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Abstract

This paper reports experiments on speech production show-
ing that secondary stress in Brazilian Portuguese (BP) ean b
best described as phrase-initial prominence cued by greate
ration and pitch accent excursion in initial position. k@ke-
ports a perception experiment in which clicks were assediat
to consecutive V-to-V positions in stress groups. Mearkdie-
tection RTs are gradient, but show no influence of initiagkar
ening. RTs near the phrasally stressed position are sharter
almost 60% of RT variance can be accounted for by produced
timing patterns.

1

Recent phonological accounts of secondary stress in Brazil
ian Portuguese (henceforth BP) [1] follow traditional ap-
proaches [2] in saying that secondary stress is assigned lef
wards to every even syllable counting from the lexicallgssed
one. Most of the literature on secondary stress in other Ro-
mance languages agree on the claim about its binary nature.
They have in common the fact that they analyse isolated words
compounds (and in some cases two-word noun-phrases) and
rely solely on impressionistic methodologies to base thrir
posals.

Apart from intuitions based on linguists’ introspectiox; e
perimental studies have until the moment failed in prowgdin
sound empirical basis for the binary alternation claim in(B&e
[3] and others cited in [5]), as well as other Romance langsag
([4] for instance). Experimental analysis seem to sugdest t
some kind of initial prominence cued by greater duratiorfgor
excursion is a common feature in this language group. The
tendency toward initial prominence is also pointed out i@ th
phonological literature and can be formalized as an iamsic r
versal rule.

Earlier results [5] of a more comprehensive phonetic study
of stress groups containing polysyllabic words with a vary-
ing number of prestressed syllables in BP confirmed the ini-
tial prominence tendency. Normalized V-to-V duration pats
were compared to those produced by a simulation with a dy-
namical model of rhythm production [6] and the simulated du-
rational contours mimicked the natural ones quite satiefdy.

Since rhythm (and other prosodic traits) are traditionally
seen as an optimal solution between speakers’ and listeners

I ntroduction

oposing needs, a more complete account of secondary stress

and other rhythm-related phenomena requires a better under
standing of the perceptual mechanisms involved in the ma-li
processing of the patterned signal speakers provide disten
with. Stating the problem in dinamical systems terms it is-ne
essary to uncover how production and perception, each @ie po
sessing it own intrinsic dynamics, couple to each other. One

way to do this is to determine what parameters listenersare s
sitive to when figuring it out what elements in the speechrchai
stand out as prominent.

The successful interplay between the study of BP timing
and its modelling in a dynamical systems framework attained
in [5] encouraged us to experimentally investigate the iposs
bility that listerners actively evaluates V-to-V units dtion as
a cue to detect an upcoming phrasal stress. If this hypathesi
comes to be proved true it will be an indication that the the un
derlying dynamics governing rhythm production and lisezsh
attention deployment rhythm are similar.

As far as secondary stress goes, the approach we are devel-
oping can help answering if the binarity embodied in mostpho
nologists’ analysis can be said to play any role in definirgy th
dynamics underlying rhythm perception. The experiment pre
sented in section 3 helps answering this question showing ho
listeners process the duration patterns elicited in theyartion
study reported in section 2 and in [5].

2. Production Study

Our corpusis composed of 17 penultimately-stressed target
words, with the number of prestressed syllables rangingn fro
two to five. An independent variable,,, was introduced to
control for the possible interplay between phrasal and thgie
ical secondary stresses. This variable measures the cisten
tween the syllable bearing lexical stress in the target warti

the syllable bearing the main phrasal stress in the NP, ifothe
lowing carrier sentences:[A target|xp parece menor hoje.”
(d- = 0) and ‘] A targetrude/rural/bicolod x p parece menor”
(ds =2, 3, 4). A naive male speaker of the southeastern BP va-
riety read ten repetitions of the sentences in a soundtatted
booth. Duration and, were the main dependent variables.

