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Introduction (I)Introduction (I)Introduction (I)Introduction (I)

DefinitionsDefinitions ofof prosodyprosodyDefinitionsDefinitions ofof prosodyprosody
thethe rhythmrhythm andand intonationintonation aspectsaspects ofof aa languagelanguage
((MerriamMerriam--WebsterWebster))(( ))
aa communicationcommunication mannermanner whichwhich includesincludes thethe
attitude,attitude, thethe emotionsemotions ((HH..NN.. TeodorescuTeodorescu)),, (( ))

ClassificationClassification ofof emotionsemotions ((FakotakisFakotakis))(( o so s))
basicbasic emotionsemotions
nonnon--basicbasic emotionsemotions (the(the mixedmixed emotions)emotions)nonnon basicbasic emotionsemotions (the(the mixedmixed emotions)emotions)



Introduction (II)Introduction (II)Introduction (II)Introduction (II)
Basic emotions Basic emotions (Johnson(Johnson--Laird and Oatley)Laird and Oatley)(( y)y)

-- happinesshappiness -- fearfear
-- angeranger -- sadnesssadnessgg

EEmotion’s recognitionmotion’s recognition
(Buluti, Narayanan and Syrdal )(Buluti, Narayanan and Syrdal )

92.1% for the neutral tone92.1% for the neutral tone
89 1% for sorrow89 1% for sorrow89.1% for sorrow89.1% for sorrow
89.7% for sadness89.7% for sadness
67 3% for happiness67 3% for happiness67.3% for happiness67.3% for happiness



Bases of our approachBases of our approachBases of our approachBases of our approach
TheThe databasedatabase containscontains shortshort sentencessentences oror
phrasesphrases fragmentsfragments.. TheThe emotionsemotions areare:: sadness,sadness,phrasesphrases fragmentsfragments.. TheThe emotionsemotions areare:: sadness,sadness,
happiness,happiness, angeranger andand detachingdetaching statestate..
TheThe speakersspeakers areare personspersons withwith ageage betweenbetween 2525--pp pp gg
3535 years,years, bornborn andand educatededucated inin thethe middlemiddle areaarea
ofof Moldova,Moldova, withwith higherhigher education,education, andand withoutwithout
manifestedmanifested pathologiespathologies..
TheThe recordingsrecordings werewere mademade withwith aa samplingsampling
ff ff 2205022050 HH EE kkfrequencyfrequency ofof 2205022050 HzHz.. EveryEvery speakerspeaker
pronouncedpronounced thethe sentencesentence forfor threethree times,times,
followingfollowing thethe recordingrecording protocolprotocolfollowingfollowing thethe recordingrecording protocolprotocol..



Several speculative hypothesesSeveral speculative hypothesesp ypp yp
(H.N. Teodorescu)(H.N. Teodorescu)

TheThe samesame emotionemotion isis representedrepresented differentlydifferently inin
ff diff tdiff t i t l ti t l t d did dipresencepresence ofof differentdifferent interlocutors,interlocutors, dependingdepending onon

thethe relationshiprelationship thethe speakerspeaker hashas withwith thethe
interlocutorinterlocutor..

TheThe doubledouble--subjectsubject constructionconstruction isis possiblypossibly
relatedrelated inin aa specificspecific wayway toto thethe emotionemotion andand interinter--relatedrelated inin aa specificspecific wayway toto thethe emotionemotion andand interinter
relationshiprelationship representationrepresentation..

D tiD ti ff hh d tid ti ff it hit hDurationDuration ofof phonemes,phonemes, durationduration ofof pauses,pauses, pitchpitch
trajectory,trajectory, includingincluding thethe firstfirst formants,formants, moreovermoreover
thethe higherhigher formants,formants, thethe subtlesubtle mixturemixture ofof linearlineargg
andand nonlinearnonlinear processesprocesses ofof speechspeech generationgeneration
areare aa setset ofof characteristicscharacteristics ..



