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EXPLAINING BRAZILIAN PORTUGUESE RESISTANCE TO
STRESS SHIFT WITH A COUPLED-OSCILLATOR MODEL
OF SPEECH RHYTHM PRODUCTION

PLINIO ALMEIDA BARBOSA
(LAFAPE/IEL/UNICAMP)

RESUMO Um modelo de osciladores acoplados da produg&drdo da fala é apresentado, modelo este
capaz de reproduzir via simulacéo os padrfes de;darde unidades do tamanho da silaba em portugués
brasileiro, incluindo casos de encontro acentumla Panto, os pardmetros do modelo sé@o otimizagios ¢
relacd@o a frases naturais e manipulados conveniente a fim de reproduzir os dados comportamentais.
Ao comparar padrdes de duragdo para trés tiposidades prosoddicas minimas (silaba, GIPC e rima) em
condi¢do ou ndo de choque acentual, ndo se enoosNidéncia clara para o deslocamento acentual: os
padrdes nas duas condi¢des exibem um aumento dgadudas unidades em questdo em dire¢cdo ao acento
frasal a direita. Discute-se uma possivel relagiideglocamento acentual com a colocacapith accent

bem como com a alternéncia de proeminéncias ao ldagnunciado.

1. INTRODUCTION

In this paper, the coupled-oscillator model of sheghythm production we are using
for explaining acoustic duration in Brazilian Payaese is discussed in great detail (cf.
Barbosa, 2001; Barbosa, 2002 for previous, sh@resentations). Particular aspects
of parameter optimization and control, as welllaslinguistic phonetic consequences
of the way duration is specified in the model wgdrticular reference to the stress
clash/shift phenomenon, are also considered.

In the model framework, speech rhythm is understasda consequence of the
variation of perceived duration along the entirenaince. In order to produce such an
effect, the great majority of scholars consider theasured duration as the most
relevant parameter of control. (Despite well-knostndies showing that parameters
such as fundamental frequency and intensity algp alrole when perceiving duration.
See, for instance, Lehiste, 1978).

Besides adopting duration as the control paranieténe speech rhythm production
model, two levels of duration encoding are hypattesbs here: an intrinsic, lexical
level of duration specification and an extrinsicogerly rhythmic level of duration
control, the latter implemented by a model of twaugled oscillators. This model
takes into account the moment-to-moment conseqseof¢he coupling between a
syllabic and a phrase stress oscillator. Eveneafgiloposal of two oscillators (instead
of three, as in Barbosa & Madureira, 1999) is aaticonsequence of speech rhythm



research with Brazilian Portuguese, particularly donnection to the results of
Albano’s work (2001), it was also inspired by O’'Dahd Nieminen’s work (1999,
2001). More information on the latter authors’ mesé can be found in this very
volume. Yet the starting point of our own model wd®e moment-to-moment
implementation of a model of adaptive oscillatass fherception of timing by Devin
McAuley.

2. A MOMENT-TO-MOMENT MODEL OF TIME INTERVALS
PERCEPTION

McAuley (1995) proposed an Entrainment Model inesrdo account for human
perception of time processing. In his terms, eningi means to modify the parameters
of an oscillator according to predefined laws oéatdtion operating on the adaptive
system, which is a class of coupled-oscillatorsesys.

In McAuley’s adaptive-oscillator model, a trainmilses, considered as the input, i(t),
entrains phase resetting and period coupling osiowsoidal oscillator. Both the input
and the oscillator constitute the adaptive systehrase resetting is triggered by the
addition, to the sinusoidal oscillator amplitudéagroduct coupling strength function
w;.i(t). Resetting occurs every time the sum of tiseilator amplitude and the
corresponding value of the coupling strength fuorcts greater than 1.0, at any time.
Period coupling between external input and the llasoi is controlled by three
characteristics of this particular adaptive systém):phase resetting, (b) reset phase
sign (positive if the external input is advancediine in relation to the oscillator and
negative otherwise), and (c) an output signal o(@asuring the current degree of
synchronicity between the oscillator being adapéed the input. The amount of
oscillator period subject to change is given byrfola (1), wherex is the entrainment
rate, 3 is the decay rate,qTs the initial oscillator period, T is the currewgcillator
period, P(.) is the reset phase sign function,Mfjlis the impulse response function.

AT =a.T.P @', 0). M (f) - B.(T-To). (1 — M(7)) 1)

The function M(.), which has the value of 1 durigtrainment and O during decay,
allows to take into account decay and entrainmera single formula, by separating
their respective contributions. Yet a simultan@fyentrainment and decay is possible
during transitional periods of time and this vemyeraction revealed to be critical to
modeling human performance in tempo discrimination.

McAuley’'s adaptive oscillator revealed to be an cqaage model of the human
perception of time intervals. His adaptive osailtais able to be entrained by a great
variety of complex temporal patterns including aftans of simulated degraded
environments up to 10% added noise (see espebdlaljuley, 1995, chapter 4). But
because he focussed on single adaptive oscilldtmrsnodel does not directly address
the complex problem of perception of meter.
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The main ideas in McAuley’'s time-processing pericgptmodel were used in our
speech production model, but several modificatisaese introduced.

3. AMOMENT-TO-MOMENT COUPLED-OSCILLATOR MODEL OF
SPEECH RHYTHM PRODUCTION

In the model presented in figure 1, the two osuilis to the left stand for a phrase
stress oscillator implemented by a train of pul&éggper oscillator), and a syllabic
oscillator (from ‘syllabicity’, and not ‘syllable))mplemented by a sinusoidal function.
They are coupled with each other, which meansttiepatterns of oscillation of one
oscillator can influence those of the other anewiersa. The bi-directional influence
has its degree expressed by the coupling strergtheln both oscillators. Yet only
the consequences onto the syllabic oscillator &hblighted in this paper, since the
focus of this work is on stress patterns expressedyllable-sized units along the
utterance. When our model is compared with thaDibBell-Nieminen’s work, two
important differences need to be signaled: (ah&irtmodel, the stress group oscillator
is a sinusoidal function, and (b) in their modkg toupled oscillators are not directly
subject to linguistic control.

phrase
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0scC. slow-__levels gestural scorg
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Figure 1: The dynamical model of speech rhythm production

