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Abstract

In this paper we discuss the effects of tonal clash
(or strict adjacency between two accents) on the pho-
netic realization of H* accents in Spanish. A prelimi-
nary analysis of the data shows that adjacency of two
H* accents triggers a drastic temporal reorganization of
the Fy gestures involved, resulting in anticipation of the
first gesture and delay of the second. Specifically, in
crowded tonal contexts we find that the start of the rise
of the first H* accent occurs significantly earlier with re-
spect to the syllable onset, as well as later in the second
accent. Similarly, the two adjacent accented syllables
are lengthened and their H* rise times and peak de-
lays increase. Thus, the data reveals that Fy gestures
are roughly timed to accented syllables, keeping a more
or less floating relationship with the segmentals: both
right and left-hand prosodic contexts (including clash
situations) determine the alignment patterns of the val-
ley and the peak. Finally, no significant differences were
found on the Fjy scaling in clash vs. non-clash environ-
ments.

1 Introduction

The main goal of this study is to describe the effects
of tonal clash on alignment and scaling patterns of H*
accents in Spanish (or simple peaks, as described in Pier-
rehumbert 1980).1 We believe that the study of how ac-
cent gestures are aligned with the text and scaled with
respect to each other is crucial to improve the qual-
ity of Fy assignment algorithms used in text-to-speech
systems. Moreover, it can shed some light on our un-
derstanding on the production of Fy gestures and their
coupling with the segmentals.

In general, few studies have dealt with the problem
of resolution of tonal clashes and their effects on align-
ment and scaling of accent gestures. One of the strate-
gles used by speakers to resolve tonal clash is avoid-
ance: deaccenting or stress shift are frequently used to
avoid placing accents on adjacent or near-adjacent syl-
lables (Bolinger 1981; Shattuck-Hufnagel et al. 1994 for
English; Caspers 1994 for Dutch).? Another frequently

1H* is the most common pitch accent in Spanish neutral declar-
ative sentences.

2For example, the word-final stress of thirteen shifts to the left
in stress clash contexts such as thirteen men. For a complete
study of the phenomenon, see Shattuck-Hufnagel et al. (1994).
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used strategy is timing reorganization: it has often been
observed that the occurrence of two adjacent accents
can be resolved through tonal overlap and/or tonal re-
pulsion. In some cases, the presence of competing pitch
movements triggers an overlap in the gestures; in others,
tonal crowding results in the anticipation of the first ges-
ture and the delay of the second gesture (Bruce 1977 for
Swedish, Silverman & Pierrehumbert 1990 for English).3

Still, one area of uncertainty i1s how to model tim-
ing reorganization, i.e., how Fy gestures are coupled
with the text in clash vs. non-clash contexts. Re-
cent phonetic studies on Fy alignment patterns have
shown that some F; movements have precise synchro-
nization points with the segmental structure: while peak
placement is found to be more or less variable (and is
strongly influenced by segmental duration and right-
hand prosodic environment), valley positions tend to
be more stable, generally anchored at the syllable on-
set (Prieto et al. forthcoming for Spanish, Caspers 1994
for Dutch). One of the goals of this study is to ana-
lyze the potential effects of adjacent accents on the lo-
cation of L and H points: ultimately, we would like to
test whether synchronization points are maintained in
crowded tonal environments. Finally, another area that
has not been explored are the potential effects of tonal
clash on the scaling of H* pitch accents. Even though
recent work has revealed that H peaks in English and
Spanish downstepped contours were rather constant for
a given phrasal position, such studies included no clash
contexts.?

2 Database

The materials under study consist of 135 utterances
(27 target sentences x 5 repetitions), all of them lists
of words. The procedure used to construct the test
sentences was as follows: 1) We selected eight bisyl-
labic content words related to food items: seven words
with stress on the first syllable (i.e., mdra "blackberry’,

3In a previous investigation (Prieto et al. 1995) we found that
speakers used two different strategies to resolve H* tonal clash in
Spanish: while one of the speakers produced the two accents as
two separate rising gestures (with a strong retraction of the first
gesture), the other speaker produced the two accents as a separate
rise and fall on adjacent syllables (i.e., the rise corresponding to
the first accent, and the fall to the second accent).