Existing approachesExisting approachesExisting approachesExisting approaches
TheThe GreekGreek emotionalemotional databasesdatabases

-- thethe goalgoal ofof thisthis researchresearch waswas toto improveimprove thethethethe goalgoal ofof thisthis researchresearch waswas toto improveimprove thethe
naturalnessnaturalness ofof synthesizedsynthesized voicevoice..
TheThe GermanGerman emotionalemotional databasesdatabases

-- thethe validationvalidation commissioncommission recognizedrecognized 8080%% ofof thethe
simulatedsimulated emotionalemotional statesstates..
TheThe DanishDanish emotionalemotional databasesdatabasesTheThe DanishDanish emotionalemotional databasesdatabases

-- ttheyhey werewere correctlycorrectly recognizedrecognized inin aa proportionproportion ofof
6767%%..
TheThe SpanishSpanish emotionalemotional databasesdatabases

-- tthehe goalgoal waswas toto describedescribe aa usefuluseful methodologymethodology inin
thethe validationvalidation ofof thethe simulatedsimulated emotionalemotional statesstatesthethe validationvalidation ofof thethe simulatedsimulated emotionalemotional statesstates..



The methodologyThe methodologyThe methodologyThe methodology

Recording protocolRecording protocolRecording protocolRecording protocol
The emotional speech databaseThe emotional speech database
Processing tools used in the analysisProcessing tools used in the analysisProcessing tools used in the analysisProcessing tools used in the analysis
-- PraatPraat
-- Klatt analyzerKlatt analyzer
-- GoldWaveGoldWave
-- WaspWasp



RecordingRecording protocolprotocolRecordingRecording protocolprotocol
TheThe databasedatabase containscontains shortshort sentencessentences oror
phrasesphrases fragmentsfragments.. TheThe emotionsemotions areare:: sadness,sadness,pp gg ,,
happiness,happiness, angeranger andand detachingdetaching statestate..

ThTh kk i di d i f di f d tt iiTheThe speakerspeaker signedsigned anan informedinformed consentconsent inin
accordanceaccordance withwith toto thethe ProtectionProtection ofof HumanHuman
SubjectsSubjects ProtocolProtocol toto thethe UU..SS.. FoodFood andand DrugDrug
Ad i i t tiAd i i t ti dd ithith Ethi lEthi l P i i lP i i l ff ththAdministrationAdministration andand withwith EthicalEthical PrinciplesPrinciples ofof thethe
AcousticalAcoustical SocietySociety ofof AmericaAmerica forfor ResearchResearch
InvolvingInvolving HumanHuman SubjectsSubjects..gg jj

TheThe databasedatabase containscontains twotwo typestypes ofof protocols,protocols,
namelynamely thethe recordingrecording technicaltechnical protocolprotocol andand thethenamelynamely thethe recordingrecording technicaltechnical protocolprotocol andand thethe
recordingrecording documentationdocumentation protocolprotocol..



The emotional speech databaseThe emotional speech databasepp
The sentences are: The sentences are: 
1. 1. Vine mamaVine mama. (Mother is coming) . (Mother is coming) ( g)( g)
2. 2. Cine a facut astaCine a facut asta. (Who did that?) . (Who did that?) 
3. 3. Ai venit iar la mineAi venit iar la mine. (You came back to me). (You came back to me)
4. 4. Aseara. Aseara. (Yesterday evening).(Yesterday evening).

TheThe emotionemotion confusionconfusion matrixmatrix hashas provedproved thatthat allallTheThe emotionemotion confusionconfusion matrixmatrix hashas provedproved thatthat allall
emotionsemotions areare correctlycorrectly identified,identified, withwith aa raterate ofof
moremore thanthan 8080%% byby thethe listenerslisteners..

OurOur goalgoal hashas beenbeen toto discriminatediscriminate betweenbetween
happinesshappiness andand sadnesssadness emotionalemotional statesstateshappinesshappiness andand sadnesssadness emotionalemotional statesstates..



Annotation for the sentence Annotation for the sentence 
“Vine mama”“Vine mama”
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ProcessingProcessing toolstools (I)(I)gg ( )( )
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ProcessingProcessing toolstools (II)(II)ProcessingProcessing toolstools (II)(II)
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ProcessingProcessing toolstools (II)(II)gg ( )( )



Results (I)Results (I)Results (I)Results (I)
TheThe accentuatedaccentuated vowelsvowels don’tdon’t offeroffer importantimportant
informationinformation comparedcompared withwith nonnon accentuatedaccentuatedinformationinformation comparedcompared withwith nonnon--accentuatedaccentuated
vowelsvowels..