The location and magnitude of the phrase stresiladsc pulses, which specifies
respectively position and degree of prominencehvége stresses along the utterance,
are determined by the interplay between highertdirguistic knowledge and
eurhythmic constraints. In the present state of rimel, only position of word
primary stresses and very simple eurhythmic coméraare considered. Because the
pulses of the phrase stress oscillator are aligmiéd stressed vowel onsets, they
characterize a linguistic rhythm in the traditios&nse (Liberman & Prince, 1983).
Another sense of linguistic, with respect to thepmed-oscillators model refers to the
parameterization of the coupling strength betwdsmt as explained below. The
phrase stress oscillator is related to a univepsaperty of phrasal prominence (all
languages signal prominence at one or more positfmg the utterances).
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The syllabic oscillator implements an aspect of slwecalled syllabicity, that one
related to the vowel continuum (see Ohman, 196@evowel continuum hypothesis,
and its more concrete development in the use dfrfeuf’'s base functionFujimura,
1995, and this volume). The syllabic oscillator inz are related to the sequence of
vowels onsets, since CV transitions are anchortpdor speech rhythm production
and perception (Allen 1972; Dogil & Braun, 1988;rBasa, 2000, and the literature
on the perceptual-center: Morton, Marcus & Franki$B76; Pompino-Marschall,
1989; Janker, 1995). The syllabic oscillator pesiqtienceforth VV periods) are
nevertheless abstract, in the sense that theiesalo not specify directly the acoustic
duration between two consecutive vowel onsets @fenithh VV durations). The
entrained VV periods delivered by the coupled-teitt model stand foextrinsic
timing in this framework.

As regardsintrinsic timing , the model is able to explain alleged segmentasser
linguistic differences, such as differences in viowad consonant reduction, by
constrasting full and reduced gestures in a (gatdexicon (Albano 2001). A
language such as English would have frequent spatifn of vowel reduction, in
comparison to Castillan Spanish, for instance. 2etéd gestures can differ both on
magnitude specification and intrinsic time, as sgd by Browman & Goldstein
(1986, 1989). The interaction with the right comgots of the model in figure 1
(lexical gestural score, gestural score and rentimeural network) is then crucial to
generate overt durations. (Indeed the model wad tsgenerate acoustic segmental
durations for a concatenative TTS synthesis systeBarbosa, 2001). This implies
that, in this framework, acoustic duration is theface manifestation of two levels of
timing: an extrinsic level (properly rhythmic) sebj to independent, prosodic control,
implemented by the coupled-oscillators model, andrdrinsic level, specified in a
gestural lexicon. The model is mathematically impdated by two functions similar to
those in McAuley’s work, with the differences sitgwbelow.

3.1. Implementing the coupled-oscillators model afpeech rhythm production

The measure of synchronicity between the phrasssstoscillator and the syllabic
oscillator is implemented by the empirically deteved function s(.), given in (2).
Note that this synchronicity function is a cruc@mponent of the speech rhythm
production model and that, differently from McAuleyutput signal above, it was
empirically obtained from non-linear regression Igsia of VV durations along the
stress groups in a corpus of 36 Brazilian Portugueenceforth BP) read sentences
recorded at three speech rates by a native speakstr.and slow speech rates were
recorded by using a light metronome. The evolutiérthe relative change of VV
duration AVV,/VV;) along each stress group was computed and trams¢bby means
of some predefined functions before doing the r&sjom analysis. The best resulf (R
= 0.999) was obtained with the exponential function

s(0) = w.exp (-N + 2), and s(N-1) = exp (-5.81+ 0.01$.T (2a)
s(n) = (1 —w).s(n-1) + w.exp(-N + n + 2), for 0<n< N-1 (2b)
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In formula 2, N is the number of VV units in theests group, and n is the VV unit
index (starting from O for the first VV unit in theress group). The relative coupling
strength w is a continuous, language-specific parameter sgpteng the degree of
coupling between the phrase stress and the sylkuidlators, and Jis the uncoupled
syllabic-oscillator period (the same as in formBjja

The relative coupling strength presents anothew, sense of rhythm-related linguistic
knowledge, since rhythm-related language-spedffisitrepresented by a real number
(and not a discrete one). It is expected thawvil vary for different speakers, but that
this variability would be much smaller than the iahility between these same
speakers and those of a different language. Wadnte carry out the optimization
procedure described in the following section withes speakers of BP and possibly
with European Portuguese, in order to assessghigmption.

Phase resetting within this particular coupledtstor model is considered achieved
at each syllabic oscillator maximum, that is, asifions isomorphic to vowel onsets.
Period coupling is obtained with the finite-diffames equation (3).

AT = a.T.s(n).i(m) -B.(T-To).i(m-1) 3)

The parametera, B, and T are respectivelthe entrainment rate, the decay rate, and
the uncoupled syllabic-oscillator period. The fimes s(n) and i(m) are respectively
the synchronicity function (given by formula 2) amide on-going phrase stress
oscillator amplitude. T is the current syllabic ilator period. The syllabic-oscillator
period resetting, implemented by the second terr(8pfoperates after each phrasal
stress with a decay rate specifiedyThis term is only present if the current VV unit
is dominated by a next, on-going phrase stressoang to this, at utterance-final
position, where there is no such an on-going pheisess, both stressed and post-
stressed VV would be lengthened (since there isesetting). This simulates what is
observed in BP natural data (for an example, Babb896). This period resetting is
only active during the two first periods of thelabic oscillator. The current period T
is up-dated only at syllabic oscillator maxima bg tteration in 4.

T(k) = T(k-1) +AT 4)

The values of w a, andf3 were optimized in order to minimize the error betw the
evolution of syllabic oscillator periods given bgrinulae 2 and 3, and the mean of
VV-duration evolution along 3-VV and 4-VV stressogps in the corpus (given in
table 1). The choice of 3- and 4-VV stress grouply vas made in order to ensure
statistical reliability (more examples). The fiesid last stress groups of the sentences
were not considered for the computation of the medantable 1. These mean VV
durations are considered an approximation of theerabstract VV periods values.
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Table 1: Evolution of VV duration mean (standard deviatiaipng 3-VV to 6-VV stress groups in
milliseconds for three speech rates. n is the nurbstress groups for a particular rate and sizéhe
corpus.

