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Abstract

The firg god of the aticle is to examine the dignment patterns of H prenuclear pesks
in Centrd Cadan and, specificdly, to anayze the effects of pogtion-inrword of the
accented syllable on H peak placement and test the hypothesis that H is anchored at the
right edge of the prosodic word (Estebas-Vilaplana 2000, 2003). The second god is to
te whether Cadan ligeners are able to use tond dignment differences due to within-
word pogtion in the identification of words with ambiguous word boundary location.
The results of a production experiment (Experiment 1), which conssted of a reading
task of pars of potentidly ambiguous utterances diginguished by word boundary
location (e.g., Mira batalles [mi,ra [o'takos] ‘(She watched battles vs. Mirava talles

[mi,rafo 'takas] ‘l/(s)he used to watch carvings') reveded that: @) H is not consstently

digned with the end of the word, thus not supporting the idea that prenuclear rises in
Catdan condst of a combination of an L* tone plus a H word tone; and b) that H
location is sendtive to the podtion of the accented syllable within the word:
specificaly, the pesk is sgnificantly retracted as the syllable gpproaches the end of the
word. Findly, results from the identifiction and discrimination  experiments
(Experiments 2 and 3) suggest that Catdan ligeners might be able to employ tond
dignment detals due to withinrword postion to correctly identify lexicd items that are
ambiguous for word-boundary position.
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1. Introduction

In recent years there has been accumulaing evidence that L and H tones behave as
ddic targets and that they dign with the segmentd gring in extremey condstent ways.
Typicdly, in a variety of languages, the L vdley of prenuclear rises is precisdy digned
with the beginning of the accented syllable (see Caspers & van Heuven 1993 for Dutch;
Prieto, van Santen & Hirschberg 1995 for Spanish; Arvaniti, Ladd & Mennen, 1998 for
Greek; Ladd, Faulkner, Faulkner & Schepman 1999 and Ladd, Mennen & Schepman
2000 for English; Xu 1998 for Mandarin Chinese; Estebas-Vilgplana 2000 and Prieto
2005 for Catadan). Recently, some studies have shown that this precise L intonationd
dignment with word or syllable boundaries is used by ligeners in lexicd identification
tasks. For example, Ladd & Schepman (2003) show that the different dignment of L in
minima pairs like Norman Elson/Norma Nelson is a useful cue to the word boundary
diginction between them. If L dignment is modified experimentaly in such ambiguous
phrases, this affects the ligeners judgments in the identification task. Similarly, recent
dudies on the tond marking of the French Accentud Phrase (AP) by Weby (2002,
2003) show that the L tone that is associated with *the left edge of the first content word
of the AP* is digned a the boundary between the last function word and the first
gylladble of the firg content word. Welby's results for perception show that French
listeners use the dignment of the L tone & a cue for lexicad access (in pairs such as mes
galops ‘my gdlops and mégalo ‘megaomaniac’).

By contrast, the behavior of H dignment in LH (prenuclear) rises is quite variable
crodinguidticaly: it can varigbly be postioned a the end of the dressed syllable or at
the following undressed syllable, as in the case of Catdan, Greek, English, and Spanish
(see Silverman & PFerehumbert 1990 for English; Prieto, van Santen & Hirschberg
1995 for Spanish; Arvaniti, Ladd & Mennen, 1998 for Greek; Prieto 2005 for Catalan).
Crosdinguidticaly, H has been shown to be grestly affected by the right-hand prosodic
context, in such a way that the peak is retracted before upcoming word boundaries, pitch
accents and boundary tones (see Stedle 1986, Silverman & Pierrehumbert 1990 for
English; Prieto, van Santen & Hirschberg 1995 for Spanish; Prieto 2005 for Catadan,
etc.). However, an unexpected and consgtent stability effect was found when little or no
tona pressure was exerted on the pitch accent by Arvaniti, Ladd & Mennen (1998). In a
Greek word such as [paranoma], the H target in the LH pitch accent associated with the
tet dressed gyllable [ra) was condgently digned over the frontier between the
postaccentud onset and the following vowed ([n] and [0]). According to Arvaniti et d.,
in Greek, two unaccented postaccentud syllables provide enough prosodic space for the
H tone to be stably ‘anchored’ a this segmental boundary. In a recent experiment,
Prieto & Torreira (2004) replicated part of these findings for H peaks in prenuclear pitch
accents in Peninsular Spanish: Prieto & Torreira found that H pesks occur around the
end of the accented syllable (for this specific pitch accent) when there are at least two
postaccentua  syllables following the test syilable. Despite this regularity, a clear effect
of gyllable gructure was found: while in open syllables the pesk was digned with the
end of the accented vowd, in closed syllables the peak was somewhat retracted and
located within the coda consonant.