2.1. Timing Patterns

Segmental duration was grouped in vowel, CV and V-to-V
frames (for a reference on the use of V-to-V units for charac-
terization of rhythmic patterns, see [7]) and then nornealiz
by means of z-score transformation to minimize intrinsie du
ration effects. Anad-hocreference corpus was used for this
purpose. No statistical evidence favoring either initiahtier-
nating prominence could be found if individual phone dumati
was grouped in syllables or if vowel duration was taken alone

V-to-V duration contours are shown in figures 1 and 2
alongside the first positions in the stress groups for the nin
words with four syllables (figure 1) and the six words with five
syllables (figure 2). Point markers stand for the differaaities
of do.

Taking consecutive positions in the stress group and dif-
ferent values of the distance parametel,)( as categori-
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Figure 1:Normalized duration in stress groups containing four
syllable words. Point markers stand for different valueg of
0is0,0is 2,0is 3 andA is 4.

cal factors and mean normalized duration as dependent vari-
able, an ANOVA carried on the group of four-syllable words
yields significance only for the position factoF'(2, 1305) =
456.06, p < 10™*), although positions 1 and 2 are not statis-
tically different as pointed out by a Scheffé post-hoc.téstx
level of 5% was adopted.

As for the five-syllable words group, only the position fac-
tor yields significance(F(3,1144) = 124.3, p < 107%).
Here, positions 1 and 2 are statistically different, acoaydo
Scheffé testyf < 0.003 for d, = 2 andp < 0.04 for d, = 4).
These results are evidence for a gradient lengthening dirtte
V-to-V unit as the stress group gets longer, due to longegetar
words or the presence of an adjectivk, = 4). No evidence
for binary alternations shows up.

2.2. Intonational Patterns

A set of fo contour samples from oworpuswas examined
and labeled with the help of three phoneticians. In the abree
transcription, a H tone is associated to the first syllable of the
target words, irrespective of its length. A complex tonetil

or L*+H is associated with the lexically stressed syllable of the
target.

Future work on BP intonation will show if pitch accents
should be expected in initial position in circumstanceseoth
than those involving stress groups starting with poly®jta
words.

2.3. Summingup

It's difficult to see how the results, taken together, can be a
counted for by metrical-like representations. Timing amigb-
national patterns suggest that the initial prominence leted
to prosodic phrasing rather than to a hierarchical relaitab-
lished with the lexically stressed syllable. It seems mqre-
priate to consider this subordinate prominence as a streap g
initial strengthening. Support for this interpretatiomuas from
the fact that initial lengthening can be generated by théhrhy
production model [6]. Follow-up studies should investigabw
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Figure 2:Normalized duration in stress groups containing five
syllable words. Point markers stand for different valueg of
0is0,0is2,0is3andA is 4

the pattern of prominence(s) along prestressed syllable§- i
fected by (a) target word position within sentence and (b) se
mantic factors like referential status (i.e., if target & given

or new information).

3. Perception Study

Duration contours elicited in our production study are high
constrained. The shape of change in duration that culngnate
in a phrasal stress follows a pattern that can be successfttl
counted for by the model described in [6]. Given this facg th
following questions can be raiseft) since prosody is a trade-
off between speakers’ and listeners’ needs, then listepers
ception of such stimuli are in some way constrain€@j?f so,

is this pattern related to the one we find in production?

There has been some positive answers to question (1). It
has been found that when a word carries sentence stress-its pe
ception is somehow facilitated [8] [9]. This finding has been
brought to light by having subjects responding to wordidhit
phoneme targets on stressed and unstressed words and it came
out that reaction time (henceforth RT) speeds up when thetar
phoneme is in a stressed position. The claim is that in evesry s
tence there are points which catch listeners’ attentiorer&h
fore, words in those spots are more accurately processhkds It
been also demonstrated [10] that in word lists where timiag w
carefully manipulated so that stressed syllables seemactto
at periodic points in time, RT to target phonemes were shorte
when compared to a situation where some jitter was intratluce
in the timing of stressed syllables. It seems thus clearlihat
teners can benefit from rhythmically patterned stimuli.

