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ABSTRACT

TleresultsofanazomticanalysisofCatalanvoiceless
stopsareprwentedanldiscimedintermsofthe
wmgrelfifogopéwe of articulation within

ass 0 so . spectral shape- a
combinationbetweenfreqteigmpeaks intlebtn'stand
starting frequency of the fornnnt transitions - am
temporalpararmters-speciallyVOT-canbe
considered as invariant woustic correlates that
distinguish between labial, dental ml velar place of
articulationinCatalan

1.1}{TRODUCTION

Thetleoryofazousticinvariamepropomdhym ‘
ant Bltnmtein claims that a particular ‘
dinension must show invariant propertiesmionmtl:
speech signal across all languages [1]. Invariant
acoustic correlates for plus of articulationhavebeen
founi so far for English, Fremhani Malafilmstop
comonants[2]buttlereisstillamedtocairyom
{march ongtler languages. Catalan is a Romaine
anguage wi . three non aspirated tmvoiced

contesting bilabial, dental am velar plnmg’
articulation ;1tsvove1 systemcontains seven vowels
msbessed position: [i], [e], [e], [a], [a], [o], [ulanla
schwa [a] appearing only in unstressed contexts.'l'te
pinposeofthispaperistogivetheresultsofan
acoustic _amlys1s of Catalan stops, reviewing bodi
freqmntial and temporal parannters that could
provide mum correlates for plme of articulation
inthislanguage.
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2. ACOUSTIC ANALYSIS

2.1.SUBJECTS AND UTTERANCB

Tln'eennleanltwofennlemtivespeakersof Catalan
fromBarcelomweremkedtorealalisto‘lcarrier
sentemec containing bisyllabic words with initial
v01celess stop-vowel groups in stremed position,
emptfortlnmhwathatwaslmstreseed. Tlneight
Catalan vowels were combimd' with [p], [t] ml [1],
gmngatotal of 1201meramesstulied' .

Tlnreoordings werennie inamchoic coalitions
Egnlmfl tape recorder and a Sennleiser

'oid microphone, planed atconstant
distamefromtlemouth

22. METHOD

The recordings ~were low-pass filtered at 5kliz,
smnpled atlfl kHz anlstored on a PDP-ll computer.
14 coeffiuent LPC spectra were calculated using a
12.8 ms Hamming winlow positioned at tin
consonantal release and mitomatically moved along
hamlmlSnsstepstmfilthestealy-stateoftln
mwasgunfiormant frequemies were extracted
. ana maticpeak-pichng' ' T
inforniation was obtainedfiomm
ofdigitised oscillograms, ml checked formin
the waveformdisplayofa Brt‘el 8: Kjier 2033 narrow
bardunlyser.Nairowbaixlspecti-aweiealsowedto
check the minty of the steady-state formant
freqmncies for vowels.

2.3. nesuus

2.3.1. ReleaseBurst

The releme of Catalan voiceless is accompanied'
byashort burstofwousticmy]?durationvalue

39 58.3.1

averagedmrossallspeakersandvowelcontextsaie»
givenin Table 1:

Min Max Mean SD
[p] 1.1 11.02 3.71 2.17
[t] 1.88 19.22 6.71 3.67
[k] 4.3 ' 46.4 14.12 8.85

Table l: Dm‘ationwlues for bustinms.

Itcanbeobserved thatbtn'stdm'ationis grecterfrom
labialtovelarplmeofarticmationflhissaimu'mflis
observedintledatareportedalsoforCatalanby
Marti [3] ([p]: 8.6; [t]: 13.6;[k]: 20.5ms ); differemes
intle absolute valms mightbe explaimdbytlefmt
tlnt Marti male his neaslnements on spectrogram.
However, this has not been observed for Castilian
Spanish: [p]: 15.38; [t]: 15.62; [11121.86a (Poch [4]),
alanguagawhichshowstlesaneconu'astingplm of

' articulation for stops as Catalan

Freqmmy values were obtained for tie first two
promimntpeaks (KlaaZfintlelPspectrmnwith
thewiniow centerpositioned atthe burstomet; they

_ are shownin Table 2:

K1 K2
1341.91 (321.32) 2060.64 (413.71)

_ [t] 1787.59 (250.68) 3027.74 (508.62)
[1:] 1868.59 (689. 86) 2949.49 (674.43)

Table 2: Binst frequency values and starliard
deviation (in1mm ) in H2 averaged for the two
male speakers moss all vowel contexts.

