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ABSTRACT

Is there a distinction betweenNew Interfacesfor Musical
Expressionand New Interfacesfor Controlling Sound?This
article beginswith a brief overview of expressionin musical
performance,and examinessome of the characteristicsof
effective Oexpressive€dmputermusicinstrumentslt becomes
apparentthat sophisticatedmusical expressionrequires not
only a good control interfacebut also virtuosic masteryof the
instrument it controls. By studying effective acoustic
instruments,choosing intuitive but complex gesture-sound
mappingsthat take advantageof establishedinstrumental
skills, designingintelligent characterizationsof performance
gesturesand promotinglong-termdedicatedpracticeon a new
interface, computermusic instrumentdesignerscan enhance
the expressivequality of computermusic performance.

Keywords

Expression,instrumentdesign, performance yirtuosity.

1. INTRODUCTION

The title and popularity of this conference New Interfacesfor

Musical Expressionnow in its sixth year, demonstrateshe

internationalinterestin the designof new methodsby which

to enhancethe expressivepower of computer music. In this

article we examinesomegenerallyacceptedassumptionsabout
computer music expression,and some practicesassociated
with newinterfacesjn orderto draw attention to the question
of whether musical expressionin performanceis being ade-

quately addressedin much current researchon realtime

computermusic interfaces.

2. WHAT IS EXPRESSION?

2.1 Common definition

expression:

felicitous or vivid indication or depiction of mood or
sentiment;the quality or fact of being expressivg15]

expressive: effectively conveyingmeaningor feeling [16]

2.2 Composition vs. performance

Music canindicate mood or sentiment,and can convey mean-
ing or feeling simply by its organization (composition) of
soundelementgs[3], and the performerof musicNoften called
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the Ointerpreter@h the caseof composedmusicNprovides
expressionby evincing that organization,by adding shape
and nuanceto the given materials. So it is important to
distinguish whether we are talking about expressionin
compositionNexpressivecharacteristicsof musical materials
and their organizationby a composerNor expressionin
performanceNexpressivgesturalnuancein real time. For the
purposeof this article, we are referring to the latterNthe
nuancethat a live performeraddsto the available materials.
The NewGroveDictionary of Music and Musiciansnotesthat
this form of expressionencompasse®thoseelementsof a
musical performancethat dependon personalresponseand
that vary betweendifferent interpretations.(4] In the caseof
OprogrammablénstrumentsGand live control of composi-
tional computer music algorithms, the distinction between
compositionalexpressionand performativeexpressionmay be
blurred somewhat;the performer may be shaping primary
characteristicof the composed/improvisednusical materials
themselvesWhat we are specifically concernedwith in this
discussion,however, are those characteristicsof the live
performancethat enhanceexpressivecommunicationbeyond
that which is containedin the materialson a notatedpageor a
pre-programmedilgorithm.

2.3 Performers bring expression to music
Poepel[22] describeda mechanisiby which Operformersode
expressiveintentions using expressive-relateg¢uesO(includ-
ing Otempo,sound level, timing, intonation, articulation,
timbre, vibrato, tone attacks,tone decaysand pausesOnnd
listenersOreceivanusical expressiorby decodingCthesecues.
This implies that performerexpressionlike language,depends
on a setof conventional signifiers and an understandingof
those signifiers sharedby both performerand listener. These
cuesaregenerallyat a different logical level than that of each
individual parameterof a sound, and thus are not easily
emulatedwith simple one-to-one mappings of gestureto
sound parameter.GFrom the perspectiveof a musician, live
performancesllow him or her to makereal-time choicesthat
affect the interpretive variation in the music. Thesechoices
give the performancea trajectory and a rangeof variation that
define the expressivenesand power of the performance.
Techniquesfor creatingthis variation involve subtle control
over aspectssuch as timing, volume, timbre, accents,and
articulationNsometimesimplementedon many levels simul-
taneously.{20] Thus,whatwe think of as musical expression

! The New Grovearticle on Oexpression@eats primarily the
organizationalaspectsof expressionn composedmusic.



in performanceusually involves the performerOsontribution
of culturally understoodvariationsof specific sonic attributes
at the note [eveINe.g. intonation, timbre, vibrato speedand
depth, etc.Nand attributes of the musical structure at the
phraseleveINrubato, crescendoetc.