slow rate normal rate fast rate
3 n =48 n=41 n=42
VV 201 (76); 289 (58); 320 (78) 150 (41); 190 (35)9287) 118 (38); 160 (31); 164 (45)
4 n=28 n=26 n=26
W 215 (88); 200 (81); 289 (75);125 (59);140 (58); 211 (23);122 (40); 114 (31); 155 (49);
339 (133) 202 (87) 165 (42)
5 n=17 n=28 n=10
W 202 (97); 181 (122); 221 (67)144 (54); 107 (70); 131 (52) 105 (48); 88 (51); 105 (39)
247 (64); 338 (91) 207 (44); 194 (52) 182 (33); 155 (62)
6 n=8 n=7 n=7
W 240 (100); 185 (74); 207 (61) 119 (39); 87 (71); 156 (33) 101 (42); 84 (54); 109 (43)

183 (39); 223 (85); 282 (119)148 (14); 152 (43); 166 (30) 150 (36); 133 (58); 139 (29)
3.2. Optimizing the parameters of the model

As a first step, we tried to match only the valoésable 1 corresponding to normal
rate with the entrained syllabic oscillator periotg a trial-and-error approach with
parameters w a, and. This resulted in the values of 0.70 fog, W.50 fora, and
0.80 for 3 (errors lesser than 25 ms between VV period andddyation). These
parameter values were used by Barbosa (2001) tairolhe segmental acoustic
durations for a TTS system.

It can be hypothesized that the values of the @aB}) may be different for distinct
speech rates. On the other hand, based on thealgegecificity hypothesized above,
Wy must be the same for data obtained from one spediteese considerations
motivated a second step in the optimization promedwhich implemented a function
for minimizing the quadratic errors between the mg¥ durations in table 1 and the
values for the entrained VV periods delivered bg tloupled-oscillator model. The
optimization function was implemented with Matl®alversion 6.0 (release 12). The
two criteria used for terminating the recurrentoaihm were either maximum number
of iteration steps (350) or maximum error betwess odeled VV periods and the
mean VV durations lesser than 20 %. All three patens were allowed to iterate with
the classic gradient-descent algorithm with a liegrmate of 0.03 foo andf3, and of
0.01, for w. The uncoupled value for the syllabic oscillateripd (Tp) was estimated
from the mean of three VV durations: first position3-VV stress groups as well as
first and second position in 4-VV stress groupseSéhestimations gave the values of
118 ms for fast rate, 138 ms for normal rate arisi 26 for slow rate.

The result of the optimization procedure gave thiofing values: w = 0.78, with
(a,B) = (0.31, 1.13) for the fast rate,3) = (0.38, 1.13) for the normal rate, ang@)

= (0.43, 1.04) for the slow rate. It can be seen tihe relative coupling strengthdjvis
very close to the trial-and-error value obtaineeviusly for the normal rate only. As
speech rate increases, the decay rate increasesXf04 to 1.13), but the effect of this
changing (analyzed more closely below) is not irtgoaty though possibly ensuring a
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certain amount of initial lengthening for slow mt®©n the other hand, as speech rate
increases, the entrainment rate decreases, ingicptissibly that perfect coupling is
more difficult to be achieved for fast rates (th#edence between the phrase stress
and the syllabic oscillator periods being the grsyt which would explain a slightly
lesser important differentiation among the sylladicillator periods for fast rates.

The values of the optimized parameters gave tHewiolg results for the entrained
syllabic oscillator periods. In the 3-VV stressgpo(127 ms, 150 ms, 151 ms) for the
fast rate, with a correlation coefficient R = 1.¢052 ms, 185 ms, 187 ms) for the
normal rate (R = 0.96), and (241 ms, 290 ms, 300fonghe slow rate (R = 1.00). In
the 4-VV stress group: (117 ms, 129 ms, 163 ms,mé&pfor the fast rate (R = 0.93),
(137 ms, 154 ms, 204 ms, 206 ms) for the normal (@&t= 0.99), and (215 ms, 233
ms, 318 ms, 329 ms) for the slow rate (R = 0.93).cArrelation coefficients are
higher than 0.9. Comparing with the values in tableghe maximum error was less
than 20 % for the slow rate, less than 11 % formadrate, and lesser than 14 % for
fast rate. At phrase stress, the maximum errasisdr than 11 %, for normal rate, for a
3 VV stress group, and lesser than 3 %, for slde; far a 4 VV stress group.

It is important to check the effect of changing @ecate, entrainment rate and the
amplitude of the on-going phrasal stress beatrderoto evaluate the predictive power
of the model. This is done in the next three sestifor a 5 VV stress group at slow
rate (greater number of examples for this sizetiss group in comparison to the
other speech rates), where an interesting phenam&radternation at the beginning of
the stress group was found (this can also be datdior any stress group with more
than four VV units).

3.3. Changing the decay ratef) and the uncoupled period (§)

The result for the evolution of the syllabic osilir periods for a 5-VV stress group is
(206 ms, 215 ms, 244 ms, 332 ms, 344 ms), withreekation coefficient R = 0.87,
obtained for the slow rate witlot( 3, i, wo To) = (0.43, 1.04, 1.0, 0.78, 205 ms). Even
if the errors are higher (maximum error lesser tB&r%) when compared to the ones
in 3- and 4-VV stress groups, the values are neekass inside the (mean + standard-
deviation) limit. Of course the means for 5-VV sg@roups cannot be taken as having
strong statistical reliability, since the humbereofamples is restricted to seventeen.
But when the decay rate is changed to 0.9 and qubsdy, to 0.8, these values
change t0423 ms, 218 ms247 ms, 337 ms, 348 ms), R = 0.87, &®#b(ms, 223 ms
252 ms, 344 ms, 356 ms), R = 0.88, respectivelgait be seen (first two values in
bold) that an alternation at the beginning of ttiess group emerges, which is attested
in all cases of 5- and 6-VV stress groups for tived speech rates. The fall from the
first to the second VV for the 5 VV stress groumifl0 % in the corpus, and in the
model, of 2 % fo3= 0.9, and of 5 % fofp = 0.8. Note that the effect of changifig
from 1.04 to 0.8 at phrasal stress is of only 3féénf 344 to 356 ms), the more
important change occurring at the first VV (206285 ms, or 14 %). An apparent
initial lengthening seem then to be a consequerfcgh® interaction between
entrainment and decay rate, possibly in long sfgesgps (more than 4 VV units).
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If, besidesf3 being changed to 0.8, the uncoupled period forsiflabic oscillator is
changed from 205 ms to 165 ms, we obtain the fatigwalues for the VV periods:
(204 ms, 183 ms, 208 ms, 283 ms, 289 ms), R = QBith represents errors lesser
than 16 %, with the same percentage of first-tasdc/V fall in comparison to the
one in the corpus. Thus, the interaction betweendbicay rate and the uncoupled
syllabic-oscillator period seems to be a crucigbeas of the model in order to
reproduce rhythmically acceptable patterns. Whaipbas with the changing of the
entrainment rate?