In this article we are concerned with tond aignment of H prenuclear pesks in Centrd
Catdan. In this language, peeks of prenuclear riang accents are generdly placed on the
podtaccentud  syllable and their podtion is gsrongly influenced by the upcoming



prosodic context, such as the presence of subsequent tones (Estebas-Vilaplana 2000,
Prieto 2005). Some dudies have highlighted the fact that the H pesk in prenuclear
accents is anchored a the right edge of the prosodic word (Estebas-Vilaplana 2000,
2003). In her thess, Estebas-Vilaplana andyzes prenuclear rises as indances of a low
pitch accent associated with the accented syllable (L*) plus a word edge tone (H)
anchored at the end of the word.! The example in Figure 8 illustrates a prenudlear rise
with a delayed peak associated with the stressed syllable of the word Maria in the broad
focus utterance La Maria va venir ahir ‘Mary came yesterday’. Following the proposa
by Prigto, D’'Imperio, and Gili-Fivda (forthcoming), the tond transcription of the
utterance would correspond to two prenuclear accents L+H* followed by a nuclar
accent H+L* and by the boundary tones L-L %.?
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Figure 1. Waveform and fo contour of the utterance La Maria va venir ahir ‘Mary came
yesterday’ (broad focus).

The presence of word edge tones has aso been postulated in Serbo-Croatian (Godjevac
2000, 2001). In this language, the phonologica word is defined by two tond events. a
pitch accent and an initid %L word boundary tone. Despite differences in the location
of word edge tones, both Central Catalan and Serbo-Croatian might be languages which
mark word domains on intonationa grounds. Moreover, as is wel-known, initid word-
edges are used as anchoring sites for pitch rises and fdls in a variety of Romance
languages (see Welby 2003, 2004 for French, Hualde 2003a for Occitan, and Vigério &
Frota 2004 for Northern European Portuguese). These word-initid pitch movement are
used as cues to initid word demarcation and emphasis.

On the other hand, acoustic work in a variety of languages has shown that the postion
of the accented syllable within the word has a sgnificant effect on the postion of the
peak in rigng prenuclear accents (see Slverman & PFierehumbert 1990 for English,
Prieto, van Santen & Hirschberg 1995, de la Mota 2005, Estebas & Prieto 2005,
Simonet & Torreira 2005 for Spanish, Arvaniti, Ladd & Mennen 1998 for Greek, and
Ishihara forthcoming for Japanese). That is, pesks tend to shift backwards as their
associated syllables approach the end of the word: h other words, pesk delay is longer
in words with antepenultimate stress than in words with penultimate dress, than in
words with fina dress. In order to correct for the potentidly confounding effects of

! For a ToBI phonological analysis of rising accents in Catalan and aproposal about using secondary
associations for phonological distinctions of alignment, see Prieto, D’ Imperio & Gili-Fivela(in press).
2 The graphs in Figures 1 and 2 were created with Pitchworks software (Scicon).



stress clash (or distance to the next accented yllable), Prieto, van Santen & Hirschberg
(1995) anadlyzed a subset of the data which contained test syllables in different positions
in the word (nUmero, numero, numerd) which maintained a distance of two unstressed
gyllables from the next accented syllable (ndmero rapido, numero nervioso, numero
regular). A dgnificant effect of word postion on pesk deay was found in dl of the
comparisons (it was stronger for one of the three speskers). Smilarly, in Slverman &
Pierrehumbert’'s (1990) modd of fo peak bcation, the dropping of the variable word-
boundary (and leaving the varidble dress clash as a man predictor) sgnificantly
worsened the fit of the modd. This behavior seems to suggest the possibility that the
end of the word (and not only the presence of upcoming accents or boundary tones) is
acting asakind of prosodic boundary exerting prosodic pressure on H tona targets.