Even the physical gesturesmadeby the performeraffect the
listenerOperceptionof the music. In the visual arts, a viewer
can respondto specific traits of a pencil line, such as its
smoothnesswhich canbe Oatactile quality, a pleasurableone.
[OneOsteactionto the line is not just to its formal qualities
(continuity, for instance,or darknessor lightness), but also a
kinesthetic sympathy (the Italians call it syntony) with the
hand that drew itNthe pressure,the weight, the gestural
control, etc. Is the line, then, expressiveor doesit seem
expressivebecauset is a traceof what | perceive/readas an
expressivehuman action?Q{Murata, M., personalcorrespon-
dence].Similarly, when one hearsa sound, one can imagine
and empathizewith the physical gesturethat might have
createdthe sound;in this way, soundsimply gesture,even
choreographyConversely viewing the physical gesturethat a
performermakescaninfluencethe listener/viewerOperception
of the sonic expression.Computerinterfacescan dissociate
gesturefrom resultto varying degreesy the way that software
intermediatesthe relationship betweengestureand resulting
sound.(A one-to-onecorrespondencsuchas a mallet striking
a marimba is an example of a simple gesture-result
relationship,while a finger pushingthe play buttonon a CD
player exemplifies the opposite extremein which a simple
neutralgestureproducesa complex musical result.) Jord™ [19]
evaluatesthis relationship as the Oefficiency®f the interface,
defined as the ratio of Omusicaloutput complexityO to
Ocontrolinput complexityO but acknowledgesthat these are
Oquite fuzzy termsO,and that while computer-mediated
controllerscan provide more Oefficiency@han most acoustic
instruments they often lack the Oexpressivenesg@exibility,
diversity of micro-control,etc.) of traditional instruments.

2.4 Can a machine be expressive?

Justas philosophersand computerscientistshave debatedthe

questionof machineintelligence for decades[26, 25], there
continuesto be debateas to whethertrue musical expression
(conveying meaning or feeling) can be produced by a

computer.The fundamentalquestionin both casesis whether
the appearanceof intelligenceor expressionis sufficient to

believe that intelligence or expressionexists. Emulations of

expressiveperformancehave beenattemptedby meansof rule-

basedprograms(e.g., [7, 10, 14]) and by machine learning,
notably case-basedeasoning(e.g. [1, 2, 3]). However, it is

guestionablewhether systematic emulation of performer
expressiorderivedfrom other musical contextsis the sameas
whathumanperformersdo eachtime they interpret a composi-
tion. Computermusiciansworking with realtime performance
systemshave expressedhe cautionaryview that Ojustas the

Pivity suffix in the word Qinteractivity@nnotesOaquality of®
interaction that can only be artificial in a machine,
Oexpressivityfor a computercan only be a demonstrationof

an artificial or simulated quality of being expressivein the

sensethat we apply it to humanmusic making:the conveyance
of meaning or feeling.O[11] OBe aware though: music

instruments,being machines,...cannobe expressiveEsince
machinesdo not have anything to express.However,they can

be usedto transmit human expressivenessand they can do

thatin many ways and with different degreesof success.Our

instrumentswill achieve this for better or worse, in the

measurethey permit the performer to transform a mental
musical representatiorinto musical gestureand sound.([19]

These musiciansfeel that the expressioncomes from the
performer,and the instrument enablesNandideally facilitates
and amplifiesNthat human expression. Although we may
speakof an OexpressivinstrumentCfor the sakeof brevity, it

is importantto recognizethatwe usually meanOaninstrument
that affords expressiondhat is, Oaninstrument that enables
the playerto be expressiveO.

3. CONTROL AND EXPRESSION
3.1 Control # Expression

The merepresenceof a finely calibratedinstrument does not
guarantedhat it will be put to an expressiveuse.It might be
said that the ability to control a sound generator,and the
meansof that control, are the tool or the mediumby which
expressionis made possible.But it is importantto note that
one should not thereforeequatecontrol with expression.The
performerOsxpressionis the significant contentthat is made
possible to convey by the ability to control the sound
generatotin real time?