3.4. Changing the entrainment rate @) and the uncoupled period (§)

The result for the evolution of the syllabic osaitir periods for a 5-VV stress group is
(204 ms, 183 ms, 208 ms, 283 ms, 289 ms), R = @l@ajned for the slow rate with
(0, B, i, wo Tg) = (0.43, 0.8, 1.0, 0.78, 165 ms). When the emtnant rate is changed
to 0.5, and after to 0.6, the values change to (884185 ms, 213 ms, 304 ms, 310
ms), R = 0.86, and (206 ms, 187 ms, 222 ms, 3353#4%,ms), R = 0.87, which
increases the maximum error (at penultimate phrstsass position) to values lesser
than 24 % and than 36 %, respectively, while maiirig equivalent correlation
coefficients. Maintainingt = 0.6 and changing the uncoupled period to 14Basshe
effect of reducing the maximum error to a valueiidr to 18 % (186 ms, 162 ms, 192
ms, 290 ms, 295 ms), R = 0.86, with an almost airfitst-to-second-VV falling: 11
%.

By manipulatinga, 3, and Tis then possible to get close to the natural valoeyV
period evolution. Changing the amplitude of thegmmg phrasal stress beat will
simulate, for fixed values df, (3, wp, and T, the amount of phrasal stressing (which
has in BP the perceptual effect of increasing pnemce).

3.5. Changing the amplitude of the on-going phrasg&tress beat (i)

Starting with the values obtained with, (3, i, wy To) = (0.6, 0.8, 1.0, 0.78, 165 ms),
that is, (204 ms, 183 ms, 208 ms, 283 ms, 289 Rs¥ 0.87, a change in the
amplitude of the on-going phrasal stress beab(1).2 and 0.9, produces respectively:
(187 ms, 165 ms, 202 ms, 325 ms, 332 ms), R = 0a8@, (185 ms, 160 ms, 187 ms,
273 ms, 277 ms), R= 0.86. The maximum error forfils¢ series is lesser than 32 %,
at penultimate phrasal stress position, and labser 19 %, at phrasal stress position.
It can be seen that as the amplitude of the onggpimasal stress beat increases , the
VV period at phrasal stress increases (from 277passing by 289 ms, to 332 ms).
The initial VV periods for i = 0.9 and 1.2 are diamj due to the effect of resetting
(amplified by i in formula 3) at the two first ptisins. Nevertheless, changes in the
amplitude of the on-going phrasal stress beat amemst equivalent to changes in
entrainment rate (they appear as a product in itlsé arcel of formula 3). The
coincidence is not perfect since this amplitud® @ppears in the second half of the
same formula, without the entrainment rate.
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After having simulated the effects of changing thest relevant model parameters, it
is interesting to assess the results of the madeddme sentences.

3.6. Obtaining the syllabic oscillator vv periodsdr particular sentences

It is important to note that the VV periods for tsentences derived in this section are
not the predicted acoustic durations for the VMsuthe VV durations). This is due to
the fact that the intrinsic timing level was notnsmlered until now. This level
corresponds to the specification of the number aature of the corresponding
gestures associated with each VV cycle. These cpdati phonological gestures
modify, perturb the entrained VV periods given hg toupled-oscillators model and
produce the overt, segmental acoustic durations. fitrained syllabic oscillator is
then a kind of guiding grid for the superposing reegtal gestures. A first
implementation of this perturbation model of speemstures was made with a
recurrent neural network (Barbosa, 2001). Sinceititerest here is in taking into
account the linguistic rhythm by evaluating glolpaitterns of stressing in syllable-
sized domains along the utterances, the overt icaligations will not be considered
in this paper.

Six sentences were chosen for this study as foll®ksasally stressed syllables are
those just before the vertical bars. Words in lzokdexplained below.

Ele guar|da a sela do cavallo numa prateled|tarth antiga se|la. 1.
(He keeps the horse’s shaddle on a shelf in aierineell.)

Cerzi | uma man|ga. 2.
(() darned a sleeve.)

Ele e vocé | ndo tomarafé frijo de no|vo. .3.
(He and you do not take cold coffee again.)

Ele e vocé | ndo tomacafé Pildo| de no|vo. 4.
(He and you do not take Pilao coffee again.)

O bordeaux xu|cro derramou-se pela me|sa. 5.
(The bad-quality Bordeaux poured out onto theetabl

O bordeaux chinés| derramou-se pela me|sa. .6.
(The Chinese Bordeaux poured out onto the table.)

These sentences were produced by BP native spedkardirst two sentences were
extracted from the corpus used to optimize the m¢oiee single utterance each,
normal rate). Sentences 3 and 4 were producedifives by another native speaker
and sentences 5 and 6 repeated ten times by anihinee speaker. Sentences 3 to 6
contrast cases of stress clash condition (3 arady&nst non-clash condition (4 and 6)
in such a way as to evaluate the results of thiisstal analyses carried out on the
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natural sentences presented in section 4. Thessgesups are indicated in the
sentences with vertical bars. This parsing is bagedyntactic as well as eurhythmic
criteria, and corresponds to the perceptual impresae get when listening to the
three speakers. The single values for the VV domatiof sentences 1 and 2 and the
mean VV durations for sentences 3 to 6 were conupafeer segmentation of the
utterances and given in table 2.

In order to simulate the stressing patterns forsiResentences, the parameters values
of the model used were (B, wo, To, i) = (0.38, 1.13, 0.78, 138 ms, 1.0). The duratio
of a final catalectic VV in the final stress groygmce all final words are paroxytons)
was modeled by maintaining the last value of theckyonicity function s (.) and by
iterating formula 3 one step further. In order tompute, for each sentence, the VV
periods from the second stress group to the fimal, ohe first current period value
used (see formula 3) was the last VV period of phevious stress group. The
predicted values given in table 2, second colurmerevobtained after simulation. For
sentences 3 to 6, only the words signaled in bbtiya were predicted and compared
to the corresponding natural VV durations. The nerskin bold in table 2 refer to
phrase stress position. For sentence 1, the ctiorelaoefficient R = 0.71, and for
sentence 2, R = 0.49. (Since there are only twotpdor correlation in sentences 3 to
6, the correlation coefficient is 1.)

