the human body. These technologies, such as the OptitrakTM

and ViconTM systems, enable the real-time recording, presentation and analysis of human movement.

They enable the real time capture of human motion to be computationally recorded, analysed and dis-

played to participants. Discovery of the capability of the human perceptual system to interpret moving

points as coherent human movement, and to be able to infer social interaction, action and intent from

these moving points, has considerably deepened scientific understanding of the cognitive and percep-

tual processes linking vision, motion and social meaning within the brain (216), for review. See also

(43, 214, 217, 218, 219, 220, 221).

The cognitive ability to perceive coherent movement from point-light displays is applied here to solo

piano performance to investigate the effects on audience perception of music structure. In so doing it

becomes possible to discern whether an observing audience can extract information regarding structural

meaning from biomechanical movement alone or whether external contextual information, such as in the

performers’ hands, feet, face or position relative to the instrument, is required in order to successfully

assess and interpret structural performance gestures.

The PL experimental format remains the same as for the previous full-light investigation (section

5.2) with the only differences in presentation stimuli being of viewing condition (FL to PL) and stimuli

number (7 performers presented in PL stimuli). All other factors are maintained as constant.

5.3.2 voPL Results & Discussion: A major Prelude

The recorded continuous slider responses were averaged for all 15 participants relative to performer

stimuli (7 performers) and to piece (2 Preludes). Mean results were adjusted for presentation on a

normalised timescale of 0 to 1. Following time normalisation, data pertaining to phrase one lies be-

tween 0.1-0.2t, phrase two between 0.2-0.3t, phrase three between 0.3-0.4t, and so on until the closing
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phrase, phrase eight, which lies between 0.8-0.9t on the time axis. Figure 5.8 presents the overall mean

responses of the 15 participants for the A major Prelude voPL presentations. Figure 5.9 depicts the

responses averaged for each performer stimulus individually to show any effects of performance style

within participant responses. Table 5.6 lists the descriptive statistics for the mean phrasing judgements.

As before, phrase judgements were extracted using the Interactive Peakfinder toolkit for Matlab and

statistical analysis was conducted using Matlab and R statistical packages.

Figure 5.8: voPL A major Responses - Overall mean responses for voPL presentations of the A major
Prelude. Depicted responses have been averaged for all 15 participants over all seven performances. Phrasing
boundaries are denoted by vertical dashed arrows.

Mean voPL responses show clear detection of the 8 phrase structure of the A major Prelude, as

seen previously for the voFL condition. Participants are able to accurately detect the eight phrases,

with Figure 5.8(h) indicating a possible grouping of phrases into four, with phrases 1 and 5 appearing

to evoke phrase judgements similar in height, with size and depth of judgement troughs1 gradually

increasing over the remaining phrases of each group. The apparent grouping of phrases corresponds to

1A trough within the data represents the change in direction of the slider from left to right, where participants signal their
perception that one phrase has ended and another begun.
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the composed sectional segmentation of the Prelude, where phrases one and five are the opening phrases

of each section, and phrase five is an exact recapitulation of the first phrase. The increased height and

depth of judgements reflects a greater movement of the slider when judging phrase continuation and

progression. This likely reflects a lengthening of phrases by performers and/or increased confidence in

judgements by participants within this group.

Table 5.6: Mean voPL Responses & Descriptive Statistics: A major Prelude

Phrase Boundary (t) phrase judgements displacement

end one 0.2 0.2194 0.0194
end two 0.3 0.3170 0.0170
end three 0.4 0.4205 0.0205
end four 0.5 0.5197 0.0197
end five 0.6 0.6146 0.0146
end six 0.7 0.7146 0.0146
end seven 0.8 0.8108 0.0108
end eight 0.9 0.9642 0.0642

SD 0.0201
mean 0.0171

var 0.0003
p-value 0.0002

Data extraction of the location of phrasing judgements from mean results shows responses consis-

tently fall after the actual phrase boundary has occurred, both across performer stimuli and for individual

phrases. By subtracting the actual phrase location from the perceived phrase location the difference be-

tween participants’ responses and actual performed phrasing may be calculated. Analysis of the differ-

ences between responses are more revealing as they allow examination of the consistency and accuracy

in responses across stimuli and phrase number. Statistical analyses for the voPL responses show the

mean difference between phrasing judgement and actual phrase endings is 0.0201t, with the standard

deviation between responses of 0.0171t. Variance between responses is minimal (var = 0.000293t)

demonstrating a high level of consistency between mean responses for stimuli across phrases and no

sizeable difference between phrase numbers or phrase hierarchy. ANOVA confirms responses are sig-

nificant as an effect of the experimental condition (voPL phrase structure), with the probability of re-

sponses being relative to the hypothesised mean (detecting actual phrase boundary) and representative

of responses of the wider population significant to confidence level p<0.0001. Results confirm that

responses of perceived phrasing fall consistently after phrase boundaries and are accurate to a s.d. of

0.017t, with the mean difference between responses less than ±2 standard deviations. Furthermore,

responses are representative of the wider population of audience members with a minimum musical

knowledge of ABRSM Grade 5 music theory or equivalent (see Chapter 3.4.3.2; participants).
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Closer examination of responses for consideration of performer factor show only subtle differences

in responses across phrases for performance style (performer stimulus factor, see tables 5.7 & 5.8).

Phrases 1 and 8 reach slightly lower confidence levels for probability within results relevant to the

null hypothesis (p<0.05, as compared to p<0.001 for all others) but are still significant within a real-

world probability of results occurring in more than 95% of instances. Variance within responses across

phrasing and performer is minimal, with all phrasing responses falling consistently after the phrase

boundary to a standard deviation (s.d.) range of 0.0057:0.024t, with the exception of mean phrase

responses for phrases 1 and 8 for Performer 3, where responses fall slightly prior to the phrase boundary.

This location of mean phrase perception as before rather than after the boundary for Performer 3 may

be the cause of the decreased confidence intervals for these phrases (phrases 1 & 8). However, results

are significantly valid and so reliably indicate accurate perception of phrasing by all participants for

all seven performer stimuli for the A major Prelude. Descriptive analyses yield no significant effect of

these differences in responses with respect to the validity and probability of the representative nature of

responses relative to the hypothesised mean. Inferential statistics are necessary to confirm these results.

A two-way analysis of variance (ANOVA) was performed on the differences between mean phras-

ing responses and actual phrase boundaries for factors of Phrase Number and Performer (presentation

stimulus) (Appendix D.2, table D.2) . No significant effects were found for either factor indicating that

there exist no significant differences within results for performance style or phrase number. These re-

sults confirm the above inference that participants are consistent in their location of perceived phrase

endings regardless of performance style or phrase hierarchy, and these responses fall consistently within

1-2 s.d. of the actual phrase boundary, typically occurring after the phrase boundary has occurred (with

the exception of phrases 1 and 8 for Performer 3).

Spearman’s correlation of responses for performer stimuli (table 5.9) yield positive correlations be-

tween the displacement of judgements1 for phrases 1 & 3 (rs(6)=0.86, p<0.05) and 2 & 4 (rs(6)=0.79,

p<0.05) reflecting a positive relation between responses for question and answer phrases in the first sec-

tion of the A major Prelude (phrases 1-4). Significant correlations are also observed between response

displacement for phrases 3 & 4 (rs(6)=0.79, p<0.05) and an extremely strong negative correlation be-

tween phrases 7 & 8 (rs(6)=-0.93, p<0.01) indicating a relation between phrasing judgements reflecting

the closing pairs of each section within the piece. This negative correlation shows that, where all other

correlations indicate an increase in distance from the boundary of the first phrase in the pair is corre-

lated with an similar increase in distance of judgements of the second phrase in the pair, the perceived

1Distance of location of phrase judgement-trough from actual phrase boundary.
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5. PERCEPTION ANALYSIS

location of phrase 7 correlates to an opposite but near proportional1 change in distance from the actual

boundary for judgements of the final eighth phrase. This may be an effect of performance motion ac-

centuating the seventh phrase in preparation for the final passage, whereby performers typically appear

to elongate the final phrase (see Chapter 4.2), ending with a grand finale within their movements, so

emphasising the close of the piece. There is also a positive correlation within mean responses across

performer stimuli between phrases 1 & 5 (rs(6)=0.89, p<0.05), reflecting the relationship between the

opening phrases of each section, which may also be due to the fact that the fifth phrase represents a

direct repetition of the original melody presented in phrase one. Whilst these correlations only are sig-

nificant and indicate a causal relationship between the distance in perceived phrasing judgements from

the actual phrase boundaries and the hierarchy of the composed musical structure, there is no significant

difference in overall responses relative to the factor of phrase number or performance style observed in

the results of the ANOVA. Therefore, observed increased slider movement and significant correlations

between judgements for phrases also representing higher order structural events are not explained by

differences in the displacement of responses. This implies that phrase hierarchy and individual perform-

ers’ expression and accentuation of this (as seen in sections 4.2 - 4.5), while increasing confidence in

phrase-end location apparent in the depth and accuracy of phrase-judgements, does not create variance

within results large enough to render responses as significantly different to one another.

1Proportional correlation appears when rs(6)=1.
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Table 5.7: Phrasing Judgments and Judgment accuracy for voPL stimuli, A major Prelude

Phrase (t) Performer 1 2 3 4 5 6 7 SD mean var p-value
end one 0.21555 0.22155 0.18215 0.23424 0.22615 0.20715 0.21615 0.01673 0.21471 0.00028 0.02003
end two 0.31208 0.30575 0.30875 0.32025 0.32655 0.30961 0.3263 0.0087 0.31562 7.47E-05 1.76E-06
end three 0.42155 0.41525 0.40715 0.42605 0.42325 0.41345 0.41789 0.00646 0.41780 4.18E-05 3.21E-13
end four 0.51595 0.51495 0.50685 0.52659 0.52063 0.50905 0.52689 0.00790 0.51728 6.23E-05 7.10E-09
end five 0.61055 0.62091 0.60492 0.61865 0.6184 0.6102 0.61565 0.00577 0.61418 3.33E-05 8.07E-11
end six 0.71115 0.71835 0.70185 0.71769 0.70525 0.70771 0.70989 0.00611 0.71027 3.73E-05 8.67E-06
end seven 0.81245 0.81065 0.79885 0.80755 0.82055 0.80435 0.81865 0.00768 0.81044 5.89E-05 0.00032
end eight 0.90478 0.9105 0.94535 0.9171 0.894 0.95886 0.9061 0.02363 0.91953 0.00056 0.02880
SD 0.27327 0.27825 0.28251 0.27504 0.27561 0.28698 0.27609
mean 0.51187 0.51165 0.50715 0.51748 0.51184 0.51173 0.51398
var 0.07468 0.07742 0.07981 0.07564 0.07596 0.08236 0.07623
ztest 1.92E-08 3.46E-08 7.22E-08 1.66E-08 2.53E-08 8.82E-08 2.34E-08

Table 5.8: Phrasing Judgments and Judgment accuracy for voPL stimuli, A major Prelude

Phrase (t) Performer 1 2 3 4 5 6 7 SD mean var p value
end one (0.2) -0.01555 -0.02155 0.01785 -0.03424 -0.02615 -0.00715 -0.01615 0.01673 -0.01471 0.00028 0.020032
end two (0.3) -0.01208 -0.00575 -0.00875 -0.02025 -0.02655 -0.00961 -0.0263 0.00864 -0.01561 7.47E-05 1.76E-06
end three (0.4) -0.02155 -0.01525 -0.00715 -0.02605 -0.02325 -0.01345 -0.01789 0.00646 -0.01780 4.18E-05 3.21E-13
end four (0.5) -0.01595 -0.01495 -0.00685 -0.02659 -0.02063 -0.00905 -0.02689 0.00789 -0.01727 6.23E-05 7.10E-09
end five (0.6) -0.01055 -0.02091 -0.00492 -0.01865 -0.0184 -0.0102 -0.01565 0.005774 -0.01418 3.33E-05 8.07E-11
end six (0.7) -0.01115 -0.01835 -0.00185 -0.01769 -0.00525 -0.00771 -0.00989 0.006109 -0.01027 3.73E-05 8.67E-06
end seven (0.8) -0.01245 -0.01065 0.00115 -0.00755 -0.02055 -0.00435 -0.01865 0.007675 -0.01045 5.89E-05 0.000322
end eight (0.9) -0.00478 -0.0105 -0.04535 -0.0171 0.006 -0.05886 -0.0061 0.02363 -0.01953 0.000558 0.028798
SD 0.00569 0.01060 0.01655 0.01297 0.018427 0.01947 0.01173
mean -0.01187 -0.01165 -0.00715 -0.01748 -0.01184 -0.01173 -0.01398
var 3.24E-05 0.000112 0.000274 0.000168 0.000340 0.000379 0.0001384
ztest 3.93E-10 0.000981 0.19482 5.28E-05 0.053965 0.07072 0.00035
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Table 5.9: Spearman’s Correlation Coefficients for voPL responses, A major Prelude

Spearman’s Correlation coefficients (rs) for voPL mean responses

Phrase Number 1 2 3 4 5 6 7 8
1 1 0.5 0.85714 0.71429 0.89286 0.53571 0.53571 -0.46429
2 1 0.71429 0.78571 0.14286 -0.21429 0.71429 -0.60714
3 1 0.78571 0.60714 0.39286 0.60714 -0.60714
4 1 0.53571 0.35714 0.71429 -0.57143
5 1 0.75 0.46429 -0.39286
6 1 0.14286 -0.10714
7 1 -0.92857
8 1

Correlation probabilities (p-value) for voPL mean responses

Phrase Number 1 2 3 4 5 6 7 8
1 0.0004 0.26667 0.02381 0.088095 0.012302 0.23571 0.23571 0.30238
2 0.0004 0.088095 0.048016 0.78254 0.66151 0.088095 0.16667
3 0.0004 0.048016 0.16667 0.39563 0.16667 0.16667
4 0.0004 0.23571 0.44444 0.088095 0.2
5 0.0004 0.06627 0.30238 0.39563
6 0.0004 0.78254 0.83968
7 0.0004 0.00675
8 0.0004

5.3.3 voPL Results & Discussion: B minor Prelude

Figure 5.10 shows the mean responses for the full-light vo presentation of the B minor stimuli averaged

over the 15 participant responses. Figure 5.11 provides a closer look at mean responses over the phrases

of interest (phrases 1-5).

Participant responses are not as clear nor as confident as for the A major Prelude. However, detection

of phrasing structure may still be observed. Participants used the slider in quite different manners during

trials for this second Prelude. The noise within the overall mean responses suggest participants may be

attending more to the smaller continuous body movements than larger patterns representing structural

gestures. When mean responses are considered for individual performance stimuli similar patterns of

response judgements occur, implying that individual performance style is not in itself influencing mean

response accuracy.

Looking at the plotted responses for the first five phrases (fig. 5.11), PL participants appear to

pause and observe during the first phrase, seemingly making a tentative judgement of phrasing just after

the first phrase boundary (0.2t). Response accuracy for the second phrase boundary is quite strong,

despite the participants reduced use of the full range of the slider-response panel. For the elongated
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Figure 5.10: voPL B minor Responses: Overall Mean - Overall mean responses for voPL presentations
of the B minor Prelude. Depicted responses have been averaged for all 15 participants over all seven perfor-
mances. Vertical dashed lines represent phrase transitions

Figure 5.11: voPL B minor Responses; phrases 1-5 - Overall mean responses for phrases 1-5 of the voPL
B minor Prelude performances. Plots show mean responses from the 15 participants for each of the seven
performer stimuli. Vertical dashed lines represent phrase transitions and the time scale depicts the first two
sections of the piece (phrases 1-2; 3-5 respectively).
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5. PERCEPTION ANALYSIS

phrase structure of the third phrase responses reflect a dual-wave pattern, suggesting that movement

represents a doubling of the original 2-bar phrase context. It is arguable that participants are not simply

keeping a beat at this point as all performers executed the rhythm of this phrase differently, some slowing

to emphasise the elongation of the initial phrase construct. Responses do not reflect fluctuations that

correspond to the timing of beats within bars, or bars themselves, indicating that observers are following

the body motion presented within the point-light displays, but are perhaps doing so more closely than

for the A major Prelude as the confidence of judgement and range of the slider used are greatly reduced.

Responses for the fourth phrase imply some level of confusion with a slight move to indicate possible

phrasing midway through the fourth phrase before presenting a perception of phrase-ending just after

the fourth phrase boundary. Phrase 5 shows a double repetition of this pattern within responses, most

likely representing the interpretation by many performers of this fifth phrase as being a concatenation

of two smaller phrases.

Although not considered within the following statistical analyses, judgements for the phrase 6 show

a continuation of the observed pattern within responses, with phrase detection occurring just after the

boundary. This continued wave of mean responses is noteworthy as this sixth phrase alters from the

preceding phrases in rhythmic and melodic content, meaning that if participants were simply keeping

a beat their responses would be expected to alter accordingly during this phrase but they do not. The

performers’ body movements appear to accurately and effectively convey the progression of phrasing to

participants.

Analysis of variance of the differences between perceived phrasing responses and the actual phrase

boundaries (as they appear in the audio information, subtracted from the visual-only presentations) re-

veals no main effects of Performer stimulus or Phrase Number, showing that variance within results is

not due to variation in phrase number (hierarchy or order effects) or performance style (as each stimu-

lus contains performances by separate performers). Results are significantly consistent across the five

phrases. As detailed in table 5.10 participants locate phrase judgements after the actual phrase boundary

to a mean distance of 0.0161t after the boundary, with a standard deviation of 0.0102t. Variance within

results is negligible (var = 0.000102404 ). Results of the 2-way ANOVA for factors of Performer and

Phrase Number are not significant (Appendix D.3), meaning that variance within results is not explained

by changes in performer stimuli or the number of phrasing boundary. Therefore, while participants are

all accurately able to distinguish phrasing boundaries, the results show no significant difference in their

ability based on performance style or phrase hierarchy. Responses to the voPL stimuli are significantly

different to the null-hypothesis to (z=0, p<0.001), confirming that responses are reliably due to the pre-
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sentation variable of viewing condition and typical of the wider population of musically knowledgable1

audience participants.

Table 5.10: Descriptive Statistics for Mean voPL Responses: B minor Prelude, phrases 1-5

Phrase Boundaries end one end two end three end four end five s.d. mean var p-value
(t) 0.2 0.3 0.4 0.5 0.6

mean displacement -0.0307 -0.0123 -0.0081 -0.0071 -0.0221 0.0101 -0.0161 0.0001 0.0004

Participant responses to the first five phrases of the B minor Prelude visual-only point light presenta-

tions support findings of the A major Prelude results. Although participants are noticeably less confident

in their responses, implicated by the noise within results and the reduced range of the slider used. De-

spite this they are still able to detect phrasing junctures. As for responses to the first Prelude, and those

of the visual-only full-light conditions, participants continue to appear to be following body movement,

locating phrasing judgements consistently after the occurrence of the actual phrase boundaries, or at the

beginning of a new phrase. This pattern in results is maintained across phrases and performer stimuli.

Unlike the A major and B minor FL results, participants do not make statistically significant sectional

judgements within their responses. While such an effect of sectioning and phrase hierarchy is implied

within the observational data statistical analyses do not support this, suggesting that there may be some

other factor causing observed results. It is plausible that following the first sectional break, participants

are more aware of what movements a particular performer may make, which may explain the shift ob-

served in larger troughs from arising after the section end at the second phrase (0.3t) to appearing before

the section end at phrase five (0.6t)(fig. 5.11). Comparison of results to detailed performance analysis

is needed to determine if performers do indeed make gestural movements at these points that differ in

any way to those made at other phrasing junctures to explain changes seen in the perceptual data (see

Chapter 4, sections 4.2, and 4.4, discussed in Chapter 6). As results of the B minor Prelude support those

of the A major it is also confirmed that participants ability to extract structural information pertaining

to phrasing from the pure biological motion of performers alone is maintained across not only across

compositions but also for pieces with diverging rhythmic content and melodic and harmonic complexity

of phrases. This is achieved without the aid of auditory information relating to the tempo or dynamics

of the piece, and without external visual cues, such as facial expressions, hand, finger or foot action or

the performer’s position relative to the keyboard.

1To ABRSM Grade 5 music theory or equivalent, giving a basic knowledge of the term ‘phrase’ within music structure (see
Chapter 3.4.3).
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5.3.4 voPL Discussion

A clear phrasing structure was observed during the visual-only presentation of performances. It would

appear that a viewing audience is indeed able to utilise visual information of a performance alone in

order to discern the composed phrasing structure of the pieces being performed. This is in the absence

of audio information or prior musical knowledge of the pieces and from bio-mechanical performance

motion alone. The fact that participants were able to perform the task at all supports the postulation

that performers express musical structure through non-technical physical performance gestures. The

recognition of musical phrasing does not correspond precisely in time to music-analytical phrasing

structure, which suggests that rather than simply keeping a beat with the slider participants are following

the embodied structure expressed by the performers on the screen. The differences observed between

performer stimuli in the patterns of perceived phrasing responses supports this conclusion. However,

perceived phrasing does reliably reflect the number and shape of musical phrasing within the piece.

It is evident that a viewing audience, deprived of prior knowledge regarding a musical performance

or the performer’s playing style, is capable of accurately extracting musical structure from performance

motion alone. Observers successfully interpret varied and individualised performance motions from

different pianists to form consistently reliable judgements of phrasing. Perceived phrasing judgements

follow non-technical body motion, which persists beyond the actual phrase boundaries (as seen in Chap-

ter 4.2; 4.3.3 discussion), enabling audience members to consistently perceive phrases as occurring later

than they are actually being performed. As suggested previously, I would argue that some underlying

recognition process is plausible whereby the end of a phrase becomes apparent to the observer once the

new subsequent phrase has begun. The time taken for this information to be processed cognitively and

acknowledged would therefore explain the lag in vo responses to performance motion, and in particular

the variances observed for the first and final phrases of each performance across observers.

It was expected that the PL paradigm would make it harder for audience observers to distinguish

phrasing boundaries as the task in hand was considered too great an increase in cognitive load for partic-

ipants. It appears, however, that judgements may become more accurate once all extraneous information

is removed, with performance stimuli exposing the pure biomechanical motion of the performers’ upper

bodies and enabling participants to concentrate on the individual performance motions communicating

musical structure. This supports the notion that information relative to phrasing structure is expressed

within the non-technical kinetic element of performance motion, as judgments become more definite

and response data becomes smoother once technical performance information is removed 1.

1for example the movement of hands, legs and feet indicating key and pedal action, the position of the performer relative to
the instrument, as well as any additional expressive information potentially contained within the facial expressions, gender and
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The ability to accurately discern phrasing structure from highly personalised and idiosyncratic per-

formances demonstrates that a viewing audience is able to perform rapid on-line processing of motion

data to perform complex interpretations and cognitive judgements of structural meaning. Observers per-

formed better in the voPL group than in the voFL group for A major stimuli. However, both groups re-

sponded with decreased accuracy and confidence of judgements for presentations of the B minor stimuli.

The findings that responses from both groups of observers for both Preludes were significantly differ-

ent to the null-hypothesis (z<zcrit, p<0.05), indicating that responses from participants of both viewing

conditions are representative of an observing audience’s judgements of visual only performance motion

in more than 95% of cases. This confirms that both groups’s responses are representative of the wider

population of audience members with a minimum standard structural understanding of phrasing more

generally. It is plausible that such a difficult task is easier when all extraneous information regarding a

performer’s gender, identity, environmental context and technical sound producing actions are removed,

leaving the observer to concentrate on the remaining non-technical performance gestures for effective

communication of the structural content of piece being performed.

The difference in timing for each phrase transition between traditional music analysis and be-

havioural responses becomes obvious when responses are considered with respect to gestural perfor-

mance analysis. Figure 5.12 clearly demonstrates that mean perceptual responses of phrase transitions

closely resemble the trajectory of the principle performance gestures pertaining to ancillary structural

gestures. Inspection of results from both the performance analysis (Chapter 4) and the phrase perception

data shows a pattern of expressed phrasing structure evident in the head, upper-sternum (or clavicle) and

elbow markers of the pianists (fig. 5.12). These gestural patterns are not identical in size, direction, tem-

poral or spatial location across performers, with some occurring in what appears to be pre-emption of a

phrase ending, and some performers gesticulating after the new phrase has begun. However, as phrasing

judgments correspond to these movement profiles, they do reliably convey the music-analytical phrase

structure of the pieces. By combining analyses to relate performance gestures and perceptual phrasing

gestures to music-analytical phrasing of the pieces, investigation reveals a detailed insight into what

information is first embodied and expressed by the performer and then conveyed to their audience, as

well as an understanding of how this non-technical gestural information is interpreted and utilised by

the perceiver.

Examination of responses to the first five phrases of the B minor Prelude are wholly consistent with

the findings of the A major Prelude. Therefore, results confirm that audience members with a standard

minimum music-theoretical knowledge are able to accurately and effectively interpret phrase structure

environment of each pianist
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Figure 5.12: Comparing Motion to Perception: Above figures present the motion profiles for A major
Prelude of the three exemplar performers from Chapter 4 plotted agains the overall-mean perceptual responses
for corresponding performance stimuli. Perceptual responses are depicted in red, motion profiles in green and
phrasing boundaries are denoted by blue vertical arrows. Phrasing judgements have been inverted here so that
peaks in perceptual responses now represent perceived phrasing boundaries.

from non-technical performance motions. These motions, while varied and highly personalised, are con-

sistently recognised as structurally meaningful regardless of confounding differences in playing style.

This ability persists not only across varying structural hierarchy and performance style but also across

pieces which themselves vary in structural, harmonic and melodic complexity.

The fact that response accuracy and ability to detect phrasing is maintained across the different

performers, as well as different performances by the same performers, suggests that whatever heuris-

tic is being used by participants to interpret and understand body movement, they are able to correct

this heuristic rapidly for variations in performance style, and so accurately and effectively interpreting

gestural phrasing motions. The event of increased-certainty judgements at sectional segmentations and

climaxes within the pieces implies an added extraction of information relating to higher order features

within the score. As stimuli contain only the visible aspect of performance and this ability to emphasise

higher order features persists for point-light presentations, it may be inferred that information relating
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to structural organisation and phrase hierarchy is contained and interpreted from the pure biological mo-

tion of the performers’ non-sound producing movements. The effect of Performer within the B minor

responses, and closer inspection of the averaged responses for individual performer stimuli, suggests

that where performers’ interpretation of structure varies, performers’ expression of this structure may

also vary, impacting on the overall responses of audience members.

Having established that an observing audience is able to extract structural information about an

unknown composition accurately in the absence of auditory and environmental information, it is of

interest to extend these findings into the auditory and audiovisual dimensions. By learning to what

degree the visual aspect of a performance contributes to typical audiovisual interpretations it would

be possible to discover whether the non-technical gestures, which convey structural meaning in the

absence of sound, are also utilised in typical audiovisual perceptions through audio-visual integration.

The following section therefore examines the effect of varying presentation modalities from visual-only

to audio-only and audio-visual for full- and point-light displays on audience perceptions of phrasing

structure.

5.4 Multimodal Presentation Conditions
(Visual-Only, Audio-Only, Audiovisual for FL & PL)

5.4.1 Multimodal Presentation Proposals:

Theoretical proposals of this section of the research are that:

1. Both seeing and hearing a music performance together will enhance the perceivers’ judgement

and understanding of the structural meaning contained within (As seen in studies of vocalised

sound and speech).

2. Recognition of this structural information is essential for a full understanding of the intended

narrative and progression of the piece.

3. Information contained and communicated within non-sound producing body movements will en-

hance judgement accuracy of phrase perception for participants in audio-visual conditions (as

compared to audio-only conditions)

4. If so, it may then be inferred that these movements are communicatively meaningful and may

hold information not held within the audio information alone.
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Therefore, the null sub-hypothesis of this section of research is that:

HP0 Participants will respond equally to audio-only and audio-visual presentations.

In the instance that the null hypothesis is true, it may then be inferred that a live performance brings no

additional information regarding phrasing structure that could enhance an observing audience’s under-

standing of structural organisation.

This section will move through the presentation and discussion of results by presentation modality.

For each mode results will be resented first for the FL condition and then for the PL condition, for

presentations of the A major Prelude. Lastly, cross-modal analyses of the data for both groups (FL/PL)

for the first five phrases of the B minor Prelude performances are presented for comparison.

Having determined that participants can successfully interpret music structure effectively when

viewing an unknown performance in the visual-only modality, participants were then tested to assess

whether the presentation mode of the performance would influence their ability to accurately determine

phrase structure.

5.4.2 Auditory-Only Responses: A major Prelude

5.4.2.1 Audio-Only Full-Light Viewing Condition (aoFL): A major Prelude

Figure 5.13 shows the mean phrasing for aoFL responses, averaged over all 15 participants and 7 per-

formers. Figure 5.14 provides these responses averaged for each individual full-light performer stimuli.

As before, temporal locations for phrasing judgments were extracted using the Interactive Peakfinder

toolkit for Matlab and corroborated using the ipeak data extraction script.

Initial observation of the mean response data indicates participants were less confident in their judge-

ments of phrasing for the aoFL condition than for voFL stimuli, with phrase peaks showing less defini-

tion that in the vo condition. However, the overall mean results do indicate detection of eight phrases

existent within the performance stimuli. Responses appear to precede the arrival of actual phrase bound-

aries, implying that participants are forming phrasing judgements when a phrase begins to close rather

than responding to its actual end. It is important to note that the actual phrase boundaries are located

where the final note of each phrase terminates completely. If listeners are responding to the onset of this

note or chord then their responses will appear early in the data, particularly if they are responding to

the start of a motif that closes a phrase, such as the grouping of notes in bar 10, phrase 6, in Figure 3.1,

which are played and held in quick succession over two beats prior to the ending of the actual phrase.