The most basic need for a controller is that it accurately
capturethe dataprovidedto it by the humaninterface.Another
basic need is that the software provide correspondences
betweeninput data and output sound that are sufficiently
intuitive for both performer and audience.It has been
suggestedhat Otheexpressivityof an instrumentis dependent
on the transparencyf the mappingfor both the player and the
audience.@13], be it throughdirect mappingschemespr more
sophisticatedyestureanalysis(e.g.[8, 23]). Transparenbr not,
the correspondencesnust be learnable, repeatable,and
sufficiently refinedto enablecontrol of the sound that is both
intimate (finely detailed)and complex(diverse,and not overly
simplistic).

Thus, control is a preconditionfor enabling expression,but is
notin andof itself sufficient. Expressivecontrol requiresat a
minimum that the interfaceprovide accuratecaptureof gesture,
andthat the mappingof input to sonicresultbe situated at the
appropriatelevel of structuraldetail (microscopic, mid-level,
or macroscopic) Expressivitycan be enhancedby intelligent
recognitionof gesturein orderto characterizehe gestureand
makethe appropriatemapping.

3.2 Simple and complex mapping schemes

In trying to design an instrumentthat will enableexpression,
it is necessaryto considerhow the performerwill provide
musical expressionnotably how the performerOgesturewill
affectthe sound. Simple one-to-onemapping of input control
datato a particularsoundparameteris essentialin many cases
in order for the performerto have precise control, but such
control is not equalto expressionExpressivecontrol relies on
more sophisticateduse of the control input information, such
as through one-to-many mapping of control data to a

2 The English philosopherR.G. Collingwood formulated Ohis
celebrateddistinction betweenart and craft, according to
which craft is a meansto an end and must therefore be
conductedaccordingto the rules laid down by that end,
whereasart is not ameansbut and end in itself, governedby
no external purpose.O[4] The building of instru-
ments/controllerss the craft of enabling expressivecontrol,
whereaghe expressivauseof the instrumentis an art.



combinationof parametersrecognitionof complex character-
istic gesturesor other methodsthat enablethe simultaneous
and multi-dimensionalshaping of combinationsof parame-
ters. Good performers use this complex multi-parametric
shapingto encodea meaningfulvariationfrom a norm, beit by

adding nuancenot specifiedin the scoreof a compositionor

by varying establishedstandardsof consistency (steady
tempo,discretescalestepsof pitch). For example,vibrato in a

flute or aviolin sound, which is rarely notated but which is a

generallyacceptednethod of playing espressivan Romantic
and contemporarymusic, is a simultaneousmodulation of

pitch, loudness,and timbre (i.e., frequency, amplitude, and

spectrum)with thesemultiple modulationsthemselvesbeing

shapedmodulated)by the performer.

It is onething to createa controllerwith simple mappingsthat
evenanovicecan use with satisfying results without training
(e.g.,[8]), butit is quite anotherto develop an instrumentthat
providesmaximal control, diversity, and efficiency, in order to
bestenableexpressiorby a skilled user.For aninstrumentto
be consideredpotentially expressiveby a trained musician, it

must necessarilyhave a certain degreeof complexity in the
relationshipbetweeninput control data and sonic result. So it

is reasonableto expectthat such an instrument will have a
certainlearning curve (c.f. [19], p. 176 ff.); a performerwill

requirea certain amount of training and practiceto achieve
good control of it. For high-quality musical expression,an
instrumentshouldbe masteredthe performershouldachievea
level of virtuosity.

4. WHITHER VIRTUOSITY?

4.1 Common Definition
virtuosity: greattechnicalskill [17]

First we wish to clarify that our use of the term OvirtuosityO
refersto a personhaving completemasteryof an instrument,
such that s/he can call upon all of the capabilities of that
instrumentat will with relative ease;we are not referring
simply to extravagantdisplays of extremespeedor dexterity.
(Indeed, a computeris capableof playing at speedsmuch
greaterthan humans,so playing fast notes on a computer
instrumentis no longer necessarilya display of virtuosity by
the performer.)

4.2 Virtuosity Facilitates Expression

A primary value of virtuosity is that it transfersmuch of the

knowledgeof how to control the music to the subconscious
level for the performer;basic functionality of the interfaceis

no longer necessarilyforemostin the performerOshoughts.
C‘)Thehumanoperator,oncefamiliar with the system,is freeto

perform other cognitive activities whilst operating the

system.Q[18] When control of the instrument has been

masteredto the point where it is mostly subconsciousthe

mind has more freedom to concentrateconsciously on

listening and expression.