In order to check the status of word-edge tones in prenuclear accents in Catalan and the
potentiad effect of word boundaries on H pesk location, a production experiment
(Experiment 1) was performed. This experiment consisted of a reading task of pairs of
potentidly ambiguous utterances which were only digtinguished by word boundary
location (eg., Mira batalles ‘(s)he watched battles vs. Mirava talles ‘1/(s)he used to
watch carvings). Three speskers read a total of 40 ambiguous utterances 4 times (160
sentences per spesker, for a tota of 480 utterances). The results of the experiment
demondtrated that the H tone is not consgertly digned with the end of the word, thus
reveding that the presence of word-edge tones in Catdan is a best optiond. Typicdly,
the H tone is placed in the postaccentua syllable, and there is a clear difference in H
location between the two test conditions. As has been found in other languages, H
location is sendtive to the distance between the accented syllable and the right edge of
the word, since the peak is dgnificantly retracted as the syllable approaches the end of
the word.

The goa of Experiments 2 and 3 was to evduate the role of tond aignment in word
boundary identification. The initid hypothess is that Catdan ligeners might be able to
use the differences in dignment due to withinrword podtion in the identification of
words with ambiguous word-boundary cues. Experiments 2 and 3 condsted of an
identification and discrimination  experiment, respectively. 11 ligeners heard 10
ambiguous naturd utterances sdected from experiment 1 and had to identify where the
word boundary was located. The results of experiments 2 and 3 suggest that Catalan
ligeners might be able to sysemdicdly employ tond dignment details due to word
position to correctly identify word-boundary locations.

The paper is organized as follows. Section 2 presents the production experiment and
discusses the effects of pogtion-inword of the accented syllable on pesk placement and
duration patterns. Section 3 proposes a linear modd of pesk placement based on two
factors, within-word postion and duration. Findly, Section 4 discusses the results of the
identification and discrimination experiments.

2. Experiment 1. Production Experiment

The god of Experiment 1 was to examine the effects of pogtionrinword of the
accented syllable on H dignment of prenuclear rigng accents in Centrd Catdan. As
mentioned above, prenuclear risng accents in Cadan have been andyzed as a
combination of an L* tone plus a H word tone (Estebas-Vilaplana 2000, 2003). If the



hypothesis about the existence of a word-edge tone H in Catalan is correct, then the fo
peak should be aigned sysematicaly with the right edge of the word regardiess of the
number of posttonic syllables in the sequence. Thus, in Compra ventalls ‘(s)he bought
fans the fo peak would be located around the end of the syllable pra wheress in
Compraven talls ‘they bought pieces the fo peak would be located towards the end of
the podaccentuad syllable. Alternatively, if no word-edge tones are present then we
might expect to find an dlophonicaly controlled postion of H.

2.1. Methods and materials

The method used for the production experiment conssted in reading 20 pairs of
potentialy ambiguous declarative utterances that are distinguished by word-boundary
postion —for a complete list of utterances, see the Appendix. Two types of words with
different stress digtributions were examined, namely, oxytones (words with stress on the
find gyllable) and paroxytones (words with dress on the penultimae syllable).
Utterances conssted of ether two or three prosodic words in order to check whether the
pitch accent type in second pogtion would influence H location Two pairs of utterances
from the database are provided in (1) —throughout the paper, accented syllables are
underlined.