4They could be successfully predicted by a constant ratio of
decay on the value of the preceding peak (Liberman & Pierre-
humbert 1984, Prieto et al. 1995, respectively)
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Figure 1: Waveform display, Fy contour, and labels corresponding to the four-accent utterance mdra mani Iémo lima.

lima "lime’, yéma ’yoke’, mdle ’black chili sauce’, méro
‘grouper’, I6mo ’loin’, rdna ’frog’), and one with stress
in the final syllable (i.e., man{ ’peanut’).® 2) A clash
sequence (i.e., mani I6mo ’peanut loin’) was embedded
in different positions in utterances of different lengths
(from 2 to 7 pitch accents). Whenever possible, the
order of the content words was kept constant, so that
accents are strictly comparable. 3) Finally, we also in-
cluded a control sentence per subset (an utterance with
no clash sequence).®

The target lists of words were read by a speaker
of Mexican Spanish at rather constant speech rate.”
The speaker was trained to use a downstepping contour
throughout, assigning a pitch accent to every word. A
preliminary examination of the data showed that the
speaker consistently assigned a pitch accent to every
stressed syllable and employed a tonal repulsion strat-
egy to resolve the clash situation.

The following measurements were manually placed,
avoiding segmental effects on the pitch contour:
utterance-initial Fy value (L), utterance-final value (L),
highest Fy peak for every pitch accent (H), lowest £y
value between pitch accents (L), onset of every accented
syllable (B). Since no pitch excursion is found in the
utterance-final pitch accent, the labels corresponding to
the last pitch accent have a different meaning than the
preceding labels: the last H corresponds to the onset of
the accented syllable and the penultimate L corresponds

5To obtain a clean Fg contour and minimize errors, we used
open syllables and sonorant consonants throughout.

8The 135 sentences in the database are the following: 2 AC-
CENTS: a) Man{ l6mo.; b)Mdra lma. 3 ACCENTS: a) Mani
lémo mére.; bYyMdra mani Idmo.; c) Méra lima yéma. -4 AC-
CENTS: a) Man{ I6mo mdra Wma.; b) Méra mani iémo Hma.; c)
Méra lima mani I6mo.; c) Méra lima yéma mdle. 5 ACCENTS:
a) Mani l6mo mdra l'ma yéma.; b) Mdre mani Iémo Hma yéma.;
¢} Méra lima mand 16mo yéma.; d) Mdra ima yéma mani Iémo.;
€) Méra lima yéma méle méro. 6 ACCENTS: a)Mani lémo méra
lima yémea mdle.; b) Mdra mani lémo lima yéma mdle.; c) Mdra
lima man{ l6mo yéma mdle.; d) Méra Eme yéma mani l6mo
méle.; e) Méra lima yéma mdle mani Iémo. ; f) Mdra Kma yéma
méle méro l6mo. 7 ACCENTS: a) Mani l6mo mdra ima yéma
mdle méro.; b) Mdra mani Iémo Hma yémae méle méro.; c) Mdra
lma maeni lémo yéma mdle méro.; d) Méra lima yéma mant I6mo
méle méro.; €) Mdra ima yéma mdéle mani lémo méro.; f) Mdre
lima yéma mdle méro mani Iémo.; g) Mére Kma yéma méle méro
l6mo rdna.

" Our speaker (RS) is a native of Ciudad Jusrez, located in the
northwestern state of Chihuahua, Mexico.
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to the end of the accented vowel. Figure 1 illustrates the
waveform, Fy contour and labeling scheme of the utter-
ance Mdra mani lomo lima.