4.3 Lack of Virtuosity Inhibits Expression

How muchtime is neededto develop masteryor virtuosity on
a musical instrument?0f coursethereis no definitive answer
to this question,but it is probably safeto say that virtuosi
have almostinvariably spentyearsof highly focusedpractice
and experienceon their instrument.lt is also safeto say that

almost all sophisticatedmusical instruments have evolved
over many years or even many centuriesof technological
refinement, focused developmentof technique over a long

period by numerousdifferent musicians(often competing, but

also usually learning from eachother), and a productionof a

large body of repertoire that contributes to both the

technologicaland the technicaladvancef the instrument Is

it thennasveto think that masterful performancewill occuron

an instrumentthat was designed,developed built, composed
for, andrehearseanly within the lastyearor eventhe last few

monthsor weeks?

The vast majority of performancesof computer music that

involve new interfaces, new instruments, alternative
controllers, etc. are more experimentalthan they are refined

and virtuosic. They are generally performedby someonewho

has only recently encounteredthe instrument, has had

relatively little time to explore and understandhe subtleties
of expressivecapabilitiesit affords, may be dealing with an

interface the mappingsof which have only recently been
programmedletOsbe honest,in somecasesas recently asthe

dressrehearsal)and who doesnot truly have a performance-
level masteryof the instrumentas it is configured. In many
cases,the performeris someonewho is a composer or

technicianmore than a professionalinstrumentalistor stage
performer.

Thereis nothingwrong with this experimentationindeed, it is

vital to the progressof this field. And in fact thereis nothing

sovery wrong with putting this experimentationonstagein a

less-than-refinedform at demonstrationsworkshops, and

conferencesBut it would be a mistaketo pretendthat such an

onstageexperimentis a good representatiorof the expressive
capability of that instrument,or that it canNexceptin a few

fortunate instancesNbe legitimately comparedto a high-

caliber professionalvirtuosic music performance.

Schloss [24] has remarked that Osomepieces performed
nowadaysclaim to be interactive,but in reality they are simply

not finished yet. So the performanceinvolves the Obaby-
sitting8and Oknob-twiddling@e might see on stagethat is so

unsatisfyingto watch.OThe lack of virtuosity on new musical

interfacesis apparentlyanother caseof the Oelephanin the

cornerONabig bothersomdssue that everyoneknows is there

but is hesitantto discuss.

4.4 New Instruments Modeled on Old Ones

One approachto improving virtuosity and expressivityin live
computermusic hasbeento design instrumentsmodeled on
existing acousticinstruments.Indeed,this is still an attractive
approachto many in the field, as demonstratedby the NIME
2006 Ospeciapaper sessionCpn Digital Interfaces for the
Violin Family. Early designersof synthesizersand designers
of the MIDI protocol,recognizedhe value of taking advantage
of the years of skill developed by large numbers of
keyboardists. Designers of other commercial computer-
enabled acoustic instruments (computer-captor-enhanced
violins, saxophonesgtc.) and instrumental controllers (Zeta
Strados violin pickup and Synthony Il MIDI processor,
YamahaG1D guitar pickup and G50 guitar MIDI converter,

® A particularly musically satisfying fusion of Otechnical@nd
Oatrtistic3suesoccursin works such as ChopinO<tudesfor
piano,which addresdoth in a meaningfulway.



YamahaWX5 wind controller, etc.) have also attemptedto
make controllersthat will allow capableperformersof those
instrumentsGcoustic counterpartsto bring their expressive
skills to computermusic.

Computerinterfacesthat are closely modeled on existing
acousticinstrumentscan reducethe learning curve for those
performerswho are experiencedon the acoustic counterpart,
tap into the existing resourceof performersQirtuosic skill,

and becomereadily usable by a larger pool of performers
comparedto more novel interfaces.But interfacesbasedon

existing instrumentspresentsomechallengesas well.

Although thereis a growing numberof expertinstrumentalists
who are interestedin performinginteractive computer music,

many acousticinstrumentalistsremain reluctantto use new

interfaces perhapsbecausethey feel intimidated by their own

lack of computermusic knowledge,and/or becausethey have

had experiencewith poor computerized models of their

instrumentin the past.