The flatter pattern of responses evident in Figures 5.13 and 5.14 imply a lower clarity of judgement than

previously seen in the vo condition. This is likely a result of participants attempting to mentally follow
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Figure 5.13: aoFL A major Responses - Overall mean responses for aoFL presentations of the A major
Prelude. Depicted responses have been averaged for all 15 participants over all nine performances. Phrasing
boundaries are denoted by vertical dashed lines.

the music, with ao stimuli containing a rich source of information and potentially generating a higher

cognitive load than vo stimuli, and trying to anticipate phrase endings based on musical motifs. In the

absence of visual information, participants may be trying to mentally replicate the visual performance in

some way1. This potential increase in cognitive load may serve to confuse participants or interfere with

the task in hand (i.e. studies of musical imagery and anticipation: (329, 330)). Audio information does

appear to signal the onset of phrase endings to participants, enabling them to detect phrasing structure

accurately, although potentially causing participants to respond prior to the actual phrase boundary.

Looking at participant responses when averaged over performer stimuli (table 5.11), phrasing judge-

ments are clearly evident across stimuli. The majority of variation within responses appears localised

around the more salient or structurally significant phrases. Examples of this are seen in the closing

phrase pair (phrases 7 & 8) of the responses for Performers 1 and 2 (fig. 5.14 a & b respectively), at

the sectional boundary between phrases 4 & 5, as well as the in final passage of the piece following

the climax of phrase 6 for Performer 4 (fig. 5.14 d). The salience of the climax is reflected in mean

1Auditory perception has been seen to activate visual, motor and prefrontal regions of the cortex during the perceptual
processing of information, indicating an overlap between these domains which may serve to enhance cognitions (326, 327, 328)
for review), but may equally serve to draw on necessary resources (97, 326). Constructing mental imagery whilst performing
simple tasks has also been seen to cause delays in participant response times, as seen in neuropsychological studies of musical
imagery and anticipation (329, 330)
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Table 5.11: Descriptive statistics: Location & displacement of mean aoFL responses, A major Prelude

Phrase Boundary (t) judgements displacement

end one 0.2 0.1798 0.0202
end two 0.3 0.2724 0.0276
end three 0.4 0.3632 0.0369
end four 0.5 0.4324 0.0676
end five 0.6 0.6241 0.0676
end six 0.7 0.6645 0.0356
end seven 0.8 0.8289 -0.0289
end eight 0.9 0.9013 -0.0013

SD 0.0329
mean 0.0167

var 0.0011
p-value 0.1511

responses for Performers 1, 2, 3, 4, 7, & 8, with smaller additional peaks or the occurrence of a global

maxima within responses, reflecting the largest movement of the slider towards the right, so indicating

the largest perceived close of a phrase and beginning of the next.

Spearman’s correlation coefficients for the ao responses, averaged for overall phrasing, reveal posi-

tive correlations between the perceived locations of phrases 1 & 2 (rs(6)= 0.87, p< 0.01), 3 & 4 (rs(6)=

0.90, p< 0.001) and 6 & 7 (rs(6)= 0.72, p< 0.05) (table 5.12). These significant correlations indicate that

participants responses reflect composed phrase pairing for the first section of the piece, as well as the

structural relation between phrases 6 & 7. This latter correlation points to the occurrence of the climax

of the piece, followed by the build towards the close of phrase 7, plausibly heralding the subsequent and

final closing passage of phrase 8. The positive correlations indicate that the location of the one of the

perceived phrases within the pair positively influences the perceived location of the second phrase in the

pair. For example, if the first phrase is located early in participants’ judgements, the second will also be

early and the distance from the location of the actual phrase boundary will alter proportionally to that of

the first phrase.

Analysis of variance for aoFL responses considering factors of Phrase Number and Performer stimu-

lus reveal significant effects of both Phrase Number (F[7,56]=3.7817 p<0.01) and Performer (F[8,56]=2.4285,

p<0.05) in response distributions (see table 5.13). Participants vary the location of their phrasing judge-

ments relative to both the structural hierarchy of the performed phrase and the individualised perfor-

mance style expressed within the audible aspect of each performance stimuli. No interaction between

main effects is observed, meaning that both factors may be examined individually as having an im-

pact on results. Looking at the variance within results, and to the correlation matrices for Phrase and

Performer to describe the main effect of Phrase Number, variations appear to be related to the level
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Table 5.12: Spearman’s Correlation Coefficients (rs): aoFL, A major Prelude

Spearman’s Correlation coefficients (rs) for aoFL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 1 0.8667 0.5439 0.3833 -0.3167 -0.2333 0.0000 -0.5333
2 1 0.5188 0.3000 -0.5833 -0.1167 0.1000 -0.4000
3 1 0.9038 0.0586 0.2176 0.3347 -0.5021
4 1 0.1667 0.4000 0.5167 -0.2833
5 1 0.4667 0.0500 -0.1167
6 1 0.7167 0.2833
7 1 0.1333
8 1

Correlation probabilities (p-value) for aoFL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 0 0.0045 0.1352 0.3125 0.4101 0.5517 1.0000 0.1475
2 0 0.1555 0.4366 0.1080 0.7756 0.8100 0.2912
3 0 0.0016 0.8868 0.5719 0.3747 0.1710
4 0 0.6777 0.2912 0.1618 0.4630
5 0 0.2125 0.9116 0.7756
6 0 0.0369 0.4630
7 0 0.7435
8 0

of structural importance of a given phrase. Correlations between higher-order structural segmentations

and events explain the significant variation within ao responses for the factor of Phrase Number reported

above. Closer inspection of ao responses, averaged for each performer stimulus, show variation occurs

for performers 1 and 8, where responses change from falling before phrasing boundaries to after for

phrases 4 and 6.

Table 5.13: 2-way ANOVA for factors of Phrase Number and Performer: aoFL responses, A Major Prelude

Source SS d.f MS F p > F
Performer Stimulus 0.01174 8 0.00147 2.4285 0.0228
Phrase Number 0.02367 7 0.00296 3.7817 0.01
Error 0.00598 41 0.00014
Total 0.007425 56

In summary, participants are seen to differentiate within responses between the eight phrasing seg-

mentations of the A major Prelude across all aoFL performer stimuli. Analyses reveal a correlation

between phrase pairs signifying perception of sectioning and melodic climax within the piece. Compar-

ison of these variations within responses to performance motion is necessary to explain these results for

Performers 1 and 8. Excepting responses for Performers 1 and 8 for the structurally salient phrases 4

176



5.4 Multimodal Presentation Conditions
(Visual-Only, Audio-Only, Audiovisual for FL & PL)

and 6, all participants consistently and significantly make phrasing judgements prior to the actual phrase

transitions within A major Prelude responses.

5.4.2.2 Audio-Only Point-Light Viewing Condition (aoPL): A major Prelude

Figure 5.15 shows the mean phrasing for aoPL responses for the A major Prelude presentations, av-

eraged over all 15 participants and 7 performers. Figure 5.16 provides these responses averaged over

participants for each performer stimuli.

Figure 5.15: aoPL A major Responses - Overall mean responses for aoPL presentations of the A major
Prelude. Depicted responses have been averaged for all 15 participants over all seven performances. Phrasing
boundaries are denoted by vertical dashed lines.

Mean responses for the audio-only point-light condition (aoPL) reveal quite a different pattern to

the previous audio-only full-light (aoFL) responses. Participants in the PL group appear to pause in

their responses throughout the duration of the first phrase, beginning to move the slider as the close of

the first phrase initialises. This implies a different approach may be being taken to phrase analysis and

attention by this viewing condition group. Having listened to the pattern presented in the melody of

the opening phrase, participants continue to follow a highly accurate pattern of phrasing with responses

falling consistently prior to phrase boundaries. Participants in the PL group demonstrate the same

preempting of phrase endings for audio-only stimuli as was exhibited by the full-light group in the
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Table 5.14: Descriptive statistics: Location & displacement of mean aoPL responses, A major Prelude.

Phrase Boundary (t) phrase judgements displacement

end one 0.2 0.1729 0.0271
end two 0.3 0.2849 0.0151
end three 0.4 0.3861 0.0139
end four 0.5 0.4844 0.0156
end five 0.6 0.5844 0.0156
end six 0.7 0.6682 0.0318
end seven 0.8 0.7712 0.0288
end eight 0.9 0.8538 0.0462

SD 0.0114
mean 0.0243

var 0.0001
p-value 0.0000

aoFL condition. Mean responses locate phrasing judgements 0.024t before actual phrase boundaries,

to a standard deviation of +0.011t (as detailed in table 5.14). Variance within mean response locations

relative to actual phrase boundaries is negligible (var = 0.0001t). The phrasing judgements made by

the aoPL group are clearer than those of the aoFL group and more distinct, with definite segmentation

into sections observed (see 5.16 a, time 0.5-0.6, for example). However, compared to voPL responses,

judgements are less confident, employing shorter range of movement along the slider-response panel.

Responses show minima for the ends of phrases 1, 4 and midway through phrase 8. These reflect

respectively the first judgement made, the close of the first section and what most likely represents the

cadence of the final phrase. Responses indicate that location of the end of the piece is less certain as

judgements persist slightly beyond the close of the final phrase and mean results are jerky, suggesting a

difference within responses for individual performance stimuli. This may be an effect of the elongation

the the final phrase by many performers and the presence of the false and then actual closing motifs

within the eighth phrase.

In the absence of visual information it appears that by listening to the full first phrase before respond-

ing, participants in this group are, on average, less influenced by performance style than the FL group.

Differences in responses for ao stimuli demonstrate that for this modality participants of both groups

are subject to identical performance stimuli. The ao presentations comprised the auditory information

captured by the stand-alone video-recorder presented with only a white fixation cross on a black screen.

The audio streams heard in the ao stimuli are identical for both FL and PL groups, and are, incidentally,

the same audio streams used in the av trials. As presentation stimuli and the target task (phrase iden-

tification) are the same, differences in results can only be due to either individual differences between

participants or to the influence of the differing adjoining tasks (viewing condition, VC). It is plausible

179



5. PERCEPTION ANALYSIS

that as a result of the increased task difficulty arising from PL presentation of visual and audiovisual

stimuli (see Chapter 3.4.3), participants are more engaged in the task and so listen for the opening pat-

tern before starting to respond. An equally plausible explanation would be that the increased accuracy

and certainty within responses observed on the vo condition, for PL group as compared to FL group,

has impacted upon participants judgements, with memory of the task remaining despite having given an

intervening time delay to enable memory decay. Finally, it is possible that the sample set of participants

simply performed the task utilising a different approach, on average, to those of the FL group. This may

be a simple effect of participant sampling or may even be due to the exclusion of two of the performance

stimuli from the data set.1 Repeating the task would confirm responses as particular to the group or to

the task condition. The cause of the delay until the second phrase in aoPL responses requires further

investigation to examine the underlying spatial and temporal cognitive events occurring during process-

ing of auditory information (using MEG or EEG neuroimaging techniques). The increased confidence

and accuracy of responses may be an effect of this delay in responses. Mean results demonstrate that

participants make an additional phrase trough at the subdivision of phrase 8, before making the final

judgement that the piece had closed.

Spearman’s correlation analysis show nine out of a possible 21 correlations are significant, with

three additional trend correlations, between responses for aoPL stimuli when ranked by performer (table

5.15). This level of significant correlations within results is far higher than observed for the FL condition

and indicates participants are responding similarly across performer stimuli. Analysis of correlations

within results between phrases reveal strong highly significant positive correlations between phrase

responses for all combinations except phrases 3 and 8, which are approaching trend significance. Results

indicate a strong relation within responses across stimuli for phrase number. Responses are highly

related (all above rs(6) = 0.89 with p< 0.01) implying that judgements of aoPL phrase endings are

dependant on the temporal judgement of the previous phrase ending2. Correlations between phrases 3

and 8 only approach trend significance. Looking at the responses for individual performance stimuli

and phrase number, mean judgements for Performer 6 appear delayed, particularly for phrases 3 and 8,

with phrase judgements being located fractionally after the phrase boundary rather than before. When

1These stimuli were removed due to processing anomalies and design requirements. See sections 3.4.3.3 and 3.4.3.4.
2This dependancy may be assumed as each performance is heard only once, presented in realtime and processed online.

Therefore it may be inferred that responses are causally related to information already heard and not to anticipated or expected
information. As all performers play the same three pieces it is plausible that an element of anticipation may occur within trials
containing audio information (ao &av stimuli). The number and variation between trials should be sufficient enough, however,
to cause a decay in STM, removing some, if not most, of residual auditory information, limiting recognition and anticipation
within trials. I would argue that for aoPL trials anticipation is an effect of within-trial experience causing responses to appear
early, falling prior to phrase boundaries through recognition of closing motifs, but not demonstrating a causal relationship between
responses.
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considering the difference in distance from phrase boundaries rather than ranked responses, Pearson

correlations remove this trend significance, demonstrating positive correlations between all phrases, all

to a confidence level of p< 0.01.

Table 5.15: Spearman’s Correlation Coefficients (rs): aoPL mean responses

Spearman’s Correlation coefficients (rs) for aoPL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 1 0.8214 0.8929 0.8214 0.8929 0.9643 0.9643 0.8929
2 1 0.9643 1 0.9643 0.9286 0.9286 0.7857
3 1 0.9643 0.9286 0.9643 0.9643 0.7500
4 1 0.9643 0.9286 0.9286 0.7857
5 1 0.9643 0.9643 0.8929
6 1 1 0.8571
7 1 0.8571
8 1

Correlation probabilities (p-value) for aoPL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 0.0004 0.0341 0.0123 0.0341 0.0123 0.0028 0.0028 0.0123
2 0.0004 0.0028 0.0004 0.0028 0.0067 0.0067 0.0480
3 0.0004 0.0028 0.0067 0.0028 0.0028 0.0663
4 0.0004 0.0028 0.0067 0.0067 0.0480
5 0.0004 0.0028 0.0028 0.0123
6 0.0004 0.0004 0.0238
7 0.0004 0.0238
8 0.0004

Table 5.16: 2-way ANOVA for factors of Phrase Number and Performer: aoPL responses

Source SS d.f MS F p > F
Performer Stimulus 0.01174 6 0.00147 129.3 0.001
Phrase Number 0.02367 7 0.00296 22.005 0.001
Error 0.00598 29 0.00014
Total 0.007425 42

ANOVA of differences between judgement results and actual phrase boundaries reveal significant

main effects of both Performer stimulus (F[6,42]= 129.3, p<0.001) and Phrase Number (F[7,42]= 22.005,

p<0.001)(see table 5.16. The high correlation between results across performer stimuli and the ef-

fects of Performer and Phrase within the analysis of variance point toward the delay in judgements of

Performer 6 and the decreased accuracy in judgements of phrases 3 & 8 across performance stimuli.

AoPL responses are reliant on both the performance style and the phrase hierarchy within the A major

performance, with differences in accuracy and certainty of responses arising for both factors. Deeper

examination of results demonstrates that individualised performance style influences judgement accu-

racy while the perception of a phrase boundary and the size of response (reflecting certainty and relating
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to structural hierarchy) appears dependant on perception of surrounding and structurally related phrase

boundaries. As responses are gathered linearly it is plausible to conclude that the effect of phrase judge-

ment is dependant on previous phrase detection rather than future phrase judgements. I would argue that

anticipation of phrase boundaries arises as an effect of recognising music-theoretic patterns within the

audio stream, such as the initialising of a closing motif, rather than as an effect of judgement correlation.

5.4.2.3 Audio-Only Responses: B minor Prelude

Figure 5.17 present mean audience responses for FL (left) and PL (right) judgements of phrasing of the B

minor Prelude. Figure 5.18 presents a closer look at the first five phrases of interest for further analysis.

PL responses for individual performance stimuli are available in Figures 5.19 and 5.20. Descriptive

statistics for the two participant groups are provided in Table 5.17. Inferential statistics comparing

the two groups are detailed in Table 5.18. As comparison of judgements may only be made where

performers agree upon the structural composition of the pieces performed (a central factor to the time

normalisation process), only responses given for the first five phrases are given within the data analyses.

Responses for the ao trials for both the full- and point-light participant groups echo those of the A

major Prelude (see figs.5.14 & 5.16). In both groups participants demonstrate a consistency in their

ability to discern phrasing structure, using only the audible content of the presented performance. Re-

sponses for the FL participants continue to be located prior to actual phrase boundaries (mean distance

of 0.0387t, s.d = +0.0185t), indicating a continuation in the pre-emption of phrase endings as seen in

the A major Prelude. Responses within the PL group, however, more closely resemble those of the

vo A major responses, with an increased clarity of judgement combined with the location of perceived

phrase transitions typically falling at or after actual phrase boundaries (mean judgement displacement

of -0.0159t, s.d. = +0.0096). However, this may indicate that participants within this group are iden-

tifying where phrases begin rather than end, as discussed earlier in section 5.2.3, it is not possible to

confirm this without further investigations1. Variance within responses is negligible for aoPL judgment

displacements whereas, while still minimal, variance between responses is greater for aoFL phrasing

judgements (var = 0.0003t).

Mean phrasing responses between the two viewing-condition groups are incredibly similar for the

first three phrases of the B minor performances (section one of the B minor Prelude)(see fig. 5.18).

Responses for both conditions also indicate a grouping of phrase responses into the three sections,

1The use of a two-button response pad may be a way to test this in future, where participants indicate a phrase ending with
a button press of one hand and a phrase beginning with the other hand to measure differences between perceived endings and
openings of phrases. Effects of motor delay during cognition and action execution may also be accounted for through use of
reaction time tests during practice trials.
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Figure 5.17: Mean ao Responses for FL and PL conditions, B Minor Prelude: Overall mean phrasing
responses for aoFL(left-a) and aoPL(right-b) performances of the B minor Prelude. Vertical dashed bars
indicate phrase transitions as they occur within the extracted audio streams for each performance. Responses
have been time-normalised to a scale of 0-1, where responses for each individual phrase is presented within
the corresponding time decile for that phrase. Troughs in responses indicate phrase transitions as perceived
by participants.

as denoted by the music-theoretic analysis of Chapter 3.3.2.2, with the style and range of slider use

changing after the third phrase for the aoFL responses and aoPL responses demonstrating minima in

phrase responses at each sectional boundary (ends of phrases 3, 5 and 8). Unlike responses for the A

major Prelude, ao responses for the PL group are located slightly after the actual phrase boundaries for

the B minor ao trials, while responses for the FL group fall prior to the actual phrase transitions (depicted

by grey dashed vertical bars). This delay in responses is particularly evident for judgments following

the third phrase boundary within the piece. This third phrase is considered as holding the harmonic

climax for the first section and is elongated by most if not all of the performers, with many presenting

a slowing or a pause in their performances to emphasise this before continuing with the fourth phrase

and second section of the piece (Chapter 4, sections 4.4& 4.5.3). It is possible that participants in both

groups are delaying their phrasing responses as a result of this pause.

The mean responses for the FL group become less certain for the the duration of the second section,

with participants responding very differently across performance stimuli. Figure 5.19 shows a break

down of the overall mean (presented in 5.17:left) into mean responses for each individual performance

stimuli. Here it becomes evident that participants are effectively locating all five phrasing boundaries

but that differences in the temporal location of phrasing judgements across performances is reducing

the clarity of results. Within individual performance means phrasing judgements typically fall either

at or before actual phrase boundaries, while responses from the PL group typically fall either on or

after the phrasing boundaries. Mean responses for the individual performance stimuli for the PL group
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Figure 5.18: ao B minor Responses for FL & PL Viewing Conditions, Phrases 1-5: Overall mean phrasing
responses for the opening two sections (first 5 phrases) of aoFL(left-a) and aoPL(right -b) performances of
the B minor Prelude. Vertical dashed bars indicate phrase transitions as they occur within the extracted audio
streams for each performance.

demonstrate less variance between results, indicating less influence of individual performance style for

the phrasing judgements of this group (fig. 5.20). The ao responses for the PL group also clearly show

two phrase judgements appearing within the fifth phrase. This reflects the interpretation by many of

the performers of this phrase being a concatenation of two smaller sub-phrases, the second of which

containing the overall climax of the piece in the form of the modulation into C major and a return to the

tonic.

Table 5.17: Displacement of mean ao FL & PL judgment responses, B minor Prelude, phrases 1-5

aoFL aoFL aoPL aoPL

Phrase Boundaries (t) Judgements Displacements Judgements Displacements

end one 0.2 0.1713 0.0287 0.2127 -0.0127
end two 0.3 0.2624 0.0377 0.31116 -0.01116
end three 0.4 0.3675 0.0325 0.4318 -0.0318
end four 0.5 0.4295 0.0705 0.50692 -0.00692
end five 0.6 0.5760 0.0240 0.61711 -0.01711

SD 0.15912543 0.00958664
mean 0.415938 -0.015938

var 0.0253209 9.19E-05
p-value 5.07E-09 0.0002012

Detailed analyses of the variance within and between participant responses for the varying viewing

conditions and modalities of the B minor Prelude performance stimuli are presented and discussed in

section 5.5.3 of this chapter. The findings of a significant effect of Viewing Condition when comparing

responses for the two groups’ phrasing responses is explained by the significant effect of Performer
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Table 5.18: 2-way ANOVA for Viewing Condition and Phrase Number: ao response accuracy, B minor
Prelude

Source SS d.f MS F p > F
Viewing Condition 0.0043 1 0.0043 7.51 0.0289
Phrase Number 0.00184 7 0.00026 0.46 0.8375
Error 0.00401 7 0.00057
Total 0.01014 15

found for aoFL responses. The absence of a significant effect of phrase number or an interaction between

factors (VC and Phrase Number) across group responses confirms earlier suggestions that participants

are responding to audible emphases generated by individual performers rather than keeping their own

rhythm by which to measure phrasing structure.

In summary, analysis of ao phrasing responses for the first two sections (phrases 1-5) of the B minor

Prelude performances show that participants are generally capable of extracting phrasing information

from the audible aspect of the performance stimuli alone. This ability appears to be more strongly

influenced by individual performance style within the FL group than for vo responses, with averaged

results appearing noisy with multiple judgement peaks throughout phrases of the second section. Re-

sponses for the PL audience group vary in temporal location to that of the FL group, despite having

been presented with identical auditory stimuli. AoPL responses fall typically after the occurrence of

actual phrase transitions (as they are performed), differing to that of responses for the FL audience

members, who typically locate phrasing judgments prior to phrasing boundaries. While aoPL phrasing

judgments are located after the actual phrase boundaries, they are still located earlier than audience re-

sponses within the voPL condition (mean displacement of voPL phrase judgments is 0.0243t after the

phrase boundaries, compared to a mean displacement of 0.0159t after phrase boundaries in the aoPL

condition).

Findings from presentations of the B minor Prelude support those of the A major Prelude, suggesting

that there is an effect of viewing condition vo and av tasks on participants approach to ao stimuli. While

responses between the two groups differ in temporal location, mean phrasing judgements are made

earlier than those responses by the same participants for the vo modality (sections 5.2 & 5.3). The clarity

of judgements for the first section (phrases 1-3) for both groups demonstrates that participants are able

to recognise phrasing segmentation as it is interpreted and expressed by performers. The perception of

two sub-phrases within aoPL results indicates that participants are either recognising audible emphases

made by performers to reflect their interpretation of structure at this juncture, or that PL participants

also interpret the musical structure as being that of two smaller sub-phrases.
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Figure 5.21: Mean Audio Variation of Tempo & Dynamics across Performances - Motion profiles, tempi
and dynamics for the nine individual performers; Chopin’s Prelude in A major (Op.28:7). Performance pa-
rameters are plotted in real time to allow the correspondence of motion profiles (Chapter 4) to developments
in audible features such as tempo and dynamics to be seen. Tempo is measured in beats per minute (bpm)
and derived from recorded inter-onset intervals (IOIs). Dynamics are calculated from the RMS amplitude of
the recorded audio. Vertical arrows indicate the phrasing boundaries for each performer as they occur in the
corresponding audio. Data represent performers 1-9 from top-left to bottom-right respectively (available in
(40)).
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To further investigate the significant main effect of performer on perceived phrasing, perception re-

sults were compared to variations in tempo and dynamics within the audio stream for each performance.

Full details of the examination of performance tempi and use of dynamics are available in: (40)1; (70,

pp95-147); MacRitchie & Buck (309)2. As this performance analysis was conducted ad hoc as part

of collaborative performance analyses only the summary of conclusions is provided here. Figure 5.21

is taken from (40) with permission of collaborating authors. Depicted are the variations of tempo and

dynamics for the A major Prelude by each individual performer. Closer inspection shows performers

utilise very different expressions of tempo, with more than half varying tempi to slow and pause at

sectional and phrase segmentation boundaries. Use of dynamics within the audio stream also varies

throughout each performance, with each performer expressing the narrative and structure of the piece

through very personalised and idiosyncratic use of tempo and dynamics. As a result no two perfor-

mances sound or look the same. This accounts for the variance in responses in the ao modality but does

not explain why performance style does not have an effect on results in the visual only modality. B

minor analyses reveal similar patterns and are presented in MacRitchie et al., (40) and Buck et al., (77).

Consideration and analyses of the effects an individual performer’s interpretation of structure has on

their resulting performance is available in Buck et al. (77).

5.4.3 Audio-Visual Responses: A major Prelude

The sections of this chapter have thus far determined that participants undergoing both viewing condi-

tions are able to extract information from visual- and audio-only performance presentations to accurately

form judgements of phrasing for both the A major Prelude and the opening phrases of the B minor Pre-

lude (supporting findings of the first Prelude as well as corroborating hypotheses and corresponding to

performance analyses of Chapter 4). The following examines participant responses for the audio-visual

(av) presentations of The A major Prelude for full- and point-light viewing conditions in turn. Analyses

of the first five phrases of the B minor Prelude stimuli are then presented for the two groups to investi-

gate whether findings persist over multiple performances and for pieces which diverge in structural and

rhythmic complexity.

5.4.3.1 Audiovisual Full-Light Displays (avFL), A major Prelude

Figure 5.22 shows the mean phrasing for responses to full-light audiovisual displays (avFL), averaged

over all 15 participants and 9 performers. Figure 5.23 provides a breakdown of the overall mean, depict-

1Joint first author.
2Joint first author.
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ing mean slider responses for individual performer stimuli. Table 5.4.8 details the descriptive statistics

for mean responses and their accuracy (displacement from actual phrase boundaries). Analysis of vari-

ance results are provided in Table 5.21.

Figure 5.22: avFL Mean Responses: A major Prelude - Overall mean phrasing responses for avFL per-
formances of the A major Prelude. Vertical dashed bars indicate phrase transitions as they occur within the
extracted audio streams for each performance. Responses have been time-normalised to a scale of 0-1, where
responses for each individual phrase is presented within the corresponding time decile for that phrase. Troughs
in responses indicate phrase transitions as perceived by participants.

Responses for the avFL condition (fig. 5.22) show clearer perception of phrasing than for the aoFL

responses (5.13) and more closely resemble those of the vo condition of Experiment 1 (fig. 5.1, section

5.2). As with the other presentation conditions (ao and vo), avFL overall mean responses show clear

and definite judgements of phrasing within participant responses (5.23), with additional smaller phrase-

peaks located around higher-order structural events, such as the sectional segmentations boundaries at

the close of phrases 4 and 8. When responses are meaned only for performer rather than piece, the

increased accuracy in phrase perception for av stimuli over previous modalities becomes increasingly

apparent. Perceived phrases appear either located slightly prior to or at actual phrase transitions. In-

creased accuracy is particularly evident for phrase boundaries preceding structurally important phrases,

for example for the phrases 3, 5 and 7, preceding phrases 4, 6 and 8.

190



5.4 Multimodal Presentation Conditions
(Visual-Only, Audio-Only, Audiovisual for FL & PL)

Fi
gu

re
5.

23
:

A
M

aj
or

R
es

po
ns

es
fo

r
av

FL
V

ie
w

in
g

C
on

di
tio

ns
av

FL
m

ea
n

re
sp

on
se

s
fo

r
in

di
vi

du
al

pe
rf

or
m

an
ce

st
im

ul
if

or
pr

es
en

ta
tio

ns
of

th
e

A
m

aj
or

Pr
el

ud
e.

V
er

tic
al

da
sh

ed
ba

rs
in

di
ca

te
ph

ra
se

tr
an

si
tio

ns
as

th
ey

oc
cu

rw
ith

in
th

e
ex

tr
ac

te
d

au
di

o
st

re
am

s
fo

re
ac

h
pe

rf
or

m
an

ce
.

191



5. PERCEPTION ANALYSIS

Additional peaks are observed within phrases for Performers 1, 4 and 5. At first inspection avFL

responses appear to be an amalgamation of mean responses given in the voFL and aoFL conditions. For

example, where responses for Performer 1 were noisy in the voFL responses and clearly defined in the

aoFL responses, they appear to represent a more smoothly defined pattern of phrasing than the vo results

while also incorporating additional smaller peaks and changing patterns of judgement not so apparent

within the ao results. Similar interpretations may be made from initial observations of responses for

Performers 4, 3, 8 and 9.

Mean phrasing judgements are typically located prior to actual phrase transitions, to a mean dis-

placement of 0.024t (s.d. +0.014t). As for previous modalities, variance between phrases is minimal

(var = 0.0002t). Probability of results occurring at or above the mean is significant, rendering results as

highly probable in 95% of instances.

Table 5.19: Descriptive statistics for mean judgment accuracy for av FL &PL responses, A majorPrelude

avFL means avPL means

Phrase (t) judgements displacement Phrase (t) judgements displacement

end one 0.2 0.1939 0.0061 end one 0.2 0.1707 0.0293
end two 0.3 0.2812 0.0188 end two 0.3 0.2999 0.0001
end three 0.4 0.3840 0.0160 end three 0.4 0.3993 0.0007
end four 0.5 0.4645 0.0355 end four 0.5 0.4998 0.0002
end five 0.6 0.5600 0.0400 end five 0.6 0.5984 0.0016
end six 0.7 0.6717 0.0283 end six 0.7 0.6812 0.0188
end seven 0.8 0.7578 0.0422 end seven 0.8 0.7889 0.0111
end eight 0.9 0.8919 0.0081 end eight 0.9 0.8888 0.0112

SD 0.0141 SD 0.0107
mean 0.0244 mean 0.0091

var 0.0002 var 0.0001
p-value 0.0000 p-value 0.0156

Statistical analysis of the differences in distance of perceived phrase judgements from actual phrase

locations reveal significant positive correlations between phrases 4 & 5 (rs(6)=0.80, p<0.05) and phrases

6 & 7 (rs(6)=0.85, p<0.01). The correlations within results between the first phrase pair reflects phrase

hierarchy within the music’s structure, with perceived location of the final phrase of the first section

(phrase 4) positively correlating to the perceived location of the close of the first phrase of the second

section (phrase 5). The same is true for the detection of the close of the climactic phrase (phrase 6) and

it’s subsequent phrase. In both cases the perceived location of the structurally important phrases (phrase

4, representing the end of first section and midpoint of the piece, and phrase 6, containing the climax

of the piece) have a near-proportional effect on the perceived location of the subsequent phrases, which
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hold in themselves structural importance, although to a lesser extent 1.