3 Results

3.1 Pitch Scaling of H* accents

Utterance-final values are almost constant and totally
uncorrelated with values of Fjy peaks and with utterance
length: in all sentences, Fy-final values range from 76
to 80 Hz, regardless of sentence length and presence of
adjacent H* accents. Utterance-initial values are more
variable, and, interestingly, they are correlated with the
stress status of the first syllable. As the results in Table
1 show, if the utterance-initial syllable is accented, the
corresponding Fy-initial value is higher, for all sentence
lengths.®

INITIAL F; VALUE
ACCENTS | Initial Accent | Non-initial Accent
2 107.531 104.219
3 113.914 106.61
4 113.12 106.058
5 116.81 107.356
6 116.81 102.631
7 115.81 108.79

Table 1: Mean values (in Hz) of utterance-initial
Fy values in phrases of different lengths (2 to
7 pitch accents), in two cases: utterance-initial
accent, and non-initial accent.

A previous investigation on the patterning of descend-
ing intonational contours in Spanish (Prieto, Nibert &
Shih 1995) revealed that the peak height of a given H*
accent could be predicted quite successfully by a local
downstep ratio or constant reduction in the previous
peak’s pitch value, regardless of phrasal length and/or
the distance to the preceding accent (in time or in num-
ber of unstressed syllables).® As in the previous study,

8The majority of t-tests between groups reveal a significant
effect of the stress status of the first syllable on the Fj initial
point (at p < 0.05).

9The tonal clash context (distance between accents = 0) was
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Figure 2: Schematized F; contours of seven utterances of different lengths (from 2 to 7 pitch accents), keeping constant
(at 2) the number of intervening unstressed syllables between pitch accents.

we find that H peaks are rather constant in a given
position in the sentence, regardless of sentence length
and distance to surrounding pitch accents.!® Moreover,
correlation analyses for each group reveal that peak
height is not correlated with distance in time between
peaks: that is, the distance in time between two adja-
cent peaks does not affect the Fy value of the second
peak. In contrast with previous results, the pattern of
decay could not be accounted through a constani pro-
portion of Fyy reduction from the previous peak: as Fig-
ure 2 shows, the reduction between the first and second
peak is greater than between sentence-medial peaks.!!
Similarly, we find a slight tendency for sentence-medial
accents in a given position in the utterance to be higher
in longer sentences. Finally, the degree of dipping be-
tween pitch accents depends on the distance between
pitch accents: in particular, there is an increase in the
amount of dipping as the distance between surrounding
accents increases.!?

3.1.1 H* Timing

This section represents a follow-up on a previous inves-
tigation on the Fy alignment patterns of H* accents in
Spanish (Prieto, van Santen & Hirschberg 1994; Prieto
et al. forthcoming). The study revealed a relatively
stable timing relationship between the L point and the
onset of the accented syllable. In contrast, the position

left out in the previous experiment because we considered that
such a context could potentially trigger special effects.

10The height of the first peak in 2-accent utterances is consis-
tently lower than in the rest of the sentences (between 135-138 Hz
in 2-accent sentences vs. 143-153 Hz in the rest).

11Mean downstep ratios in different positions in the sentence
are: 0.80, 0.78, 0.83, 0.89, and 0.89. We calculated the downstep
ratios between adjacent peaks, scaling them with the baseline of
our speaker (Baseline = 75 Hz), using the following equation:
Downstep Ratio (r) = (P(x+1)-B}/(P(x)-B).

12The only exception is in sentence-initial position, where dip-
ping was increased as follows: 1 intervening syllable < 0 interven-
ing syllables < 2 intervening syllables. These results are related to
the influence of word-boundaries, which tend to keep in a 'plateau’
the Fy level of the first accent.
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of the peak and the steepness of the rising slope were
strongly influenced by segmental durations and the up-
coming prosodic environment.!3

One of the questions that arises is whether the tonal
clash context affects L point alignment patterns. Table
2 shows the mean distance (in ms) from the start of the
rise to the syllable onset of two adjacent H* in phrases
of different lengths.!* The data shows that in clash con-
texts, the rising gesture of the first accent starts signif-
icantly earlier (in reference to the onset of the accented
syllable) and the rising gesture of the second accent is
aligned significantly late:

FIRST ACCENT | SECOND ACCENT
ACC | Clash | No-clash | Clash | No-Clash
3 -100 60 139 60
4 -4 85.20 176.47 85.20
5 -34.3 77.44 170.305 77.44
6 -12.31 59.58 168.235 59.58
7 -2.6 119.184 7 | 189.322 119.184

Table 2: Mean values (in ms) of the distance from
onset of the syllable to the start of the rise in the
first accent and the second, in clash vs. non-clash
contexts in sentences of different lengths.

What is the effect of tonal clash on the absolute rise
time (or temporal distance from the peak to the previous
valley) of the H* accents? Results in Table 3 show that
the rising gesture of the first H* accent is longer in clash
contexts, indicating that there is no invariant rise time
length. Similarly, the rise time of the second accent is
slightly longer in a clash environment.!® Figure 3 shows
two schematized contours of two consecutive accents in

13These results are very similar to those obtained by Caspers
(1994) and Caspers & van Heuven (1993) for H* accents in Dutch
and by Bruce (1977) for H* accents in Swedish.

14Values in Table 2 represent the mean values of all the cases
occurring in the database.

1% Peak delay values (distance from the peak to the onset of the
syllable) are shorter than rise times in the case of the first accent,
and longer in the case of the second accent. Also, peak delay is
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FO(Hz)

FIRST ACCENT | SECOND ACCENT
ACC | Clash | No-clash | Clash | No-Clash
3 340 170 260 170
4 323 200 208 200
5 300 188.66 188 188
6 303.75 203 224 203
7 260 184.75 225 184.75

Table 3: Mean values (in ms) of the distance from
the peak to the start of the rise in the first accent
and the second, in clash vs. non-clash contexts
in sentences of different lengths.

phrase-initial position, in a clash (e.g.,man{ ldmo) vs.
nonclash context (e.g.,mdra ldmo). Essentially, clash
contexts trigger lengthening of both H* rising gestures;
at the same time, the start of the rise of the first accent
is shifted backwards, and the one of the second accent
is shifted forward.

4 Conclusion

Preliminary analysis of the data shows consistent dif-
ferences in the time domain between accent gestures in
a clash vs. a non-clash context. The data shows clash
contexts trigger a timing reorganization of the accents
involved: first, the start of the rise shifts leftward in the
first accent and.rightward in the second accent; second,
peak delay and rise times are lengthened in both accent
gestures, together with syllable duration. Thus, in con-
trast with previous claims, the data shows that L points
are not synchronized with the syllable onset, and that
their placement is affected by both left-hand and right-
hand prosodic context (e.g., the presence of an adjacent
accent):

CLLASH NO-CLASH
8 ]
< S
=
g E g
8 8
0 400 800 0 400 800
DURATION (ms) DURATION (ms)

man’i I’omo m’ora I’'omo
Figure 3: Schematized Fy contours of two H* accents, in
a clash (mant l6mo) vs. non-clash context (médra lémo).
Peaks (H), valleys (L). and onset of accented syllables
(B). Vertical lines mark syllable boundaries at the start
of each accented syllable.

In general, H* rises are more or less confined to ac-
cented syllables, but we find no precise synchronization

only slightly shorter in clash contexts than in non-clash contexts
in our data.
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between Fj contours and segmentals: both valley and
peak alignments shift leftwards or rightwards depending
on the surrounding prosodic environment. This result
challenges the claim that Fy peak location is exclusively
affected by syllable duration and rightward prosodic
context (Silverman & Pierrehumbert 1990, Prieto et al.
1995), and represents preliminary indication that left-
ward prosodic events are also significant factor affecting
Fy alignment patterns. Finally, no clear effect of clash
was found on the scaling of H* accents: as in previous
studies, peaks were found to be rather stable, regardless
of sentence length and the presence of adjacent accents.
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