Indeedfor the designerof such an instrument, there are many
challengesn trying to makethe instrument seemnatural and
intuitive for a player. First of all thereis the problem of
knowing exactly what bestto capturein the playerOgesture.
(For example,to capture vibrato on a violin, should the
computermonitor the pitch of the bowednote,or the length of
the bowedstring, or is it necessaryo know also the movement
of the hand and finger in order to monitor the spectrum-
altering and amplitude-dampingeffect of different finger
angles?)Theremay also be a needto recognizeand categorize
certain second-or third- order aspectsof the gesture (e.g.,
recognizethat a vibrato is taking place, take note of its rate
and depth,the rate of change,etc.) And crucially, thereis the
questionof how to map datafrom the interface onto specific
changesn the sound,i.e., to mapthe relationship of interface
to soundgenerator.

As notedearlier,one-to-onemappingof a single input control

parameterto a specific parameterin sound production is

effectivefor transparentand repeatablecontrol (e.g.,selecting
a specific pitch), but the subtledetailsof performerexpression
usually require more complexmappings.Instrumentdesigners
benefit from examining the gesture-soundrelationshipsthat
exist in acoustic instruments,if only in order to design
instrumentsthat are more intuitive for virtuoso players, and
that provide a rewarding complexity that encouragesractice
to achievemastery.Thus, mappingplays a significant role in

the succesor lack of successof an instrumentin both the

short term (enabling expression) and the long term

(encouragingdevelopmentof virtuosity).

5. POSSIBLE DIRECTIONS TOWARD
MORE EXPRESSIVE INTERFACES

5.1 More Participation by Virtuosi

If we acceptthe premisethat virtuosity facilitates expression
and lack of virtuosity inhibits expression,then it standsto

reasonthat computermusic can be made more expressiveby

more virtuosic performers.One approachis to use sensor-
equippedacousticinstrumentsor an interfacemodeledon an

acousticinstrumentto take advantageof the virtuosity already
developedby experiencedplayers. Another approachis for

experiencedperformersto dedicate the time necessaryto

develop virtuosic mastery of a new interface. This often

requiresyearsof dedicationto a particular interface, but the
rewardsof such dedicationare demonstratedby performers
suchasLaetitia Sonamiand Michel Waisvisz(andof course,in

the pre-computerage, Theremin virtuosa Clara Rockmore).
Experimentalperformancedy inexperiencedmusiciansor by

performerswho haveincompletelymastereda new interfaceare
oftenacceptableasa proof-of-conceptdemonstrationof a new
design(particularly in atechnical conference)put whendone
on the concert stage are subject to rigorous musical and
aestheticcritique.

5.2 Still Better Mapping Ideas

Defining correspondencedetweengesture and soundNi.e.,

mapping control data to sonic parameter(s)Nhasbeen the

focus of an enormousamountof research(e.g., [28]). Some
basicproblemshave beenrecognized,yet many still have not

been satisfactorily solved. OStrategieso design and perform

thesenew instrumentsneedto be devisedin orderto provide

the same level of control subtlety available in acoustic
instruments.@27] One problemis the needto have intuitive

yet detailedcontrol of a computermusicinstrumentthat might

itself be vastly multi-dimensional. However,with Ocontrollers
that output more than 3 continuousstreamsfrom the same
gesturejt canbe exceedinglydifficult to reliably reproducea

gesturein performance.q21] Indeed,with a motion capture
system,Oasingle performerwearing a standardset of thirty

markers,with three coordinatesper marker, producesa stream
of 90 simultaneouscontinuous parametersavailable for

musical control.EThis profusion of control data presentsEa
challengeof the limitations of awarenesdor the performer.O
[12] A Ofly-by-wireGCstrategy(i.e., a divergent one-to-many,
mapping),wherebya small amount of control data provides
the necessaryguidanceto a complex system,is implied for

intuitive-yet-complex control of sound. Such a system
requiressometime to master.