Weaker correlations that are approaching significance are observed for phrases 1 & 6 and phrases

4 & 8, with potential trend results observed for phrases 1 & 3 (see table 5.20). The positive trend

correlation of rs(6)= 0.67 between phrases 4 & 8, although not as strong as for previous correlations,

approaches significance (p=0.0589) suggesting there may be some relationship trending within results

between the perceived location of the sectional endings within the performance stimuli. This implies

that as perceivers locate phrasing judgements closer to the actual position of the end of the first section,

there may also be a similar, but not proportional, increase of accuracy for judgements of the location of

the final phrase ending and second sectional segmentation boundary, and vice-versa. The trend within

correlation results of a negative correlation between phrases 1 and 6 (rs(6)= -0.65, p=0.0631) demon-

strates that with decreasing separation between phrasing judgements and their associated actual phrase

transitions for the opening first phrase, judgement displacement increases for the location of the close

of the climactic sixth phrase. The implication of a possible negative correlation between phrases 1 and

3 (rs(6)= -0.62, p=0.083) supports the notion that perception of phrasing is related to hierarchical struc-

tural segmentation, in this case both phrases being ‘question’ phrases within the structural narrative.

However, analysis on a greater scale, utilising responses from a larger participant population, is neces-

sary to confirm any significance. As such, within these analyses, they remain as only trend. Both trend

and significant correlations relate to structural hierarchy and the occurrence of higher-order features

within the performed piece. No significant or trend correlations appear for phrases that are not struc-

turally salient or related. Significant correlations reflect increased accuracy in responses for the detection

of these structurally related phrases, implying a level of relation and structural communication within

the performance motions observed at these points. It is possible that information conveyed within the

performance may persist from one phrase into the next for significantly correlated phrase pairs, causing

the location of the first structurally important phrase to impact on the detection of the subsequent phrase.

For correlations appearing as trends in results, findings would suggest that performers generate some

form of audio-visual communication during their performances which cause perception of these phrase

boundaries to appear related. This may reflect larger body movements combining with and correspond-

ing to more obvious changes existent within the audible information (such as harmonic and melodic

relations, changes of tempo and the event of rests and breaks within the audio stream), so causing par-

ticipants to make more definite judgements of phrasing for av presentations due to increased certainty

derived from available audio and visual performance cues in combination. Comparison of results with

1The fifth phrase of the A major Prelude is the opening phrase of second section and presents a repetition of the original
musical idea, presented in phrase 1; The seventh phrase is the penultimate phrase of the piece presenting a build-up to the the final
closing phrase.
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detailed performance analyses is necessary in order to confirm such an hypothesis. A full comparison of

the multimodal comparisons and contributions within results is presented later in this chapter (section

5.5), considering the multimodal judgements of all 30 participants for the two selected Preludes.

Table 5.20: Spearman’s Correlation Coefficients (rs): avFL mean responses

Spearman’s Correlation coefficients (rs) for avFL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 1 -0.0335 -0.6193 -0.5523 -0.3933 -0.6527 -0.4184 -0.3264
2 1 0.2167 -0.5167 -0.4167 0.1333 -0.1000 -0.5500
3 1 -0.0500 0.0000 0.2833 0.0500 -0.2000
4 1 0.8000 0.3333 0.3000 0.6667
5 1 0.3500 0.1667 0.4833
6 1 0.8500 0.4000
7 1 0.3167
8 1

Correlation probabilities (p-value) for avFL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 0 0.9370 0.0816 0.1285 0.2946 0.0631 0.2626 0.3901
2 0 0.5809 0.1618 0.2696 0.7435 0.8100 0.1328
3 0 0.9116 1.0000 0.4630 0.9116 0.6134
4 0 0.0138 0.3853 0.4366 0.0589
5 0 0.3586 0.6777 0.1938
6 0 0.0061 0.2912
7 0 0.4101
8 0

Returning to the avFL phrasing judgements, a 2-way analysis of variance was conducted for fac-

tors of Phrase Number and Performer (see table 5.21). Results show a significant effect of Performer

(F[8,56] = 2.9600, p<0.01), indicating that responses differ significantly in their location relative to

phrase boundaries across individual performance style. No effects of Phrase Number or an interaction

of main effects were observed. Analyses indicate a significant influence of stimuli presented, whilst re-

moving the effect of phrase number seen for the ao condition. Findings demonstrate that variance within

responses for the av condition result from the individual performance style exhibited by performers and

not from phrase number or hierarchy. Closer inspection of results reveals that variance between phrase

judgements across participants is low and that these differences lie within responses for individual per-

formers, where responses for six of the nine performers show variation in judgment location from before

to after phrase boundaries for certain phrases. This is particularly evident for Performer 4, whose perfor-

mance stimulus results in phrase judgements being located before phrase boundaries for phrases 1, 2 &

8 only, with phrases 3 to 7 being perceived as occurring after the actual phrase locations by participants.

Participants also show changes in location from before to after phrase boundaries and greater variance
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in displacement of phrasing judgements for the following performers: Performer 1, phrases 3, 6, & 7;

Performer 5, phrases 4 & 5; Performer 7, phrase 7; Performer 8, phrase 3; Performer 9, phrases 4 to

8. All phrases that present variations in judgement location are either structurally relevant, representing

climactic or sectionally relevant phrases (i.e. phrases 1, 4, 5 and 8), or are directly linked to structurally

salient phrases (i.e. phrase 3 preceding the pivotal fourth phrase; and phrase 7, following the climax of

phrase 6 and preceding the closing phrase of the second section).

Table 5.21: avFL judgement accuracy. 2-way ANOVA, A major Prelude

Source SS d.f MS F p > F

Performer 0.0123 8 0.0015 2.9600 0.0070
Phrase Number 0.0035 7 0.0004 0.8600 0.5583
Performer x Phrase 0.0331 64 0.0005 inf nan
Error 0.0000 0
Total 0.0489 80

In summary, phrasing judgements for the avFL presentations clearly reflect the perception of the

eight phrases of the A major Prelude. Results show a significant effect of Performer within judgement

locations across participants, suggesting that individual performance style results in variations in per-

formance expressions (as demonstrated in Chapter 4) which are recognised by participants and reflected

in their perceptual responses. However, over the repeated performance stimuli set, these differences

evident at poignant phrases for particular performers are not significant for structural phrase hierarchy

for performances of the A major Prelude in general.

5.4.3.2 Point-Light Displays (avPL)

Figure 5.24 shows the mean phrasing for avPL responses, averaged over all 15 participants and 7 per-

formers. Figure 5.25 provides the mean of these responses for each performer stimuli. Table 5.4.10

details the descriptive statistics for the average responses together with their accuracy (displacement

from actual phrase boundaries), with Table 5.23 presenting 2-way ANOVA results.

As for vo and ao modalities, mean responses for PL audiovisual stimuli show stronger certainty

in phrase differentiation than avFL responses. However, as observed previously for ao responses, PL-

group participants appear to initially pause in making their judgements, beginning to respond with the

slider only towards the middle of the first phrase. As discussed within the aoPL investigation (section

5.4.2.2), it is possible that this general delay in responding may be an effect of task difficulty for the PL

viewing condition, influencing attention and judgement heuristics employed by participants. Equally it
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Figure 5.24: avPL Mean Responses: A major Prelude - Overall mean phrasing responses for avPL per-
formances of the A major Prelude. Vertical dashed bars indicate phrase transitions as they occur within the
extracted audio streams for each performance. Responses have been time-normalised to a scale of 0-1, where
responses for each individual phrase is presented within the corresponding time decile for that phrase. Troughs
in responses indicate phrase transitions as perceived by participants.

may be an effect of reducing performance stimuli from nine to seven presentations, although the clar-

ity of results makes this latter suggestion doubtful. Despite responses for the first phrase ending being

small in range, a trough does appear within results. Furthermore, participant responses show a high

level of accuracy across the remainder of the first section (phrases 2-4 inclusive). Response troughs are

substantially deeper in range, with minima potentially reflecting an increased certainty of judgement,

particularly for the ends of phrases 2 and 4, as well as mid-way through the final eighth phrase. As

seen previously with the aoPL presentation condition (fig. 5.15, section 5.4.2.2), these minima within

results represent the first complete phrasing judgement made (phrase 2), the close of the first section

(end of phrase 4) and what most likely represents the onset of the closing cadence of the final phrase

(at time ∼0.85t). As with aoPL results, responses indicate that detection of the location of the end of

the piece is less certain, with judgements persisting slightly beyond the close of the final phrase. Mean

results for this final section of the data are jerky, suggesting a probable difference within individual

performance data. This may be an effect of the elongation the the final phrase by many performers and

the presence of the false and then actual closing motifs within the eighth phrase causing participants to

be cautious in their evaluation of the phrase ending. I would expect, however, given the presence of the
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visual PL performance information in avPL stimuli (fig. 3.8, right, Chapter 3), that participants would

alter judgements according to the visible closing actions of the performers. Closer inspection of the data

reveals a differentiation in the incline of mean response fractionally after the actual ending of the piece

(t=0.9), suggesting that participants did interpret the close of the final phrase accurately but that with

no subsequent phrase commencing results tailor off into irrelevance (see section 5.5 for more detailed

comparisons). Responses for individual performance stimuli (fig. 5.25) reflect that of the overall mean.

As with other presentation conditions, responses for individual stimuli indicate a recognition of higher

order structural features within stimuli, with greater confidence of judgements demonstrated in the pres-

ence of global minima around the fifth phrase, this time suggesting a recognition of expression for the

opening phrase of the second section rather than that of the close of the first section. Mean phrasing

judgements are typically located just prior to actual phrase boundaries (Table 5.19, avPL data columns

(right)) with a mean displacement of 0.009t from phrase boundaries (s.d. +0.0107t). Variance across

phrases is minimal (var = 0.0001t) and the probability of results relative to the hypothesised mean are

significant (z = 0, p< 0.02).

Table 5.22: Spearman’s Correlation Coefficients (rs): avPL mean responses

Spearman’s Correlation coefficients (rs) for avPL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 1 0.2857 0.1786 0.1429 0.0714 -0.0714 -0.0714 0.1429
2 1 0.9643 0.9286 0.9286 0.8214 0.4643 -0.1071
3 1 0.8571 0.9643 0.8929 0.5357 -0.0357
4 1 0.7857 0.6786 0.3214 -0.1786
5 1 0.9643 0.6071 0.0000
6 1 0.6429 0.1786
7 1 0.4286
8 1

Correlation probabilities (p-value) for avPL mean responses
Phrase Number 1 2 3 4 5 6 7 8

1 0.0004 0.5560 0.7131 0.7825 0.9064 0.9064 0.9064 0.7825
2 0.0004 0.0028 0.0067 0.0067 0.0341 0.3024 0.8397
3 0.0004 0.0238 0.0028 0.0123 0.2357 0.9635
4 0.0004 0.0480 0.1095 0.4976 0.7131
5 0.0004 0.0028 0.1667 1.0000
6 0.0004 0.1389 0.7131
7 0.0004 0.3536
8 0.0004

Spearman’s ranked correlation analysis of responses show correlations between responses for 4 per-

formers and one trend correlation, suggesting a similarity in responses over performance styles for

198



5.4 Multimodal Presentation Conditions
(Visual-Only, Audio-Only, Audiovisual for FL & PL)

Performers 1 & 7 (rs(5) = 0.83, p<0.05), 2 & 5 (rs(5) = 0.74, p<0.05), 4 & 6 (rs(5) = 0.79, p<0.05) and 5

& 7 (rs(5) = 0.81, p<0.05), with a correlation between Performers 2 & 7 approaching trend significance

(rs(5) = 0.69, p=0.069), most likely reflecting the weak correlation between Performers 5 & 2.

Significant correlations are observed within avPL responses for phrase 2 with phrases 3, 4, 5 and 6

(rs(6) = 0.964, p<0.01; rs(6) = 0.929, p<0.01; rs(6) = 0.929, p<0.01; rs(6) = 0.821, p<0.05 for phrases

3, 4, 5 & 6 respectively - see table 5.22). The strength of these correlations for all but the final phrase

pair with the second phrase within responses implies that the judgements of phrasing made for the

second phrase (the first complete phrase judgment for participants within this presentation modality)

forms the basis of judgements made for the subsequent phrases. A weaker but significant correlation

is observed between locations of phrases 4 & 5 within responses (rs(6) = 0.786, p<0.05) signalling the

a relation between perceptions of these phrases and the sectional boundary midway through the piece.

The correlation of responses for the third and fifth phrases (rs(6) = 0.964, p<0.01) also support this

interpretation of sectional segmentation. A correlation is present between phrases 5 & 6 (rs(6) = 0.964,

p<0.01) reflecting recognition of the climax of the A major Prelude. Low correlations are observed

between phrase 6 and phrases 2, 3, and 5(rs(6) = 0.821, p<0.05; rs(6) =0.893, p<0.02; rs(6) = 0.964,

p<0.01, for phrases 2, 3, & 5 respectively) indicating a relationship between responses for the climactic

phrase of the second section with the first phrase judgement, the third phrase (reflecting a repeat of the

question-answer patterning of the piece) and of the first phrase of the second section (representing a

repetition of the musical idea presented in the opening first phrase). No other significant correlations

are observed across responses between phrases of the second section of the Prelude.

A two-way analysis of variance (2-way ANOVA: table 5.23) of differences for response accuracy

(location of response judgements from actual phrase boundaries) yield significant effects of factors Per-

former (F[6,42] = 14.495, p<0.001) and Phrase Number (F[7,42] = 2.243, p<0.05). The weaker but sig-

nificant effect of phrase number (p = 0.049473) indicates that av responses in the PL viewing condition

rely more on performance style than temporal phrase location or hierarchy. Differences occur for phrase

1, where mean results show no definite phrasing judgements but rather that participants begin to respond

as the first phrase reaches the start of the closing motif. This point of variation in slider responses was

extracted by the peakfinder toolkits and determined to be a valid point of reference for judgments of the

first phrase transition within responses. Differences are also evident for phrase 8, where responses for

Performers 1 and 5 indicate an early phrase perception around the midpoint of this final phrase in addi-

tion to accurate recognition indicated at the close of the performance as a whole. Differences in phrase

location occur for stimuli involving Performers 1 and 5. Phrasing judgements for these two performer

stimuli are located slightly after the actual phrase boundaries, whereas judgements are placed prior to
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actual boundaries for all other performers.

Table 5.23: avPL judgement accuracy: 2-way ANOVA, A major Prelude

Source SS d.f MS F p > F

Performer 0.03089 6 0.00515 14.495 <0.001
Phrase Number 0.00558 7 0.0008 2.243 <0.05
Error 0.01492 42 0.0036
Total 0.05139 55

In summary, the significant correlations observed between some performer stimuli imply that these

performers may represent structure similarly through performance motions, or that their phrasing move-

ments are similarly clear for participants to interpret and understand. The correlations observed between

phrasing responses suggest that, for PL audience participants, the pattern established in phrase 2 re-

sponses sets the trend for following responses within the first section and for detection of the Prelude’s

climax in the sixth phrase. It is my suggestion that the increased accuracy within results for the avPL

condition is due to participants focusing all attention on the stimuli during the opening phrase of each

performance, enabling high judgment accuracy for the second phrase which then sets the precedent

for phrasing responses thereafter. The lack of interaction between phrase hierarchy and performance

style in the ANOVA results suggest that this correlation is not due to performers’ individual expression

of structure at particular phrases. Rather, differences lie independently between performance styles,

particularly for interpretation of those of Performers 1 and 5, and within responses for sectional and

climactic phrasing, with main differences between phrases lying in the lack of response for phrase one,

the increased depth and accuracy of response for phrases 4 and 8, and the occasional additional phrasing

judgement at the mid-point and cadencial closing of the final eighth phrase.

5.4.3.3 Audio-Visual Responses: B minor Prelude

As with the vo and ao responses, mean av slider responses made by both FL and PL VC groups are

examined for only the first five phrases of the B minor Prelude presentations. This is to ensure ef-

fective comparison between physically expressed structural interpretation by performers and structural

interpretation and recognition by audience participants.

Figure 5.26 illustrates the mean av responses of all 15 participants averaged across the respective

performance stimuli for the first five phrases of the B minor Prelude for each of the full-light (left) and

point-light (right) viewing conditions (9xFL; 7xPL).Judgement responses for individual performance
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(Visual-Only, Audio-Only, Audiovisual for FL & PL)

Figure 5.26: av Mean Responses for Viewing Condition: B minor Prelude: Overall mean phrasing re-
sponses for the opening two sections (first 5 phrases) of avFL(left-a) and avPL(right -b) performances of the
B minor Prelude. Vertical dashed bars indicate phrase transitions as they occur within the extracted audio
streams for each performance.

stimuli are available in Figures 5.27 and 5.28. From these results it is evident that participants ability

to detect phrasing accurately from audiovisual performance stimuli is maintained for phrases of diverg-

ing complexity and duration. As for the A major responses, av responses for the FL and PL viewing

conditions are located just prior to actual phrase boundaries for the FL responses and just after for PL

responses. Table 5.24 confirms this observation. FL responses are typically located prior to phrase

boundaries with a mean displacement of 0.0325t (s.d.+0.001), while PL responses are typically located

just after the actual phrase boundaries, with a mean displacement of 0.0188t (s.d.+0.012). Variance

within FL responses is negligible. Whilst larger than that of FL responses, variance between mean

phrase locations for PL is still minimal (var = 0.00014t). Responses for both groups are significant for

the probability of achieving the hypothesised mean (zero displacement, z = 0, p<0.001 for both full- and

point-light viewing conditions).

The change in slider use within FL responses for phrases 4 & 5 (fig. 5.26, left) reflects the change in

section within the B minor Prelude performances (section 3.3.2.2, fig. 3.2). The perception of the har-

monic climax within the third phrase is evident within PL responses by the presence of a minima within

slider positioning (fig. 5.26, right). This apparent certainty of judgement, reflected by the magnitude

of slider movement, divides the phrasing responses at the first sectional boundary within the piece. The

fluctuation within mean responses and the increased delay in phrasing judgments for this third phrase

ending may be an effect of harmony, as this is the first of two instances where the phrase does not

close on the tonic of B minor (as it does for the other six phrases of the piece) but rather finishes on

the dominant (major) chord of F] major. It is highly likely that this unexpected harmonic close causes
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5. PERCEPTION ANALYSIS

participants to question whether a phrase is in fact ending. As the subsequent phrase opens, however,

definitive phrase segmentation judgements are made by participants, evident within the local minima

after time 0.3t. The second instance occurs at the close of the fifth phrase with the modulation into

C major. Here again a fluctuation is evident within responses followed by a definite phrasing judge-

ments just after the actual phrase boundary. The indication of two phrasing peaks within the fifth phrase

for both group means reflects the interpretation by most of the performers of this phrase of actually

comprising two smaller sub-phrases. The pause in PL responses evident for the A major stimuli is not

maintained for the B minor Prelude (fig. 5.28), suggesting that something in the performances triggers

immediate response by participants. This may be prompted by the presence of the visual component of

the performances.

Table 5.24: Mean Judgment Accuracy for avFL & avPL Responses: B minor Prelude, phrases 1-5.

Phrase Boundaries (t) avFL avPL

end one 0.2 0.02424 -0.01337
end two 0.3 0.0314 -0.01069
end three 0.4 0.03009 -0.02874
end four 0.5 0.04904 -0.00704
end five 0.6 0.02778 -0.03437

SD 0.009631916 0.011987225
mean 0.03251 -0.018842
var 9.28E-05 0.000143694
ztest 4.44E-14 0.000440183

A two-way ANOVA for av responses comparing the effect of viewing condition (FL vs PL) for B mi-

nor presentations reveals a significant effect the Viewing Condition factor (F[1,7] = 77.96, p<0.001) but

not of Phrase Number. This confirms that while the typical locations of phrase boundaries vary between

the two viewing conditions, with FL responses located prior to phrase boundaries and PL responses

falling just after actual phrase boundaries have occurred, each group is consistent in their location of

phrasing judgments and no significant differences arise in the location of any particular phrase number.

This demonstrates that while performance style and phrase hierarchy had an effect on responses for the

Table 5.25: 2-way ANOVA for av response accuracy comparing Viewing Condition., B minor Prelude.

Source SS d.f MS F p > F
Viewing Condition 0.00989 1 0.00989 77.96 0
Phrase Number 0.00179 7 0.00026 2.01 0.1881
Error 0.00089 7 0.00013
Total 0.01257 15

204



5.4 Multimodal Presentation Conditions
(Visual-Only, Audio-Only, Audiovisual for FL & PL)

A major Prelude stimuli, where the performed piece becomes more complex in rhythmic and harmonic

content, with phrases varying in complexity and duration, participant judgments of phrase segmentation

appear more influenced by the viewing condition of presentations than phrase hierarchy. The increased

accuracy for PL responses, demonstrated by the decreased mean displacement of responses from the

actual boundary (despite now being located after rather than before phrasing transitions), suggests that

participants presented with avPL performances may attend better to the stimuli presented. Alternatively,

it is possible that by removing all extraneous information from performance stimuli (as is contained

within the FL presentations; see section 5.4.3.1 for discussion) the information relating to the expression

of structural phrase segmentation generated by each performer becomes more apparent. This increased

accuracy in the PL responses for audio-visual presentations implies that where visual information is

clearly available, observing participants may integrate audio and visual information differently than

they do when provided with full-light presentations. The following sections detail comparative analyses

of the multimodal judgement responses for the combined viewing conditions to further investigate the

emerging effects of accentuating non-technical body movement through PL viewing conditions with

the relative contributions that audio and visual aspects of performance have to the overall audiovisual

interpretations of solo piano performance for the two divergent pieces.

In summary, av responses for the B minor Prelude show a maintained ability to discern accurate

phrasing structure. Differences arise between the two audience groups implying an impact of viewing

condition on the manner in which audio and visual performance information influences overall judge-

ments of phrasing structure. AvFL responses appear to favour the anticipatory aspects of phrasing

judgements seen within ao responses, incorporating vo information to increase accuracy in the tem-

poral location of perceived phrases. Alternatively, avPL, while also demonstrating a greater accuracy

than is seen in either vo or ao modality, appear to use audible information to increase the accuracy of

judgements relating to performance motion. Viewing condition appears to effect whether an audience

perceives a phrase as occurring before or after the actual phrase boundaries. However, while it must be

noted that the audience members were different for the two groups, the responses are consistent across

audience participants and performance stimuli for phrasing judgements. For both Preludes participants

of both groups are able to identify phrase transitions accurately, although the two groups appear to do

so in differing ways across the two pieces.

The following section (section 5.5) compares the results of the multimodal analyses presented here

with those of the previous two sections (sections 5.2 & 5.3) for the overall empirical design, discussing

the impact of factors across all audience members on the accuracy of perceived phrasing for perfor-

mances by multiple performers of multiple compositions, varying only in the rhythmic identity and
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5. PERCEPTION ANALYSIS

complexity of phrases. Following the comparison of audience responses for individual effects of vary-

ing stimulus presentation modalities, the final section of this chapter addresses the relation between

perceptual interpretation of music phrasing structure as it is expressed by performers by comparing the

factors of viewing condition, mode and performed piece for stimulus presentation across results. The

relationship between performance analyses and perceptual analyses will be discussed fully in Chapter

6.

5.5 Comparative Analyses of Stimulus Presentation

Analyses of the previous sections have examined the effect of presenting observing participants, rep-

resenting typical audience members, with performances varying in viewing condition (full- and point-

light: FL; PL) to investigate whether judgements of phrase structure are drawn from pure biological

performance motion or from contextual cues arising from social and environmental information. Pre-

sentation modality has also been explored, investigating the accuracy of participant judgement responses

for performance presentations containing visual-only, audio-only or audiovisual performance informa-

tion. Additionally, the effects of these variations in viewing condition and presentation modality have

been assessed for compositions that vary in phrase complexity and duration. Within this section the

combined effects of varying these conditions are examined, comparing responses across empirical fac-

tors to assess whether presentation modality has a cumulative effect on the accuracy of participants’

perceived judgements of phrase structure, and how these combined effects alter when varying viewing

condition and musical stimulus.

Responses are evaluated in terms of the overall mixed design described in section 3.4.3.4. The

current section, therefore, presents the results of analysis of 30 audience participants, all with a minimum

music-theoretic knowledge of ABRSM Grade 5 or equivalent, each presented with performances of two

carefully selected Chopin Preludes (Op.28:7 & 6) by multiple performers (9 and 7, dependant on group)

in three presentation modalities; visual-only (vo), audio-only (ao) and audiovisual (av). The only factor

which varies between the two groups is that of viewing condition (VC) from full-light (FL) to point-light

(PL), and the number of individual performers presented1, as discussed in section 3.4.3.3. For brevity,

as results are a comparison of those already discussed throughout the previous sections, a summation of

mixed-group results will be made, with only significant results being presented in detail.

1Changing from nine performance stimuli in the FL VC to seven in the PL VC due to empirical constraints and noise within
the data for one performer.
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5.5 Comparative Analyses of Stimulus Presentation

5.5.1 Multimodal Presentation Comparisons: Overall Mean Results & Obser-
vations

Despite the variation in responses evident between viewing conditions, both groups present similar ac-

curacy and location of perceived phrasing with regard to variations in presentation modality, whereby

both groups appear to locate ao responses earlier within each performance than vo responses, with av

phrasing judgments being temporally located between those of the other two modalities. This presents a

varying effect of judgement accuracy evident with respect to sensory modality, with av responses show-

ing greater accuracy than both vo or ao responses. This would imply that the two sensory components

of the audio-visual performances combine to inform participants interpretations and increase accuracy

when recognising and forming judgments of phrase segmentation.

To confirm this observation, parametric statistical analyses investigating variation and correlation

within results were performed on participant responses for factors of Presentation Mode (vo, ao & av)

and Phrase (1 to 8). As both groups demonstrate a similar variation in judgement accuracy for the three

modalities, responses were averaged over the factor of viewing condition to increase the data set for

these analyses and so increase the statistical power of any findings1. It is expected that the factor of

VC may present as an interaction within analyses of variance, and would be explained by variations in

temporal locations of judgements within interpretations. Following this, three-way analysis of variance

was conducted to consider factors of Mode, Phrase Number and Performer.

Figure 5.29 depicts the overall mean responses by the 30 audience participants for the three pre-

sentation modalities of the A major Prelude, averaged over viewing conditions. Responses have been

time-normalised and averaged across all performance stimuli and participants. Table 5.26 provides the

comparative descriptive statistics for the overall mean results. Coefficients for correlations between re-

sults are detailed in Table 5.27. Table 5.28 shows the results of an 2-way analysis of variance (2-way

ANOVA) for the factors of Presentation Modality and Phrase Number.

On initial observation of plotted data, when comparing the accuracy of the av results to those

recorded in the ao and vo conditions (fig. 5.29), it is evident that where visible motion may be de-

laying participant judgement, and audible-only stimuli appear to cause premature phrase perception,

audio-visual presentations evoke an increased accuracy for judgements of phrasing, with av responses

falling between those of ao and vo perceptions. This echoes findings noted previously in section 5.4

1By combining results from the two viewing conditions it becomes harder to confirm hypotheses as data sets have already
been seen to diverge in the temporal location of phrases with respect to viewing condition. However, as both groups demonstrate
the same incremental effect of presentation modality with regard to judgement accuracy, this analysis was deemed appropriate.
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Figure 5.29: A Major Prelude Overall Means: vo, ao & av presentation modalities: The above graphs
depict the overall mean slider responses for 30 audience participants when presented with the performances
of the A major Prelude for each of the three presentation modalities (vo, ao & av). The image to the right
depicts these means as stacked rather than overlaid to clarify the location of phrase judgements relative to the
actual phrase boundaries a they occur in the audio stream (represented by dashed vertical lines). Troughs in
responses represent perceived phrasing boundaries.

for within-group responses of different levels of VC. When considering individual performance stim-

uli, it would appear that where phrase perception in the visual modality was hampered perception in

the audio-only modality shows increased acuity. The opposite is also true; where vo responses demon-

strate clear phrasing and ao responses appear noisy, av responses demonstrate a consolidation of these

responses to form phrasing responses of greater clarity and accuracy than their ao components whilst

depicting greater detail in performance interpretation than their vo counterparts. Participants appear to

demonstrate greater temporal accuracy in phrase detection in the av condition than in either ao or vo con-

ditions, with perceived phrase transitions being located closer to actual phrase boundaries within overall

mean responses. Where vo responses typically fall after the phrase boundary, following the expression

of non-technical body movements that persist beyond the actual boundary, ao responses typically fall

before the phrase boundaries, showing a level of anticipation most likely relating to the onset of closing

motifs within each phrase. Mean av responses fall typically just prior to the actual phrasing boundary

but later than ao judgments, demonstrating an increased accuracy for stimuli containing both audio and

visual performance information.