TheThe vowelvowel “i”“i” fromfrom thethe wordword “vine”“vine” hashas randomrandom
valuesvalues ofof thethe formantsformants;; itit doesdoes notnot helphelp inin thethevaluesvalues ofof thethe formantsformants;; itit doesdoes notnot helphelp inin thethe
emotionemotion recognitionrecognition..

TheThe obtainedobtained valuesvalues forfor thethe FF00 formantformant forfor allall thethe
personspersons decreasedecrease inin sadnesssadness statestate comparedcomparedpp pp
withwith thethe happinesshappiness statestate..



Results (II)Results (II)Results (II)Results (II)
TheThe obtainedobtained valuesvalues ofof thethe formantsformants FF22,, forfor thethe
vowelvowel “e”“e” (from(from thethe wordword “vine”)“vine”) havehave thethe

dd dd ii dd dd i hi htendencytendency toto decreasedecrease inin sadnesssadness comparedcompared withwith
happinesshappiness statesstates..

TheThe obtainedobtained valuesvalues ofof thethe formantsformants FF11 andand FF22,,
forfor thethe vowelvowel “a”“a” (the(the firstfirst “a”“a” fromfrom thethe wordword
“mama”)“mama”) havehave thethe tendencytendency toto decreasedecrease ininmama )mama ) havehave thethe tendencytendency toto decreasedecrease inin
sadnesssadness comparedcompared withwith happinesshappiness statesstates..

TheThe obtainedobtained valuesvalues ofof thethe formantformant FF22,, forfor thethe
vowelvowel “a”“a” (the(the lastlast “a”“a” fromfrom thethe wordword “mama”)“mama”)
decreasedecrease inin sadnesssadness comparedcompared withwith happinesshappiness..decreasedecrease inin sadnesssadness comparedcompared withwith happinesshappiness..



Results (III)Results (III)-- the tendency for the tendency for 
the F0, F1, F2 formantsthe F0, F1, F2 formants

77777m77777m F0F0 F1F1 F2F277777m77777m F0F0 F1F1 F2F2

ee a1a1 a2a2 ee a1a1 a2a2 ee a1a1 a2a2

GoldWaveGoldWave -- -- -- -- -- -- -- -- --

WaspWasp -- -- -- -- -- -- -- -- --

KlattKlattKlattKlatt -- -- -- -- -- -- -- -- --

PraatPraat -- -- undefinedundefined -- -- ++ -- -- ++



The tendency for the F0, F1, F2 The tendency for the F0, F1, F2 
formants decrease in sadness stateformants decrease in sadness stateformants decrease in sadness state formants decrease in sadness state 
compared with the happiness state compared with the happiness state 

subjectsubject FoFo F1F1 F2F2

ee a1a1 a2a2 ee a1a1 a2a2 ee a1a1 a2a2ee a1a1 a2a2 ee a1a1 a2a2 ee a1a1 a2a2
20048f20048f -- -- -- -- -- -- -- ±± --
01312f01312f -- -- -- ++ -- ±± -- -- --
55555f55555f -- -- -- ±± ±± -- ++ -- --±± ±±
123456f123456f -- -- -- -- -- -- -- -- ±±

77777m77777m -- -- -- -- -- -- -- -- --



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
Semantic arguments of a predicate:Semantic arguments of a predicate:g pg p

Subject Subject 

Direct object    Direct object    

Indirect object   Indirect object   jj

Those arguments can be doubledThose arguments can be doubledThose arguments can be doubledThose arguments can be doubled



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
Semantic arguments of a predicate:Semantic arguments of a predicate:g pg p

Subject Subject > personal pronoun      > personal pronoun      

Direct object   >  clitic pronouns         Direct object   >  clitic pronouns         

Indirect object >  clitic pronouns         Indirect object >  clitic pronouns         j pj p

Those arguments can be doubledThose arguments can be doubledThose arguments can be doubledThose arguments can be doubled



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
Semantic arguments of a predicate:Semantic arguments of a predicate:g pg p

Subject Subject > personal pronoun    >  Vine > personal pronoun    >  Vine eaea mama mama 
(Mother comes)(Mother comes)(Mother comes)(Mother comes)

Direct object   >  clitic pronouns        >  Direct object   >  clitic pronouns        >  LL--am vam văzut pe Ionăzut pe Ion
(I saw John)(I saw John)