5.3 Feedback

Instrumentalistgely on tactile and visual information aswell

as sonic information. A pianist can seeand locate a specific
key beforeplaying it, canuse the resistanceof the key-action
mechanisnto help know how hard to pressthe key, and can
usethe feeling of adjacentkeysto keeptrack of hand position.
Similar examplescan be found for almost any acoustic
instrument. Thus, visual information (telling the player what
is possible,and where controls are) and visual feedback
(telling the player what happenedyre very helpful in a new
interface. Likewise, haptic (tactile) feedbackis useful for

gaugingoneOprogresson a continuum.Somenew interfaces
lack sufficient visual and haptic feedback:for example,video
motion tracking software allows the performer unfettered
movement,but provides only sonic feedback.Sonic feedback,
while necessanand valuablefor musical performers,is always
retrospectiveithe soundhas alreadyoccurredby the time the
feedbackhas been received.One can learn to play such a
OvirtualOinstrumentvirtuosically, but the learning curve is

decidedly high.

5.4 Gesture Recognition

While accuratetracking of gesturalinformationis crucial for
good control and expression the softwarethat interpretsthat
data can be made even more OintelligentCby analyzing
characteristicof that gesture.This includessecond-and third-



order analysesof the input dataNrecognizingnot only the
input value, but also the speedand direction of change,
accelerationof change,etc. Some implementationof pattern
analysis,recognition,and categorizatiorcan also lead to more
intelligent software. For example,in addition to tracking
gesture,it is usefulto know what kind of gestureit is, thus
making it possibleto associatemeaning with that gesture.
Techniquesof patternmatchingand gesturerecognitionhave a
long and well-developedhistory in the field of artificial

intelligence, and much of that knowledge can be fruitfully

appliedto musical gesture.

5.5 Critical Discourse

Critique is a vital aspectof intellectual and artistic life, which

obliges analysis, evaluation,and discussion,which in turn

leads to improvement.Conferencessuch as NIME, ICMC,

SEAMUS, and SMC focus predominantly on technical
presentationsand music concertsfor an audience of like

colleagueshowever,critical discourseregardingthe quality
of the music, aestheticvalues, and effectivenessof new
interfacestakesplace mostly in private conversationsover an

after-concertbeer. In addition to being the sitesfor exchange
of technical information, these conferencescan and should
serve as ongoing public forums for evaluative aesthetic
discourse encouragingncreasedpublic critique and debate.

5.6 Repeat Performances

In orderfor listenersto appreciateand evaluatethe expressive
qualities of a performance,accessto multiple interpreta-
tionsNwhether by the sameartist or by different artistsNis
essential. However,sincemost of the leading computermusic
conferencedocus their selectioncriteria for performanceson
either the compositionor the technology,placing a premium
on originality, repeatperformancesrerarely available. This is
the oppositeof the situationin classicalmusic,wherethe most
visible performancesare usually pieces from a standard
repertoire rather than newly composedworks. Performance
interpretation and expressionare highly valued in the
classical genre, while in live computer music circles the
quality of the individual®gerformanceds usually a secondary
consideratiofNor may even be impossible to evaluate
becausehe pieceis only heardonce and the interfaceis so
novel. If expressionis truly a valued componentof this new
art form combininghumansand machines then time could be
allocatedat major public eventsfor the display, critique, and
contemplationof the unique qualities brought to life in a
particular realtime performance. One result of such concert
programmingmight be the emergencef a numberof OclassicO
pieces in the genre, in which different performers®
interpretationscould be critically compared,thus focusing
attentionon the expressiveuse of the interface,ratherthan its
design characteristics.

6. CONCLUSION

If musicalexpressiorwith new computerinterfacesis to reach
the level of sophisticationachievedby major artistsin other

4 At a recentelectronic music conferenceall the composers
were called to the stagefor a group photo, leaving the few
performersin attendanceio ponderthe implications of their
exclusion.

specialties (jazz, classical, etc), it will be necessaryto
encouragefurther developmentin the following areas:
continuedfocusedresearchon strategiesfor better mapping,
gesturerecognition, and feedback;dedicatedparticipation by
virtuosi (utilizing existing virtuosity and developing new
virtuosity); repertoire developmentforNand multiple per-
formanceswithNa given instrumentas a way to further its
development;and more opportunitiesfor critical discourse,
both within the community of practitionersand among non-
practitioners. The future is rich with possibilities for
involvementby a wide array of interestedand talentedartists
and artisans.
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