Descriptive statistics, presented in Table 5.26, confirm inferences drawn from plotted data. Over-

all mean vo responses are typically located after the phrase boundary (as denoted by -ve displacement

values1) to a mean displacement of 0.033t (s.d.+0.0082), while mean ao responses are typically located

1Judgement displacements are calculated by subtracting perceived phrasing locations from actual phrase boundaries, resulting
in negative displacements for judgments located after the boundary and positive displacements for judgements located prior to the
phrase boundaries.
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Table 5.26: Descriptive statistics for Overall-Mean Judgment Accuracy: All modes, A majorPrelude

Phrase t vo disp. ao disp. av disp. SD mean var p-value

end one 0.2 -0.035 0.03304 0.02284 0.03669 0.00696 0.00135 0.74251
end two 0.3 -0.01473 0.03623 0.01976 0.02601 0.01375 0.00068 0.35966
end three 0.4 -0.03404 0.02905 0.02194 0.03456 0.00565 0.00119 0.77703
end four 0.5 -0.0418 0.01563 0.02896 0.03760 0.00093 0.00141 0.96583
end five 0.6 -0.03617 0.00862 0.0172 0.02866 -0.00345 0.00082 0.83484
end six 0.7 -0.03914 0.03513 0.02827 0.04104 0.00809 0.00168 0.73290
end seven 0.8 -0.03067 0.01473 0.03861 0.03519 0.00756 0.00124 0.70996
end eight 0.9 -0.03185 0.0504 0.01649 0.04134 0.01168 0.00171 0.62454

SD 0.0082 0.01389 0.00738 0.00544 0.00553 0.00037 0.1759
mean -0.03293 0.02785 0.02426 0.03514 0.0064 0.00126 0.71841
var 6.73E-05 0.00019 5.46E-05 2.96E-05 3.06E-05 1.36E-07 0.03094
p-value 0 1.43E-08 0 0 0.00107 0 0

Table 5.27: Pearson’s Correlation coefficients (r) & probabilities (p-values): All Modes, Overall Mean re-
sponses, A major Prelude

Presentation Modality Presentation Modality

vo ao av vo ao av

r vo 1 0.32677 -0.22654 p-value vo 0 0.42953 0.58955
ao 1 -0.4229 ao 0.42953 3.42E-48 0.29654
av 1 av 0.58955 0.29654 3.42E-48

before the phrase boundaries to a mean displacement of 0.028t (s.d.+0.0139). Overall mean av responses

are typically located between those of the other two modalities, at a mean displacement of 0.024t prior

to the phrase boundaries (s.d.+0.0074). Variance within overall-mean ao responses is greater than that

of the vo and av modalities. However, variance for all three modalities is marginal. Responses for all

three modalities are highly significant for the probability of achieving the hypothesised mean of zero

displacement (z=0, p<0.001).

As responses were grouped not ranked, Pearson’s correlation coefficients were calculated for presen-

tation mode on group mean phrase distributions1 (response accuracy = mean distance (t) of perceived

phrase from actual corresponding phrase boundary for vo, ao and av conditions). Results yield no

significant correlations between presentation modalities (Table 5.27). Analyses of variance were con-

ducted to investigate relations between factors within the overall-mean data (2-way ANOVA, Table 5.28.

1As opposed to the ranked Spearman’s correlation coefficient analyses conducted for previous sections.
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Table 5.28: 2-way Analysis of Variance for Overall Mean Responses: A major Prelude.

Source SS d.f MS F p > F

Presentation Mode 0.018605 2 0.0093026 83.366 p<0.00001
Phrase Number 0.00064186 7 9.17E-05 0.82172 0.58532
Error 0.0015622 14 0.00011159
Total 0.020809 23

Two-way analysis of variance (2-way ANOVA; Table 5.28) revealed a significant effect of Presen-

tation Mode on audience phrase judgements (F[2,14] = 12.199, p<0.001) and no significant effects of

Phrase Number. Findings show that variance observed within responses is the result of differing presen-

tation mode, with differences lying between all conditions: ao responses are consistently before actual

phrase endings, implying a level of anticipation and prior musical experience, while vo responses fall

consistently after phrase boundaries, implying phrasing movements persist beyond the actual phrase

ending, whereas av responses fall between those of the ao and vo, indicating an integration of audio and

visual information to increase judgement accuracy.

The statistical relation of means for presentation mode arising from the ANOVA are presented in

Figure 5.30. There are apparent variances between PL and FL responses, with judgements in PL re-

sponses falling closer to the actual phrase boundaries than for FL. Judgements within the vo conditions

are significantly different to those of ao and av stimuli, falling significantly after the phrase bound-

ary. ao and av FL responses are not significantly different, but are distinguishable from ao and av

PL phrasing judgements. To explain interactions in ANOVAs for overall mean responses, a Kruskal

Wallis analysis of variance was performed. There are no significant differences between detection of

phrases 1-8 (H(7) = 2.1463, p = 0.9513)(see fig. 5.31 and 5.30). However, the range of judge-

ments is greater for phrases with higher-order structural importance, indicating that participants vary

in their speed and accuracy of judgements at these locations. This is reflected within examination of

the individual performance stimuli, where the differences in performers gestural expression of salient

phrases evokes judgements either at the closing motifs of phrases, or late, depending on the size and

speed and emphasis of the gesture (for example, the larger, and elongated gestures of some perform-

ers at sectioning and climactic phrase locations). A significant effect was observed for conditions of

presentation modality (H(2) = 26.717, p < 0.001). This was maintained for consideration of all partic-

ipants responses, taken over both preludes, viewing conditions and all modalities and performer stimuli

(H(2) = 31.659, p < 0.001).

To further investigate variance within the main effects, Pearson correlations were conducted for

mean responses for all three presentation modes to examine the probability of relations between phrases.
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Figure 5.30: Population Marginal Means of Presentation Mode: A Major Prelude, vo, ao & av The
above graphs depict the overall mean slider responses for 30 audience participants when presented with the
performances of the A major Prelude for each of the three presentation modalities (vo, ao & av). The image
to the right shows the marginal means for the overall responses for the factors and conditions examined; VC
(FL, PL) responses for each mode (vo, ao, av). The image to the right considers the responses over the factor
conditions between presentation modes.

Analyses demonstrate that significant correlations exist between phrases across presentation modes, in-

dicating that participants’ responses vary relative to particular phrase hierarchies for stimuli presenta-

tion. Significant correlations are observed for phrase 1 with phrases 2, 3, and 4 (r(6) =, p < 0.05,

respectively), revealing a strong significant positive correlation between perception of the close of the

first phrase and the phrase endings for the subsequent three phrases of the first section. Phrases 3 and 4

are also strongly correlated, indicating the detection of the third phrase has a proportional influence on

the perception of the close of the fourth phrase. There are no significant correlations across modalities

for the second section of the A major Prelude. Trend results are observed for phrases 7 and 5, as well

as between phrase 2 and phrases 3, 4, and 6. However, the absence of a main effect of Phrase factor in

overall responses indicates that thee correlations do not significantly impact outside of within-group VC

conditions.

The evidence of correlations between phrasing but not between modality suggests that the significant

main effect of presentation mode may be a result of the relation in responses between these phrases.

Inspection of results does confirm, however, that ao responses appear prior to phrase boundaries, while

vo responses are located after the phrase boundary. In contrast, av responses typically fall closer to the

actual phrase boundary, being located either prior to or on the actual phrase transition. This indicates an

effect of both ao and vo information on the accuracy of av responses.

In summary, when responses are considered for the audience participants as a whole, an additive
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Figure 5.31: Marginal Means for variables of Phrase Number: A major Prelude - Mean judgement
responses of the 30 participants are considered for all 48 presentations of the A major Prelude (9xFL & 7xPL
for each of the three presentation modalities; vo, ao & av). Variance between phrases is marginal and does not
reach significance. However, the difference in judgement accuracy noted in the previous sections for phrases
of higher-order structural salience is apparent.

affect of visual and auditory information is observed, resulting in an increased accuracy of perceived

phrase segmentation boundaries for judgements made from performance presentations containing both

audio and visual information. From this it is possible to conclude that both the visual and audible

aspects of a performance contribute to the increased accuracy of phrase perception of an audiovisual

performance. Therefore, the visual aspect of observing a performer’s non-technical body motion can

be seen to significantly influence the timing and accuracy of perceived phrase transitions. As a result it

may be concluded that the visual aspect of a performance not only contains cues relevant to expressed

phrasing structure, but that these cues are effectively recognised and interpreted by a viewing audience

and are combined with audible cues extracted from the performance and incorporated into responses of

phrasing when presented with an audiovisual performance to increase judgement accuracy.

5.5.2 Multimodal Comparison of factors: Viewing Condition Results & Obser-
vations

As differences were observed for audience responses between viewing conditions within section 5.4,

here analyses take a closer look at the multimodal responses between the two participant groups. Figure
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5.32(top) depicts the mean participant responses for the three presentation modalities for FL(left) and

PL(right) viewing conditions (VC). Figure 5.32(bottom) presents these same mean responses as stacked

for ease of comparison by the eye. Responses for the two viewing conditions are from two separate

groups of 15 participants all with basic music-theoretical knowledge, who all experienced the same

variations in presentation modality while undergoing the separate viewing conditions of either full- or

point-light performance presentations. Table 5.29 details the mean judgement accuracy, described by

the displacement of perceived phrase transitions from the actual performed phrase boundaries (temporal

judgement accuracy = actual auditory phrase boundary minus perceived boundary) of responses by both

VC groups for each of the presentation modalities respectively.

Figure 5.32: VC Group Multimodal Mean Responses for A Major Prelude, vo, ao & av presentation
modalities: Mean perceptual responses for FL (left) and PL (right) phrasing judgments of multimodal perfor-
mance stimuli (vo, blue; ao, green; & av, purple). Figures below depict VC group means as stacked (bottom)
rather than overlaid (top: FL left & PL right) to clarify the location of phrase judgements relative to the actual
phrase boundaries as they occur in the audio stream. Phrase boundaries are represented by vertical dashed
lines. Troughs in responses represent perceived phrasing boundaries.

At first observation it becomes apparent, particularly within Figure 5.32, that PL responses for the

ao and av stimuli show greater clarity of judgment, with peaks and troughs clearly representing the eight
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phrasing segments of the A major Prelude in all modalities. Mean vo responses for the PL group also

appear to demonstrate a clearer, more definitive pattern of phrasing than their FL counterparts, however,

as discussed in sections 5.2 & 5.3, both groups show definitive recognition of the the eight phrases of the

multiple performance stimuli. FL responses for the ao stimuli, however, show a substantial reduction in

the range of the slider used to represent phrasing judgements, suggesting participants were less certain

of their judgements, or that they were following additional details of the melody as well as interpreting

phrasing structure, resulting in smaller but more frequent movements of the slider. When viewed in this

manner, it is possible to clearly see the incorporation of both visual and audio responses into judgements

of audiovisual stimuli, particularly within avFL responses. For both groups it is evident from Figure 5.32

that the patterning of results observed within the overall mean analyses of phrasing judgments for av

stimuli falling between those of ao and vo stimuli occurs for both groups of participants, confirming

inferences drawn from the overall mean analyses regarding the integrative effects of visual and audible

performance cues on audiovisual perceptions of structure.

Mean responses for the vo stimuli are highly similar for both groups, with responses typically located

after the actual phrase boundaries. Visual-only responses are located a mean of 0.0294t after the bound-

ary for FL stimuli (s.d +0.0093t), whilst PL responses are fall after the boundary to a mean of 0.0226t

(s.d +0.0171t). While PL responses demonstrated slightly greater accuracy in judgement locations, vari-

ance within results is marginally wider. Judgement accuracy for ao and av stimuli varies between the

two groups, with temporal accuracy of perceived phrasing appearing greater for FL conditions than for

PL. As discussed in section 5.4.2.2, this variation in responses for the ao stimuli is unexpected as all

participants of both groups underwent presentation of identical stimuli for the ao condition. Mean ao

responses for the FL group are located prior to phrase boundaries, to a mean displacement of 0.0167t

(s.d. +0.0329t) while PL responses are located prior to boundaries at a mean displacement of 0.0464t

(s.d. +0.0396t). Av phrasing responses for both groups are located prior to phrase boundaries, with

FL responses falling at a mean displacement of 0.0244t (s.d +0.0141t) and PL responses a mean of

0.0443t (s.d +0.0376t) before performed phrase boundaries. This reduction in accuracy for mean PL

responses for ao and av stimuli appears to be due to the perception of the seventh phrase ending. As

PL judgements for the seventh phrase ending of voPL stimuli are more accurate than for other phrases

within the vo stimuli, these results would imply that there exists something within the audio information

for this phrase that is causing participants to respond earlier than they do for other phrases. The in-

creased accuracy of the voPL mean responses would further suggest that performers may utilise a more

visible expression of the closing of this phrase, perhaps using performance gestures that persist while

the closing chord of this phrase is emphasised (see Chapter 4). The pause in judgements by PL VC
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Table 5.29: Descriptive statistics for Mean Judgment Accuracy: FL vs PL, Multimodal Presentations, A
majorPrelude.

Phrase Boundaries (t) voFL voPL aoFL aoPL avFL avPL

end one 0.2 -0.03528 -0.01937 0.02018 0.05533 0.00614 0.06108
end two 0.3 -0.01712 -0.01703 0.02756 0.02669 0.01882 0.02273
end three 0.4 -0.03588 -0.02051 0.03685 0.01901 0.016 0.02197
end four 0.5 -0.03844 -0.01966 0.06763 0.01588 0.03549 0.01827
end five 0.6 -0.0323 -0.0146 -0.02411 0.01166 0.04 0.01446
end six 0.7 -0.03809 -0.01462 0.03555 0.05545 0.02828 0.03648
end seven 0.8 -0.01933 -0.01075 -0.02894 0.13273 0.04217 0.12782
end eight 0.9 -0.0186 -0.06419 -0.0013 0.05463 0.0081 0.0512

SD 0.00934309 0.01712267 0.0328584 0.03956781 0.01413195 0.03760278
mean -0.02938 -0.0225913 0.0166775 0.0464225 0.024375 0.04425125

var 8.73E-05 0.00029319 0.00107968 0.00156561 0.00019971 0.00141397
ztest 0 0.00019015 0.15111989 0.00090528 1.07E-06 0.0008731

participants for the opening phrase of the A major performance stimuli also skews overall mean results

for ao and av conditions. aoFL responses fail to reach significance (Table 5.29), suggesting some factor

other than phrase number may be causing variation observed within results. For the majority of other

phrases within the performance stimuli PL judgements appear more accurate than FL for both ao and

av conditions. For FL responses, overall mean av judgements are located further from actual phrase

boundaries than ao responses. A closer look at mean FL responses for individual phrases reveals that

this is an effect of the mean phrasing judgments for the fifth, seventh and eighth phrases, where mean

responses locate these phrase endings as falling after the actual phrase boundaries. For all other phrases

avFL responses are located closer to the actual phrase boundaries than aoFL responses, demonstrating

a greater accuracy in phrasing judgments for stimuli containing both audio and visual information than

simply audio information.

Spearman’s correlation coefficients (rs(4)) were calculated for multimodal responses of each group

and are provided in Table 5.30. Significant correlations were found between avFL and voPL responses

(rs(4)=0.738, p<0.05) and between aoPL and avPL responses (rs(4)=0.929, p<0.001). These findings

suggest that judgement accuracy for the voPL condition resembles that of the avFL condition, support-

ing hypotheses that viewing condition impacts upon judgement accuracy, with information necessary to

generate accurate recognition of phrasing appearing to be communicated through the biological move-

ment information expressed by the performers. The relation between aoPL and avPL responses appears

to be due to the lack of responses for the first phrase of the A major Prelude, followed by a high ac-
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curacy of judgement for the remaining phrases. A negative correlation is also observed as trending

within results between responses for voFL and aoFL responses (rs(4)= -0.67, p=0.083). This trend in

results, while not statistically significant, may point towards a potential relation between auditory-only

and visual-only results. From this it is possible to infer that the accuracy of perceived phrase judgements

(distance from actual phrase boundaries) may be inversely related, meaning that as the distribution in

location of perceived peaks after the actual phrase boundary for the vo condition increases, distribution

from actual phrase boundary for ao stimuli increases inversely, before the phrase boundary. Inspection

of results indicates that this inverse trend correlation refers to the ao responses typically falling prior to

phrase boundaries while vo responses are typically located after the actual phrase boundary has been

performed. Mean results may fail to reach significance due to the variation in phrase location for ao

responses for the higher-order phrases 5, 7 and 8 (see Chapter 3.3.2.1) in results, the judgements for

which are located after the phrase boundary where all other responses appear before the phrases close.

Analyses of variance were conducted to investigate these relations between empirical factors within the

data (table 5.31).

Table 5.30: Spearman’s Correlation coefficients (rs) & probabilities (p-values) between A major Prelude VC
conditions for mean responses

Correlation coefficients (rs)
Presentation Modality voFL voPL aoFL aoPL avFL avPL

R voFL 1 0.11905 -0.66667 0.16667 -0.095238 0.33333
voPL 1 -0.52381 0.28571 0.7381 0.11905
aoFL 1 -0.33333 -0.2619 -0.45238
aoPL 1 -0.071429 0.92857
avFL 1 -0.2381
avPL 1

Correlation probabilities (p-value)
Presentation Modality voFL voPL aoFL aoPL avFL avPL

p-value voFL 4.96E-05 0.79301 0.083085 0.70332 0.84013 0.42788
voPL 4.96E-05 0.19663 0.50079 0.045833 0.79301
aoFL 4.96E-02 0.42788 0.53641 0.26746
aoPL 4.96E-05 0.88199 0.0022321
avFL 4.96E-05 0.58214
avPL 4.96E-05

Three-way analyses of variance reveal significant effects of varying factors of Viewing Condition

(F[1,37] = 5.816, p<0.05) and Presentation Modality (F[2,37]=25.419, p<0.001) but not of phrase num-

ber. No interactions were significant within analyses. These results demonstrates that participants vary

in their responses across the two viewing conditions (FL/PL) and for presentation modality (vo/ao/av).
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Table 5.31: 3-way Analysis of Variance for Overall Mean Responses: Comparing all factors and conditions,
A major Prelude.

Source SS d.f MS F p p > F

Viewing Condition 0.0042428 1 0.00424 5.48 0.0345 p<0.05
Presentation Mode 0.037088 2 0.01854 23.96 3.0199e-05 p<0.001
Phrase Number 0.0065442 7 0.00093 1.21 0.3602 0.36019
VC * Mode 0.0042428 2 0.00053 0.69 0.52 0.52002
VC * Phrase 0.037088 7 0.00143 25.419 0.1552 0.15519
Phrase * Mode 0.0065442 14 0.00036 1.2815 0.9156 0.9156
Error 0.026993 14 0.00077
Total 0.074867 47

For the factor of Presentation Modality, differences within results lie in the temporal location of re-

sponses for each mode, with vo responses typically being located after actual phrase boundaries while

ao and av responses typically fall before the actual boundaries. While there is no significant effect of

phrase number within this analysis, it is evident within results that, with the exception of certain phrases,

av responses appear to hold greater judgment accuracy than ao responses for both VC groups. Differ-

ences within responses for the factor of viewing condition appear to lie within the decreased accuracy

of mean ao and av judgements for the PL responses. On closer inspection this effect is the result of

the pause in general responses by PL participants for the first phrase of A major stimuli and the early

perception of the seventh and penultimate phrase, as mentioned previously. As these effects occur for

both ao and av stimuli but not for vo, I would conclude that either: there exists something within the

audio information for these presentations that causes participants to a) hold off on their responses for

the entire duration of the first phrase, and b) to respond particularly early during the seventh phrase; or

that the task difficulty is increased with the presence of audible information, causing the approach used

to complete the task to maybe be altered by PL VC participants. This runs counter to expected results,

where it was proposed that participants would find auditory (ao & av) tasks easier to judge than vo tasks

(see section 5.4.1). The performance of analyses of Chapter 4 revealed that many performers elongated

this seventh phrase in anticipation of the final eighth phrase of the piece (section 4.2). It is possible that

this elongation of phrasing is expressed through the holding of the final chord by pianists and that this

may be emphasised visibly rather than audibly through performers’ use of exaggerated non-technical

gestures.

Overall, comparison of responses for the two viewing conditions confirms that the visual compo-

nent of performance does influence audiovisual judgements of a piece, with av responses for individual

phrases falling between those of ao and vo judgments. This is particularly evident for the FL condi-

tion where av responses can clearly be seen to be an integration of those judgements produced for the
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vo and ao conditions by audience participants. Differences do arise between the two VC groups, with

responses for ao and av conditions demonstrating a possible difference in approach by participants to

phrase detection between viewing conditions. The delay in responses within the PL group for the open-

ing phrase for the A major stimuli appears to be an effect of increased judgement accuracy and clarity

within the vo condition, potentially causing participants to attend more closely to performance stimuli

within the second experiment, where ao and av performances were presented. There appears to be no

influence of phrase hierarchy on the patterning of audience responses. Instead, the accuracy with which

audience members are able to judge phrasing structure appears to be related to whether or not they are

presented with visual cues relating to the performance, and how closely they attend to the non-technical

performance movements within these visual cues. Reducing the extraneous environmental information

so that audience members can more easily attend to the bio-kinetic motion of the performers’ bodies

appears to increase their ability to accurately follow phrasing structure.

The following section takes these multimodal comparisons further, investigating any differences

within responses that might occur when varying the complexity of the music performed in stimuli pre-

sentations.

5.5.3 Multimodal Comparison of factors: Prelude Comparisons, Results & Ob-
servations

So far the research presented within this chapter has concentrated on participants ‘audience’ responses

when judging phrasing structure of performances of Chopin’s A major Prelude. This piece was selected

for its strict rhythmic identity and unified analytical nature. However, some may argue that participants

may simply be keeping the beat of the Prelude when making their responses and that these findings may

not be consistent across differing compositions with divergent phrasing structure.

I have argued previously that participants are not simply keeping a beat as they are consistently accu-

rate in their responses over performances and phrases that vary in tempo and intensity (section 5.2.3). in

order to generalise the findings reported here to the wider population of highly skilled amateur pianists

it is necessary to investigate how participants’ judgements of phrasing vary when phrase structure alters

in rhythm and complexity throughout a composition.

To examine this and substantiate the results and findings of sections 5.2-5.4 are compared here to

responses made to performances of Chopin’s B minor Prelude. To control for extraneous factors per-

formances are by the same performers, recorded under the consistent conditions and constructed in the

same manner as the performances of the A major Prelude (detailed in Chapter 3, section 3.4.3.3). By
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Table 5.32: Repeated Measures ANOVA for factors of Prelude, Viewing Condition, Mode & Phrase.

Source SS d.f MS F p > F
Prelude 0.00222 1 0.00222 6.13 0.0266
Viewing Condition 0.00091 1 0.00091 2.51 0.1352
Mode 0.02863 2 0.01432 39.61 0
Phrase 0.00724 7 0.00103 2.86 0.0446
Prelude*Viewing Condition 0.01495 1 0.01495 41.35 0
Prelude*Mode 0.01065 2 0.00532 14.73 0.0004
Prelude*Phrase 0.002 7 0.00029 0.79 0.6068
Viewing Condition*Mode 0.00092 2 0.00046 1.28 0.3089
Viewing Condition*Phrase 0.00755 7 0.00108 2.99 0.0387
Mode*Phrase 0.00375 14 0.00027 0.74 0.7088
Prelude*Viewing Condition*Mode 0.00318 2 0.00159 4.4 0.0329
Prelude*Viewing Condition*Phrase 0.00425 7 0.00061 1.68 0.194
Prelude*Mode*Phrase 0.00406 14 0.00029 0.8 0.6563
Viewing Condition*Mode*Phrase 0.01051 14 0.00075 2.08 0.0919
Error 0.00506 14 0.00036
Total 0.10589 95

comparing results of the two Preludes performed by the same subset of highly skilled performers, the

current investigation is statistically reliable and findings remain externally viable for real-world appli-

cation.

5.5.3.1 Multimodal Comparisons for Overall Mixed Design Data

Analyses of the data set as a whole, considering responses over factors and conditions of Prelude,

Viewing Condition, Mode and Phrase, shows only a significant 3-way interaction for effects of Pre-

lude*Viewing Condition*Mode (F[2,95]=4.4, p<0.05)(table 5.32). As a result the significant main ef-

fects within the ANOVA can not be interpreted. To investigate the cause of this interaction and deter-

mine within which main effects the variance lies, data was separated into examination of findings for

the judgements of the individual Preludes.

The following subsections present these analyses, which for the basis for the deeper investigation

into main effects presented throughout the previous sections of this chapter.

5.5.3.2 A Major Prelude: Overall Mean Responses, Summary of results

The following is a summary of findings reported in previous sections for responses to A Major perfor-

mance stimuli. Participants were surprisingly skilled when judging phrasing structure of the A major

Prelude in the VO condition, with eight clear phrases appearing for all performers. Perceived phrases

occurred after the auditory phrasing boundaries and closely follow the performed motion trajectories of
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Table 5.33: 3-way ANOVA for factors of Presentation Mode, Phrase, and Performer.

Source SS d.f MS F p > F
Presentation mode 0.3374 2 0.1687 239.48 p<0.01
Phrase no. 10.6658 7 1.52369 2162.94 p<0.01
Performer 0.0426 8 0.00533 7.56 p<0.01
Mode x phrase 0.0464 14 0.00332 4.71 p<0.05
Mode x performer 0.0760 16 0.00475 6.74 p<0.01
Phrase x performer 0.0279 56 0.0005 0.71 0.9238
Error 0.0789 112 0.0007
Total 11.2751 215

Chapter 4 and Buck et al., (331). Comparison of presentation modes reveals large differences in the

second section of the A major Prelude between AO and VO modes (section 5.5.1). Phrasing judgements

in the AO and AV conditions precede phrase boundaries, most likely with judgements being made as a

cadence is recognised and the final phrase note is played, rather than when the sound diminishes and the

true phrase ending occurs (fig. 5.29: left). Spearman’s rank correlations of perceived phrasing reveal

extremely high correlations between each presentation mode, the largest being between AV and VO

conditions (rs(4) = 0.985, p<0.01). A 3-way ANOVA of Performer, Phrase Number, and Presentation

Condition revealed significant effects of all three factors and interactions between factors Presentation

Mode and Phrase Number, and Presentation Mode and Performer (table 5.33 ). Individual analyses of

presentation modes indicate these differences to lie between the VO condition and the AV and AO con-

ditions. The significant effect of presentation mode (F[2,112]=239.5, p<0.01) and interaction between

mode by phrase (F[14,112]=4.71, p<0.05), and mode by performer (F[16,112]=6.74, p<0.01) corresponds

to the difference in playing style, particularly where performers vary differently in tempo and dynamics

in phrases 6 and 7 (Chapter 4). Chapter 6 discusses how finding s of performance analyses explain

the differences and interactions observed within perceptual results, addressing how performers utilise

different patterns of gesture, tempo and dynamics to express and emphasise phrasing.

When considering the effects of VC on A Major responses, results of section 5.5.2 suggest that par-

ticipants within the PL group generated more accurate vo responses than those within the FL group and

that this increase in accuracy may have resulted from increased attention to visual cues, so influencing

the PL group’s attention to ao and av stimuli. Response accuracy varies at important structural events,

however, with judgement accuracy increasing for different phrases in the Fl and PL conditions. This may

explain interactions observed within the data for overall-mean ANOVAs. Participants’ response accu-

racy appears directly influenced by the higher-order salience of particular phrases (i.e. section endings

and climaxes within the pieces).
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It is evident that audio information impacts quite substantially on av responses for both VC groups,

evidenced by the similarity of participant responses detailed in previous sections (section 5.4.3), partic-

ipant responses of the PL experimental group appear to demonstrate greater accuracy and certainty of

judgement when extracting structural information. This increased clarity or judgement and smoothness

in participant responses is evident across both av and vo modalities (sections 5.3.2 & 5.4.3) and has

been shown to persist for presentations of the B minor Prelude (sections 5.3.3 & 5.4.3.3). Responses

for the two VCs were taken from two separate groups of 15 participants, who, although all experienc-

ing the same variation in presentation modality, do so while undergoing different viewing conditions.

As a result a mixed group 3-way analysis of variance (3-way ANOVA) was performed to examine any

differences in responses between groups for factors of presentation mode, viewing condition and phrase

number. Responses were considered for the stimuli sets as a whole and compared across the two Pre-

ludes as no interactions were found for Performer (performance style) on Phrase Number within any of

the conditions (sections 5.2-5.4).

When analysing phrasing judgments for correlations between VC, however, significant Spearman’s

correlation coefficients (see Table 5.30) are found for voPL responses with avFL responses (rs(4)=0.738,

p<0.05) and for aoPL with avPL responses (rs(4)=0.929, p<0.01). These results suggest that judge-

ment accuracy for the voPL condition resembles that of the avFL condition, supporting hypotheses that

viewing condition impacts upon judgement accuracy (HP3), with information necessary to generate

accurate recognition of phrasing appearing to be communicated through the biological movement infor-

mation expressed by the performers. voPL responses are therefore correlated in accuracy to that of avFL

responses. The relation between aoPL and avPL responses appears to be due to the lack of responses

for the first phrase of the A major Prelude, followed by a high accuracy of judgement for the remain-

ing phrases. A trend correlation is also observed for the relation between aoFL and voFL presentation

modes approaches significance showing a small negative trend correlation of rs(4)= -0.67 (p=0.083).

This trend in results, while not statistically significant, may point towards a potential relation between

auditory-only and visual-only results. From this it is possible to infer that the accuracy of perceived

phrase judgements (distance from actual phrase boundaries) may be inversely related, meaning that as

the distribution in location of perceived peaks after the actual phrase boundary for the vo condition in-

creases, distribution from actual phrase boundary for ao stimuli increases inversely, before the phrase

boundary. Inspection of results indicates that this inverse trend correlation refers to the ao responses typ-

ically falling prior to phrase boundaries while vo responses are typically located after the actual phrase

boundary has been performed. Mean results may fail to reach significance due to the variation in phrase

location for ao responses for phrases 5, 7 and 8 in results, which are located after the phrase boundary
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whereas all other responses appear before the phrases close. Analyses of variance were conducted to

investigate these relations within the data.

No significant differences are observed across presentation modalities between VC group responses

for the A major Prelude. ANOVA of FL vs PL vo, ao and av responses yield no significant effects of VC

over Phrases. Spearman’s correlation coefficients reveal significant positive correlations for conditions

of voPL with avFL (rs(4) = 0.738, p<0.05), and of aoPL with avPL (rs(4) = 0.923, p<0.01), as well as

a trend negative correlation for voFL against aoFL conditions (rs(4) = -0.667 p=0.083(trend)).

5.5.3.3 B Minor Prelude: Overall Mean results and comparisons

Findings from analyses of B Minor Prelude responses support findings for the A Major Prelude, with

participants demonstrating clear phrasing structure for the initial five phrases in all modalities (fig. 5.33.