Table 2 Natural VV durations and predicted VV periods $ix sentences in miliseconds. Phrase stresses
are given in bold. See text for details.
Sentence Natural Predicted
1 147, 149,274, 261, 170, 116, 129153, 202204, 130+140, 142, 148, 166, 219,
219,199 124, 61, 167, 146, 13868 222 138, 141, 146, 164, 21219, 138, 138,
153, 38, 74, 215, 130, 27865 105 139, 141+148, 165, 21821, 223

2 334,135 110, 179240, 99 179181, 152, 185187, 189
3 163, 238 161, 218
4 159, 182 148, 166
5 173, 253 161, 212
6 165, 195 146, 163

In comparison to the natural VV durations of seoted, where the first and final
phrase stresses seem to be the strongest onéisrabdinal predicted VV periods are
very similar to each other (222, 219 and 221 ms)ceSthe on-going phrase stress
amplitudes were fixed in 1.0, the VV periods atgse stress depend only on the size
of the group. If syntactic and eurhythmic critérime used to give the values of 0.6,
1.0, 0.3, and 1.2 for the four respective phrasesstamplitudes of this sentence, the

! Basically, the eurhythmic criteria give a highatue for phrase stresses closer to the middleeor th
end of the sentence (in the example we could hae2] 1.5, 2.0). The syntactic criteria are basedhe
projection of a dependent-grammar surface tree By, 1986; Tesnieére, 1965). In this example the
values would be 4, between V and NP, 5, betweemiNPPP, 2, between the two PP, where the second is
nested inside the first one. At the end of theesere the value is 6. After that, the values frorh lwoiteria
are multiplied and divided by 10.
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four final values obtained for the VV periods at&6 ms, 227 ms, 160 ms, 245 ms, R
= 0.74, which shows, in a more differentiated wag with a slightly higher R, that the
weakest phrase stress is the third one. For sent2nthe predicted VV periods at
phrase stress are very close to each other. Bghee syntactic and eurhythmic criteria
are used (phrase stress oscillator amplitudes ctgply equal to 0.8 and 1.2), the
values of (172 ms, 198 ms), R = 0.29, are obtaatgghrase stress, which exhibit the
same trend of the natural values but with a sm&tleThis can indicate that the real
prominence for the two phrase stresses are invémtedlation to the criteria used.
Indeed this is exactly the perceptual impression gets. If the phrase stress oscillator
amplitudes are reversed, the values of (189 msmi$)Gare obtained at phrase stress,
with R = 0.54. Of course, the non-coincidence i possible, since the VV period
account only for the extrinsic timing level. Theotwairs of VV periods summed up in
table 1 for sentence 1 give the possibility of gsihe VV periods for predicting VV
durations when natural phonic processes such ahiséeem to elide some segments.
For sentences 3 and 4, the figures show that theatd/V duration corresponding to
the vowel ¢/ (in “café”) plus the next consonant, is 31 % greater inséhguence “café
frio” than in the sequence “café Pilao”. Exactlg tame percent difference is found in
the predicted VV periods. For sentences 5 and @, nhtural VV duration
corresponding to the vowel /o/ (in “baaux’) is 30 % greater in the sequence
“bordeaux xucro” in comparison to the sequence deaux chinés”. Exactly the same
percentage of difference is found for the predidf&tiperiods. The higher values for
the VV periods or durations are a consequence efctbseness of the phrase stress
beat to the previous word. Note that at the phsasss oscillator level, the model do
not provide any expedient for taking into accoupbasible stress shift. Let us remind
that the model gives duration patterns only inadase duration is the control variable
in the particular language (which is the case of. Bihese results will be reminded in
the following section, where data for analyzing puessibility of stress shift in BP are
examined.

4. STRESS CLASH IN BRAZILIAN PORTUGUESE
Liberman and Prince (1983) defined stress clastarasdjacency of a mark of

prominence (‘X’) at one level of the metrical grigithout an intervening mark at the
immediately lower level. For instance,

X level 3 X X
XX level 2 *X X X X
XXX level 1 XX X XX XX
XXXX level 0 XXX X X XX XX
cdéfrio .7a. daecaquente .7b. ct Pilao .7c.

In the examples 7a to 7c (stressed syllables id)bséquences 7a and 7b clash at level
2 (without an intervening ‘X’ at level 1), while inc there is no clash, since at level 1
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there is an intervening ‘X'. The Rhythm Rule untie tlash of 7a and 7b with the rule
of lambic Reversal, which results in a stress gtiithe first words (the first word in 7a
would be heard more paroxyton-like, instead of mytan. The first word in 7b would
be heard as more proparoxyton-like, instead of>pdon).

X X
X X X X
XXX XX X
XX XX XXX X X
caéfrio .7d. checaquente 7e.

Two studies presented at the Laboratory Phonologsies focussed on the
phenomenon of stress shift (Grabe & Warren, 19356V, Bunnell & Hoskins, 1995).
Both studies tried to find phonetic evidence fog #pplication of the Rhythm Rule.
Both authors agree that the perception of straftsnsely be explained by the relational
character of stress: besides reinforcing the stesssof the first word in sequences
such asthirtéen mén(clash condition), which would allow reinforced gotetic
parameters for the first syllable of the first worthe alternative decrease in
prominence in the second syllable of the first wanalild also favor the perception of
an iamb. Vogekt a.l (1995) show that the duration effect is mainlytnieted to the
rhymes (the universal properties of rhymes as earof the consequences of distinct
prosodic strengths between constituents of a seatén very well accepted. See
Vaissiere, 1983 for a survey). Nevertheless, theqmion tests carried out by the
authors have also shown that a great number ofirtgtewords in the sequences are
perceived as shifted even in non-clash conditions.

Based on previous descriptions of the English iatiom system, Shattuck-Hufnagel
and colleagues claim (Shattuck-Hufnagel, 1995; tBblktHufnagel, Ostendorf &
Ross, 1994) that phenomena such as pitch placeaftentation, early prominence,
and the obligatory position of nuclear pitch accenuld better explain the findings
above. They proposed a metrical-intonational phagiohl view of early pitch accent
placement in American English (Shattuck-Hufnagelal, 1994) to explain accent
placement in relation to the stress shift issueeyT$uggested that prior shift of stress
does not seem to be required for implementing péictent alternation, and that the
investigation of stress shift in non-pitch-accendé@tches of speech is crucial to shed
new light on the matter. BP is adequate for thig#tigation, since fO modulations in
this language are correlates of phrasal accerdssylable-sized duration has the main
role to cue both phrasal and lexical stresses (Miask991; Barbosa, 1996). Two
experiments were conducted in order to assessabghpe phonetic consequences of
stress clash in BP (duration is analyzed in thigepaf is analyzed by Madureira, this
volume).