Indirect object >  clitic pronouns       >  Indirect object >  clitic pronouns       >  ÎÎii mulmulţumesc luiţumesc lui IonIonj pj p ţţ
(I (I thankthank John)John)

Those arguments can be doubledThose arguments can be doubledThose arguments can be doubledThose arguments can be doubled



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
DoublingDoubling ofof thethe subjectsubjectgg jj

aa controversialcontroversial phenomenonphenomenon:: consideredconsidered appositionapposition
doesdoes notnot existexist inin otherother EuropeanEuropean languageslanguages.. TheseThese
languageslanguages useuse appositionapposition toto realizerealize doubledouble subjectsubjectlanguageslanguages useuse appositionapposition toto realizerealize doubledouble subjectsubject
constructionsconstructions..
existsexists inin somesome AsianAsian languages,languages, likelike JapaneseJapanese andand
KoreanKorean (Masahiro(Masahiro 19961996))(( ))
RomanianRomanian languagelanguage considersconsiders bothboth doubledouble subjectsubject
andand appositionapposition structuresstructures..

What supplementary information brings theWhat supplementary information brings theWhat supplementary information brings the What supplementary information brings the 
pronouncing in double subject phrases?pronouncing in double subject phrases?



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
TheThe mainmain objectivesobjectives ofof ourour studystudy areare::jj yy

comparingcomparing thethe prosodyprosody forfor simplesimple subjectsubject andand
doubledouble subjectsubject sentencessentences;;
studystudy thethe modificationsmodifications inducedinduced byby thethe doublingdoubling
ofof thethe subjectsubject inin thethe sentencesentence prosodyprosody;;
determinedetermine ifif thethe spokenspoken languagelanguage bringsbrings
distinctionsdistinctions thatthat maymay changechange thethe sentencesentence
behaviorbehavior closercloser toto aa simplesimple subjectsubject constructionconstruction
oror aa doubledouble subjectsubject oneone..



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
WWee recordedrecorded aa setset ofof sentencessentences bearingbearing doubleddoubledgg
subjectsubject forfor aa comparativecomparative analysisanalysis::

VineVine eaea mama!mama!
AA trecuttrecut elel aşaaşa unun răstimp”răstimp” (Sadoveanu(Sadoveanu MM ))„A„A trecuttrecut elel aşaaşa unun răstimprăstimp (Sadoveanu(Sadoveanu MM..))

OO ştişti elel carevacareva cumcum săsă rezolverezolve astaasta..
MamaMama vinevine şişi eaea maimai târziutârziuMamaMama vinevine şişi eaea maimai târziutârziu..
MamaMama ştieştie eaea cece faceface..

LastLast twotwo exexamplesamples areare consideredconsidered byby somesome
li ili i (B b(B b 20032003)) ii i hi hlinguistslinguists (Barbu(Barbu 20032003)) asas constructionsconstructions withwith
doubleddoubled subject,subject, whilewhile otherother authorsauthors (Cornilescu(Cornilescu
19971997)) considerconsider themthem particularparticular structuresstructures ofof thethe)) pp
RomanianRomanian languagelanguage..



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
TThe speakers have recorded several variants of he speakers have recorded several variants of pp
the sentences: the sentences: 

neutral toneneutral tone
accentuation of the doubling pronounsaccentuation of the doubling pronounsaccentuation of the doubling pronounsaccentuation of the doubling pronouns
focuses on the words next the pronounsfocuses on the words next the pronouns
the development of the sentences.the development of the sentences.

Vine ea mama!Vine ea mama! –– neutral toneneutral tone
VineVine eaea mama!mama! –– doubled subject articulationdoubled subject articulationVine Vine eaea mama!mama! doubled subject articulationdoubled subject articulation
Vine ea Vine ea mamamama! ! –– subject articulationsubject articulation
Vine ea mama Vine ea mama aziazi! ! –– sentence developmentsentence development



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
TheThe hypothesishypothesis thatthat motivatedmotivated thisthis analysisanalysis isisypyp yy
thatthat thethe doubledouble--subjectsubject constructionsconstructions areare relatedrelated
inin aa specificspecific wayway toto thethe emotionemotion andand interinter--
relationshiprelationship representationrepresentationrelationshiprelationship representationrepresentation..
WeWe havehave analyzedanalyzed recordingrecording fromfrom fivefive subjectssubjects
(three(three femalefemale andand twotwo male)male) fromfrom ourour databasedatabase(three(three femalefemale andand twotwo male)male) fromfrom ourour databasedatabase
((httphttp:://www//www..etcetc..tuiasituiasi..ro/sibm/romanian_spoken_ro/sibm/romanian_spoken_
language/indexlanguage/index..htmhtm)) forfor thethe sentencessentences::

“Vine mama” (simple subject)“Vine mama” (simple subject)
“Vine ea mama” (doubled subject). “Vine ea mama” (doubled subject). 



