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ABSTRACT

Background

Despiteuitsuincreasinglyuimportanturoleuinucompositionsuinu
theulate0nineteenthuandutwentiethucenturiesEutimbreuhasunotubeenu
theorizedu inu musicu researchu tou theu sameu extentu asu otheru
parametersu suchu asu harmonyEu melodyEu rhythmu andu formalu
processes7u Inu generalEu orchestrationu manualsu provideu
prescriptionsufor instrumentalucombinationsuandushortuexcerptsu
toubeuemulatedu(SandelluT//B97

Empiricalu studiesu suggestu thatu timbralu changes induceu
emotionalu responses inu listeners7uGuhnuetu al7 (OPPj9u reportedu
thatu listenersu experiencedu chillsu duringu musicalu passagesu
markedubyutheualternationuorucontrastuofuausolouinstrumentuandu
theu orchestra7u Pankseppu (T//B9u foundu thatu participantsu
experiencedu chillsu whenu au soloistu emergedu fromu au denseu
orchestralu texture7u TearsEu chillsEu andu anu increaseu inuheartu rateu
wereu associateduwithu suddenu dynamicu oru texturalu changes byu
Slobodau(T//T97

Orchestrationu treatisesu alludeu tou theseu large0scaleu
instrumentalugesturesEubutuauclearutaxonomyuofutechniquesuanduau
conceptualuframeworkurelatedutoutheirufunctionuanduperceptualu
effect isustillulacking7

Aims

Inu thisu paperu weu useu twou approachesu tou investigateu howu
emotionaluresponsesutoularge0scaleuorchestralugesturesuunfolduinu
timeuinurelationutouotherumusicaluparameters7uFirstEuweuuseuautimeu
seriesuregressionustudyutoupredictuchangesuinuemotionaluresponseu
byumodelinguchangesuinumusicalufeaturesu(suchuasuloudnessuandu
tempo97uSecondEuweuadvanceuaunewu typeuofuvisualizationu thatu
bothuillustratesutheurelativeutexturaludensityuofueachuinstrumentalu
familyu overu timeu andu mapsu musical0featureu overlaysu ofu
time0varyingumusicaluparameters7

Inuthisuexploratoryustudyuourufirstuaimuisutoumodeluoneuaspectu
ofu theu temporalu dynamicsu ofu theu listeningu experienceu byu
investigatingutheumusicalufeaturesuinuorchestralumusicuthatuelicitu
emotionaluresponses7uAdditionallyEuweuaimutoucontributeutoutheu
developmentu ofu au theoryu ofu orchestrationu gesturesu throughu
music0theoreticalu analysesu andu findingsu fromu theu behaviouralu
study7

Tououru knowledgeEu thisu studyu isu amongu theu firstu tou isolateu
variousutimbraluchanges inurelationutoumusicalustructureuandutou
exploreutheir potentialuaffectiveuresponses7

Method

As au startingu pointu foru inquiryEu we constructedu fouru
categoriesu ofu orchestral gestures basedu onu large0scaleu
instrumentationu changesu thatu varyu inu termsu ofu timeu courseu
(gradualuorusudden9uandudirectionu(additionuorureduction97

Twelveumusicaluexcerptsuwereuchosenutoufituwithin theufouru
categories (threeu excerptsu peru category97u Theu excerptsu wereu

categorizedubyuonlyuoneuoverarchinguorchestralugesture7uDrawnu
fromutheuorchestralurepertoireuofutheulate0nineteenthuanduearly0
twentiethucenturyu(e7g7EuworksubyuMahlerEuBrucknerEuDebussyEu
Strauss9Eutheuexcerpts wereuT0quminutesuinudurationuinuorderutou
provideuaulisteningucontext7uWell0knownuexcerptsuwereuavoidedu
tou ensureu thatu participantsu respondedu tou theu musicalu stimulusu
itselfuandunotutouexternaluassociations7

Inu groupu listeningu sessionsEu FBu participantsu (OOu musiciansu
anduOqunon0musicians9ulistenedutoutheuexcerpts inurandomizedu
orderuanducontinuouslyumoveduausliderutouindicateutheubuildupu
andu decayu ofu theu intensityu ofu theiru emotionalu responses7u Theu
slideru wasu equippedu withu anu elasticu bandu tou provideu
force0feedbackEuwhichuweuhaveufoundutoubeuanuintuitiveumethodu
ofuratinguthatuobviatesutheuneeduforuvisualuattentionutoutheuratingu
device7u Participants alsou completedu questionnairesu outliningu
theiru specificu subjectiveu experiencesu (chillsEu tearsEu andu otheru
reactions9uandutheirufamiliarityuandupreferenceuforueachuexcerpt7u
Theseulatterudatauwillubeuanalyzeduinuaulaterustudy7