The timing differences across modalities are generally consistent with those found in the A major Pre-

lude. There are some notable differences, however.

Overall mean responses for the B minor Prelude (table 5.35) for vo trials are located after the ac-

tual phrasing boundary, where ao and av responses fall before phrase transitions. These results support

findings of the A major Prelude, with ao results indicating a level of anticipation in judgement re-

sponses coinciding with the onset of closing motifs, vo demonstrating a lag or delay that corresponds

with prolonged phrasing gestures, and av responses combining auditory and visual information to in-

crease judgement accuracy, av responses falling only slightly before actual phrase boundaries (accuracy

= vo>av>ao). Variance between conditions is significant to p<0.01 for vo trials, and p<0.05 for ao and

av responses. The standard deviation within results is larger for ao responses than for av, which is larger

than for vo responses, indicating greater agreement within results between participants across phrases

within the vo modality, as was seen for the A Major Prelude stimuli. Therefore, it may be inferred that

the presence of visual information within performance trials increases consistency between responses

across participants for overall means, as well as increasing judgement accuracy when presented along-

side audio information.

When responses are considered for effects of VC, a different pattern of results is evident for PL

responses of B minor stimuli. Here judgement accuracy is greatest for ao stimuli, which is greater than

av, which is greater than vo (judgement displacement = ao<av<vo). All PL responses are located after

the actual phrase boundaries for all three modalities. Variance within responses is negligible and the

difference between mean judgement displacements across the presentation modalities is marginal (tables

5.36-5.37). As the mean displacement is similar for responses in both FL and PL VC, the mean location
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Table 5.34: 3-way ANOVA for factors of Presentation Mode, Phrase, and Performer.

Source SS d.f MS F p > F significance
Viewing Condition 0.011613 1 0.011613 34.936 8.30E-07 p<0.001
Mode 0.0021916 2 0.0010958 3.2965 0.048143 p<0.05
Phrase 0.0026986 7 0.00038551 1.1597 0.34894 not sig.
Error 0.0123 37 0.00033242
Total 0.028803 47

of phrasing judgements after the actual boundaries for PL stimuli indicates that the task becomes more

difficult for compositions with more complex phrasing structure.

Across VC and mode, responses fall just before phrase boundaries in the FL VC for phrases 1,

2 & 4, and after the boundary for phrases 3 & 5, showing a clear effect of phrase hierarchy upon

judgement responses (phrase endings 3 & 5 represent section closes, see Chapter 3.3.2.2).These trends

within results are not significant when phrases 1-6 are considered alone, and therefore may require tests

using a larger phrasing sample size1 to confirm observed trends within results. ANOVA results found

significant effects of Viewing Condition and presentation modality, but not of phrase number (table

5.34), supporting observations and descriptive analyses for the A major Prelude.

Figure 5.33: Overall Mean Responses for B minor Prelude, vo, ao & av modalities: Mean perceptual
responses for phrasing judgments of multimodal performance stimuli (vo, blue; ao, green; & av, purple) by all
30 participants, averaged over both VC. Figures below depict overall means as overlaid (whole prelude: left,
phrases 1-5: right) to clarify the location of phrase judgements relative to the actual phrase boundaries as they
occur in the audio stream. Phrase boundaries are represented by vertical dashed lines. Troughs in responses
represent perceived phrasing boundaries.

1for example, considering phrases 1-8, where structural interpretations of performers does not conflict.
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Table 5.35: Descriptive statistics for Overall-Mean Judgment Accuracy: All modes, B minor Prelude

Phrase Boundaries (t) vo ao av SD mean var p-value

end one 0.2 -0.004795 0.00801 0.00543 0.00677 0.00288 4.58E-05 0.46105
end two 0.3 -0.006415 0.01325 0.01036 0.01062 0.00573 0.00011 0.34996

end three 0.4 -0.0137 0.00037 0.00068 0.00821 -0.00422 6.74E-05 0.37339
end four 0.5 -0.007315 0.03181 0.021 0.0202 0.01516 0.00041 0.1936
end five 0.6 -0.012845 0.00345 -0.0033 0.00819 -0.00423 6.70E-05 0.37088

SD 0.003904 0.01339 0.0087 0.00605 0.00803 0.00017 0.11139
mean -0.008056 0.01336 0.00937 0.01145 0.00489 0.00016 0.3445

var 1.52E-05 0.00018 7.58E-05 3.66E-05 6.44E-05 2.85E-08 0.01241
p-value 3.68E-05 0.04605 0.0314 0.00015 0.22320 0.06023 6.18E-10

Table 5.36: Descriptive statistics for Full-Light Mean Judgment Accuracy: All modes, B minor Prelude

Phrase Boundaries (t) voFL aoFL avFL SD mean var p value

end one 0.2 0.02112 0.02871 0.02424 0.00382 0.02469 1.46E-05 0
end two 0.3 -0.00055 0.03765 0.0314 0.02049 0.02283 0.00042 0.05359

end three 0.4 -0.01931 0.03253 0.03009 0.02925 0.01444 0.00086 0.39264
end four 0.5 -0.00754 0.07053 0.04904 0.04033 0.03734 0.00163 0.10874
end five 0.6 -0.00357 0.02401 0.02778 0.01712 0.01607 0.00029 0.10383

SD 0.014743 0.01849 0.00963192 0.01365 0.00908 0.00063 0.15235
mean -0.00197 0.03869 0.03251 0.0222 0.02308 0.00064 0.13176

var 0.00022 0.00034 9.28E-05 0.00019 8.25E-05 3.95E-07 0.02321
ztest 0.76510 2.90E-06 4.44E-14 0.00028 1.33E-08 0.02237 0.05312

Table 5.37: Descriptive statistics for Point-Light Mean Judgment Accuracy: All modes, B minor Prelude

Phrase Boundaries (t) voPL aoPL avPL SD mean var p value

end one 0.2 -0.03071 -0.0127 -0.01337 0.01021 -0.01893 1.04E-04 0.00132
end two 0.3 -0.01228 -0.01116 -0.01069 0.00082 -0.01138 6.67E-07 0

end three 0.4 -0.00809 -0.0318 -0.02874 0.01289 -0.02288 0.00017 0.00212
end four 0.5 -0.00709 -0.00692 -0.00704 8.74E-05 -0.00702 7.63E-09 0
end five 0.6 -0.02212 -0.01711 -0.03437 0.0089 -0.02453 7.88E-05 1.71E-06

SD 0.01012 0.00959 0.01198723 0.0058 0.00752 7.11E-05 0.00099
mean -0.01606 -0.01594 -0.018842 0.0066 -0.01695 7.00E-05 0.00069

var 0.00010 9.19E-05 1.44E-04 3.34E-05 5.66E-05 5.06E-09 9.71E-07
p (>z) 0.00039 2.01E-04 4.40E-04 0.01096 4.70E-07 0.02772 0.11744
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5.6 Summary and Discussion

Analysis of perceptual judgements of phrase structure found that participants were in fact able to identify

phrase transitions accurately through visible performance motion alone (vo modality in FL). This ability

was sustained when presentation stimuli were degraded to show only pure biological motion (vo-PL).

Results confirm that additional higher-order information regarding structural events is extracted from

the visual element of performance. Visual information improves response accuracy in the audiovisual

mode, as compared to visual only and audio only performance stimuli.

Performance analyses of Chapter 4 reveal differences between performance styles that are relative to

a performers individual interpretation of the music. Chapter 5 shows these performance differences are

still conveyed to and understood by an audience, assisting with recognition of phrasing structure. Audio

information within a performance appears to communicate a deeper level of structural information.

This is seen in the similarity between tempo and dynamics analysis with the ao audience phrasing

judgements, where phrase boundaries are perceived to occur slightly before the actual phrase ends.

The visual aspect of performance (vo) provides clear phrasing structure through movements that extend

beyond the actual sound, exaggerating the shape of a phrase and so assisting the audience in their

interpretation and understanding of the musical structure of the piece in hand, perceiveing phrases to

end slightly after their audible phrase ending. When combined, these visual and auditory elements

produce a global effect whereby the audience is able to better understand the musical structure as well

as interpreting the weighted importance of the various structural parts.

For both preludes response accuracy varies at important structural events across both VC and modal-

ity. Judgement accuracy increases for different phrases in the FL versus PL conditions, explaining in-

teractions observed within the data for overall-mean ANOVAs. Participants’ response accuracy appears

influenced by the higher-order salience of particular phrases (i.e. section endings and climaxes within

the pieces, see Table D.8, Appendix D).

The factor of VC appears to influence the approach taken by participants when forming phrasing

judgements. This effect persisted when visual information was no longer present (ao responses, section

5.4, see Table D.8, Appendix D). PL results show a delay in responses during the opening phrase for

both Preludes, indicating that this audience group behaved differently to the FL group in the manor in

which they extracted phrasing information. FL audience participants begin responding to performance

stimuli immediately, following the movement of the pianists and demonstrating phrasing recognition

from the start. PL audience participants appeared to wait until they had deciphered movement patterns

and recognised performance gestures before continuing to respond in real time. As all participants had

225



5. PERCEPTION ANALYSIS

an equal chance of being in either experimental group, this contrast in gesture recognition and extraction

between the two VC groups may be due to the cognitive load placed upon participants during the PL task

versus the real-life visual application of the FL task: The FL stimuli may be more easily recognisable

as containing gestural communication. Or it may be that by stripping performances down to their raw

bio-kinetic information, participants attend more closely to the performers’ actions and once they have

discerned gestural patterns within the movements phrasing gestures become more easily recognisable

when they are repeated. This latter would account for the increased judgement accuracy of PL audience

participants over FL participants after the initial phrase ending.

Despite this difference in initial responding by participants, no significant effect of phrase number

was found within the results. However, these responses varied over performer stimuli, and this delay

in PL responses as opposed to FL responses would explain the interaction observed between Viewing

Condition and Performer. Interactions found relating to mode are explained by the effect of modality

on judgement accuracy; the difference in phrasing judgements occurring slightly before or slightly after

actual phrasing boundaries, and the variation within modalities, observed particularly within B minor

responses, of judgments made at salient higher-order features within the phrasing segmentation (see

Table D.8, Appendix D).

The sub-hypotheses relevant to phrasing perception, laid out in section 5.1.1, were as follows:

HP1 That participants will be able to extract information from visual performance stimuli alone to

form judgements of phrasing structure.

HP2 That this information will be contained within the pure biological motion of the performers’

body movement and not relative to extraneous environmental information, such as facial cues

or positioning relative to the keyboard.

HP3 That information extracted from the visual aspect of performance will inform judgements made

from audiovisual performance stimuli (as compared to audio-only performance stimuli).

HP4 That this ability to perceive phrasing structure from performance motion will be maintained across

compositions containing phrases of varying complexity and rhythm.

HP5 That participants interpretations of phrasing structure will be influenced by individual perfor-

mance style, reflecting changes in individual performer’s body motion.

Throughout the course of this chapter the following findings have emerged:
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i) The ability to perceive phrasing structure without auditory information is generalisable within the

wider audience population from which participants are drawn.

ii) Information necessary for the detection and interpretation of phrasing structure is contained within

the non-sound producing body motions of the pianists’ performance movements.

iii) Increased judgement accuracy in PL conditions confirms that audience participants are able to

recognise patterns of phrasing gestures from performers’ pure bio-kinetic movement alone, and

that although this may initially involve a higher cognitive load on participants, they are able to

accurately and effectively extract phrasing information from PL performance presentations more

so than for FL presentations.

iv) It may be inferred that information relating to structural organisation and phrase hierarchy is con-

tained and interpreted from the pure biological motion of the performers’ non-sound producing

movements.

v) The effect of Performer within the B minor responses, and closer inspection of the averaged re-

sponses for individual performer stimuli, indicates that where performers’ interpretation of struc-

ture varies, performers’ expression of this structure also varies, impacting on the overall responses

of audience members.

vi) Visual information does affect audio-vidual responses of phrasing judgments, with participants

demonstrating an integration of audio and visual information to form judgements of greater accu-

racy for av presentations than for vo and ao presentations alone (section 5.4).

vii) Viewing condition appears to influence whether an audience perceives a phrase as occurring be-

fore or after the actual phrase boundaries

viii) This effect of visual information on audiovisual judgements persists for phrases of increased com-

plexity (B minor Prelude performances) both for varying viewing condition and varying presen-

tation modality.

The findings of this research have, therefore, confirmed HypothesesHP1-HP4 of the perceptual ele-

ment of performance phrasing gestures. Audience participants were not influenced significantly in their

judgements by aspects of individual performance style, with responses showing no effect on judgement

placement or accuracy of individual performance stimuli. It may be concluded that, contrary to HP5

above, while observers do follow performance motion in order to make accurate judgements of phras-

ing, and while these judgements do reflect the interpretations expressed within each individual pianist’s
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body motion, the level of expressivity or individual performance style of the pianist is not an influential

component on the degree of accuracy or the ability of audience members to discern phrasing structure

from performance motion.

These findings are discussed in relation to those of Chapter 4 and with regard to findings existent

within the literature in Chapter 6. Full consideration of the implications of results within the fields of

cognitive and behavioural research, music performance and pedagogy, instrumental and computational

design and development, and human communication more generally, are provided in Chapters 6 and 7.
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CHAPTER 6

DISCUSSION

6.1 Visualising Structure

The central ambition of this doctoral research has been to examine whether or not the production and

perception of performance movements, specifically movements that are not directly related to the pro-

duction of sound, may be related to a communication of the structural features contained within a per-

formed piece of music. The premise here is that such a communication of structure through performance

movement would indicate an embodiment of music structure relating to gestural communication. This

would then provide a future starting point for uncovering a framework of structural communication

within typical Western music performance. To achieve this an empirical approach was designed to sat-

isfy the combined research criteria of the disciplines involved; music performance pedagogy, music

theory, behavioural and cognitive psychophysics, to generate a widely applicable method for the inves-

tigation of human behaviour and perception within a music performance environment. By uncovering

features that are expressed and interpreted during the experience of music performance I hope to inform

current understandings of human cognition and behaviour not only of music performance and perception

but also of human communication and interaction more generally.

The previous two chapters have addressed the production and the perception of music structure,

namely phrase segmentation, through non-technical performance movements to investigate the commu-

nication of structural meaning during solo piano performance. These non-technical movements were

defined as those motions not technically and directly necessary for the production of sound itself (see

sections 1.3.2.4 & 3.2). Phrasing was used as the central structural feature for investigation due to its

ubiquitous use in Western music composition and its definable structural relation to constructive units
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of meaning within human communication (see Chapter 2.2). A phrase is capable of standing alone as

a conceptual unit of meaning within the overall structure of the discourse, be that musical or linguistic

(262, 332)1(98, 161). Higher-order features, such as harmonic and melodic accents or section segmenta-

tions, may be seen to relay higher levels of meaning within the structural hierarchy of the overall piece,

with sections relating loosely to sentences or passages within speech, while accents relate to moments

of meaningful articulation, such as the climax of a piece, a return to the tonic, or a closing of a passage

or musical idea.

The following sections discuss the findings of this thesis in relation to current theories and hypothe-

ses existent within the literature. I briefly recapitulate on the individual findings of the performance

and perceptual analyses of Chapters 4 and 5 (sections 6.2 and 6.3 respectively) before discussing the

combined research implications of these findings in relation to one another as two parts of the same bi-

directional process of gestural communication of music-theoretic and compositional structure (section

6.4). A critical and discursive review of the implications of my findings and their impact upon current

theories and approaches is detailed in section 6.5. This in turn returns the reader to a discussion of

the central issues limiting and dividing cross- and multi-disciplinary music research, such as concepts

of gesture, motion and methodology. Concluding comments with regard to theoretical approaches and

the incorporation and adaptation of existing hypotheses with respect to this research are presented in

Chapter 7.

6.2 Performing Structure

Chapter 4 of this thesis presented detailed analyses of highly skilled amateur pianists’ body movements

in order to isolate repeated patterns of motion, corporeal location of expression and their relation to com-

positional phrasing structure through time. The shape, size and trajectory of movements were examined

in relation to compositional phrasing structure for nine highly skilled solo pianists each performing two

Chopin Preludes (Op.28: 7 & 6 - see Chapter 3.3) as they would in a typical concert scenario. All

performers had more than 10 years live performance experience and were all familiar with the pieces

prior to recording. Performers were given ample practice to become accustomed to the action of the

keyboard provided and were permitted to repeat any performances they felt were not representative of

their usual style and ability. The selected Preludes were chosen for their length, their similar yet di-

vergent phrasing structure and as being representative of the typically expressive Romantic genre and

being part of standard Western piano repertoires (for detailed analyses see Chapter 3.3). As a result

1For revised editions see (333) and (334) respectively.
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these pieces are considered to be naturally expressive in nature as well as being already familiar to the

enlisted pianists. High familiarity with the pieces increases the likelihood of them evoking a typical and

representative performance as the process of encoding and storing the pieces to memory and forming

personal interpretations of their structure and cognitive representations of the performance will already

have been achieved by each of the pianists. The performers represent a subset of the wider population

of highly skilled solo amateur pianists, encompassing a range of expertise and expressive style whilst

all being of a high performance standard and with comparable levels of performance experience.

Analysis of motion trajectories of performers’ head and torso movements revealed that non-technical

performance movements incorporated patterns of motion that were repeated relative to phrase segmen-

tations within performances. Motion trajectories yielded multiple loci and trajectories of embodied

phrasing, confirming that while all performers demonstrated a physical embodiment of phrasing struc-

ture, they all did so in individualised ways, with phrasing patterns appearing along different spatial

dimensions with varying differences in marker-displacement direction and magnitude. Head and Torso

markers were examined to test proposals within the literature that head and body sway may represent

corporeal embodiment and expression of rhythm and structure (1, 3, 127, 155, 193). These findings

indicate that previous theories regarding the role of the head motion relative to timing and beat-keeping

(35, 127), whilst true for one or two of these performers, are not universally consistent across perform-

ers in general. Some performers expressed patterns that may be connected to beats or bars within the

phrases in the vertical bobbing motion of their head, while others did not express this type of motion

at all. Others still used head motion to convey a different aspect of structural significance entirely. All

performers exhibited some form of repeated patterning of motion trajectories that consistently related

to phrasing, but they all did so in differing ways; some along the axis of the keyboard, some towards

or above, but most exhibited varying combinations of movement along the three axes, indicating more

complex motion than simply bobbing or swaying to reflect structural rhythm and form. The motion

of the clavicle relative to the torso implies that respiratory motions may be discounted as explaining

observed patterns of motion, as was previously suggested within the literature (1, 127). This supports

King’s findings (87) that pianists do not appear to use breathing as a universal measure of phrasing.

However, as respiration itself was not measured these are merely suppositional inferences based upon

the comparison and extraction of recorded motion trajectories. Further analysis specifically investigating

respiratory rates and typical respiratory torso expansion for individual performers would be necessary

to confirm these suggestions. While findings indicate that there does exist an embodiment of structural

meaning within the motion of these regions, they do not support the notion that all performers typi-

cally make rhythmic and structurally expressive movements by nodding the head or swaying the body
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towards and away from the keyboard, as was previously suggested. Such movements as head nodding

and body sway toward the keyboard may be seen to be a type of phrasing gesture, but may not been

described as being the way in which all pianists embody structure. Instead, motion trajectories suggest

that individual performers utilise body motion in quite different fashions, expressing phrasing through

more complex movement patterns that exhibit structurally related motion across a combination of body

regions and spatial dimensions simultaneously.

Having shown that head and torso motion are not solely representative of embodied structural ex-

pression, motion across the upper body as a whole was examined. This was achieved by mathematically

reducing the displacement of the 28 body markers, recorded across all three spatial dimensions at 120fps,

through calculations of the non-iterative partial least squares (NIPALS algorithm: (12)) in order to per-

form principal components analyses (PCA:(335)) to highlight any particular markers or body regions

that were leading performance motion. The global patterns of motion seen across all nine performers

in the PCA motion profiles revealed no body regions or individual markers as leading observed move-

ment but clearly indicate that performance movements reflect a global patterning that varies with phrase

segmentation (Chapter 4.4.4: see (40, 68) and (70, pp95-147) for detailed discussions of results). These

findings were shown to be representative of performance patterns more generally, enabling extrapolation

of results to the wider population of highly skilled amateur pianists. The absence of leading markers

appearing within the principal components at hands or wrists confirms that performance motion varies

across the whole upper body for these performances, with regions not responsible for sound production

moving as significantly, if not more so, as those which are. As a result the examinations of regional dis-

placement, such as of the head, torso, shoulders and elbows, may be seen to combine to form the overall,

holistic pattern of motion represented within the PCA motion profiles. In summary, the performers were

seen to move their whole upper-bodies in repeated patterns relating to phrasing structure.

By altering the coordinate system through which motions were examined to consider spherical posi-

tioning rather than Cartesian (calculating motion trajectories using rho (r) theta (θ◦) and phi (φ◦) instead

of x,y,z), distinct patterns of non-technical motions directly relating to phrasing structure and higher-

order events were revealed that had previously been masked within the analyses. Spherical coordinates

clearly show that each performer used their head and upper-body motion to reflect phrasing. Trajec-

tories show that repeating cycles of motion are made by performers for each repeating phrase. Rather

than being defined as bobbing or sway, these patterns are seen to revolve around the performer’s cen-

tral gravitational pole, each tracing, for different performers, either lemniscate (∞), elliptical, S-, Z- ,

C-, L- and a shaped patterns consistently for individual phrases. Performers often appear to alter the
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magnitude and range of these patterns across their different body regions, rotating and enlarging the pat-

tern or, in many cases, generating different patterns entirely in different body regions. While the shape

and direction of rotation and overall form of motions appear highly personalised and individual to each

performer, their relation to phrasing segmentation is reliably consistent. This clear demonstration of

repeated phrasing motion reliably relating to performed phrasing structure confirms hypotheses within

the literature that performers may physically embody and express elements of musical structure and nar-

rative (3, 30, 35, 63, 65, 66, 67, 89, 90, 91, 127, 139, 156, 199). The grouping of body motion to reflect

structure relates to proposals that musicians ‘chunk’ body motion patterns on a temporal level during

performance (195). The temporal durations of phrasing motions fit the middle ‘chunk’ level indicative

of actions lasting between 0.5 - 5 seconds within performance, proposed by Godøy & Jensenius (195)

to represent sonic fragments or units and thus allowing the holistic perception of rhythmic, textural,

harmonic and melodic features as well as expressive aspects of a performance (211)1.

The relation of motion to phrasing directly supports and extends findings of Wanderley, Vines and

colleagues (3, 36, 66, 199), who demonstrated that the performance motion of examined clarinettists

reflected phrasing structure. The findings of the current research support these findings while extending

them specifically to consider non-technical movements that may be considered unrelated to the ma-

nipulation and use of the instrument in question. As the piano is a static instrument, the performance

motions observed here may not be confused with those related to changes of timbre and tone through

the physical movement of the instrument, such as raising or dipping the clarinet bell. Additionally,

as the piano is not a wind instrument, it is not possible that movements of the performers body may

be related to the available lung capacity necessary to generate sound or to reach the end of a phrase

passage. Furthermore, the use here of highly accurate spatial and temporal motion capture recordings,

coupled with the incorporation of motion-capture models based on musulco-skeletal movement of the

human body, substantially increases the accuracy and detail of findings with regard to performance mo-

tion. The repeated analyses of performance motions for a representative subset of highly skilled piano

performers within the current research and the high consistency and significance of results serves to

further quantify previous findings, confirming hypotheses relating to the embodied physical expression

of phrasing movements and demonstrating that performers’ non technical body movements do indeed

hold meaningful information relating to their performance. This, then, may now be related to findings

1‘Sub-chunk level: the level of perceiving continuous sound (pitch, timbre, and intensity) and movement (location,force,
etc.). Chunk level: sound fragments and actions that are perceived holistically and that may allow for the perception of rhythmical,
textural, and melodic patterns, as well as tonal/modal and harmonic features, and importantly, also expressive features. Supra-
chunk level: several chunks are concatenated into larger-scale entities such as whole sections, tunes, movements, and even whole
works.’ Taken from (195, pp46-47).
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of embodied motion studies concerning music-induced movement, suggesting that observers may re-

flect features of the music through their own corporeal responses (29, 30, 31, 32, 202, 336, 337, 338).

This proposed imitative expression of structurally related movement within the literature implies a more

general embodiment of structure than previously assumed that may reflect music comprehension as well

as expressed interpretation. I will return to discussions of reciprocal communication, interpretation and

intentionality later in section 6.4.

An unexpected finding within performance analyses was that performers modulated their phrasing

movements to reflect higher order structural features within the music, such as harmonic and melodic

arrival points (i.e. climactic accents), sectional boundaries and deceptive and final cadences. Many per-

formers were seen to alter the direction and/or size of motion patterns at these junctures, emphasising the

additional importance through a change in body motion whilst maintaining the temporal patterning rel-

ative to phrase segmentation. This aspect of behaviour, evident in all nine of the performers examined,

combined with the varying use of different body regions to simultaneously trace repeated patterns of

varying shapes and magnitudes, accounts for the evidence within PCA motion profiles (40, 68) of global

phrasing motions that yielded no particular bodily locations or regions as being principally responsible

for observed motion patterns. In some cases these motions appear to be contrary to the comfortable and

effective execution of the notes, such as, for example, the phrasing motions of Performer C whose left

diagonally-upward backwards phrasing movements during the A major prelude ran counter to the direc-

tion of the melody and the notes themselves (see Performer C, fig.4.6, section 4.3.1.1). This enforces

the proposition that these are non-technical performance movements, generated by the performer as an

embodied representation of structure, and are not an effect of technically necessary actions.

Performers reflect phrasing in an idiosyncratic and highly personalised manner, utilising different

body regions in diverging ways to elucidate various aspects of the same structural pattern, segmenta-

tion or phrase. For example, the counter movement of Performer B’s head to her body, the pattern

of which is magnified through the chest and torso movement, or the ever increasing size of phrasing

patterns made by Performer A, where the size and direction of head motion accentuates the pattern

traced by the chest and torso for each phrase segmentation (see figures 4.6, section 4.3.1.1). These

findings confirm suggestions within the literature that performers exhibit multiple performance move-

ments simultaneously (37, 38) and that these movements may hold very different causal functions

(37, 39, 64, 90, 127, 149, 155, 157, 339) and expressive meanings (27, 35, 36, 37, 89, 90, 91, 120,

130, 133, 134, 135, 136, 185, 186, 188, 208, 239, 241, 242)1.

1For reviews see (57, 63, 65, 78, 80, 140, 141), as well as Chapter 2 of this thesis and (77)
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Investigation of the instantaneous velocity of these structurally expressive body regions confirms

inferences drawn from spherical trajectory analyses. Performers were seen to increase the velocity (VI )

of their phrasing movements1 at salient structural points within the performance. As indicated within

the patterning of performance movements, the changes in velocity magnitude for different body regions

reflected a layering of structure throughout the body, with different body regions varying their velocity

magnitude at different temporal locations relative to hierarchical levels of the musics’ structure (section

4.5.4). This layering of structure through the use of instantaneous velocity is also expressed differently

by different performers, resulting in a rippling of the shape, size and speed of performance motions

throughout the body. This rippling and layering of structure can be seen to be emphasising individual

and grouped salient structural features simultaneously as they occur in time. The spikes in instantaneous

velocity magnitude relative to structural events are counter to the expected shape of movement based

on the anticipated shape of the ritardando (60, 289, 290, 291, 340). Theoretically a slowing of perfor-

mance motion was expected to reflect the dynamic and tempic slowing and closing of a phrase. When

considering the overall motion patterns and their absolute velocity, such a shaping of structure is often

apparent. However, when examining the instantaneous velocity, which more closely resembles the man-

ner in which an observer perceives motion in real time, quite a different pattern emerged. The evidence

of increased instantaneous velocity of motions in particular body regions at salient structural events

resembles findings within co-speech gestural research, where sudden or grand emblematic gestures or

gesticulations are made by speakers at key points within the narrative discourse (84, 101). In this way

the increased instantaneous velocity of movements, combined with the modulation of size and direction

(and overall shape) of motion trajectories, demonstrate a use of performance motion relative to music

structure that directly relates to those gestures found to be exhibited during vocalised expression (see

Chapter 2, section 2.3, or (13, 82, 84, 142), as well as (125, 158, 341, 342) for taxonomies and reviews).

The gestural patterns generated by pianists in their spherical analyses resemble diectic co-speech ges-

tures identified by McNeill (84), while the VI variations reflect rhythmic gestures and the tightening of

performance motions, whereby performers draw their gestural patterns into themselves prior to salient

structural junctures, can be seen to reflect cohesive gestures found within speech and social interaction.

Performance gestures may also be seen to relate to Kendon’s notion of co-speech gestures (82), where

repetitive and meaningful motions are produced alongside salient events in order to enhance under-

standing. This, however, brings in an assumption of conscious intentionality not confirmed within this

thesis. Here, even performers who declared their performance movements to be inexpressive and tried

1VI defining changes in velocity relative to the previous moment in time as opposed to variations in speed and direction
relative to their position at the start of the performance, or point of origin. For discussion of the use of instantaneous velocity in
contrast to typical investigations of absolute velocity see Chapter 4.5.1
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to remain as still as possible during a performance still showed repeated patterns of performance mo-

tion at structural events which were later used by participants to make informed judgements of phrasing

structure in the absence of sound.

Instantaneous velocity analysis revealed an additional and unexpected right-sided bias for velocity

spikes relating to higher-order structural events. This right-directed emphasis of key structural events

persisted regardless of which hand the main melody of the piece resided in (main melody is in the right

hand for A major and left for B minor Prelude performances). Given the typical and traditional location

of an observing audience during a piano concerto1 this right-directed tendency or inclination for the

emphasis of salient structural features, such as points of climax and deceptive and final cadencial closes,

indicates a learnt, and potentially intentional, expressive and communicative aspect to these performance

movements. As this tendency of expression towards the audience appears for those performers who

verbally expressed an intention not to move excessively during their performance as well as for those

who were intentionally expressive, the level to which these nuances are intentional or habitual cannot

truly be discerned without further research. I will return to discussions of intention later in this chapter

(section 6.5). However, in the meantime I would posit that this audience-directed emphasis of key events

within performances indicates that music performance may be conceived as a reciprocal interaction, as

suggested by Thompson (243), and Wykowska (343) and colleagues, among others. As such performers

may be inclined, consciously or otherwise, to utilise expressive gestural patterns and nuances when

performing that have been learnt, experienced and developed during all forms of human interaction,

such as those of speech, dance and daily social interactions as well as of solo and ensemble performance.