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
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Analysis of the F0 for two subjects for the word “mama”Analysis of the F0 for two subjects for the word “mama”

0

Analysis of the F0 for two subjects for the word mamaAnalysis of the F0 for two subjects for the word mama
subject 5 subject 5 –– malemale
subject 12 subject 12 –– femalefemale

The values have been computed using the four programs (Praat, Klatt The values have been computed using the four programs (Praat, Klatt 
analyzer GoldWave and Wasp)analyzer GoldWave and Wasp)analyzer, GoldWave and Wasp) analyzer, GoldWave and Wasp) 
All the four programs show an increasing of the F0 values for All the four programs show an increasing of the F0 values for 
vowels in the sentences with simple subject.vowels in the sentences with simple subject.



Double subject constructionsDouble subject constructionsDouble subject constructionsDouble subject constructions
Vine ea mama Vine mama

1 i A 2 i A A1 i A 2 i ASubject a1 in mAma a2 in mamA A1 in mAma a2 in mamA

F0 duration F0 duration F0 duration F0 duration

subject 1 200 0 086 215 0 082 211 0 103 223 0 098subject 1 200 0.086 215 0.082 211 0.103 223 0.098

subject 2 189 0.101 179 0.137 215 0.067 206 0.098

subject 12 162 0.099 162 0.135 188 0.127 196 0.136

bj 5 84 0 094 83 0 084 93 0 122 91 0 138subject 5 84 0.094 83 0.084 93 0.122 91 0.138

subject 7 76 0.080 71 0.079 77 0.089 82 0.070

The tendency to increase or to decrease the duration of the
vowels seems to be preserved similar in both construction
typestypes.



Conclusions (I)Conclusions (I)Conclusions (I)Conclusions (I)
TheThe accentedaccented vowelsvowels dodo notnot carrycarry significantlysignificantlyyy g yg y
moremore emotionalemotional informationinformation thanthan thethe nonnon--
accentedaccented vowelsvowels..
TheThe majormajor differencesdifferences inin thethe pitchpitch valuesvalues werewere
observedobserved forfor thethe unaccentedunaccented vowelsvowels
SomeSome higherhigher formants,formants, FF11 andand FF22,, inin bothboth
accentedaccented andand nonnon--accentedaccented vowels,vowels, areare
essentialessential inin conveyingconveying emotionalemotional informationinformationessentialessential inin conveyingconveying emotionalemotional informationinformation..
FF11 andand FF22 formantsformants showshow nono regularitiesregularities wrtwrt..
doubledouble subjectsubject constructionsconstructionsdoubledouble subjectsubject constructionsconstructions..



Conclusions (II)Conclusions (II)Conclusions (II)Conclusions (II)

NoNo tooltool providesprovides irrefutableirrefutable resultsresultsNoNo tooltool providesprovides irrefutableirrefutable resultsresults..

WeWe havehave indicatedindicated aa methodologymethodology toto choosechoose aaWeWe havehave indicatedindicated aa methodologymethodology toto choosechoose aa
stablestable sectionsection ofof thethe vowelsvowels forfor thethe analysisanalysis;;

WeWe improvedimproved consistencyconsistency inin measurementsmeasurements;;

ThisThis researchresearch supportssupports thethe theorytheory ofof
interrelationshipinterrelationship expressionexpression throughthrough prosodicprosodic
andand paralinguisticparalinguistic informationinformationandand paralinguisticparalinguistic informationinformation..



Further workFurther workFurther workFurther work

More statistical data (more subjects)More statistical data (more subjects)More statistical data (more subjects)More statistical data (more subjects)
For now, statistically irrelevantFor now, statistically irrelevant
A t ti l ifiA t ti l ifiAutomatic classifierAutomatic classifier


