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AimAim

Explore history of music perceptionExplore history of music perception

 ““historyhistory”” = Medieval, Renaissance = Medieval, Renaissance
 orig ins of major-minor tonalityorig ins of major-minor tonality

 ““musicmusic”” = W estern polyphonic = W estern polyphonic
 statistical analysis of electronic scoresstatistical analysis of electronic scores

 ““perceptionperception”” = expectation = expectation
 tonal-harmonic syntaxtonal-harmonic syntax
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Specific ob jectivesSpecific ob jectives

Explore changing relative prevalence ofExplore changing relative prevalence of
music-structural elements such as:music-structural elements such as:

 melodic fragmentsmelodic fragments

 e.g . cadential formulaee.g . cadential formulae

 sonorities expressed as Tn-setssonorities expressed as Tn-sets

 e.g . 047, 037e.g . 047, 037

 specific polyphonic cadential formulaespecific polyphonic cadential formulae

 e.g . double leading-tone cadencee.g . double leading-tone cadence

The approach ig nores:The approach ig nores:

 Enharmonics and microtonalityEnharmonics and microtonality

 Chromatic scale steps as categoriesChromatic scale steps as categories

 Musically interesting Musically interesting ““abnormalitiesabnormalities””

 First identify the main trendsFirst identify the main trends

 RhythmRhythm

 Main focus is pitchMain focus is pitch



3

ExampleExample:  :  EarlyEarly   po lyphonypolyphony

From H. van der W erf (1992): Early W estern polyphony. In Knighton & Fallows (Eds.)

Sp inoffsSp inoffs

 Music historyMusic history
 document musical heritagedocument musical heritage

 revive revive interestinterest in syntax in syntax

 Music theory and analysisMusic theory and analysis
 history of syntax versus history of theoryhistory of syntax versus history of theory

 test claims about history of syntaxtest claims about history of syntax

 ““explainexplain”” major-minor tonality major-minor tonality

 Music performance and educationMusic performance and education
 improve performing editionsimprove performing editions

 develop computer toolsdevelop computer tools
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Domain of researchDomain of research

 Notation (symbolic data)Notation (symbolic data)

 Polyphonic (no chant)Polyphonic (no chant)

 Medieval - RenaissanceMedieval - Renaissance

 Pitch-time patternsPitch-time patterns

 Chromatic scaleChromatic scale

Example of corpus analysisExample of corpus analysis

EberleinEberlein‘‘ss (1994) (1994) sample (1700-1850 sample (1700-1850):):

 J. S. Bach: 7 ChoralesJ. S. Bach: 7 Chorales

 HändelHändel: Trio sonata Op. 5 No. 5: Trio sonata Op. 5 No. 5

 Mozart: Mozart: MissaMissa  brevisbrevis KV 65 KV 65

 Beethoven: Mass in CBeethoven: Mass in C

 Mendelssohn: Motets Op. 78Mendelssohn: Motets Op. 78
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Prevalence of individual sonoritiesPrevalence of individual sonorities
(Eberlein, 1994)(Eberlein, 1994)

Ranking :Ranking :

 major triadmajor triad

 minor triadminor triad

 major-minor (dominant) seventhmajor-minor (dominant) seventh

 diminished seventhdiminished seventh

 minor added sixth chordminor added sixth chord

 triad with suspended fourthtriad with suspended fourth

 minor seventhminor seventh

 diminished triaddiminished triad

Prevalence of two-chord progressionsPrevalence of two-chord progressions
Intervals between bass tones of root-position chords (Eberlein, 1994)Intervals between bass tones of root-position chords (Eberlein, 1994)

24451724345150total

270100521min-min

4935151205min-maj

770592160maj-min

9126001964maj-maj
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Stylistic d ifferencesStylistic d ifferences

 cf. Mozart, Schubert, Brahms:cf. Mozart, Schubert, Brahms:

 Mozart: Mozart: more maj & dim triads, maj 7thsmore maj & dim triads, maj 7ths

 Schubert: Schubert: more dom 7thsmore dom 7ths

 Brahms: Brahms: more min triads, half-dim 7thsmore min triads, half-dim 7ths

Ferkova, E., Zdimal, M., & Sidlik, P. (2007). Statistical harmonicFerkova, E., Zdimal, M., & Sidlik, P. (2007). Statistical harmonic
analysis in the piano music of Mozart and Schubert. IMS Zürich.analysis in the piano music of Mozart and Schubert. IMS Zürich.

A A testab letestab le  p red ictionpred iction
•  Quantify „evolving consciousness of sonority“ in 14th cent. (Fuller, 1986)
•  Understand „emergence of tonality“
•  Compare prevalence of harmonic thirds and triads in different periods
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Another testab le p red ictionAnother testab le p red iction
Does scale step prevalence correlate with K&K82 and Pmo88?Does scale step prevalence correlate with K&K82 and Pmo88?