D
la.  Compraventalls
[kum,pra Bon'tak(]
‘(9he bought fans
1b.  Compraven talls
[kum,prafon 'tak{]
‘they bought pieces

2a. Compra ventallsde vim
[kum,pra Bon tak3 0o 'Bim]
‘(9)he bought wicker fans

2b.  Compraven tallsdevim
[kum,prafon tak3 0o 'Bim]
‘they bought wicker pieces

The phonetic transcription shows that utterances have the same segmentd and accentud
compodtion, and are ambiguous with respect to word boundary location. Potentia
confounding effects of dress clash on fp peak location have been neutrdized, as the
distance between accents was kept congant (i.e, there is dways one intervening
unstressed syllable between the two accents).

2.2. Task

Three speakers read the 20 pairs of ambiguous utterances 5 times. Of the 5 repstitions,
only 4 were used (40 x 4 = 160 sentences per speaker, for a total of 480 utterances).
Speskers were ingructed to read the pairs of utterances as if they wanted to distinguish
them from one another. The recording sesson was carefully monitored in order to
guarantee that the speech was fluent and that no prosodic phrase bresks occurred



between words. It was important that dl utterances were pronounced in a single
intonationad phrase in order to avoid the presence of intermediate phrase boundaries
marked, for instance, by a continuation rise. Thus, if speakers produced a prosodic
phrase break within a sentence, they were ingructed to repeat that sentence at the end.
Similarly, there were very few cases of contrastive focus readings, which were repeated.

The intonation pattern of declarative utterances conssted of one (or two) prenuclear
risng accents plus a nuclear fdling accent. Prenuclear risng accents generdly dart the
risng gesture a the onset of the accented syllable and end it in the postaccentud
gyllable. The nuclear accent was redized as a fdling accent, that is, as a continuoudy
faling gesture during the nuclear accented syllable.

2.3. Measurements

For each file, fo and spectrogram windows were extracted using Praat (Boersma &
Weenink 2005, Wood 2005). Measurements were made on smultaneous displays of
gpeech wave, wide-band spectrogram and fo tracks. The four graphs in Figure 2 plot the
waveform displays and fo contours of 2 pars of potentidly ambiguous utterances:
Compra ventalls ‘(she bought fans vs. Compraven talls ‘they bought pieces (upper
panels) and Compra ventalls de vim ‘(s)he bought wicker fans vs. Compraven talls de
vim ‘they bought wicker pieces (lower panels). In the graphs, verticd lines mark the
right edge of words.
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Figure 2. Waveform displays and f contours of 2 pairs of potentially ambiguous
utterances. Compra ventalls ‘ (s)he bought fans vs. Compraven talls ‘they
bought pieces (upper panels) and Compra ventalls de vim *(s)he bought wicker



fans vs. Compraven talls de vim ‘they bought wicker pieces (lower panels).
Vertica lines mark the right edges of words.

After recording, sentences containing disfluencies or audible prosodic bresks were
discarded. The following segmentd and pitch landmarks were manudly placed in the
two test syllables:

1) Segmentd landmarks.
On the target accented syllable: syllable onset and vowel onset
On the target postaccentua syllable: syllable onset, vowe onset, and coda onset
(whenever present); end of the postaccentud syllable, end of the onset of the
following syllable.
Phrase-find location

2) Timepointsfor fo landmarks
- L1, location of the vdley of the firgt pitch accent
H1, location of the peak (maximum fo point) of the first pitch accent

Figure 3 shows the Praat windows with the segmented utterance Compraven talls de
vim ‘they bought wicker pieces (spesker AG). The two bottom windows illusirate the
timepoints of the two pitch landmarks L and H (lowermost window) and the eght
segmentd landmarks with the two test syllables pra and ven.
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Figure 3. Waveform display, fo contour, and labels corresponding to the utterance
Compraven talls de vim ‘they bought wicker pieces (spesker AG).