82



4.1. Description of experiment 1

In experiment 1, one speaker (native of the Stat8am Paulo, male, 25 years old)
recorded ten repetitions of the five pairs of seoés shown in table 3. During the
recording session, the sentences were randomizémihvend across repetitions. In
order to avoid that two contrasted sentences wieeed one just after the other, the
order was randomly changed if this happened tohbechse. Acoustic duration was
measured for the segments of the underlined seqaéndable 3, where words in bold
are the target words, that is, those in whose dotha phonetic manifestation of stress
shift would occur. Mean duration for three types wifit of the target word are
presented with statistical analyses in table 4.tHese sentences, a disyllabic
oxyton/oxyton sequence represents the non-clastiitamm (sentences A in the pair),
and a disyllabic oxyton/paroxyton sequence reptesdse contrasted clash condition
(sentence B in the pair). A focussed version ofratice 8 was also prepared as a
response to the question “Vocé bebeu cha sex@-feinoite?” (Did you drink tea
Friday night?), in order to restrict narrow focushim the sequences “comi bolo” and
“comi bolor”. This utterance was prepared in suclvay as to assess if the greater,
pitch-related prominence within the sequence umndarstigation would trigger stress
shift with consequences to acoustic duration.

Table 3 Sentences of experiment 1. Target words arelioh Bhrase stress in the sequence indicated
with acute diacritic. Segments that were measurediaderlined.

Eu comi bolér sexta-feira a noite. .8A.
(I ate mould Friday night.)

Eu comi bélo sexta-feira a noite. .8B.
(I ate cake Friday night.)

O bordeaux chinés derramou-se pela mesa. .9A.
(The Chinese Bordeaux poured out onto the table.)

O bordeaux xticro derramou-se pela mesa.  .9B.
(The bad-quality Bordeaux poured out onto the table

Foi aTV francésa e fez a denuncia. .10A.
((He) went to the French TV and made the accusation

Foi aTV Franca e fez a denudncia. .10B.
((He) went to France TV and made the accusation.)

Parece quéalou ‘baixéu’, e ndo ‘caiu’ A1A.
(It seems that (he) said ‘it dropped’ and notéit’f)

Parece quéalou ‘baixo’, e ndo ‘caiu’ .11B.
(It seems that (he) said ‘Il drop’ and not ‘it fell’

Um lindo bebécarmim. A2A.
(A beautiful crimson baby.)
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Um lindo bebécalvo. .12B.
(A beautiful bald baby.)

4.2. Results of experiment 1

In table 4 the mean duration for three types ofsmhymes (r), syllables} and inter-
vowel onset units (VV), for the two positions oéttarget words are shown. Sentences
of type A (non-clash condition) are compared widntences of type B (clash
condition) by using one-way analysis of varianc®&@VA) with a significance level
of 5 %.

With the exception of the sentence under focus, vibich all results are non
significant, VV units for all target words exhilsiignificant differences when non-clash
are compared with clash condition. The second V¥ Higher duration than the first
VV in clash condition (this second VV in clash cdimh is closer to a stressed
syllable to its right than the second VV in nonstlacondition). Even though this
effect is mainly due to the higher duration of tiext onset consonant of the following
disyllabic paroxyton, it is important to note ththie same effect is significant in
sentence 9 and marginally significant in sentendmth for the syllable as an unit.

Table 4: Mean duration (in milliseconds) and ANOVA p-values rhymes (r), syllablesa) and inter-
vowel onset units (VV) in non-clash (A) and cla8) ¢onditions for sentences 8 to 12 for the twoitimss

of the target words. Corresponding segments arécdtetl within slashes. Contrasted values with
significant differences in bold.

r o \AY%
A B p< A B p< A B p<
34 30 ns 129 /ko/ 137 0.07 89 101 0.02
lo/ lol kol lom/ lom/
sentence 8 5o 59 g 118 126  0.06 148 164  0.004
[il [il /mi/ /mi/ lib/ lib/
96 93 ns 174 166 ns 165 173 ns
sentence 9 lor/  or/ /bor/ /bor/ /ord/ lord/ ,
81 87 ns 151 167 0.02 195 253 10
lo/  Jol /do/ Ido/ lof lofl
45 48 ns 133 144 0.004 101 101 ns
sentence 10 lel lel Itel Ite/ lev/ lev/ .
64 72 0.05 120 125 ns 205 245 10°
lel lel Ivel Ivel lefl lef/
47 41 ns 163 165 ns 106 96 0.06
sentence 11 lal lal Ifal Ifa/ Jall Jall ,
83 85 ns 142 139 ns 150 183 10
low/ /ow/ /low/ /low/ Jowb/ Jowb/
66 67 ns 134 129 ns 135 142 ns
sentence 12 lel lel /be/ Ibe/ leb/ leb/ .
75 77 ns 143 151 ns 174 200 10°
lel lel /be/ /be/ lek/ lek/
30 34 ns 125 132 ns 82 89 ns
sentence 8 /o/ /ol kol kol /om/ lom/
under focus 57 58 ns 109 113 ns 145 164 ns
lil lil /mi/ /mi/ fib/ lib/
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With regard to the syllable, only sentence 10 sdenexhibit stress shift, since
durations are higher at first position for this teeice (this difference is due to a
stronger attack of /t/ in clash condition). Sentei® is also the only one exhibiting
significant difference in duration when rhymes tive corresponding units: the second
rhyme has higher duration in clash condition. Bpétterns (higher duration for the
first syllable as well as higher duration for tleeend rhyme) can be related to the two
strong heteromorphemic syllables of the acronym (3& also Shattuck-Hufnagel et
al. 1994’s data) and would consist in a speciad @dthe phenomenon under analysis.

Contrasting fO patternsin sentence 8
150 1~
140 ﬁ
130
— | : i [u
i 120 '1 ;.
£ 110
100 .
A:[o i [o [or]
90
80 T T T T 1
0 0,2 0,4 0,6 0,8 1
time (s)

Figure 2: Differences in fO pattern for sentence 8. Operaseg! “comi bolo” (B condition), and
closed circles: “comi bolor” (A condition).