These experiments cannot state, however, if the effects
of timing are local to the rhythmically crucial spots or if
these spots are actively exploited all over the stimuli. di&tsi
by experimental psychologists on how people attend to time-
changing stimulus [11] suggest the latter option is likelyoe
true. To put forward the idea that speech perception and pro-
duction constrain each other is a way to start answering-ques
tion (2). The hypothesis stated here is that it can be exgecte
that listeners’ attention is actively entrained by speskac-



tivity of producing timing patterns. Since the earlier regpd
study provided produced timing data and there is a model that
can reproduce it, the entrainment hypothesis can beginpote

in test.

3.1. Hypothesis Statement

If the shape of duration is important to the process of percep
tion, there should be a definite relation among changes ia-dur
tion and changes in the way duration is perceived. In order to
verify if this is the case it was investigated how well each-co
secutive V-to-V unit is attended to and if the changes ofeskry

in responding level can somehow be related to changes of dura
tion pattern in the stimuli. Attention was indirectly meesdi at
individual V-to-V unit position in a stress group from the ams

of reaction time to clicks associated to them.

3.2. Stimuli Preparation

Sixteen sentences were chosen from the productiopusthat
best fitted duration contours in figures 1 and 2. The choice was
made so as to pick two phrasing conditions and two target word
sizes. The phrasing conditions are illustrated below:

(a) “[A targefnp parece menor hoje.d¢; = 0)
(b) “[A targetbicdor |xp parece menor hoje.d¢ = 4)

In condition (a) the target word bears main phrasal stress
and in (b) the boldfaced syllable bears main phrasal stEéght
target words were selected, four with four syllables and fou
with five syllables. 2.5 kHz pulse-like clicks were addedtia t
original sound files in successive V-to-V positions follogithe
schema below. In (c), target word is “patarata” and in () tar
get word is “jaratacaca”. Slashes enclose segments in\¥-to-
units in orthographic representation. Inside each V-torif,u
the click was always inserted at the right end of the consahan
segment.

(c) four-syllable words:
laph lath [arls [at/4
laph lath [arls [at/ a bicol brp/s
(d) five-syllable words:
lajl lark, latls facly lacls
lajly lark, /atls /acl /ac/ a bicol brp/s

For each word in each phrasing condition four — as in (c)
— or five — like in (d) — clicked sound files were generated.
A total of 72 test sentences were generated applying thisepro
dure. An additional contextualizing sentence was addext twi
each test sentence. Another 68 pairs of sentences wereeecor
by the same speaker of the producticorpusto be used as
fillers. A click was randomly placed always in the first secien
on filler items.

3.3. StimulusPresentation

Items consisting of a pair of sentences were presented to the
subjects who were instructed to hear them and answer yes or
no to a content question following stimuli presentation.bSu
jects were also warned that at some point during their lisgen
of the pair of sentences a click would appear and they were in-
structed to press a joystick button as fast as they could thite
click. The answer to the yes or no question was also recorded
by pressing a joystick button.

DMDX software was used to present the audio files and
record RT to click monitoring. Instructions were presenited

written form to each subject and a training section was run in
the presence of the experimenter so that any doubts could be
solved. Items were randomized prior to each round and btbcke
in three parts with breaks between blocks. Sound files were
presented over closed headphones in a quiet room. Eighteen
college students voluntarily participated in the expenritrend
signed a consent term. Subjects took about 20 minutes tcedo th
entire test.

3.4. Statistical Procedures

Raw RT data was log-transformed and then z-score normaliza-
tion was applied according to the following procedure: mean
RT (X;) and standard deviatiors{) was computed for each
subjectj and then eachRT sample ofj (z;;) was transformed
into z;; by means of equation 1.