Combined, the findings of Chapter 4 conclusively demonstrate that this subset of piano performers

reliably make repeated patterns of motion that consistently relate to phrasing structure that support and

extend previous findings and hypotheses within the literature. Analyses of variance for the distribution

of these patterns confirm that repeated movements relate to phrasing segmentations for performances

of both selected Preludes, with the shaping of phrasing through performance motion being maintained

even when phrases diverge in rhythmic content, complexity and hierarchical importance. The phrasing

patterns exhibited by the nine highly skilled pianists are reliably representative of the wider population

of amateur highly skilled pianists.

1and the positioning of myself and my colleagues relative to the performers during recordings.
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In summary, findings of the performance analyses have shown:

• That non-technical performance motion reflects embodied phrasing, supporting Vines, Wanderley,

Davidson and colleagues (1, 3, 35, 36, 67, 127, 199).

• Global embodiment of phrasing is evident within PCA motion profiles that is consistently and

reliably related to phrasing, implicating no individual or groups of markers as leading observed

motion patterns. So demonstrating that motion patterns are not the result of the technical execution

of the notated score.

• Motion trajectories show multiple loci of expressed phrasing structure, extending proposals by

Dahl & Friberg (37), with performers utilising the three spatial dimensions differently yet consis-

tently in their individual performances.

• Different performers embody structure in different ways but all express an embodiment of struc-

ture, challenging and extending proposals of the existence of a ‘typical’ phrasing gesture within

the literature (127, 193) and highlighting the individuality of performance movements.

• Spherical motion trajectories show definite patterns of repeated movement and illustrate how these

patterns are altered by individual performers to emphasise structural features. These analyses

provide novel exploration of the shape and progression of non-technical movements during piano

performance.

• Spherical patterns generated are shown to vary across performers and body regions, as well as

across performances, yet are consistent in their representation of structural features. Patterns

observed include lemniscate (∞), S, C, E , L and a shaped movements, of differing angles and

spatial trajectories for different performers.

• Large alterations in spherical patterns occur at structurally salient points, emphasising higher or-

der features such as climax and closing cadence. These findings hold substantial implications

for the discussion and investigation of the influence of interpretation and intentionality on perfor-

mance expression.

• Instantaneous velocity indicates a right-sided directionality of expressed higher order features.

This is evident and maintained regardless of which hand the main melody resides in, echoing

gestural emphases seen within speech research (McNeil (83, 84), Kendon (82, 101), Goldin-

Meadow, (13, 142)).
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• Instantaneous velocity analyses also revealed that performers tended to emphasise different struc-

tural levels using different body regions, generating the effect of a rippling and layering of ve-

locity spikes relating to the various levels of structure simultaneously throughout the body. This,

combined with the previous point, holds significant implications for the communicative value of

performance movements, as well as for the intentionality of expression.

• The locations and manner of structural expression varies across performers demonstrating that all

performers express music structure through performance motion but that the particular form and

magnitude of these movements are idiosyncratic and highly personalised. Therefore they are seen

to vary not only between performers but also between performances of different compositions,

while remaining consistent across phrases within a single performance. This research quantifies

these findings allowing inferences to be extrapolated to the wider population of highly skilled

amateur pianists and performers more generally.

The sub-hypotheses presented relative to performance analysis in Chapter 4 were as follows:

HM1: That performers will be seen to make patterns of movement relating to the phrasing structure

of the pieces performed. Furthermore, it is suggested these movements will be non-technical in

nature.

HM2: That the size of such movements may be strongly influenced by individual performance style.

HM3: That individual regions of the body may be seen to be leading motion, but that these leading

motions and the use of motion to express phrasing will be particular to individual performers.

From the findings listed above, this research has confirmed HypothesesHM1 &HM2. No individual

markers or body regions were found to be leading performance motion, not even when considered

for individual performers. Motion patterns exhibited a rippling and layering of structural expression

throughout and across the upper body, corresponding in time to salient structural events. These patterns

of motion altered not only between performers, but also between performances by the same performers

of divergent compositions, and were sometimes seen to be manipulated and altered for phrases of higher-

order structural significance. Therefore, while Hypothesis HM3 was correct in predicting a level of

idiosyncrasy and individuality in performance movements, evidence of individual body regions leading

performance motion was not found.

The results of this research have demonstrated a universal embodiment of structure in performance

movements that consistently and reliably relates to phrasing structure, demonstrating that the particu-

larities of the location and shape of these movement patterns are not generalisable across performers or
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performances. Findings show there exists no one discernible phrasing pattern in piano performance per

se but rather that performers generate a universal and generalised use of motion patterning to express

and emphasise structural features within the music performance.

6.3 Perceiving Structure:

In Chapter 5 the perception of the movements generated by performers was examined to assess audi-

ence members’ ability to accurately and effectively discern phrasing structure from performance mo-

tion. To ensure that perceptual findings were directly comparable to the analyses of motion production,

full- and point-light performance stimuli were generated from the same recordings of the nine highly

skilled pianists analysed in Chapter 4. The 30 audience participants were recruited from a variety of

settings by email and word of mouth and ranged from former musicians, who had neither played nor

practiced for over ten years, to highly skilled members of the local conservatoire and performance en-

sembles/orchestras from across the city. All participants held a minimum music-theoretical knowledge

of ABRSM Grade 5 to ensure a basic understanding of the term ‘phrase’1. As audience participants en-

compass members from various musical and social backgrounds, participants may be considered to be

representative of the typical audience of individuals aged between 18 to 50 with a basic music-theoretical

understanding of phrasing2.

The findings that participants were able to make accurate judgements of phrasing when viewing

a performance, with no available auditory information and no prior knowledge or experience regard-

ing the number or nature of the piece(s) performed or of the individual performers’ playing styles,

quantitatively support the findings of Davidson (1, 35, 193), Vines (3, 199), Wanderley (36, 67) and

Thompson et al. (243, 243) to show that observers use visible information to make informed judge-

ments of a music performance. Perceptual findings confirm that not only can an observing audience

with a minimum understanding of compositional structure detect phrasing segmentation from perfor-

mance movement alone, they can do so when all extraneous information pertaining to a performer’s

gender, identity, environment, their position relative to the instrument and those areas of the body in

1The criteria for music-theoretic understanding removed the necessity to explain the structural term phrase and so removed
the possibility for researcher bias when explaining the concept.

2In order to make the sample group fully representative, the age range would have to be extended and participants would
need to be considered who have had no formal music training throughout their life. However, to meet the control criteria for this
experiment former musicians may be considered as representative of these individuals. The number of participants involved meets
the criteria for the Central Limit Theorem, whereby the number of individual responses gathered is enough to assume normality
and to generate a typical response representative of the wider population to ±2s.d.
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direct contact with the instrument (hands, fingers and lower body) has been removed. Participants were

consistently able to judge phrasing boundaries as they were performed by the pianists, using information

contained within the performers’ pure biological motion alone (motion that may be arguably considered

to be non-technical in nature as head, shoulder and torso motion are not directly necessary for the

production of sound itself1). This demonstrates that the information sufficient for making structural

judgements of phrasing is contained within these non-technical performance motions. The significant

consistency of judgement accuracy and timing across performers and performances by participants ex-

tends previous research to show that observers can reliably discern music structure through performance

movement regardless of individual playing style, rhythmic complexity and content of phrases analysed,

or in which hand the leading melody resides (right or left, as in A major and B minor performances

respectively). Findings also extend those within point-light perceptual research to show that, in addition

to making judgements regarding gender (e.g. (42, 344)), skill (e.g. (345), see (216) for review), affect

(43) and social intent (e.g. (44, 346)), individuals are also capable of extracting information pertaining

to the structural segmentation of a musical discourse (extending (3)).

Results further demonstrated that the visual information extracted by audience members impacts

upon the overall judgements made during audiovisual presentations in both full- and point-light paradigms

for all performers and pieces observed, overcoming phrase complexity and hierarchical importance of

target stimuli (phrase transitions). The increased temporal accuracy of audiovisual responses compared

to judgements made when presented with audio-only or visual-only performances demonstrates that

audience members are more successful at interpreting the timing of phrase transitions when they can

both see and hear a performance. These findings support proposals that the visual aspect of perfor-

mance contributes to a perceivers’ understanding (3, 156, 193, 243, 347)and appreciation (348, 349) of

the overall music experience. The increased accuracy of audiovisual responses is not only reflected in

the number of correct phrases perceived but also in their temporal location. Results demonstrate that

where perceivers were prone to pre-empt or anticipate phrase endings in the audio-only condition, and

exhibited a perceptual delay in the visual-only condition2, audiovisual responses fell either just prior to

or just after the actual performed phrase boundaries, diminishing the anticipatory effect of audio-only

responses while reconciling the temporal lag observed in visual-only responses. This integrated effect

of audio and visual information has been well documented in psychological research concerning both

speech and music, with findings demonstrating that visual information greatly influences the interpre-

tation of syllable production in vocalised speech (McGurk effect: (255, 350, 351)), speech perception

1See comments on Alexander technique in Chapter 1, section 1.3.2.4
2indicating either that movements may persist beyond the performed phrasing boundaries or that participants may be recog-

nising patterns that signify the opening of a new phrase in order to interpret the ending of the first
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more generally (254, 352, 353, 354), the interpretation of facial (98, 144) and bodily (13, 47) expres-

sions of affect, gender perception (355) and human action (221, 264) and music-action perception (for

example, the musical McGurk effect: (356); perceived music-related actions: (143, 256); music induced

movement: (29, 30, 31, 33, 357)1). In this way, findings of the visual impact upon audiovisual response

accuracy and clarity demonstrated within this research add strength and support to the notion that mu-

sic perception is a multimedia process (57, 243, 348, 358), involving information transmitted through

more than just the audible aspect of a performance. Despite indications of the multimodal experience

of music, investigations into audio-visual integration have tended to focus on vocalised or synthetic

sound combined with facial expressions, co-speech gestures or flash-imagery (143), with very few con-

centrating on more complex non-vocalised perceptual cues such as those of music and object actions

(143, 254, 256, 359). The findings presented here demonstrate that audiovisual integration does occur

for complex music stimuli and that combined visual and aural information significantly increases an

audience’s ability to correctly interpret structural information during a performance.

In summary, findings of the perceptual analyses have shown that:

• An observing audience can effectively detect phrasing structure from performance motion alone,

confirming hypotheses indicated with previous research (supporting and extending (36), and (3)).

• This ability persists even when performances are reduced to pure bio-kinetic, or biological, mo-

tion, extending findings of features that may be extracted from point-light displays as well as

confirming that extracted information resides in those observed movements that are not directly

related to the production of sound.

• Information extracted from visual cues informs audiovisual judgements of phrasing, reconciling

the anticipatory effects apparent within audio-only responses and temporal delays evident within

visual-only responses. These findings concur with those demonstrated by audi-visual integration

studies within perceptual and behavioural research.

• This ability to accurately and effectively discern phrasing structure persists across varying dis-

plays of performance style and phrase hierarchy, as well as across compositions of diverging

rhythmic content and phrase complexity.

The sub-hypotheses presented relative to the perception of structure during performance, in Chapter

5.1.1, were as follows:
1see Chapter 2.7 for literature reviews and discussions.
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HP1: That participants will be able to extract information from visual performance stimuli alone to

form judgements of phrasing structure.

HP2: That this information will be contained within the pure biological motion of the performers’

body movement and not relative to extraneous environmental information, such as facial cues

or positioning relative to the keyboard.

HP3: That information extracted from the visual aspect of performance will inform judgements made

from audiovisual performance stimuli (as compared to audio-only performance stimuli).

HP4: That this ability to perceive phrasing structure from performance motion will be maintained across

compositions containing phrases of varying complexity and rhythm.

HP5: That participants interpretations of phrasing structure will be influenced by individual perfor-

mance style, reflecting changes in individual performer’s body motion.

Findings of the perceptual investigations within this research, listed above, have confirmed the sub-

hypotheses laid out in Chapter 5. With regard to sub-hypothesis HP4, phrasing judgements were in-

fluenced by the complexity and higher-order significance of phrasing structure within the performance

stimuli, with responses for the B minor Prelude performances showing decreased certainty and agree-

ment where section segmentation became ambiguous. Further investigation into the performers’ inter-

pretations of phrasing hierarchy and sectioning is necessary to fully confirm hypotheses HP4 and HP5

in order to explain variation observed within results.

The findings of Chapter 5 extend previous investigations by removing empirical inconsistencies

and statistically and quantifiably confirm audience observers’ ability to recognise phrasing gestures,

showing decreased effects of auditory anticipation whilst also reducing perceptual delays resulting from

following motion patterns directly. Results therefore demonstrate a reconciliation of aural and visual

recognition and of anticipatory and interpretative understanding by the observing audience of the struc-

tural meanings conveyed audio-visually within a performance.

6.4 Communicating Structure: From Performance to Perception

To fully explain perceptual results and the occurrence of what appears to be a greater conviction of

phrasing judgements within responses during av presentations, as indicated by deeper phrase troughs in
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mean perceptual results, audience responses need to be considered in relation to the individualised find-

ings observed within pianists’ performance motion analyses. Beyond its application of a quantifiable

statistical method to multiple performances by a representative subset of highly skilled piano perform-

ers, as well as to judgements made by audience participants whilst meeting the statistical criteria for

assumptions of normality and external validity within psychometric research into human perception

and behaviour1, what makes this research entirely novel is its bi-directional, or two-tiered, approach

to performance motion. This is encapsulated in a consideration of both the production and percep-

tion of non-technical performance motion across pieces diverging comparably in structural content and

complexity.

In their meta-analysis of audiovisual performance research, Platz and Kopiez (57) remarked that the

influence of the visual component within evaluations of music performance remained unquantified. This

echoes the call by many researchers before and since for quantitative analyses of music performance so

as to confirm or refute the many interesting hypotheses and theories emerging through quantitative case

studies and qualitative research. The presentation of multiple music performance stimuli, rigorously

examined, to multiple audience participants under controlled empirical conditions allows a comparison

of performance and perceptual analyses in relation to music structure/syntax within the current research

that has not previously been quantitatively presented. In so doing, this doctoral research generates a

comprehensive quantitative investigation of both the production and the perception of non-technical

performance motion and its structural and communicative relations.

By comparing findings of how performers embody and physically express their structural interpreta-

tions of phrasing with the timing of perceived phrasing boundaries by audience observers, it is possible

to identify a causal relationship within the visual component of audiovisual piano performance. The cor-

relation that emerges between patterns of non-technical performance motion and observers’ judgements

of phrasing structure can be reliably examined to discern whether participants are responding directly to

the non-technical motion patterns or to some other environmental or technical cue, such as key or pedal

depression, finger movement, the position of a performer relative to the instrument or the register, and

so on2.

1Such as the use of repeated measures analysis of multiple stimulus trials presented to 20+ participants, allowing the Central
Limit Theorem to be met and significant results to be interpreted as externally valid, enabling findings to be extrapolated to the
wider population of audience observers with an understanding of the concept of phrasing.

2Facial expressions were not considered within this research but as they are also absent from the point-light presentation
displays it may be inferred that, while they do arguably convey valuable information regarding emotional expression, they are
not a necessary feature of performance movement for the recognition and interpretation of music structure. For examples of
examinations into these expressive cues see (360), (361) and (362), and citejl03 and (363) for reviews.
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When considered alone, the temporal lag observed within audience’s visual-only (vo) responses

raises many plausible explanations. These may be that movement may extend beyond phrase bound-

aries, that participants may be recognising phrase openings rather than phrase endings, or that partici-

pants may simply be responding to the general activity presented on the screen, formulating a potential

beat-keeping response during observed performances or within response heuristics. When audience re-

sponses are compared to the PCA motion profiles of individual performers1, however, or to the specific

temporal locations where performance patterns are repeated within analyses of spherical and cartesian

motion trajectories of individual markers and body regions, a correlation between performance motion

and audience responses becomes immediately apparent. The patterns of visible motion generated by

each performer typically reach completion either at or slightly after the point where the actual phrasing

boundaries occur within the audio stream. This is reflected in the positioning of phrasing judgements by

audience observers. The location of these points, both within performance analyses and across audience

responses, varies slightly between performers but are consistent for each performer across consecutive

phrase boundaries. This consistency is maintained for phrases where the rhythmic content and complex-

ity of phrases is extended or increased (i.e. the first two sections of the B minor Prelude, see Chapter

4.4).

For the A major Prelude each of the eight phrases close on chords that are held for a two-beat

minim, while each subsequent new phrase opens with a one-beat crotchet rest in the left hand (bass

cleft). From the performance analysis it is apparent that this held note is used as an opportunity to

exaggerate phrasing motions by most performers, resulting in many pianists extending phrases and con-

tinuing their particular pattern of motion beyond the audible end of the closing notes of a given phrase

(see figure 4.2 and section 4.2, Chapter 4). This use of body motion appears unrelated to the direct

production of sound as the sound itself has already been generated and modulated prior to the closing

of the passage. Instead, it may be seen to be a result of the opportunities offered to the performer by the

notated score and the lack of technical motion necessary at these junctures. This may also account for

the spikes within instantaneous velocity observed within analyses (section 4.5.2.1), with velocity magni-

tude of motions increasing as individual performers accentuate structural accents and harmonic/melodic

relations. It is arguable that certain actions involving the raising of the wrists and lower-arms may be

necessary for the cessation of performed notes. However, returning to the performance analysis, it is

apparent that the patterns of motion exaggerating phrasing are expressed globally throughout the body.

The shape and location of these movements are dependent on the performer’s particular playing style,

1see collaborative publications emergent from this doctoral research (40, 68).
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level of intended expressivity and, in the case of particular manipulations of spherical motion and in-

stantaneous velocity, on the hierarchical importance of a given phrase. Supporting this, PCA loadings

reveal that areas more directly related to sound production are not responsible for leading observed

motion patterns. Rather, loadings demonstrate that variation occurs more globally within body motion.

This is represented through the patterning of music structure apparent in the spherical and Cartesian

motion trajectories of performers. Therefore, this global patterning of phrase structure throughout the

upper body and head best explains the phrasing patterns observed both within the performance motion

analyses and the perceived phrasing judgements1.

The phrasing content of the B minor Prelude does not contain these same pauses in note execution,

with notated phrases rarely opening or closing on held notes or rests. Despite this, performers can be

seen to exhibit this same persistence of motion up to or slightly beyond the actual phrase boundary

within individual motion profiles and motion trajectories, varying the tempo and duration of phrases to

meet their expressive needs. These findings within performance analyses then account for the degree

of variance observed between audio-only and visual-only audience responses. On comparison of per-

formance and perception findings, it is now apparent that audience participants are indeed following

performers’ patterns of phrasing motion when making judgements of phrase structure, particularly in

the absence of auditory cues. Accounting for perceptual and motor delays, the temporal lag in phrasing

judgements appear to match the length of repeated motion patterns displayed by performers. Instanta-

neous velocity analyses ensure that participants were not simply responding to the general activity on

the screen but rather were responding to the actual shapes of the performance motions generated by

performers relative to their expressions of phrasing structure. Furthermore, observers appear sensitive

to spikes in velocity magnitude where gestures become more emphasised by performers. This is partic-

ularly evident where performers direct gestures altering in size and speed towards their audience. For

example, audience responses are clearer and show greater accuracy and agreement of judgements for

section ending and climactic arrival points of Performer C, emphasised by a right sided bias for increases

of VI magnitude (Chapter 4.5.4). When combined with the layering of structural events across body re-

gions within spherical and instantaneous velocity analyses, along with the absence of patterns of global

velocity within performance movements, the right-directed emphasis of higher-order features within in-

stant velocity magnitudes implies that observers are perceiving phrasing motions as being meaningfully

representative of performers’ structural interpretation. As a result audience members are consistently

and reliably forming judgements of phrasing based upon the repeated patterning of these movements.

1For full details of PCA loadings see (70, pp95-147)
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It may, therefore, be concluded that not only are performers’ movements related to phrasing segmenta-

tions, but also that an observing audience is capable of extracting this embodied information to directly

inform judgements of phrasing structure (confirming H1 and H2 outlined in Chapter 1, section 1.5.2).

The repeated motion patterns both contain and convey structural information which is effectively and

accurately extracted by observers, with the timing of responses matching the length of the motions

themselves relative to emphasised phrasing. Therefore, performance phrasing motions can be seen to

accurately and effectively communicate structural meaning relating to phrasing (confirming H3, Chapter

1, section 1.5.2).

In this way these repeated patterns of movement may be interpreted as constituting ‘phrasing ges-

tures’; for each individual performer, regardless of playing style or intended levels of expression, move-

ments relative to phrasing segmentation are repeatedly generated that effectively communicate this

structural expression and inform the structural judgements made by their observing audience. These

gestures are highly personalised and idiosyncratic in nature, following different spatial trajectories for

different performers. whilst they are not universal in size, location or form, they are temporally univer-

sal in their production relative to performed structure and are consistently and accurately interpreted as

relating to phrasing structure. These phrasing gestures share other common features across performers

and performances, such as the manners in which performers vary and modulate their gestures to em-

phasise other key structural features beyond phrase segmentation. Another example of commonalities

between performers’ gestures is their globalised distribution throughout the body, with similar patterns

of phrasing gestures being traced by various body regions in diverging ways by individual performers

to reflect the differing levels of structure within their performance.

As patterns of phrasing motions were not analysed where individual performers’ interpretations of

phrase structure differed (i.e. for phrases 6-8 of performances of the B minor Prelude) it is not possible

at this juncture to infer how much of a performer’s embodied expression of structure is influenced by

their own structural interpretations. However, as perceptual judgements appeared to follow composi-

tional structure but diverged slightly around points of theoretic controversy, I would posit that perform-

ers physically exhibit their individual interpretations of phrasing structure through their body motions,

altering patterns of repeated motion to reflect their individual perception of how the phrasing alters

and extends, both rhythmically and hierarchically. When examined for individual performers, such an

expression of personal interpretation would then appear reflected within the audiences’ responses. How-

ever, when comparing responses across performers it would be expected that this effect of interpretation

and expression would lead to a weakening of temporal accuracy and judgement confidence around con-
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troversial phrasing boundaries. A consideration of the impact of intention and structural interpretation

is available in Buck et al. (77) as an extension of the current research.

Overall, these findings are consistent with those indicated by research within the literature (1, 3,

35, 36, 67, 127, 193) demonstrating conclusively that performance gestures generated relative to music

structure are actively and accurately interpreted by a perceiving audience. Observers are able to make

informed judgements of phrasing segmentation based upon the visual aspect of performance alone. This

extraction and incorporation of visually transmitted information to increase the accuracy and clarity of

audiovisual judgements, compared to judgements based on audible information alone (confirming H4,

Chapter 1.5.2), enforces assertions that audiovisual integration is important within music perception

(3, 243, 347) and that the visual component contributes significantly to the overall appreciation of music

performance (39, 348, 349). As such, the current findings support and strengthen the notion that the

‘visual component is not a marginal phenomenon in music, but an important factor in the communication

of meaning’ (57, p75).

Audio-visual integration within perceptual studies has shown that humans form internal models

of conceptualised action which may be used to inform perceptual judgements made in the absence of

sensory information when integrating multisensory signals, such as in the absence of audible cues or

where information is occluded from vision (227, 256, 274). In studies of asynchrony, the findings by

Vatakis and Spence (254) showed perceivers were less sensitive to asynchrony in speech than object

actions, but were less sensitive to music asynchrony than to both speech and object actions. The authors

attributed differences in results to participants’ familiarity with stimuli, suggesting participants were less

familiar with music-action events than with speech events. However, the finding that familiarity had a

significant effect on perceptions of synchrony for music and object actions but not for speech suggests

some additional factor may be influencing results. I would propose that the decreased sensitivity to

music stimuli implies participants were more tolerant of, and so more familiar with, musical stimuli with

perceived events resulting in wider temporal windows of integrative perception. Humans are capable of

forming extended conceptual relations between information presented through multiple modal mediums

(i.e. sound and vision) that demonstrate events are perceived as relating to one another or to the same

meaningful source (102, 143, 355). Therefore, higher tolerance for asynchrony between sensory modes

may indicate a greater ability of relating the two sensory streams as being generated by, or referring

to, the same category or source. Based on the current findings, it may have been the case that the

music and speech stimuli used in such studies of asynchrony may not have been sufficiently comparable

for perceptual analyses. It is possible that the stimuli may have been conveying different referential

information, highlighting the importance of incorporating considerations of experimental criteria from
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all relevant disciplines, including music-theory and psychophysics, when designing empirical research.

In relation to the current research, the findings here that participants were highly receptive to structural

gestures, whilst displaying rapid adaptive abilities to accommodate different playing styles and types

of phrasing gestures, implies that individuals may be less unfamiliar with the types of non-technical

music-related gestures compared to co-speech actions than previous studies might suggest (see (143)

for discussion). While this research does not clarify whether the audible aspect of performance is more

perceptually salient than its visual counterpart , the findings presented here do confirm the integrative

benefits of perceptually combining both visual and audible aspects of music performance for accurate

assessments of structural segmentation and hierarchy.

Consideration of the structural relationship between music performance and linguistic syntax is

achieved within this research by removing the complications of the auditory realm. In doing so the

audible emotional tension of a performance was removed, allowing performance motion to be inter-

preted in it’s own structural and environmental context1. As a result, it becomes possible to consider the

progression and hierarchy of a discourse, be it of music performance or of speech, in terms of the struc-

tural segmentations attained using recursive and context dependent syntactical rules. These rules are

learnt through repetition and experience with the aim of forming a cohesive and successfully coherent

cognisant whole that may be expressed and understood by communicating individuals. This reciprocal

act of expression and interpretation, or interpretation and expression, constitutes a communication from

agent(s) to receiver(s) explaining the intended segmentation or grammatical organisation of the syntac-

tic/structural meaning within the intended expression. Such a consideration moves the debate towards

the notion of a simplistic, experienced and context specific idea of meaningful communication for the

gestural communication of structure in both music and speech, similar to that suggested by Brighton

(364) and Kirby (365) within aural communication.

The findings of this thesis, demonstrating the embodiment and communication of structure during

piano performance of Chopin’s A major and B minor Preludes, suggest that observers utilise rapid

and effective heuristics for recognising structural meaning contained within non-technical performance

movements. These heuristics appear capable of being quickly adapted to accommodate differing styles

of performance and bodily expression. Such judgment heuristics also appear capable of being used

for interpreting heavily depleted stimulus cues (such as point-light presentations, or potentially when

viewing performances in low lighting or from significant distances), and in fact appear to work more

1This is not to say that performance motion is not emotive in it’s expression. Rather that by reducing the parameters of
performance settings, the emotive aspect of the performance was reduced.
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effectively when less extraneous environmental information is available. It is plausible that the reduc-

tion of environmental cues causes the perceiver to attend more closely to the performance movements

themselves, promoting a more accurate interpretation and response.

The combined findings of this research demonstrate that:

• Highly skilled amateur pianists generate phrasing gestures that are distinctly personalised and

idiosyncratic in size, shape and corporal location, yet are temporally universal in their relation

to salient structural events as they occur within the performance. These gestures are generated

consistently across phrases but may alter at structural arrival points and between performances of

different compositions.

• Observers with a minimum musical knowledge of theoretical structure and segmentation have

well-practiced cognitive systems in place for rapidly and effectively extracting structural meaning

from these body movements during music performance.

• This ability becomes accentuated when it is attended to or focused on by an observing audience

(i.e. when all extraneous visual and auditory information is removed, Chapter 5.3 voPL displays),

and is seen to inform audio-visual interpretations of a performance.

• These processes of recognition are highly sensitive to the additional expressive nuances of indi-

vidual performers when highlighting key salient structural features.

The original hypotheses laid out in Chapter 1.5 were as follows:

H1: That performers generate repeated non-technical performance movements relating to phrasing

structure.

H2: That these performance movements may be recognised and understood by an observing audience

in the absence of sound to inform judgements of phrase segmentation.

H3: That through the relationship between the production and perception of performance movements,

a communication of compositional structure may be seen, rendering such performance move-

ments as meaningful gestures.

H4: That the visual element of performance may inform structural judgements made by a perceiving

audience of an audiovisual performance, and
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Findings have not only confirmed the original hypotheses but have gone further to demonstrate a

connection between the generation of structural performance gestures and the perception of compo-

sitional structure. The additive effect of visual and auditory responses, evident regardless of viewing

condition or composition, demonstrate that observers do gain additional information from the visible

aspect of a performance that both clarifies and enhances judgements made from the aural or visual

elements of performance. As a result, audiovisual judgements demonstrate greater timing accuracy,

with phrasing judgements located closer to actual performed segmentation boundaries than for audio or

visual modalities alone.

Patterns revealed within the spherical motion are reminiscent of co-speech iconic or deictic emblems

and gesticulations (84). Performers’ individualised body motions generate a pattern that is repeatable

and recognised, which may be reversed, enlarged, restricted or altered to draw attention to key features

within that pattern. Variations in patterns occurring at key structural events imply a level of conscious

intentionality within performance motions. Alternatively, it may be argued that performance gestures

are the result and representation of unconscious learnt patterns of expressive behaviour. For either

explanation, this finding holds implications that extend beyond the original hypotheses of this thesis.

Gesture recognition among audience observers occurs regardless of individualised style, implying a

high level of familiarity among audience members with patterns of embodied structural meaning. The

ability to rapidly alter recognition heuristics to fit very different performance styles and accurately in-

terpret structural gestures suggests this may be a well practised feature of gesture recognition. When

combined with the findings of cognitive neuroimaging studies regarding auditory and visual emotion

recognition (Chapter 2.7), this hypothesis contains strong implications for considerations of the cogni-

tive processing of structure and gesture within human communication.