As regards sentence 8, for the two positions ofdahget word, the marginal significant
difference for syllables as well as the significdifference for VV merit some closer
examination, since it can signal a different prdahurc strategy in comparison to the
other utterances. In fact, if fO patterns for bptired sentences are compared, the
following mean values, at the middle of the vowelse /i/, are obtained: 114 Hz and
112 Hz, respectively for the two positions, in radash condition, difference non-
significant. And 115 Hz followed by 107 Hz (p <¥0in clash condition. This seems
to indicate a two-fold strategy: duration is signgla continuous increase of stress
towards the phrasally stressed syllable in thersbemrd, andfis the only parameter
related to a prominence shift, in such a way as/tid two consecutive pitch accented
units. Note, in figure 2, the earlier prominencehia word “bolo” in comparison with
that of the word “bolor”, as well as the decreadingattern during “comi” in clash
condition as opposed to thglat pattern in non-clash condition.

No other § differences for the target word across the pasesttences were found (see
Madureira, this volume).
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4.3. Description of experiment 2

In experiment 2, three native speakers (all from3tate of Sdo Paulo, male, between
25 and 30 years old) recorded five repetitions afr fpaired sentences containing
candidate domains for stress shift. The sentenege wecorded with fifteen other
sentences (non analyzed here) following the sameepure as in experiment 1. The
corpus, shown in table 5, was set to investigatsstshift with respect to the entire
utterance. They allow to orthogonally compare nlasit (sentences A) to clash
conditions (sentences B), as well as another paesroé control: two different kinds
of stress placement for the word at the left of tdrget word: oxyton (sentences 15,
word “tomar”) and paroxyton (sentences 14, worariaon”).

Table 5: Sentences of experiment 2. All lexically stressgthble are in bold. Measured segments are

underlined.
O Mestre Tanas Crispado pregou por padbolas. .13A.
O Mestre TanasCrispa prgou por paabolas. .13B.
Ele e va&é ndotomam c&é Pildo denovo. 14A.
Ele e va&é ndotomam c#é fri o denovo. .14B.
Nao pode a tanar caé Pildo denovo. .15A.
Nao podei a tanar cdé frio denovo. .15B.

The need for the same phonetic environment forhedséntences in experiment 1 to
be a little bit unusual in terms of meaning. Thsavhy, in experiment 2, besides using
the same kind of paradigm of experiment 1 with pgaéred sentences 13, a more
natural contrast was included with sentences 141&ndin these sentences, the control
of the duration-related consequences of distinonptic environments was minimized
by using in both contrasted sentences voicelesal labstruents followed by the same
vowel /il (“Pilao” and “frio”). In this experimenipng non-pitch-accented stretches of
speech were found, which allow to investigate mdosely the use of duration for
signaling phrasal prominence in both conditionstfierthree speakers.

4.4. Results of experiment 2

Results are presented in tables 6a to 6¢, oneafdr speaker. Since the sequence of
segments in the second VV of the target word ineseres 14 and 15 is not the same
when comparing clash with non-clash conditions,abeesponding VV durations are
not presented for these sentences. Unless whealesijmo differences in duration for
the three units considered here were found for I#fiecontext words (“mestre”,

“tomam”, “tomar”). In all contrasted utterancesditferences infwere found.
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Table 6a: Speaker 1 mean duration (in milliseconds) and AM@walues for rhymes (r), syllables)(
and inter-vowel onset units (VV) in non-clash (A)daclash (B) conditions for sentences 8 to 12.
Corresponding segments are indicated in slashegr&ed values with significant differences indbol

r o \AY)
A 53 151 | 144 212| 114 271
sentence 13 B 60 172 | 149 231| 119 316
p< ns .02 | ns .08 | ns .004
A 68 69 | 143 160 159
sentence 14 B 72 87 | 145 178 163
p<| ns 10°| ns .003 ns
A 58 73 | 133 167 152
sentence 15 B 60 92 | 148 187 154
p<| ns 10°|10° 10° ns

For this subject, differences in duration at secpasition for rhymes in clash vs non-
clash conditions are all significant. This is nbe tcase at first position. The same
holds for syllables in sentence 14 and for VV, éentence 13. In all these cases,
duration is higher for clash condition at seconditian, which is exactly the opposite
as predicted by the Rhythm Rule (in clash condjtieither the stressness at first
position in the target word would be higher, orréheould be a decrease in stressness
at second position in the same word), as illustratethe analyses of Grabe & Warren
(1995) and Vogel, Bunnell & Hoskins (1995)’s dafae contrasted first positions for
VV in sentences 14 and 15 are not significant eitBet the first syllable in sentence
15 has a significant higher duration at clash diowli which could indicate a stress
shift. The difference is due to a stronger attatke consonant /k/ (mean 89 ms for
clash condition and 75 ms for non-clash conditjpr; .003). This difference can not
be associated to differences in fO patterns, simere is no differences in fO pattern for
the sequence “tomar café” in both conditions (ithbcases the,fpeak of “tomar” is
placed earlier, in its first syllable. The secopdriset of rising is placed in the stressed
vowel of the next, phrasally stressed word). Furtteze, there is a flat (non-
significant differences),fpattern between the two syllables of the targetdw&or
sentences 14 and 15, the percentage of the taiahea explained by the clash/non-
clash contrast is greater than 75% (for sentencgrgater than 62%).

An example of the pattern of duration for a parthaf utterance can be seen in figure 3
for sentence 13. Since they are more accepted fonitsgnaling prominence, rhymes
are presented here. The part shown is “-trmd®Crispa” (stressed syllables in bold,
phrasal stress underlined) for condition B, ance“famas Crispado” for condition A.
The first part of the sentence was suppressed altleet impossibility of separating
segment [s] from [t] in the word “mestre”. Note tlacreasing patterns of duration are
found for both contrasted conditions toward thembyas/. At this position the rhyme
in clash condition has a higher duration than thaton-clash condition. It is possible
that a duration-related focus is associated with ryme, but a normalized duration
must be used before concluding, due to the intéllsi higher duration of /a/
compared with that of /i/ in the following rhyme.
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Mean durations for rhymes (sentence 13)
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Figure 3: Mean durations for rhymes for part of the senteleA: non-clash condition, and B: clash
condition

Table 6b: Speaker 2 mean duration (in milliseconds) and AM@Walues for rhymes (r), syllables)(
and inter-vowel onset units (VV) in non-clash (A)daclash (B) conditions for sentences 8 to 12.
Corresponding segments are indicated in slashegra®ed values with significant differences incbol

r o \AY
A 75 232| 164 291 134 362
sentence 13 B 68 229| 169 293 132 382
p < ns ns ns ns| ns ns
A 58 47 | 122 123 134
sentence 14 B 55 55 | 124 137 137
p < ns ns| ns .03 ns
A 49 50 | 113 123 122
sentence 15 B 50 63 | 122 149 136
p < ns .004| ns .02 ns