2.3.2. Voice Onset Time

VoiceOmet Timevalteshaveheenneasm'edfor all

the speakers withtln following results:

Min hiax Mean so
3.68 19.69 11.75 4.09

[t] 7.7.4 44.54 17.35 7.43
[k] 12.27 59.54 28.37 9.76

well known correlation between VOT ani plate of
articulation is maintained. These results agree with

thoeepreviomlygivenbylulia [5] ( [p]: 3; [t]: 16; [k]:

351m) ani Marti [3] ([p]: 10.2; [t]: 16.1;[k]: 26.1w ).

Tleyfollow the sane padern 8 those reported for

Spanish [6] ([p]: 17.18 ms; [t] : 19.75 ms; [k]: 30.01

1115), Italian[7] ( [p] :12 ns;[t]: l7ms;[k]: 30m ),

Fremh[8] ([p]:28.5 - 27.6; [t] 31.4-35.4; [k]: 53-51.?)

or Modern Greek [9] ([p]: 9; [t]: 16; [k]: 30 )although

insonn was absolute valms might differ.

2.3.3. Formnt Transition

Formant transitions will be described by means of two

paramterszstarting freqmmy anl duration from the

onset to the steady-state of the vowel. Both have been

alwawdbyemndningtmstncelsiveLPspecu’a
startingatthe onsetofvoicing. The average starting

frequemies for two male speakers are given moss all

vowel contexts in Table 4:

F1 F2 F3

[p] 333.91 1019.02 2066.08
(79.73) (3911.51) (400.15)

[1] 351.11 1613.5 2640.2
(90.04) (313.96) (236.47)

[k] 353.34 1723.99 2325.74
(102.47) (596.88) (28891)

Table 4: Averaged starting formant freqmnfies in Hz

(starriard deviation in pmentleses) for two male

speakers moss vowel context.

Boththemresultsand Marti[3]showverysimilar

valms for F1 in [p], [t] anl [1:], lower wlues for F2

and F3 inlabial contexts, and higher values for F3 in

contact with the dental stop.

Tramition durations are presented in Table 5. The

extentofthe tramitionlns beentakenfromtheonset

. of tie formant to the steely-state of the vowel. T18

dental consomnt terrls to show longer F2 an! F3

transitions tlnn the labial, while the velar appears to

have longer transitions than tie otter two stops. A
. . . . Mm .

Table3:VOT valtminmsaveragedacrossallvowel mmm‘mmmm [31‘
contexts. '

Itcanbe'wen fromuie table above tlntCatalan
voicelessstopsshowashorttixmintervalhetweentln
comomntal release and the startingof voicing.’l'le
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F1 F2 F3
-[p] 14.4 (8.2) 20.8(4.9) 23.2 (13.6)[i] 18.8(8.8) 25.1 (12.1) 19.6 (9.2)
[1:] 25.6 (9) 24.3(65) 23.6 (8.9)

Table 5: Mean duration of consomnt-vowet
muominmsuuniarddeviationinpwemlnses)
averaged across all vowel contexts for two mle

3. DISCUSSION

Acousticdatapmentedsofarwillbediscussedin
terms of its potential role as invariant correlate for
plwe ofarticulation in Catalan stops.

3.1. FREQUENCY CORRELATI'B

approximation to the slnpe of the omet spectrum
could be obtained by plotting tlefreqmmy of tin
bmstagmmttlndifferemebetweenBaIfiFZ
frequerty values at the onset of tramitiom. This is
showaigZ:
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Fig2231mfreqmncy(mvalmoftlntwospectralpeaksmezsm-edinLPspecu-aMsB-Fzometformntfi'eqmmes.

Tledegree of overlappingissimilar totln omobtained when plotting only the first mumt'(Kl)or onlytlnsecomlom (K2) pro peak

ltcanbeseentlnttlisismtacompletelysatisfmtory
clmsification in terns .of place of articulation,
particularlybecauseitfailstonnheacleudiffeum
betweendentalani velarconsomnts. Amomcareful
examimtionoftte manners involved shows tinttln
differeme between Kl for [p] an! [t] is statistically
significant(t- 3)(l)butitisnotso for[t] ani[k].
Similar results are obtaimd for K2: [p] ml [t] show
significantdifferemes (1,-4.1), but[t]a1fl[k]amnot
significantlydifferent. .