6.5 Implications of Results Relative to Existing Theories & Future
Research:

It is often the case with scientific research that more questions than answers are produced. This research

is no exception. This investigation has addressed questions regarding the role of the body during piano

performance, the relative contribution of visible movement to the overall audio-visual performance, and

the role, use and importance of performance gestures for expressing, emphasising and communicating

structural relations. However, questions have arisen concerning: the shape and form of performance

motions and what these patterns represent for performers both individually and as a population as a
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whole, beyond representing phrasing respectively for performer(s), ensembles and audience observers;

the culturally learnt and socially developed versus innate aspects of motion production, recognition and

comprehension; the intentionality of performance gestures and the level to which they represent internal

structural (or meaningful) interpretations; where exactly observers focus their attention when watching

a performance and whether this varies from performer to performer; how structural gestures and per-

formance motion within music performance are related to internal and social concepts of structure and

gesture more generally; and questions concerning the style and type of cognitive heuristics employed

by observers that enable rapid and accurate recognition and interpretation of highly individualised per-

formance motions to produce the effect of a universal and consistent interpretation of performance

movements.

Regardless of the intended performance style (highly expressive, restricted, or somewhere in be-

tween), all performers within this research generated non-technical movements in repeated ‘chunks’ or

patterns that reflected the music’s compositional structure. This finding holds implications regarding the

conscious aspect of performance gesture production as well as for the role of intentional expressivity

within performance movements. This in turn impacts upon music performance pedagogy, particularly

for musicians of a high performance standard. Knowing that your body movements actively influence

your audience’s structural perception of a performance could provide musicians and instructors with

the opportunity to choose whether or not to consciously incorporate such actions and emphases into

their individual performances. The result of such a choice may not only influence the playing style of

a musician or ensemble, but could also affect the organisation and positioning of certain instruments

relative to an audience to either enhance or reduce this perceptual effect. Such knowledge of the effect

of performance movements might even influence where in an auditorium individual audience members

choose to sit, depending on their desired experience of the performance itself and the positioning of

particular musicians (i.e. to gain better visual contact with certain sections of an orchestra or to better

see the performance motions of a solo artist, or to feel and hear but not to see the performance, etc.).

This, in turn holds implications for cognition and perception of audiovisual gestural communication.

Audience responses have been shown here to reflect accurate interpretations of phrasing structure

derived from pianists’ body motion, regardless of individual performance style and persisting in the ab-

sence of any environmental cues or auditory information. This raises questions as to the causal function

of both the production and the perception of performance gestures within a performance. Such questions

add to the ongoing debate as to whether performance motions are the result of personal practice and hold

essential memory cues for the performer alone (29, 38, 64, 141, 195), whether they are culturally in-

fluenced interpretations of the performed music (144, 156), if they represent a performer’s expressions
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of tension (3, 366), expressivity (35, 88, 90, 127, 188, 212), intentionality (1, 67, 100, 212, 363), struc-

ture (3, 36, 40, 77, 127), and affect (1, 37, 89, 90, 127, 128, 131, 132, 133, 134, 135, 136), whether

they are evoked themselves as physical responses in relation to the music (32, 367) or whether perfor-

mance movements hold something more holistic, encompassing a variety of these functions and more

(37, 57, 65, 78, 80, 88, 139, 339), so acting as a fundamental part of human social interaction and com-

munication (228, 342). While the current finding do not clarify this debate, they do help to extend these

discussions, lending great weight to the notion that non-technical movements arising within music per-

formance hold both performance enhancing and communicative functions regarding structural relations

that may be universally patterned and recognised over time, at least within the bounds of Western piano

performance. The fact that similar movements were found to persist in related studies of expressivity

even when performers were asked to remove all expressive intention (3, 29, 35, 36, 39, 67, 127, 212, 243)

supports the proposal here that these same movements are also related to structure, rather than being sim-

ply related to mood or tone. Therefore it is the magnitude and corporeal location of such movements

that is influenced by an individual performer’s intended size, shape and type of expression.

One question whose resolution appears clearer is that of what may be termed a ‘gesture’ within hu-

man behaviour and studies of social interaction and performance. With regard to performance motion,

the ubiquitous and consistent perception of structure from performance motion, even for those perform-

ers who verbally expressed an intention to restrict unnecessary action and ‘let the music sing for itself’,

raises questions as to the intentionality of performance gestures, returning us to the debate as to what

may in fact be considered as ‘gesture’, discussed in Chapters 1, 2 and 4 of this thesis. Hatten’s assertion

that a gesture must be only an action that is intended to carry meaning (86, 150) is challenged here

by the finding that all performers examined within this research generated repeated patterns of non-

technical performance movements that were reliably measured and perceived as relating to phrasing.

This was evident whether they stated a personal intention to be physically expressive or to be restrictive

in their movements. For those performers representative of the Alexander school of performance style,

body motion was highly restricted and contained compared to other performers. Despite this, however,

phrasing gestures such as repeated patterns of motion, bobbing, head shaking, and leaning down toward

or up and away from the keyboard were observed. For restrictive players, these emphatic movements

became perhaps more apparent during performances given the lack of additional movement generated

in the durations between structurally salient events. In all instances, for all examined performers, phras-

ing gestures clearly communicated phrasing information enabling participants to make informed and

accurate judgements of phrase structure even in the absence of auditory or environmental cues.
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Therefore, this research demonstrates that meaningful, communicative and repeated patterns of mo-

tion are generated pertaining to the structural content of a performed piece of music. These movements

are meaningful to audience observers, even when their generation is unintentional and, as such, may be

deemed to be gestures, if a gesture is considered to be an action that ‘renders meaning visible’ (101).

As a result, it seems reasonable that future discussions of gesture taxonomies follow the combined find-

ings and theories of King (87) and De Gelder (13), among others, to consider a gesture as referring

to a visible bodily motion or action that carries discernible meaning, regardless of whether the motion

was intentionally or consciously generated as such. In this sense, with regard to the findings presented

within this thesis, a gesture within music performance may be seen to be an action that may be repeat-

edly expressed and is interpreted as having a particular meaningful relation to events existent within the

performance, persisting in the absence of corresponding audible information. These movements have

been seen to be highly personalised and idiosyncratic in form but not in their temporal relation to struc-

tural features. The interpretation of these events appears time and context dependent as performance

gestures do not hold any apparent universal form, size or spatial trajectory.

The findings presented within this thesis demonstrate that a gesture need not necessarily be con-

sciously intentional in order to be meaningful and to successfully convey structural information. I sug-

gest that while movements may originate as a form of memory chunking (195, 227, 274) or as a result

of performance practice methods (64, 195), they may also transcend their original purpose to embody

and convey structural/syntactic meaning to surrounding observers to enhance their understanding of the

overall audio-visual performance experience. I would go further to posit that the same performance

gestures may alter in their generative purpose and function with experience and expertise. Movements

which may at first be generated to help a performer overcome technically difficult passages or to help

commit long sections to memory when learning a piece, may be later seen to serve to embody and com-

municate structural, narrative and affective features to the surrounding audience and co-performers. This

change in the use of gesture has been confirmed anecdotally with respect to performance tuition through

personal communication, where instructors have commented on the change in their pupils’ use of bod-

ily motion as they progressed and developed. Following discussions within behavioural and cognitive

neuropsychology, demonstrating a basis of social and lexical understanding within action perception

(7, 249, 254, 273, 274, 368, 369), it is plausible that as performance experience and expertise increase,

body movements may become less centred on the technique and execution of the notes and become

more reflective of the expressive nature of the performer’s personal conceptualisations and interpreta-

tions, and on their individualised playing style and awareness of their audience and the communicative

aspect of performance.
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This notion of action-oriented and experience-based performance motion or gesture is discussed in

more general terms within the literature but does not consider the possibility of the changing nature of

gesture from technical to expressive. Leman (140, p134) proposes that a gesture is a ‘hierarchically

structured action pattern to which we can have mental access’, echoing findings that having existing

motor-memory action production allows for more detailed cognitive access and understanding when

perceiving a gesture or action (7, 272, 368). Therefore, if an individual had never made a particular

action (for example they had never played a piano) they would not be capable of mentally recreating

or comprehending the motion to the same degree as those who have experience of making the same

action. As much as I adhere to the notion of developing mental representations of bodily schema (370),

as opposed to representations of body image, (371, 372)(in (140, pp134-150)), the results of this thesis

indicate that structural recognition from body motion may be less instrument-specific and more socially

and culturally communicative than body-schema theory suggests. In this way, individuals may be able

to use personal representations of ‘self’ actions as a basis to interpret and infer function and effect from

another’s actions.

The 30 audience participants involved in the current doctoral research spanned an assortment of

musical experience and expertise ranging from ‘former musicians’, who met the minimum criteria for

musical knowledge1 but had not practised or performed for over 10 years, to musicians of various types

including choral, string, brass, wind and percussionists of varying skill levels, collectively practised

in a range of genres. Their combined, significantly consistent, ability to recognise phrasing structure

from pianists’ performance gestures, which varied widely in style, magnitude and form, even though

the majority of observers were not pianists themselves, indicates that the gesticulations exhibited by

all nine pianists reflected patterns that elicited cognitive recognition in observers’ body image rather

than body schema. That is to say that they were capable of inferring and extracting meaning from

the performers’ movements, possibly through experiential observation or social learning, without ever

having made those particular motions within that particular context themselves. A pilot study for future

research is currently underway to investigate the effect of instrumental experience and musical expertise

of audience members on responses, with preliminary results supporting this premise (308)2.

Some of the performers examined here exhibit similar performance motion shapes to those described

by Leman and colleagues when talking of the bodily motions of a guquin player (30). However, the per-

formance analyses of Chapter 4 and collaborative investigations of performance motion (40) clearly

demonstrate that structurally expressive performance gestures are not uniformly catagorisable, as the

1ABRSM Grade 5 or equivalent.
2Preliminary analyses show responses of non-keyboard musicians appear more accurate with regard to judgement timing

accuracy than for pianist-observers, suggesting a higher cognitive demand occurs for pianists than for non pianists during the task.
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literature suggests (127, 140). The motions of the guquin player in Leman et al.’s study do appear to

elicit similar recognition responses in observers, evident within the music-induced body movement of

the 30 observing listeners of the authors’ study (30). However, I would posit that if the movements of

multiple guquin players were examined then similarly meaningful patterns to those found here would

emerge, with each performer’s motion trajectories following different shapes and sizes of repeated ges-

tural patterns. A future study that would either support of refute my proposal might assess whether the

motion patterns exhibited by observers alter to mimic the patterns expressed by individual performers or

whether observers continue to generate their own motion patterns and, as such, may be following some

other aspect of the performance cues. If observers’ motion patterns altered to reflect changes in perfor-

mance style, it may be plausible that physically following the patterns generated by a performer may

somehow enable observers to better access mental representations of conceptual information contained

and conveyed within these performance gestures.

In this way, the music-induced motion of Leman’s observers (30) indicates that an understanding of

gesture might be a way, for observers, of bridging the Westernised Cartesian divide between body and

mind. If patterns alter to represent a recognition and understanding of musical features such as structure,

tone, narrative and affect, they may be at once both a reflection of automated imitation and mental

simulation as well as a representation of experiential expression. Hence demonstrating a simultaneous

activation of both body schema and body image representations that span both conscious and sub-

conscious expression and interpretation.

In a critique of Descartes’ cogito1, Merleau-Ponty (373) argues that all critical thinking and all

achievements of science are built through the experience of being a body in the world. It is through

physical, bodily contact with the environment that he argues humans come to know and understand

their environment: Being a ‘being-in-the-world’ as experienced through the body (373). We can not

fully view the body as an object separated from mind as we can never fully disengage from it, nor from

our experience of it. Our lived experience of this body thus denies the detachment of subject from object,

and of body from mind. From Merleau-Ponty’s ‘bodily grounding of intellectual thought’ follows much

debate and the application of his theories to both the arts and education as well as within cognitive

science (374); (375). This rationale led to Lackoff and Johnson’s well known and widely discussed

theory of the ‘embodied mind’, whereby experiential knowledge is proposed as being the basis upon

which all new knowledge is built (375).

Following the premise of a human as being both a sensed and sentient ‘being-in-the-world’, the

findings of this thesis, demonstrating the persistent and seemingly effortless involvement of the body

1“cogito ergo sum” (24).
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not just in the production of sound but also communicatively in the bodily expression and recognition of

a composition’s structural segmentation, accents and hierarchical relations, adhere to the notion of em-

bodied communication and so of embodied gestural or motor cognition. The important and ubiquitous

role of the body in human interaction is demonstrated within this research. Findings lend weight to the

theories that bodily experience enables, or engenders, gesture recognition.

Through we become highly adept at interpreting embodied meaning. The fact that gestural meaning

may be recognised and understood, despite being highly personalised and idiosyncratic, raises many

questions as to how meaning is conceptualised through movement, and how much of gestural meaning

may be context-specific. If movement, when represented as gestures, is not restricted to representing

a single lexical term (152, 376, 377) or conceptualised meaning, then individual gesture patterns may

hold multiple meanings whose use and interpretation may be dependent on how, where and with whom

they are expressed.

Leman states that a methodology is needed that incorporates all perspectives of gesture, combining

perspectives from first, second and third person (140), as gesture is too complex to be considered simply

as sound or motion, or singularly as experiential or interpretive. I would propose that gesture is also too

complex to be considered from a single methodological standpoint. The methodology presented within

this thesis offers a multi-directional empirical approach combining various empirical perspectives and

criteria. It would be a theoretically small step to also include analyses of observers’ music-induced

body motion during perceptual trials. This would incorporate a third stage into future investigation,

providing an examination of the production, perception and imitation of performance gesture. Such

an approach could easily be applied to additional research scenarios, such as investigations into so-

cial/gestural mimicry, imitation and simulation, as well as to investigations into neuronal responses

to musical stimuli. Adopting a more Bayesian approach1, would further increase the predictive and

probabilistic power of inferences drawn from research. In so doing, the current approach incorporates

objective third person perspectives of motion analysis using Vicon 3D motion capture (Chapter 4), sec-

ond person interpretation through perceptual judgements made by audience observers (Chapter 5), and

first person perspectives provided within the interviews and self-reports of structural interpretations and

intended levels of expression for individual performers

Audience observers do not appear to use localised motion relating to beat or tempo when making

structural judgements2. Results showed a left-directed tendency for lower-level structural information

1As suggested in the empirical methodology outlined in Chapter 3.4.
2Such use of beat or tempo related pattern would have been evident within the continuous capture of slider responses,

presenting as multiple peaks or waves corresponding temporally to beats or bar durations within larger waves relating to phrasing.
Such an impact is evident within audio-only (ao) results but not within visual-only (vo) results, implying that participants may
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such as beat and bar emphases, that were orientated away from the observing audience1. Those per-

formers who did appear to present rhythmic information in areas such as the head did so minimally and

typically only in one spatial dimension, often masking such expressed features by tracing a larger and

more noticeable pattern relating to phrasing with the same body region. Given these findings it is plau-

sible that such rhythmic actions are either generated for personal use by the performer or may convey

some ordering and sequencing cue to surrounding co-performers.

Recent findings suggest that performance gestures exhibited within duet performance scenarios may

function to enable an accompanying musician to indicate to the lead musician where they are in the

music to maintain synchrony (71, 209, 378, 379, 380). If such findings were replicated for multi-

ple performance duets under the same (or comparable) empirical conditions, results could combine to

confirm interesting and significant phenomena regarding gestural communication during performance

interaction that coincide with theoretical proposals of the musicality of co-speech gestures (50). such

a combination of results could reveal gestures to be both grammatically expressive and as reflecting a

recognition of communicated meaning during speech, music performance, and other daily social inter-

actions (as proposed for co-speech gestures by Gill (50), Miles (182), and Macrae (183)).

If performance gesture holds reciprocal communicative meaning, where accompanying musicians

express an understanding of musical direction via body movement to the lead musician, and vice versa,

and solo performers express salient structural information to their observing audience, it is conceiv-

able that body motion may also hold some form of gestural communication from the audience for the

performing musicians. This effect of an audience’s response influencing a performance has been con-

sidered en mass in relation to mainstream and popular music concerts (for example, of Robbie Williams

and Ray Charles concerts, see (88) for discussions). However, these investigations considered how the

performing artists altered their own behaviour and the overall performance quality with respect to the

audible response given by their audience. They did not consider the audience responses or communica-

tions themselves, most likely as a result of the mediums of investigation and information available2. If

observed on a smaller, more intimate level (such as in a standard or typical concert hall rather than in

become confused by low-level information when making ao judgements of structure. However, this inference remains purely
hypothetical and was not empirically tested within this research. The absence of such response patterns for vo trials confirms that
participants were not following any rhythmic beat pattern when making phrasing judgements of motion.

1Instantaneous velocity analyses, Chapter 4.5.2.1in this case the audience was myself, the cameras and my research team.
2Analyses were made of film and audio recordings made for media and advertising purposes at the time. This would most

likely limit the available information for research topics. For example, footage would be unlikely to focus on crowd behaviour
over the duration of the actual performances. Furthermore, footage was acquired after the performance and so was not recorded
with particular research factors in mind. As a result, any physical indications of appreciation etc. exhibited by an audience on a
more localised level, such as dancing in the crowd, reaching out to the artist, or appearing disinterested, sitting or turning away
from the stage etc., may have been lost.
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a large stadium), audience behaviour and body movements may possibly signal to performers, through

a physical imitation of structural gestures (i.e. supporting (338)), that when engaged with the artist the

audience follows and understands the music in much the same way that preliminary findings are suggest-

ing accompanying performers signal to lead musicians (30, 71, 338, 381). Such findings would support

those of De Bryun (338), Maes (32) and Burger (367) and colleagues in their depiction of music-induced

movement and its potential cause and function. Future investigations into gestural communication from

the audience to a performer could impact on current understandings of bodily expression and human

interaction, tying together findings regarding performance gestures and their production and percep-

tion with studies of music-induced and embodied movement (29, 30, 31, 33, 357), dance (26, 27, 28),

co-speech gestures (82, 83, 84, 101, 123) and the use of body movement in human social interaction

(258, 342, 379).

Throughout this research I compare discussions of structure within music performance to discus-

sions of syntax within linguistics and co-speech gestural research. This relation is not so clear-cut

within the literature and there does exist dissension between authors as to whether music structure and

linguistic syntax are indeed analogous (e.g. (224) versus (96)). However, these debates centre around

the aural aspect of the two discourses. In music, as with linguistics, structure cannot be completely sep-

arated from elements of narrative and affect. As a result it becomes highly problematic when attempting

to identify all rhythmic, harmonic and melodic relations as either semantic or syntactic. London argues

that these seemingly syntactic structural relations are in fact relational schemas rather than demonstra-

tions of linguistic-like syntax. Patel, instead, asserts that long distance dependencies, such as ‘girl’ and

‘opened’ (96, p675) do exist but are not as ubiquitous in music as they are in speech and therefore cannot

be assumed to be perceived. While Patel talks of perceiving auditory sequences, adjusting this premise

for the perception of visible sequences, the findings within this research that audience responses show

correlations between higher order structural judgements, such as sectional boundaries (Chapter 5.2-

5.5), imply that, as participants’ responses to idiosyncratic phrasing gestures at these junctures are sig-

nificantly similar, there may be something within the movements themselves that is emphasising these

additional structural relations, particularly as no auditory information is present to clarify such structural

relations. It is plausible, however, that extended structural dependencies may exist that are contingent

on the music-theoretic skill and motion experience of the observer. I will return to a discussion of the

influence of the skill and experience of the observer later in this section.

The problem for advancing theories of performance science is that we, as researchers, continue to

focus on discussions of the causal and functional generation of performance motion, and on how these

vary with emotional intent, without reliably and consistently measuring or assessing the relations of
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these movements to the individual performer’s structural and narrational interpretations of the piece.

This preoccupation with emotional expression during performance seems contradictory as, when dis-

cussing recent performances with performers, skilled musicians rarely remark on how a piece of music

made them feel or on the emotional experience of performing. Instead the majority of performers I have

spoken to1 have remarked upon the technical aspects of their performance; the difficulty of a certain

passage and how they overcame this, the compositional transitions from one section to another, and so

on. Comments concerning the narrative of a composition do inevitably concern semantic as well as

structural aspects of the performance, as one cannot realistically exist without the other. However, when

asked if they play emotively, most performers I have spoken with, of a certain skill level, have inti-

mated that they feel the music itself conveys the emotional narrative while they themselves leave their

own emotions ‘at the door’. Therefore, to concentrate research on how a performer moves when pur-

posefully being expressive or not seems more to address the intentional aspect of performance gesture

rather than the emotive features of a performance. Consequently, as studies examining such changes in

intentional physical behaviour have shown movements to be reduced but still present in non-expressive

versus expressive conditions, those findings support the proposal within this thesis that performers gen-

erate meaningful performance motions that reflect their interpretations of the music’s structural and

expressive narrative on a learnt sub-conscious level, and that it is the changing size and speed of these

motions that represent the level of conscious intentionality and expressivity of their performance.

This consideration of intention and interpretation then raises questions as to the experiential aspect

of embodied action recognition and the underlying cognitive processes involved in its recognition. The

processes of music, vision and linguistic perception are all organised hierarchically (98, 161, 259, 260,

261, 262). Given this, is it plausible, as intentionality is at some level a necessary component of action

(382), and given the overlap in neural resources for all of these systems within the parietal, pre-motor

and superior temporal sulcus (STS) regions of the brain (7, 28, 383, 384), that motor cognition may

form the link between multisensory conceptual processing? If the recognition and understanding of

rule-based, knowledge-governed systems, such as those of music and language, have some facilitatory

grounding in action perception, this could go some way to explaining why gesture is so prevalent within

communication and social interaction. Therefore explaining why we, as perceivers, are so adept to

recognise concepts and organisational structures when represented as or alongside gestures, and why

action and gesture production and recognition are both so hard to define and yet ubiquitous within

human interaction.

1I would say all but I cannot with certainty remember all discussions of this sort.
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Rodger and colleagues (385) suggest that ‘ancillary’ gestures may be communicative in that they ‘fa-

cilitate attention towards the imitable movements in the musical sound’ (385, p3). In their philosophical

paper, suggesting solid potential empirical frameworks, Rodger and colleagues cleverly point towards

a premise also contained within the current research; the familiarity and imitability of the observed

actions of others1.

Action and the conceptualised relation of action appears highly subjective, grounded in experience

and personal physiological ability and practice (386, 387, 388, 389, 390, 391). However, this research

and others have shown that these personalised, idiosyncratic gestures are typically correctly recognised

as representing their relational structural, syntactic, semantic or emotive content. Whether this func-

tional relation to structure, narrative or affect is intentional remains to be determined. Without complete

Bayesian analyses of performers’ interpretations, experiences, knowledge and intentions regarding a

particular performance, it is not possible to fully judge the causal function of phrasing gestures. With-

out a consideration of influential prior knowledge and experiences, it is difficult to confidently discern

whether such gestures are conscious groupings of actions generated to relate to structural features of the

audio-visual performance or whether they are subconscious behaviours that are generated at particular

structural and narrative events due to learnt experiential motor development, and as such are recognised

as meaningful by observers due to their own experiential relations and embodied motor simulation

(340, 389, 392, 393, 394).

There is the assertion within the literature that concepts of experience have a cognitive basis within

the motor system (227, 274, 388). Stimuli presentations elicit greater cortical activation within observers

when displaying actions that may be empathised with and, to some degree, mentally simulated (387,

391). It has been demonstrated that pre-motor neurons2 respond to novel information as well as to

experienced actions, and that perceptual activation is greatest for similar yet different, or for rare but

experienced, patterns and actions than for highly familiar and identical or completely novel patterns

and actions (see (395, 396), and (397) for reviews). While an observer may not be capable of mentally

imitating the effective, technical, gestures of a virtuoso player, they may still be capable of recognising

and replicating the more holistic gestures enveloping the more detailed and technical gestures (340,

391, 398). Following the findings above, these proposals hold implications for future investigations into

the effects of musical and instrumental expertise on perceptual judgements. It is plausible that non-

technical performance action may hold increased relevance for audience observers as it may be more

readily mentally replicable and so potentially be more cognitively salient. The empirical concern would

1mentioned earlier as emphatic motor recognition.
2previously termed mirror-motor neurones within the literature
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then be how to reconcile ‘similar but rare’ with ‘novel’ or ‘recognisable but inimitable’ actions. It may

be that it is this attempt to mentally replicate motor action in the pre-motor and parietal regions that

enables us to recognise a perceived action as technically difficult. The effort and failure to mentally

replicate motion may then be what gives us that sense of appreciation for the skill and proficiency with

which expert agents perform, be that within music, sports, rhetoric or the arts.

This returns us to the discussion of intention within expressive action. The concepts of gesture,

recognition, expression and intention appear related. This is potentially why debates as to what may

or may not be conceived of as a meaningful gesture have become entangled in the discussion of in-

tention and consciousness. In order to progress, I would suggest that future research may benefit from

considering non-technical performance gestures to be physical expressions which refer to, and may be

interpreted as relating to, meaningful information that either forms or enhances communication. How-

ever, such research might also be mindful that the generation of these movements may hold multiple

functions simultaneously for the producer. As such they may not necessarily be consciously generated

as a form of meaningful communication, instead transforming to become meaningful in the perception

of the beholder. In so doing it becomes possible to consider gesture as meaningful without the need

for known intentionality. Resulting discussions regarding the conscious intention of gesture production

would become related to variations in the magnitude, speed and direction of performance movements.

Therefore, consideration of previous research enables us to infer that the greater the intended level of

expression, the greater the fluidity, size or complexity of the performance movements produced.

The implications of such a conceptualisation of gesture with respect to the current findings are that:

• Humans emphasise features within a discourse that are valued as being important, or meaningful,

using one’s own personalised non-technical body movements.

• This may be performed unwittingly.

• These movements may be accurately perceived and understood by observers to carry meaning

emphasising salient structural features within a given discourse (be that musical or vocal).

• Therefore, individuals can interpret meaning from movements, also often unwittingly, indicating

a recognition of features that are perhaps more salient than, or supplementary to, those that are

intentionally sought or anticipated.

Until recently was assumed that there was a distinct lateralisation of music and speech within the

human cortex to the right and left hemispheres respectively (based upon (399)). Through the use and
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development of modern neuroimaging techniques and approaches this view has been challenged to

instead reveal many commonalities between speech and music, both in their hierarchical organisation

(161, 375) and their neuronal bases of cognitive processing and production (268)). Over the past years

research has emerged demonstrating that development in one aspect (be that of speech or music) may

influence and benefit development in the other ((400) for review). The majority of those findings at

the forefront of such research are presented and reviewed in Frontiers of Psychology’s special issue

on the relationship between music and language (published 2011; Frontiers in Psychology, Volume

2, and reviewed in (400)). This collection of research demonstrates a close relationship and potential

neuronal overlap between music and speech function, indicating that musical training and experience

may be instrumental in the treatment, investigation and prevention of a range of language impairments

and disorders. Such findings support and highlight the potential for shared network capabilities within

the human brain for the production and comprehension of audible and conceptual functions within

music and language. However, of these 20 research and review articles all are concerned with the

processing of the audible aspect of music and overlook the visual component of performance, speech

and social interaction. As discussed earlier, this preoccupation with auditory function within research

extends to the majority of cognitive, perceptual and behavioural investigations concerning both music

and language.

Within cognitive neuroscience hypotheses are being put forward of an anatomical and functional

overlap within the brain and of the sharing and integration of synaptic networks and resources neces-

sary for the processing of music and language components (95, 286, 401, 402). These proposals for

the existence of an overarching cognitive mechanism (95, 96, 120, 284, 286, 306) or of shared synaptic

resource networks (402) show specific consideration of the generation, processing and control of syn-

tactic features for both language and music within the human brain. This relational control is suggested

for the processing of experienced and heard aspects of music and speech syntax, as they both represent

knowledge-based, rule-governed, hierarchically organised systems. This discussion demonstrates that

structural gesture production appears to also represent an experiential, hierarchically ordered system

based upon the experience and practice of action in relation to rule-based concepts of structure and

syntax. This thesis advocates that the theoretical proposal of an overarching cognitive mechanism for

the generation, processing and control of audible and notated syntax may also extend to encompass the

processing and production of embodied representations and conceptualisations of music and linguistic

structure through non-sound producing gestures.
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CHAPTER 7

CONCLUSIONS AND IMPLICATIONS

The investigations presented within this thesis have demonstrated conclusively that solo piano perform-

ers do express formal music structure through non-technical performance motions. All performers em-

body musical structure despite displaying idiosyncratic performance styles, each generating repeated

and identifiable performance gestures relating to hierarchical levels of the compositional structure of

the pieces performed. While they alter across musical pieces, these gestures are structurally related,

with all performers showing patterns of movement that are repeated for related structural features and

segmentations within a given piece; such as at phrase boundaries, sectional boundaries and for higher

order features such as melodic and harmonic climaxes.

Performers emphasise these gestures by altering the instantaneous velocity of the size and shape of

their movements, demonstrating increases in relative movement at key structural features. These in-

creases in instantaneous velocity of motion appear to be distributed throughout the body in relation to

differing hierarchical music structure, with differing body regions adding emphasis for different hierar-

chical levels within the composed structure through changes in speed and size and range of motion.

The current findings have confirmed that some performers do indeed use body sway to emphasise

phrasing and rhythm, as suggested within the literature (3, 35, 66, 67, 89, 91, 127). However, not all

performers do so in the same manner and no universal pattern of motion, direction of sway or particular

gesture was found within the analyses. These results challenge previous proposals that all performers

sway to and from the keyboard to emphasise a structural features, nor do all performers move their head

in time to the beat (i.e. (30, 71), respectively).

It is apparent from these results that all performers make repeated gestures using systematically

replicated patterns of movement emphasising phrasing, sectioning and harmonic and melodic structural
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features within the performed piece. The investigations presented here further confirm hypotheses that

these structural performance gestures are also recognised, interpreted and understood effectively and

accurately by a perceiving audience.

Not only are audience members able to effectively interpret performance gestures to inform judge-

ments of phrasing, they are also able to extract salient information relating to key structural features

from performance movement alone. These findings have conclusively established that performance

gestures relating to musical structure (namely of phrasing but also of sectioning and climactic arrival

points) may be extracted from pure bio-kinetic movement alone, regardless of performance style. This

interpretation by observers is not dependent on technical performance movements (such as key attack

or the location of the body relative to the keyboard and scale) and persists even information retained in

key body regions, such as hands, fingers and legs, and motion relative to the instrument is removed.