In some cases, the identification of pesks and valeys was not a trivid task. For
example, when the L or H points formed a plateau where no clear fp vaue emerged as
the lowest or the highest, the endpoint in the plateau was sdected (to illugtrate this
point, see the location of the H tore in Figure 2). Microprosodic effects (such as the
typicd dip produced by nasa segments) were disregarded. With regards to the location
of segmentd boundaries across vowels and sonorants [m, n, |, r], sandard segmentation
procedures using spectrograms were followed (Peterson & Lehiste 1960). The
beginning or end of a sonorant consonant was identified as the start of the abrupt change
from the dsteady-date period in the spectrogram to the onglide trandtion movement to
the vowd. Around 90% of the segmentation cases in the database are instances of
sonorant+vowe or vowel+sonorant combinations.

After segmentation, a Praat script automatically collected the data points into an SPSS
file, and the distance measures rdlevant for our study were cdculated, namdy, the
dignment of the H tond target rdaive to different segmentd landmarks (syllable
offset, word boundary, etc.), as wdl as duration measures such as the duration of the
segments in the accented and postaccentud syllables.

2.4. Results
2.4.1. Peak alignment

In this section, peak delay is measured as the distance between the onset of the accented
gyllable and the fo pesak, as in Silverman & Pierrenumbert (1989). The three plots in
Figure 4 plot H peak delay (in ms) as a function of the duration of the accented syllable
for speakers AG, PG, and PP. The graphs dso separate the data according to their
postion within the word: that is, accented syllables which are located in word-find
position (w-fin), as in Compra ventalls, and accented syllables in paroxytonic words (w-
med), as in Compraven talls. Fird, the regresson lines summarize the strong posdtive
corrdaions found between the two varidbles (H delay and syllable duration) for the 3
speskers (correlation coefficients are R = 0.826 for speaker AG, R = 0.673 for speaker
PG, and R = 0.702 for spesker PP, dl significant at p < 0.0001). This is a well-known
effect found in a vaiey of languages when a vowe is lengthened the pesk is
correspondingly delayed, meaning that the rise occupies the accented syllable's duration
(Slverman & Pierehumbert 1990 for English, Prieto, van Santen & Hirschberg 1995
for Spanish). Second, the graph reveds a consstent difference in H delay depending on
the two prosodic conditions, as the data are visudly separated into two clouds: the H
peak in word-find podtion (eg., Compra ventalls; see gray squares in the graph) is less
delayed than in word-medid podtion (eg., Compraven tals, see dark squares in the
graph). In addition, the graphs dso suggest that the duraion of the accented syllable (x-
axis) is not sgnificantly different across the two conditions, as vaues of both groups are
evenly digtributed dong the x axis. Therefore, we did not find support for an effect of
word-find lengthening in these data.
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Figure 4. Peak delay (or distance between the onset of the accented syllable and the fo
pesk) measures in ms as a function of the duration of the accented syllablein msin two
conditions (word-find vs. word-media position) for speakers AG, PG, and PP.



2.4.2. Effects of within-word position on H location

In this section, pesk location will be characterized quantitatively in two different ways
namely, relative both to the beginning (pesk delay) and to the end of the target yllable.
Figure 5 plots mean peak delay in ms (or mean distance of the H tond target rative to
gyllable onset) as a function of withinrword postion (w-fin, as in Compra ventalls, vs.
w-med, as in Compraven talls) for the three speakers. The data revea consstent effects
of withinrword postion of the accented syllable on H delay: for the 3 speskers, pesk
dday is dgnificantly shorter in word-find sylldbles (w-fin) than in  word-medid
gyllables (w-med) for the three speskers. The differences range from 26.92 ms to 44.58
ms, depending on the spesker.®
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Figure 5. Mean H peak delay (or distance in ms between the H peak relative to the
onset of the accented syllable) as afunction of within-word position (w-med vs. w-fin)
for speakers AG, PG, and PP. W-fin and w-med refer to the word boundary location.

The bars represent standard errors.