As for the onset of fonmnt transition, F2 can
distinguishbetween[p]aIfi[t](t-4.7), butaaintln
onset of tin F2 transition alom fails to sepaate [t]
from [k]. Tl: results for tin onset of F3 tramitions
showasomewlntdifferentpatters:[p]isdistinguislnd
from [t] ( t- 4.9) and [t] differs from [k] ( t- 3.3).
Significantdifferemes are alsofouni between F3-F2
onsetmmfor [q and [1:] ( z- 2.9) butthay do
notappear for [p] an! [t].

Ithasnotbeenpossibletomn'eowspecu-ain
termsoftlnmzu'icsdeveloppedbyBlmteinani
Stevens [11]. An infornnl observation of data
preeenbdinTableZandFig.25uggeststln
predomimme of low freqmnzy spectral peaks for
labialcomomnkanlahighpeakattlestartingfi'eqmmyoftlnseconi fornmtforderdalstops. The
highstanlarddeviationfomninxlrorvelarsu
rangeofl‘l6Hzformvs.628Hzfor[t])memsto
suggesttleconflmmeolaaZina
ugh-medium range of freqmnies. This is in
agreementwithBllnnsteinanlStevemtemplates,tln
more problematic being the dental comomnt

Emmmchanginenergydisu-ibutionbetweentln
btustanttheometoftramitiomitappeats that
d1fferemebetweentlnfreqmyofspectralpeaksin
tlebln'stspectrumaIflattteometofl-‘ZMFS
trans1t10ns are more significantfor [t] (t- 10.9 )than
for [p] (tf‘ 6.5) or [k] (t- 9.2), suggestingastrongerchangeinspectral shape for dental plus ofat'tictdationinfrontof labial or velarstops[2]. '

3.2. TEMPORAL CORRELATES

Bustdmationhasbeenfoufltoprovideamanofdifferentiating betweeuthe three clues of stopsshadied:d1fferemesareagmficantfor[p}{t](t-4.4)(2) an! for [t]-[k] ( t- 4.8), tin duration of the bursttmreasingfromlabialtovelarplazeofarticulation
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Tie same results hold for VOT, with significant
differemesbetween[p}{t] (t-4.l) anievenmore for
[t]-[k] ( t: 5.6). Awarding to time results, botheu
provide temporal womb]: was for plme of
artictdationwithintlnclassofvoiceleesstops. .

Bustdmationani VOT show astrongcorrelation )
(Spearman's rho - 0.6 for ‘10 paired observatiom
althoughno correlationlns beenfouni between VOT
ant m vowel duration in the Catalan stop-vowel
groups stuiied.

'l'ln duration of tie tramitions does not seem to
provideaunforplxeofufiudafionsimeno
significamdifl’eremeswmfotmlbetweentlnthree
clusesofstops.

Finally, a strong correlation ( Spearman's rho - 0.9
for 40 paired observation; ) was foml between total
stop-vowel an! vowel duration, although this is
inlepenientofplme ofarticmltion

1. CONCLUSIONS

In suxmmry, Catalan vmcelees' stops my be
clnrmterizedbyaverybriefreleasebm'stanlashort
VOT,bothimreasinginlengthfromlab1al‘ to velar"
an! by abrupt h'ansitiom into the following vowel.
Freqtmyparametersforthebm'storfortlnsmfing
pointofFZaa3u'ansitiomaloma1-enotableto
discrimimte among the three plans of articulation,
but agroescharacterizationoftlnspectralslmpeat
tincomomntalreleaseanlattlnometofu‘amtiom
combtmng' ' tteparmtersneamedmemtoprmde'
invariantcms forthis phomtic dimension. Inour data
03diffe1enfiationisclwerbetween[p]an1[t]tlnn
between[t]anl[k].

Both burst duration an! VOT can discrimimte
between plme of articulation, these two parannters
being strongly correlated. Differemes 1n VOT
between[t]aml[k]arestron§rtlnnbetween[p]arfi
[t]. Thisseemtosuggestanintermtionbetween
temporalarfifreqmymomtieclmtlntwouldbe
udinconjumtion forttediscrimimtion ofplaeeof
articulation inlepeniently of other fattors stutxedas
vocaliccontenorspeaker variation Thisfaztagrees
withthecomeptofdymmicinvariameproposedby
Blmtein[2]. '

(1)Alltvaloelaregivenfet ps 0.05m30degreeed

heedam. (”fluctuate 'veafarps 0.05am! Tidegrees
dfleedam. :1
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