While widely varied within the sample group and performers in general, performance style does not

appear to influence the visual detection and interpretation of phrasing gestures. However, the individu-

alised and often idiosyncratic use of tempo and dynamics within the audible aspect of performance does

significantly influence audience interpretation. As a result, the combined perception of both seeing and

hearing a piano performance leads audience members to interpret the structural meaning, communicated

via the performance, with greater accuracy and depth of understanding.

The findings of this research regarding the role of non-technical performance motion and structural

gestures in conveying and interpreting meaning within a performance are reminiscent of the role of

body, hand and facial gestures during speech and social interaction studies (82, 83, 84, 101, 113, 122,

123, 342). The similarity between co-speech gestures and structural performance gestures, as defined

within this thesis1, implies a greater role of body movement for communication of structural or syntactic

information within human social interaction. Syntactic/structural meaning is extracted rapidly from vi-

sual observations, despite the idiosyncrasy and personalised nature of human movement. This suggests

there may exist some perceptual heuristic that allows the fast and accurate extraction of meaning from

movement in order to enhance our understanding during communication. Gestural information may,

then, be used to supplement audible cues during audiovisual interactions, while also being sufficient

when communication is solely visual.

These findings lend support to theories suggesting an overarching cognitive mechanism for the in-

terpretation of structural, rule based information by combining visual and auditory cues with previous

audiovisual and biomechanical experiences to inform perceptions, such as those proposed within the

1See Chapter 2.2.
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literature (95, 96, 97, 120, 284, 286). The notion of an overarching cognitive mechanism, employ-

ing neurological processing from multiple areas of the human cortex to interpret structure and syntax

would explain the rapid ability of audience members to consistently discern knowledge-governed and

rule-based information from differing and varied bodily motion. The recognition of patterns of move-

ment as relating to structural meaning implies previous experience in extracting meaning from gestures.

Body movement and physical gestures are widely acknowledged as being meaningful within speech and

social interaction research, termed being as ‘body-language’ and ‘co-speech gestures’. This latter im-

plicates meaningful patterns of motions as being equally important during spoken communication and,

in the absence of sound, such movements are considered to be a linguistic communication of mean-

ing, a language, in itself. By uncovering patterns of movement it is possible to identify personalised

ways in which humans embody and express meaning physically. It is plausible that the highly idiosyn-

cratic nature of performance movement apparent within this research may be exhaustive: Extensive

research into performer personalities, instrument types and compositional styles, along with consider-

ation of the context and environment of the communication, such as the venue, audience, purpose of

the performance and the information being conveyed, may have the potential to generate a taxonomy of

gestural types and expressions used within music performance. However, I feel future research may be

better served investigating the relations between gestural communication of structural meaning across

knowledge-based systems and the cognitive ability to rapidly process and interpret this information. The

use of physical motion to increase audiovisual understanding, as well as to generate comprehension in

the absence of sound, suggests that gestural motion is a meaningful part of human communication, not

simply supplementing auditory perception and cognition but enhancing audiovisual understanding and

processing of meaning. I propose that physical gesture may begin as shaping meaningful intent during

audible communication, but that at some point this secondary role of gesture, as being supplementary to

audible meaning, to sound, alters and gesture becomes focally expressive in its own right, accentuating

rather than supplementing meaning within communication.

By furthering research into the informative gestures made within communication, which enhance

comprehension and engagement with both the subject matter and the performer, I believe that the find-

ings of this research offer implications and future insight for studies of social interaction, human cog-

nition and perception, and linguistic research, as well as for music and performance science and music

pedagogy, for the performer, the researcher and the observer combiined.
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a" Khyāl" Performance. Asian Music, pages 71–96,
2007.

[145] STEFAN KOELSCH, SEBASTIAN JENTSCHKE,
DANIELA SAMMLER, AND DANIEL MIETCHEN.
Untangling syntactic and sensory processing: An
ERP study of music perception. Psychophysiology,
44(3):476–490, 2007.

[146] PAUL R KROEGER. Analyzing grammar: An introduc-
tion. Cambridge University Press, 2005.

[147] NICOLAS SOBIN. Syntactic analysis: The basics.
Wiley-Blackwell, 2010.

[148] GREVILLE G CORBETT, NORMAN M FRASER, AND

SCOTT MCGLASHAN. Heads in grammatical theory.
Cambridge University Press, 1993.

[149] ROLF INGE GODØY AND MARC LEMAN. Musical
gestures: Sound, movement, and meaning. Routledge,
2010.

[150] ROBERT S HATTEN. A theory of musical gesture
and its application to Beethoven and Schubert. Mu-
sic and gesture, pages 1–23, 2006.

[151] ROBERT M KRAUSS, PALMER MORREL-SAMUELS,
AND CHRISTINA COLASANTE. Do conversational
hand gestures communicate? Journal of personal-
ity and social psychology, 61(5):743–754, 1991.

[152] ROBERT M KRAUSS, YIHSIU CHEN, AND RE-
BECCA F GOTFEXNUM. 13 Lexical gestures and lex-
ical access: a process model. Language and gesture,
2:261, 2000.

[153] MARJORIE HARNESS GOODWIN AND CHARLES

GOODWIN. Gesture and coparticipation in the ac-
tivity of searching for a word. Semiotica, 62(1-2):51–
76, 1986.

[154] C. C. HEATH. Gesture’s discrete tasks: multiple
relevancies in visual conduct in the contextualiza-
tion of language. In AUER & DI LUZZO, editor, The
Contextualization of Language, pages 101–128. John
Benjamins Publishing Company, Netherlands, 1992.

[155] AARON WILLIAMON AND JANE W DAVIDSON. Ex-
ploring co-performer communication. Musicae Sci-
entiae, 6(1):53–72, 2002.

[156] MARTIN CLAYTON, REBECCA SAGER, AND UDO

WILL. In time with the music: The concept of en-
trainment and its significance for ethnomusicology.
In European meetings in ethnomusicology, 11, pages
3–142, 2005.

[157] ELAINE KING AND JANE GINSBORG. Gestures and
glances: interactions in ensemble rehearsal. New
perspectives on music and gesture, pages 179–202,
2011.

[158] BRIAN BUTTERWORTH AND GEOFFREY BEATTIE.
Gesture and silence as indicators of planning in
speech. In Recent advances in the psychology of lan-
guage, pages 347–360. Springer, 1978.

[159] URI HADAR. Two types of gesture and their role in
speech production. Journal of Language and Social
Psychology, 8(3-4):221–228, 1989.

[160] URI HADAR, DAFNA WENKERT-OLENIK, ROBERT

KRAUSS, AND NACHUM SOROKER. Gesture and the
processing of speech: Neuropsychological evidence.
Brain and language, 62(1):107–126, 1998.

[161] FRED LERDAHL AND RAY JACKENDOFF. A genera-
tive theory of tonal music. MIT press, 1985.

272



REFERENCES

[162] ISABELLE PERETZ AND ROBERT J ZATORRE. Brain
organization for music processing. Annu. Rev. Psy-
chol., 56:89–114, 2005.

[163] STEPHEN M WILSON, AYŞE PINAR SAYGIN, MAR-
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APPENDIX A

PARTICIPANT CONSENT FORMS & QUESTIONNAIRES

A.1 Consent Forms

The following section of the Appendix contains:

A.1 Performer Consent Forms

A.1 Participant Consent Forms
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Researchers: Jennifer MacRitchie Participant #:
Bryony Buck

Multi-Modal Performance Recordings of Chopin Preludes

Thank you for agreeing to take part in this set of experiments. This project is part of a study being
conducted  by  the  Centre  for  Music  Technology  at  the  University  of  Glasgow,  looking  at  the
information gathered from multi-modal performance recordings (I.e. audio, video, and MIDI) in a
performance setting.

The study will involve the following: You will be asked to perform the piano pieces previously
discussed, as if you were in normal performance surroundings with an audience present. Following
the recordings, a short interview will take place. 

The whole experiment will take approximately 1.5hours and the procedures do not involve any
discomfort or risk. As a participant, you are free to withdraw from the experiment at any time, or
ask for your results to be discarded. You are encouraged to direct questions to the experimenter
should any points remain unclear following the conclusion of the experiment.

If you wish to go ahead you should sign the consent form below.

Consent Form

● I  have read and understood the description of the above study.  It  does not  involve any
procedures that would cause distress or discomfort.

● I understand that it will take approximately 1.5hours and that I am free to withdraw at any
point.

● I understand that I will receive a full debriefing upon conclusion of the experiment.

I agree for the use of my recordings and images in the results of this project
and for related publications YES/NO

I agree for the recordings made for this project to be used in other related experiments
by the Centre for Music Technology group at the University of Glasgow YES/NO

I agree for the recordings made for this project to be used in other related experiments
in collaboration with other research departments at partner universities YES/NO

I voluntarily agree to participate.

Name (Print) Signature Date

A. PARTICIPANT CONSENT FORMS & QUESTIONNAIRES

A.1.1 Performer Consent Forms

Consent Forms were issued to all participating Pianists prior to recording. These ensured that performers

were aware that they may leave the recording session at any time and registered the level of their consent

by which their performances may be used within mine and collaborative research, the Science and Music

Research Group, and within the University of Glasgow more generally.
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Researchers:  Bryony Buck        Participant #: 
  Jennifer MacRitchie     

 
 

Phrase Perception in Musical Performances 
 

Thank you for agreeing to take part in this set of experiments. This project is part of a study being conducted 
by the Centre for Music Technology at the University of Glasgow, looking at the perception and recognition 
of musical structure through multimodal presentations (I.e. audio, video, and MIDI) in a performance setting. 
 
The study will involve the following:  
 
You will be presented with a series of performances by pianists and will be asked to make judgements about 
the phrasing structure of the pieces being performed. The performances will all be presented without audio, 
and so without sound. As a result you will need to watch the performance in order to make your decisions 
about the musical phrasing. Your task is to watch the piano performances and judge the shape of each 
musical phrase using the mouse-slider. Whilst the performance is being shown, watch the upper body of the 
performer (head, arms, torso, back etc) and move the mouse in relation to how you feel the phrase is being 
shaped. Prior to the experiment you will be asked to complete a brief questionnaire 
 
The second part experiment is identical to the first, only you will now be presented with piano performances 
in all modalities; audiovisual, audio only and visual only. You will again be asked to judge the shape of the 
phrasing structure for each performance using the mouse/slider. 
 
The entire experiment will take approximately 2hours in total : a 30min experiment followed by a 1.5hr 
experiment. The procedures do not involve any discomfort or risk. As a participant, you are free to withdraw 
from the experiment at any time, or ask for your results to be discarded. You will receive a full debriefing 
after completion of both tasks. You are encouraged to direct questions to the experimenter should any points 
remain unclear following the conclusion of the experiment. 
 
If you understand and agree to the above experiment requirements, please register your consent and sign 
below. 
 
Consent Form 
 

l I have read and understood the description of the above study. It does not involve any procedures 
that would cause distress or discomfort. 

l I understand that it will take approximately 2hours in total (0.5 & 1.5hr sections) and that I will be 
paid upon full completion of the experiment. 

l I understand that I am free to withdraw at any point. 
l I understand that I will receive a full debriefing upon conclusion of the experiment. 

 
 
I agree for the use of my responses in the results of this project 
and for related publications         YES / NO 
 
I agree for the results of this project to be used in other related experiments 
by the Centre for Music Technology group at the University of Glasgow    YES / NO 
 
I agree for the results of this project to be used in other related experiments 
in collaboration with other research departments at partner universities    YES / NO 
 
I voluntarily agree to participate. 
 
Name (Print)     Signature   Date 
 

A.1 Consent Forms

A.1.2 Participant Consent Forms

289



A. PARTICIPANT CONSENT FORMS & QUESTIONNAIRES

A.2 Participant Questionnaires

A.2.1 Bayesian Questionnaire for Perceptual Participants

All perceptual participants completed the questionnaire below in order to gather as great an insight into

their individual prior musical knowledge and experiences that may have influenced their decisions and

performance during the experiment as possible. This information may be used in future investigations

to draw correlations between responses and factors such as musical experience & expertise, preferred

genres, recent visual and auditory musical experiences, and so on. Such insight into participants prior

knowledge and experience allows for Bayesian calculations of probability to then be calculated, fur-

ther determining the likelihood and reliability of results and conclusions drawn. Full consideration of

the findings of these questionnaires lie beyond the scope of this doctoral research. However, partic-

ipant responses remain for future investigation into the factors affecting audience members structural

judgements.
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1.  

 

Do you play an instrument? Which instrument(s) have you had formal music training in? 

     

2.  How many years have you been studying an instrument? 

3.  How regularly (if ever) do you perform music publicly? 

           Very Regularly – ‐‐ Fairly Often – ‐‐ Sometimes ‐‐ – Rarely ‐‐ ‐‐ Never 

4.  Do you perform solo/group/both? 

           Solo                   Group             Both 

5.  How regularly do you attend concerts? 

           Very Regularly – ‐‐ Fairly Often – ‐‐ Sometimes ‐‐ – Rarely ‐‐ ‐‐ Never 

6.  

 

 

 

List some of your favourite composers.. 

 

7.  

 

 

Which concerts have you attended recently? (composer/artist/genre) 

 

 

8.  

 

 

 

What kind of music do you perform regularly?  

 

What do you play? – (genres/repertoire) 

 

9.  What types of music do you listen to regularly? 

10.  

 

 

What kind of music have you been performing recently? 

 

 

11.  

 

 

What types of music have you been listening to recently? 

 

 

12.  

 

What genres of concerts do you like to attend? 

 

13.  How much time a week, roughly, do you spend listening to music (in general)? 

14.  How much time a week, roughly, do you spend listening to classical music? 

Musical knowledge & Experience Questionnaire 
Please answer all questions, giving as much information as you feel necessary. 
All questionnaire responses are confidential and anonymous. Your responses will not be used for any 
other purposes other than this research. 
Thank you for your time and help! 

15.  

 

 

What are the most recent albums you’ve bought/downloaded? 

16.  

 

How much experience do you have with musical analysis? 

  None at all – ‐‐ Very little – ‐‐ Some – ‐‐ Reasonable amount ‐‐ – Very experienced 

17.  

 

How well do you understand the concepts of musical structure (i.e. phrasing, compound melody, rhythm etc)? 

  Not at all – ‐‐ poor – ‐‐ ok ‐‐ – well – ‐‐ very well 

18.  

 

 

Do you watch many musical videos/films?                                                    Yes               No 

b) If so which genres/types do you prefer? Which have you watched most recently? 

 

19.  

 

Is anyone else in your family musical? If so, who and in what way? 

 

20.  Did you listen to classical music often when you were growing up?     Yes                No 

21.  

 

 

What is the earliest piece of music you remember enjoying? 

How old were you? 

22.  What type(s) of music do your parents listen to? 

23.  
 

Do your close friends enjoy the same types of music you do?                 Yes                No 
– do their musical tastes ever influence your own? 

24.  

 

How interested are you in music, on a scale of 1‐10? 

25.  How regularly do you watch people performing? (per week?//month?) 

          Very Regularly – ‐‐ Fairly Often – ‐‐ Sometimes ‐‐ – Rarely ‐‐ ‐‐ Never 

26.  Would you say you had a musical background, or that you cam to music later in life? 

 

27.  

 

 

 

 

 

What is the main reason you attend concerts?     

better sound quality than audio cd 

the atmosphere 

to dance/sing 

to watch a performance 

other (please specify) :~    

28.  Have you ever received classes on performance techniques? i.e. Alexander technique 

 

29.  

 

How would you rate your hand‐eye coordination? 

Very poor – poor – average – reasonably good – Very good 



 

 

30.  Do you have ‘perfect pitch’? 

31.  How good would you say you were at recognising musical pieces and matching a piece to the composers? 

32.  

 

What is your favourite thing about going to a concert? 

 

33.  After you’ve heard a piece of music, do you tend to remember the lyrics, hum or sing along to the tune? 

34.  Would you say you follow the melody, the beat, or the main voice when listening to music? 

  Melody                     Beat                   (main)Voice    

35.  Would you consider yourself to have a strong emotional attachment to music? 

36.  Do you prefer to have music on in the background or do you prefer to give it your full attention? 

37.  

 

 

 

What genres would you most likely choose for each of the above conditions? 

In Background:        Full Attention: 

 

 

38.  
 

Where do you like to listen to music?  
(i.e. in the car, whilst studying, at work, in the evening with a glass of wine, at a concert…etc) 

39.  Do you remember long numbers, such as telephone numbers, by patterns or by the number itself? 

40.  

 

At an orchestral concert, do you pay more attention to the conductor or to the orchestra? 

Why? 

41.  Would you consider yourself a good dancer? 

42.  Do you dance to the beat or to the melody? 



Performance Rating: 

After all of the videos presented with both sound and visuals, you will be asked to rate how well 
you felt this performer played.  

When  prompted,  please  rate  each  performer  on  a  scale  of  one  –  ten,  with  one  being  an 
extremely poor performance, and 10 being an excellent performance.  
All  responses  are  anonymous  and  are  used  purely  to  test  preference  of  type  rather  than  to 
assess the pianist themselves.  
When rating each performance consider elements such as  intensity, skill, your own emotional 
response and so on! 

Please feel free to note any salient reasons why w particular performance was good or bad for 
you. 

Performance 
Number 

Performance Rating 

Very bad      <>       Excellent 
Notes 

Performance   1  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance    2  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance    3  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance    4  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance    5  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance    6  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance   7  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance   8  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance   9  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 10  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 11  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 12  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 13  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 14  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 15  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 16  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 17  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

Performance 18  1  ‐ ‐  2  ‐ ‐  3  ‐ ‐  4  ‐ ‐  5  ‐ ‐  6  ‐ ‐  7  ‐ ‐  8  ‐ ‐  9  ‐ ‐  10   

A.2 Participant Questionnaires

A.2.2 Performance Rating Scale

Audience participants were asked to rate performances before moving on to the next presentation to

gauge whether perceptions of expertise influenced phrasing judgements.
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APPENDIX B

MUSIC SELECTION

B.1 Selected Prelude Scores

The empirical methodology employed within this thesis was designed to consider variations and con-

sistencies in the production and perception of performance gestures across divergent musical works. In

order to accomplish this three compositions were selected of existing Western works from the roman-

tic classical genre. The first, Chopin’s prelude in A major, comprises strict and rhythmical repetitive

phrasing structure. The second, Chopin’s Prelude in B minor, begins to diverge from the rigidity of

the first prelude, constituting phrases that vary slightly in duration and complexity. The third Prelude,

Chopin’s Prelude in E[ minor, Suffocation’, is more ambiguous in it’s structural interpretation within the

music community. A discussion of the possible music-theoretical analysis of this Prelude is provided in

Chapter 3, section B.1.2. While full consideration of this third stage of analysis lies beyond the scope

of this thesis, all performers did produce performances of this piece, and these performances serve as

comparative data for future research. Furthermore, the performance stimuli generated by these perfor-

mances were presented to all perceptual participants. Within the current research these presentations

served as distractor trials for participants. However, they also remain as comparative analyses for future

investigations exploring the use of recognised phrasing gestures to denote musical structure within per-

formances of structurally more ambiguous compositions. The following section present the score as it

was presented to pianists followed by a structural analysis of the piece for the reader’s information.
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0.09 (11 Oct 2004) 1

Prelude
‘Suffocation’

Frederic Chopin (1810-1849)
Op. 28, No. 4
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B.1.1 Chopin’s Prelude in E[ Minor (Op.28:4)
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B.1 Selected Prelude Scores

B.1.2 Prelude 3: Chopin’s Prelude in E[ Minor (Opus 28:4)

The second prelude sets the ground for the final piece, Chopin’s Prelude in E[ Minor. This prelude

departs further from the original rigid rhythmicity, increasing even more so in structural and rhythmic

complexity, often leaving music theorists and analysts with strongly conflicting views. This piece con-

tains no short 2-bar phrases, as seen in the previous two Preludes. Musically, this means that there is

no original and clear motif to set the conceptual idea. In both the A Major and B Minor Preludes, the

opening phrase presents the performer and listener with the musical concept, which is then altered and

extended, modulated and inverted, throughout the score, both returning finally to the initial idea and the

resolution of the piece. This is not so clearly defined in the E[ Minor Prelude.

Instead of first analysing the piece according to a particular line in Western music theory, the se-

lection of this final Prelude is to test the reliability of the conclusions made by applying the inferences

drawn from analyses of the previous two pieces. Once found, each performer’s motion profiles for their

gestural communication of structure would be used to locate phrasing boundaries within the third piece.

Any located patterns matching the gestural motion profile for a performer would then be related back

to that of the performer’s own personal interpretation of the prelude’s structure. This may then be com-

pared to perceptual judgements of structural segmentation made by a viewing audience. In so doing

it will be possible to determine whether any gesturally expressed structural information was used by

perceivers to aid their interpretation of the piece. This final stage in the analysis constitutes a research

project in its own right and, unfortunately, due to time and funding constraints and the vast quality of

data produced by the first two stages of investigation, it has not yet been possible to embark on this final

part of the design. The data, however, remains ready to process once collaborative analysis of the full

performance patterns for the B Minor Prelude and of the diverging structural interpretations made by

performers are complete.

B.1.3 Computational Accents & Higher-order Structural Features (Op.28:7 &
6)

From Errica Bisesi and Richard Parncutt’s research into computational devised accents within musical

works, the following images were provided courtesy of Dr. Erica Bisesi demonstrating the melodic,

harmonic, metrical and grouping accents located within the opening sections of the A major and B

minor Preludes respectively. Keys to accent locations are provided at the top of each score section. For

further discussion and explanation see Bisesi and Parncutt (407), and Parncutt (408).
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B. MUSIC SELECTION

Figure B.1: Computational accents for Chopin’s Prelude in A Major (Op.28:7) -

Figure B.2: Computational accents for Chopin’s Prelude in B Minor (Op.28:6) -
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APPENDIX C

CHAPTER 4: ADDITIONAL PERFORMANCE MOTION
ANALYSES

C.1 Cartesian Performance motion

The following may be found in this section of the appendix:

C.1.1 Head motion

C.1 Cartesian & Spherical Head Motion: Performer B, A major Prelude

C.2 Cartesian & Spherical Head Motion: Performer C, A major Prelude

C.1.2 Clavicle/Upper-Torso Motion: Cartesian & Spherical Coordinates

C.3 Clavicle Cartesian Motion Data: A major Prelude

C.4 Motion Trajectories Across Body Regions: Performers A, B & C, A major Prelude

C.5 Clavicle Motion Data: Performer A, A major Prelude

C.6 Clavicle Motion Data: Performer B, A major Prelude

C.7 Clavicle Motion Data: Performer C, A major Prelude
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C. CHAPTER 4: ADDITIONAL PERFORMANCE MOTION ANALYSES
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APPENDIX D

CHAPTER 5 FIGURES AND TABLES

D.1 voFL Data Analyses, A major Prelude

D.1.1 voFL Analyses of Variance

Table D.1: 2-way ANOVA for factors of Phrase Number and Performer: voFL responses

Source SS d.f MS F p > F
Performer 0.1293 8 0.01616 1.18 0.3233
Phrase 0.1799 7 0.02249 1.65 0.1293
Error 0.8742 56 0.01366
Total 1.1835 71

D.2 voPL Data Analyses, A major Prelude

Table D.2: 2-way ANOVA for factors of Phrase Number and Performer: voFL responses

Source SS d.f MS F p > F
Performer 0.00051544 6 8.5906e-05 0.5697 0.75234
Phrase 0.0043084 7 0.00053855 3.5715 0.00253
Error 0.007238 42 0.00015079
Total 0.012062 55
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D. CHAPTER 5 FIGURES AND TABLES

D.2.1 B minor Data Analyses

The tables within the following section present data analyses of participant responses for B minor per-

formance stimuli.

D.3 2-way ANOVA for factors of Phrase Number and Performer: B minor Prelude, voPL responses

D.4 2-way ANOVA for aoPL response displacements: B Minor Prelude

D.7 2-way ANOVA for ao response accuracy: Viewing Condition & Phrase Number, B minor Prelude

D.6 Mean Judgment Accuracy for avFL & avPL Responses: B minor Prelude, phrases 1-5.

D.7 2-way ANOVA for av response accuracy comparing Viewing Condition., B minor Prelude

Table D.3: 3-way ANOVA for voPL responses: B Minor Prelude

Source SS d.f MS F p > F
Performer 0.0009 6 0.00015 1.06 0.4042
Phrase Number 0.00054 7 0.00008 0.55 0.794
Error 0.00598 42 0.00014
Total 0.00742 55

Table D.4: 2-way ANOVA for aoPL response displacements: B Minor Prelude

Source SS d.f MS F p > F
Performer 0.03201 6 0.00534 129.3 1.91E-25
Phrase Number 0.00636 7 0.00091 22.005 3.73E-12
Error 0.00173 42 0.00004
Total 0.0401 55

Table D.5: 2-way ANOVA for ao response accuracy: Viewing Condition & Phrase Number, B minor Prelude

Source SS d.f MS F p > F
Viewing Condition 0.0043 1 0.0043 7.51 0.0289
Phrase Number 0.00184 7 0.00026 0.46 0.8375
Error 0.00401 7 0.00057
Total 0.01014 15
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D.2 voPL Data Analyses, A major Prelude

Table D.6: Mean Judgment Accuracy for avFL & avPL Responses: B minor Prelude, phrases 1-5

Phrase Boundaries (t) avFL avPL

end one 0.2 0.02424 -0.01337
end two 0.3 0.0314 -0.01069
end three 0.4 0.03009 -0.02874
end four 0.5 0.04904 -0.00704
end five 0.6 0.02778 -0.03437

SD 0.009631916 0.011987225
mean 0.03251 -0.018842

var 9.28E-05 0.000143694
ztest 4.44E-14 0.000440183

Table D.7: 2-way ANOVA for av response accuracy comparing Viewing Condition., B minor Prelude

Source SS d.f MS F p > F

Viewing Condition 0.00989 1 0.00989 77.96 0
Phrase Number 0.00179 7 0.00026 2.01 0.1881
Error 0.00089 7 0.00013
Total 0.01257 15

D.2.2 Comparative Analyses of Stimulus Presentation

D.2.2.1 Multimodal Comparison of factors: Viewing Condition Results & Observations

Results of data analyses for the multimodal comparisons of factors within Chapter 5 are presented within

this section.

This section contains the following tables:

D.8 Overall-Mean Judgment Displacements: Comparison of Multimodal factors & Conditions for

VC, Mode & Prelude
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Table D.8: Overall-Mean Judgment Displacements: Comparison of Multimodal factors & Conditions for VC, Mode & Prelude

Phrase Boundaries (t) voFL voPL aoFL aoPL avFL avPL

A major end one 0.2 -0.03528 -0.01937 0.02018 0.05533 0.00614 0.06108
Prelude end two 0.3 -0.01712 -0.01703 0.02756 0.02669 0.01882 0.02273

end three 0.4 -0.03588 -0.02051 0.03685 0.01901 0.016 0.02197
end four 0.5 -0.03844 -0.01966 0.06763 0.01588 0.03549 0.01827
end five 0.6 -0.0323 -0.0146 -0.02411 0.01166 0.04 0.01446
end six 0.7 -0.03809 -0.01462 0.03555 0.05545 0.02828 0.03648
end seven 0.8 -0.01933 -0.01075 -0.02894 0.13273 0.04217 0.12782
end eight 0.9 -0.0186 -0.06419 -0.0013 0.05463 0.0081 0.0512

B Minor end one 0.2 0.02112 -0.03071 0.02871 -0.0127 0.02424 -0.01337
Prelude end two 0.3 -0.00055 -0.01228 0.03765 -0.01116 0.0314 -0.01069

end three 0.4 -0.01931 -0.00809 0.03253 -0.0318 0.03009 -0.02874
end four 0.5 -0.00754 -0.00709 0.07053 -0.00692 0.04904 -0.00704
end five 0.6 -0.00357 -0.02212 0.02401 -0.01711 0.02778 -0.03437
end six 0.7 -0.00879 -0.03454 -0.01919 0.0052 0.03945 -0.00739
end seven 0.8 0.00686 0.02124 0.00697 -0.00005 0.06334 -0.00899
end eight 0.9 0.00849 0.0038 0.01011 0.00357 0.00828 -0.01362

SD 0.01835154 0.01810875 0.02893882 0.04019684 0.01574426 0.04077048
mean -0.0148956 -0.0169075 0.02029625 0.01877563 0.02928875 0.0143625

var 0.00033678 0.00032793 0.00083746 0.00161579 0.00024788 0.00166223
p (> zcrit) 0.00116739 0.00018797 0.00502539 0.06171073 9.99E-14 0.15880331
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APPENDIX E

PRESENTATIONS AND PUBLICATIONS

E.1 Summary of Research Achievements

The robust method for multidisciplinary music research presented here has resulted in extensive collab-

orative investigations into the production and perception of music performance, receiving substantial

presentation within international forums, including ten peer-reviewed proceedings and journal publica-

tions, nine international conference presentations and eight invited guest lectures and presentations at

prolific european research institutions, including Goldsmiths, London, The Centre for Systematic Musi-

cology, Graz, Austria, and the Division of Music Research, Lugano Conservatoire, Switzerland, as well

as an outstanding invitation to present at the Max Plank Institute, Leipzig.

The performance analysis section of this thesis has informed the doctoral research of my collaborator

(70, pp 95-147)and this collaborative research has been cited on the teaching reading list for ‘Engineer-

ing Approaches to Music Cognition’ at the University of Southern California, US1. My research ideas

and proposals have informed a community music research project in Glasgow and Galway (94) and as

a result of my research methods and findings I have consulted and advised on research projects and

investigations for peers and students across varying disciplines.

During the course of this investigation I have secured funding grants for international conference

presentations and research internships and collaborations and have been awarded scholarships for train-

ing and research purposes (listed below).

A full statement of academic achievements to date is provided in Figure E.1.

1course syllabus available at: http://www-scf.usc.edu/ ise575/d/syllabus/
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