K&K82 = Krumhansl & Kessler, Psycholog ical Review, 1982; Pmo88 = Parncutt, Music Perception, 1988

ProcedureProcedure

 Choice and coding of scoresChoice and coding of scores

 Chromatic pitch categorisationChromatic pitch categorisation

 Manual mark-upManual mark-up

 Transition probabilities of notesTransition probabilities of notes

 Chunking (segmentation)Chunking (segmentation)

 Transition probabilities of chunksTransition probabilities of chunks
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Choice and cod ing  of scoresChoice and cod ing  of scores

 Representative repertoire of each periodRepresentative repertoire of each period
 convert existing electronic scoresconvert existing electronic scores

 code new scorescode new scores

 Common coding formatCommon coding format
 Include non-score parametersInclude non-score parameters

 note saliences, stream assignmentsnote saliences, stream assignments……

 define and count define and count ““patternspatterns””
 pattern definition: specificity versus generalitypattern definition: specificity versus generality

  Humdrum?Humdrum?

 Copyright issuesCopyright issues
 different degrees of accessibility (internet)different degrees of accessibility (internet)

Ed itorial in formationEd itorial in formation

 ““UrtextUrtext““, copy or edition?, copy or edition?

 editorial aims? practice? criteria?editorial aims? practice? criteria?

 include this info in electronic scoresinclude this info in electronic scores

 create create historicallyhistorically  reputablereputable  sourcesource

 maintain maintain distinctiondistinction in  in statisticalstatistical analyses? analyses?
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Chromatic p itchChromatic p itch
categ orisationcateg orisation

Chromatic scale as pitch categoriesChromatic scale as pitch categories

 Ficta problemFicta problem
 avoid tritonesavoid tritones……

 raise leading tonesraise leading tones……

 Different versions of each pieceDifferent versions of each piece
 existing performance editionsexisting performance editions

 subjective vs. objective formulation andsubjective vs. objective formulation and
application of ficta rulesapplication of ficta rules

 Expert evaluationsExpert evaluations
 weighting of diff. versions in calculationsweighting of diff. versions in calculations

Tab latureTab lature  ‒‒ no  no p rob lemprob lem

From F. W iering (1997), „DARMS extensions for lute tablatures“. 
In E. Selfridge-Field (Ed.), Beyond MIDI
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RhythmRhythm

Not a focus of the planned studyNot a focus of the planned study
 Minimum requirementMinimum requirement

 encode temporal order onlyencode temporal order only

 Maximum requirementMaximum requirement
 temporal categories of standard notationtemporal categories of standard notation

Manual m ark-upManual m ark-up

 Streams (voices)Streams (voices)
 according to score structureaccording to score structure

 algorithm not necessary?algorithm not necessary?

 SalienceSalience
 higherhigher

 main melodymain melody

 primacy and recency (start and end of units)primacy and recency (start and end of units)

 dissonancesdissonances

 lowerlower
 short tones (saturation function?)short tones (saturation function?)
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W hy salience and stream ing ?W hy salience and stream ing ?

Source: W . M. Szeto and M. H. W ong (2006). Stream segregation algorithm for pattern matching in
polyphonic music databases. Multimedia Tools and Applications,  Volume 30, Number 1, July, 2006.

Statistical learn ingStatistical learn ing

Example: Example: Preishit Preishit ((““bargainbargain””))

 Segmentation depends on languageSegmentation depends on language
 German:German:

 known words known words ““PreisPreis”” +  + ““HitHit”” =  = ““Preis-HitPreis-Hit””

 no no ““shsh”” in German  in German  s+h s+h

 English:English:
 known word known word ““shitshit”” (tabu  (tabu  emotive  emotive   salient)salient)

 ““shsh”” is mostly grouped (exception: mishap) is mostly grouped (exception: mishap)

 Transition probabilities are high in knownTransition probabilities are high in known……
 letter combinationsletter combinations

 wordswords
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Transition probab ilitiesTransition probab ilities

Corpus containing units V, W , X, Y, ZCorpus containing units V, W , X, Y, Z……

W hat is transitional probability of XY?W hat is transitional probability of XY?

nnXX = total number of X = total number of X’’ss

nnXYXY = total number of XY = total number of XY’’ss

ppXY XY I X I X = = nnXY XY / / nnXX

cf. 1st-order Markov modelcf. 1st-order Markov model

Cf. Harris structural linguistics (1950s)Cf. Harris structural linguistics (1950s)

Statistical learn ing  ofStatistical learn ing  of
syllab lessyllab les

 ProblemProblem
 How do babies segment language? no reliable acoustic markers!How do babies segment language? no reliable acoustic markers!

 ParticipantsParticipants
 8-month-old infants8-month-old infants

 Exposure phaseExposure phase
 nonsense syllables e.g . nonsense syllables e.g . bidakupadotigolabubidakbidakupadotigolabubidak
 transitional probabilities:transitional probabilities:

 high (1.0) within 3-syllable high (1.0) within 3-syllable ““wordswords””
 low (0.33) between wordslow (0.33) between words

 2 minutes only!2 minutes only!