For speaker 2, the effects just described for sgrehlare somewhat weaker. They are
not observed in sentence 13, observed for syllablegntence 14 and for syllables
and rhymes in sentence 15. At first position ofi¢éarwords no differences are found.
However, the pattern that emerges is exactly tmesaluration is higher for units
closer to the phrasally stressed syllable to ghtr{in clash condition).
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Table 6¢: Speaker 3 mean duration (in milliseconds) and Al@Walues for rhymes (r), syllables
(o) and inter-vowel onset units (VV) in non-clash @jd clash (B) conditions for sentences 8 to 12.
Corresponding segments are indicated in slashegra®ed values with significant differences incbol

r (o} vV
A 51 140 | 136 186 | 96 -
sentence 13 B 56 170 | 157 228 | 115 -
p < ns .004| ns .003| .006 -
A 51 56 | 127 121 115
sentence 14 B 48 71 | 130 141 118
p < ns .01 | ns .02 ns
A 48 57 | 131 130 122
sentence 15 B 42 83 | 130 151 110
p<| ns 10*| ns .003 ns

The pattern that emerges for speaker 3 is similahose of the other two speakers.
For this subject, differences in duration for &ymes and syllables are significant at
second position. No significance is found at fppssition. The lack of a measure for
the second VV in sentence 13 for this speaker was t the impossibility of
separatingd from /i/ in the sequencerisp/ (the tap was realized as an approximant).
In this very sentence, there is significance ait fposition for VV (higher values in
clash condition): the only difference between tbatasted utterances is the greater
duration of /m/ (word “mestre”) in clash conditionean value of 59 ms against 45 ms
(p < .008).

5. DISCUSSION

What emerges from both experiments is that, agdegéV units, there is an increase
of duration when approaching phrasal stress inal@sh as well as in clash condition.
Since stress groups in clash condition have mimgs\év in comparison to those in
non-clash condition, the rate of increasing is gnefor the former, which explains the
higher duration at second position in the targetdwdhere is a significant difference
between the two positions of the target word for M\bentence 13 for subjects 1 and
2. This general pattern is present even for sydkalaind rhymes for the three subjects
of experiment 2 (see Figure 3 for the increasintjepa of rhymes within the target
word). This reinforcement of the iambic patterntbé target word is completely
opposite to what has been described for Americagligén It follows, however, the
patterns predicted by the speech rhythm productiodel presented in this paper as
shown in table 2 (section 3.6) with two paired eangs of section 4 as examples:
when a stressed syllable follows a word such a&"cthe duration of its rhyme (and
that of the following consonant) is significantlgniger than when a pre-stressed
syllable follows the same word. This would be tfaeright-headed languages using
duration as independent variables signaling phraseks. It is likely, however, in
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situations related to pitch accent placement, antivo intriguing cases discussed in
the following that stress shift seems to occur h B

In experiment 1, sentence 8, stress shift seenge teelated to differences in pitch
alignment, which means that it could be the cas¢ ithdoes not occur without an
accompanying accent shift. Interestingly, when thésy sentence is realized under
focus the pattern disappears. This very fact isngegy related to the realization of
only one pitch accent in the phrasally stressddlsig of the focussed utterance (which
means that there is no accent clash). In experidemto cases of stress shift seem to
occur: one for sentence 15 (subject 1), and andtresentence 13 (subject 3). For
these two cases, the first unit of the target wiggtlable for subject 1, VV for subject
3) has higher duration in clash condition, whichinsaccordance to one of the
solutions of the Rhythm Rule. It is important taieychowever, that these patterns do
not occur without a higher duration at second pmsi{see tables 6a and 6c).

The higher duration in the first syllable of theget word for subject 1 is due to a
stronger attack of /k/ (in the word “café”) in diasondition, which is likely to be
related to the previous stressed syllable of “tdnisee Barbosa & Madureira, 1999,
where we claim that the heterosyllabic VC is themdm for phrasal stress
culmination). Besides following the general duratjpattern predicted by the model,
this subject seems to signal a stress alternatjamdking the first onset consonant in
the target word more prominent in the sequencedtarafé fiio”. This general pattern
is in accordance with the model in another seriseeghrasal stress is closer to /k/
than in non-clash condition, the rate of duratioeréasing is higher in that case, which
explains higher durations for the VV /ark/.

For subject 3, the only difference between theguhtterances besides the higher
duration of the VV at first position in the targeord is a stronger attack of /m/ (in the
word “mestre”) in clash condition, which could belated to an alternation of strong
and weaker VV in the whole sentence, reinforcirgyithpression of the succession of
a trochaic pattern (paroxytons, the non-markeddigna in BP): “O nestre Tomas
Crispa pre@u por padébolas”. For the first VV, the explanation that uagi both
patterns is the same as before: as the rate dfi@uiacreasing predicted by the model
is higher in clash condition, higher VV duratione &xpected from the beginning of
the stress group to the end.

Thus these intriguing cases do not contradict theeh since the duration increasing
pattern towards phrasal stress is higher for ctasiditions, as can be seen for the
predicted VV periods in table 2: sentence 3 agalnstnd sentence 5 against 6. All
results indicate, otherwise, that stress shift setanbe optional and related to the
organization of the whole utterance, including tantrol of § for signaling pitch
accents.

How to account for these seemingly segmental mstaifiens of stress shift in the
model is still matter of further investigation. Aegards accent shift, an integration of a
model of intonation (in strict sense) within theidggiven by the speech rhythm
coupled-oscillator model need to be developed.

As regards the applications of the model for otheguages, we have shown (Barbosa
2002), that the manipulation of the relative cingpbktrength parameterwan indeed

90



simulate data on rhythm typology: the greater thlier of vy, the closer the pattern of
VV periods to that of a stress-timed language;lélsser the value ofgvthe closer the
pattern of VV periods to that of a syllable-timethduage. Languages can also vary
depending on the way their underlying rhythmic eyst interact with the higher-level
components of the grammar and with the gesturetheénlexicon (where gestural
coordination is found, including the one representiexical stress, as proposed by
Albano, op. cit.).

The results presented here seem to indicate thatpparent, systematic, duration-
related stress shift seems to take place in BP.
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