Tij — Xj

Sj

Zij = (1)

There are two reasons to apply such operations. First, RT
is taken here as a measure of attention deployment and we are
interested in differences due to treatment and not in atesolu
values of RT. Besides, log-transformation and z-score abrm
ization help fitting highly right-skewed distributions $uas RT
raw data into the normal distribution.

Separate two-way ANOVAs were run in two groups: (A)
the test sentences with four-syllable target words and KB) t
group with five-syllable target words. Position in the séres
group and phrasing condition were independent variablds an
normalized RT was the dependent variable.cAevel of 5%
was fixed for statistics carried out in the experiment.

3.5. Results

Figures 3 and 4 show mean normalized RT for each V-to-V po-
sition in groups (A) and (B) respectively.

For group (A), factors Positiof¥'(3,509) = 10.688, p <
107°) and PhrasingF (1509) = 4.0343, p < 0.05) reached
significance level but not the interactioRost-hoctesting with
Scheffé shows that position 4 (phrasal stress bearer)thas s
tistically lower mean than positions (p < 107°) and 2
(p < 0.02). Likewise, position 3 it is significantly lower than
position 1(p =< 0.03) yet marginally higher that position 4
(p < 0.09).

As for group (B), only Position factor yielded significance
(F(4,632) = 5.0132, p < 107°). Post-hocMultiple com-
parisons with Scheffé indicate position 5 (phrasal stbesser)
and 2 are significantly differerfp < 0.05). Besides, position 4
differs significantly from position Zp < 0.02) and marginally
from position 1(p < 0.06).

It is worthy noting that position 2 in figure 4 has a slightly
higher mean RT compared to position 1, yet this difference
is non-significant. The same comparison reached signifecanc
when duration means were compared (cf. section 2.1). Itds po
sible, though, that in longer stress groups a larger RT rdiffee
between first and second positions shows up.

These results amount to classical findings that during sen-
tence processing significant reduction in RT is shown intrhyt
mically crucial points, which can be seen as a positive answe
to question (1) stated above. In addition, these resulesialty
those concerning group (A), bring new evidence that peraept
facilitation is a gradient process not confined to rhythryca
salient spots. The closer a V-to-V unit is to stress groumbdeu
ary (as represented by duration maxima in figures 1 and 2), the
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Figure 3:Normalized RT for click detection along positions in
stress groups of four V-to-V units. Whiskers indicate sasohd
error.

faster it is attended to. It means that perception fadititats
somehow a function of time, what can be seen as a preliminary
evidence that question (2) can also have a positive answer.

The issue to be settled now is whether time is to be inter-
preted just as order (V-to-V position in stress group) oh# t
perceptual entrainment is related to actual produced ¢miim
order to tackle this problem, duration and RT data were eorre
lated.

Mean V-to-V duration of the four V-to-V units of the eight
sentences in group (A) were correlated to the corresponding
normalized RT means. The best correlation was achieved
through non-linear estimation using a polynomial functiée
y = a+ bz + cx? yieldingr = —0.764 (p < 0.009). Duration
data explain 58% of RT variance in this case. 5]

As for group (B), means of position 1 to 3 were pooled over
and so were means of position 4 and 5 as suggested by Scheffé
homogeneous groups test. RT means were pooled over the same
way. Likewise group (A), the best correlation was the one we
got through non-linear estimation using the same function.
this caser = —0.77 (p < 0.002) and a proportion of 59% of
RT variance can be accounted for by duration data.

(1]

(3]

[4]

(6]

4. Discussion 7l
Correlation results seem to represent preliminary evieehat
speech perception and production patterns can in fact belglo
related, since almost 60% of RT variance in the experimemt ca
be traced back to duration scaffolding in production. Feiex-
periments are to show if correlates of intonation play arg ro
in predicting perception. Besides that, they should algesti-
gate how semantic information helps listeners predict vareh
where speakers will place stress along a sentence.

(8]

9]

[10]
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Figure 4:Normalized RT for click detection along positions in
stress groups of five V-to-V units. Whiskers indicate stahda
error.
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