 Test phaseTest phase
 infants attend longer to infants attend longer to ““non-wordsnon-words”” than  than ““wordswords””

Saffran, J. R., Aslin, R. N., & Newport, E . L. (1996). Statistical learningSaffran, J. R., Aslin, R. N., & Newport, E . L. (1996). Statistical learning
by 8-month-old infants. by 8-month-old infants. Science, 274,Science, 274,  1926-1928. 1926-1928.
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Statistical learn ing  of tonesStatistical learn ing  of tones
 StimuliStimuli

 pure tones from C4 to B4pure tones from C4 to B4

 Exposure phaseExposure phase
 e.g . 2 minutes of DFEFCF#CC#DD#EDGG#Ae.g . 2 minutes of DFEFCF#CC#DD#EDGG#A

 ParticipantsParticipants
 adults and infantsadults and infants

 ResultsResults
 essentially same as for syllablesessentially same as for syllables
 independent of streaming by pitch proximityindependent of streaming by pitch proximity

 ConclusionConclusion
 same statistical learning mechanismsame statistical learning mechanism

Saffran, J. R ., Johnson, E . K., Aslin, R . N., & Newport, E . L. (199). StaisticalSaffran, J. R ., Johnson, E . K., Aslin, R . N., & Newport, E . L. (199). Staistical
learning of tone sequest by human infants and adults. learning of tone sequest by human infants and adults. Cognition, 70,Cognition, 70,  27-52. 27-52.

Transition probab ilitiesTransition probab ilities

 Count tones (pitches or pitch classes)Count tones (pitches or pitch classes)
 Distribution, probabilitiesDistribution, probabilities

 Count local combinations of two tonesCount local combinations of two tones
 SuccessiveSuccessive

 SimultaneousSimultaneous

 Calculate transition probabilities:Calculate transition probabilities:
 Given element A, probability that B willGiven element A, probability that B will

 followfollow

 sound simultaneouslysound simultaneously
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Defin itionsDefin itions

Musical chunkMusical chunk
 categorically perceived patterncategorically perceived pattern

 melodicmelodic

 harmonicharmonic

 bothboth

Musical Musical syntaxsyntax
 conditional probabilities of chunksconditional probabilities of chunks

Chunking  and contextChunking  and context

 Group elements with high trans. prob.Group elements with high trans. prob.
 E.g . cadential formulaeE.g . cadential formulae

 Repeat previous procedureRepeat previous procedure
 Count chunksCount chunks

 Distribution, probabilitiesDistribution, probabilities

 Count local chunk transitions?Count local chunk transitions?

 Calculate transion probabilities?Calculate transion probabilities?

 Accounts for contextAccounts for context
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Hig her-level chunkingHig her-level chunking

 Repetitions of 3 or more tonesRepetitions of 3 or more tones
 Invariance under transpositionInvariance under transposition

 Fuzzy definitionFuzzy definition
 intervals intervals ++  1 semitone 1 semitone

 durations reduced to short and longdurations reduced to short and long

 Similarity algorithmsSimilarity algorithms

Dealing  w ith polyphonyDealing  w ith polyphony

 Chunk individual streamsChunk individual streams

 Relatively easyRelatively easy

 Chunk harmonic progressionsChunk harmonic progressions

 At every note onset, identify Tn-setAt every note onset, identify Tn-set

 weight of Tn-set = no. of simultaneous onsetsweight of Tn-set = no. of simultaneous onsets

 calc. transition probabilities between Tn-setscalc. transition probabilities between Tn-sets

 Study results, then attempt 2-D problemStudy results, then attempt 2-D problem



16

Im p licationsImp lications

 Music historyMusic history
 Digital Dig ital historyhistory  changeschanges  thinkingthinking

 Music theoryMusic theory
 PitchPitch  structuresstructures  betterbetter  defineddefined and  and understoodunderstood

 Music analysisMusic analysis
 StatisticalStatistical  claimsclaims  aboutabout  syntaxsyntax  becomebecome  testabletestable

 Music psychologyMusic psychology
 StopsStops  neglectingneglecting   historicalhistorical  contextcontext

Prob lemsProb lems

 Chunks have fuzzy boundariesChunks have fuzzy boundaries
 Mix objective statistical and subjective theoreticalMix objective statistical and subjective theoretical

approaches?approaches?

 Getting a Getting a bigbig   picturepicture  meansmeans losing detail losing detail
 E.g . microtonalityE.g . microtonality

 CanCan‘‘t t averageaverage  dissimilardissimilar  stylesstyles
 e.ge.g . 12th . 12th centurycentury English & European  English & European stylesstyles
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Interd iscip linarityInterd iscip linarity

 HistoricalHistorical  musicologymusicology

 Music Music performanceperformance

 HistoryHistory of  of musicmusic  theorytheory

 Computer Computer sciencescience

 Music Music psychologypsychology

 Music Music educationeducation

Not all in Not all in oneone  headhead!!

  Interaction Interaction betweenbetween  expertsexperts

Core pro ject partners:Core pro ject partners:

(Music(Music……))

 historian or theoristhistorian or theorist

 psychologistpsychologist

 computer scientistcomputer scientist

 mathematician, statisticianmathematician, statistician
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