Musicalu featureu variablesu wereu codedu asu timeu seriesu tou beu
useduinutheuvisualizationsuanduasupredictorsuofutheubehaviouralu
ratingsu inu theu regressionu analyses7u Fouru featuresu (loudnessEu
spectralu centroidEu tempoEu andu instrumentalu texture9u wereu
selectedubaseduonutheiruimportanceuinuotheruregressionumodelsu
(Schubertu OPPF9u andu inudescriptionsu ofu orchestralu gesturesu inu
treatisesu (Adleru OPPO97u Inu additionu tou theu totalu countu ofu
instrumentsu usedu inu theu regressionu analysisEu theu textureu
parameteruwasualsouexpandeduforutheuvisualizationsutouincludeu
theu contributionsu ofu eachu instrumentalu family’u stringsEu
woodwindsEubrassEupercussionEuanduorgankharp7

Results

Following Schubertu (OPPF9Eu weu conductedu twou linearu
regressionu modelsu ofu theu musicians’u andu non0musicians’u
emotionalu responsesu foru eachu ofu theu excerpts7u Allu ofu theu
autoregressiveumodelsuhaveusignificantucoefficientsEubutuonlyuau
smallu portionu of theu varianceu canu beu explained7u Similaru tou
Schubert’su(OPPF9ufindingsEutempouanduloudnessuwereutheumainu
musicalu featuresu includedu inu theu regressionu models7u Spectralu
centroiducontributedu tou theuemotionalu intensityuratingsu foru theu
suddenureductionucategoryuonly7uTempouwasuonlyu includedu inu
theu modelsu foru theu suddenu categories7u Despiteu theu firstu orderu
differenceu transformationu andu autoregressiveu adjustmentEu theu
effectsuofuserialucorrelationuwereunotucompletelyuremoved foruallu
ofutheumodels7

Theu emotionalu intensityu ratingsu andu theu musicalu featureu
variablesuwereugraphedutogetheruforuvisualucomparisonuandutou
helpu interpretu theu resultsu ofu theu regressionu study7u Theu
visualizationsurevealudistincturesponseuprofilesuforueachuofutheu
categories7u Musiciansu andu non0musiciansu exhibitu similaru
emotionalu intensityu curvesu foru theu gradualu gesturesu (additiveu
andu reductive9;u howeverEu musiciansu tendu tou anticipateu theu
suddenu changes7u Asu au resultEu theu musicians’u emotionalu
responsesuareuheightenedubeforeutheuonsetuofutheudramaticueventu
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such as a sudden addition. The non-musicians trail behind 

changes in loudness and centroid. 

 For both gradual and sudden reductive excerpts, 

participants’ responses display a sustained lingering effect of 

high emotional intensity despite the reduction of instrumental 

forces, loudness, and other parameters. We suggest that this 

anomaly is likely related to an “after-glow” effect (discussed by 

Schubert 1999), where emotional arousal continues even after 

the music has stopped. However, other parameters related to 

harmony and timbral or textural qualities may also play a role in 

the lingering intensity. 

Conclusions 

We suggest that time series regression analysis can be 

complemented by visualizations, which allow for both 

quantitative and qualitative comparison of excerpts within 

categories and across categories. The ability to quantify and 

view by instrumental family facilitates the analyses of timbral 

changes and their interaction with other musical elements. 

Additional musical feature overlays (such as phrase structure 

and harmony) could bring another important dimension to the 

analysis. In this way, traditional score-based analytical 

techniques are combined with and enhanced by acoustical 

information including spectral properties of the signal. In future 

work, we plan on coding other timbral predictors, such as 

spectral roughness and flux, as well as harmonic tension, attack 

density, and other formal characteristics, in order to better 

understand the interaction between orchestration and other 

musical parameters. 

Overall, this exploratory study indicates the importance of 

researching orchestral gestures and the effect of timbral 

changes on the listening experience. We also propose that 

visualizations are a crucial analytical tool that can be used to 

illuminate results from other approaches. 
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