The pattern is replicated by the data for H distance to the end of the syllable. Figure 6
plots the mean digance of the H tond target relaive to syllable offset (in ms) as a
function of withinrword podtion for the three speskers. Firdt, the podtive deay
messures are due to the fact that all pesks are located in the postaccentua syllable.
Second, for the 3 speskers, peak distance to the end of the syllable is sgnificantly
gndler in word-find pogtion (w-fin) than in word-medid pogtion (w-med). The mean

% H mean delay measures were the following: for word-final syllables, 213.47 ms for speaker AG, 222.00
ms for speaker PG and 275.53 ms for speaker PP; for word-medial syllables 258.05 ms for speaker AG,
248.92 msfor speaker PG and 307.07 msfor speaker PP.
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distance of the fp pesk to the right edge of the syllable is 61.49 for oxytonic words and
96.35 ms for paroxytonic words, hat is, a mean difference of 34.86 ms. Differences are
datidticdly ggnificant for the 3 speskers (two-talled t-tests were dgnificant a p <
0.0005).
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Figure 6. Mean distance in ms between the H peak relative to the end of the accented
gyllable (H Distance End- Syll) as afunction of within-word position (w-med vs. w-fin)
for speakers AG, PG, and PP. The bars represent standard errors.

Separate ANOVAs were performed for the two measures of H aignment (rdative to
ether the beginning or the end of the syllable) for the three speskers. For speaker AG,
the ANOVA for the dignment of H relative to the onset of the accented syllable (pesk
dday) showed a main dggnificant effect of Word-Boundary (codified as presence vs
absence of word-boundary at the end of that syllable), F(1, 158) = 50.088; p < 0.001.
The ANOVA for the dignment of H rdative to the end of the accented syllable dso
showed a ggnificant effect of Word-Boundary, F(1, 158) = 84,230; p < 0.001.

Speakers PG and PP showed the same pattern. The ANOVAS reveded a sgnificant
effect of Word-Boundary for the measures of both pesk delay (Speeker PG: F(1, 158) =
24.574; p < 0.001; Speaker PP: F(1, 158) = 22.434; p < 0.001) and pesk distance to the
offset of the syllable (Spesker PG: F(1, 158) = 98.253; p < 0.001; Spesker PP F(1,
158) = 103.399; p < 0.001). Thus the three speskers show a generd trend, namely, peak
location is affected by withinrword pogtion in such a way tha the pesk systemdicaly
shifts backwards as the end of the word comes closer.

Now let us observe the dignment of the H tona target relative to the end of the word. If

H were a word edge tone then we would expect it to be consstently anchored at the
right edge of the word. Figure 7 plots the mean vaues of the distance between the H

11



peek and the right edge of the word as a function of within-word position (w-fin vs. w
med) for the three speskers. The horizontd line (a vdue O in the y axis) graphicaly
indicates the podtion of the word boundary. In generd, the three speskers show a
consgent trend: while pesks in word-find accented syllables are located after the end
of the word (a mean of 61.49 ms), peaks in word-medid accented syllables are located
before the end of the word (a mean of -46.65 ms). Thus the data show that no srict
word-edge anchoring of the H tone is present in our data
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Figure 7. Mean values of distance between H peak |ocation relative to the right edge of
the word (in ms) as afunction of within-word position (w-med vs. w-fin)

for speakers AG, PG, and PP. The bars represent standard errors.
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Figure 8 shows a schemdtic diagram of the difference in fo location patterns with respect
to the end of the syllable in two basic conditions. In each graph, the thick dotted lines
represent the location of the word boundary:

w-media w-find
compraven talls compra ventalls
96 ms 61 ms
—> —>
< acc. gyllable > <acc. syllable>
end of word > end of word >

Figure 8. Schematic diagram of the fo peak location with respect to the end of the
syllable (and the end of the word) in paroxytonic vs. oxytonic words.

Summarizing, the three gpeskers show ddidicaly Sgnificant effects of within-word
position on the location of the fp peek relaive to both the beginning and the end of the
gyllable. While the presence of an adjacent word boundary triggers a reatively earlier
dignment of fo pesk, a late word boundary leads to a later alignment of H. Acoustic
dudies of a variety of languages have shown the same tendency (Slverman &
Pierrehumbert 1990 for English, Prieto, van Santen & Hirschberg 1995 for Spanish,
Arvaniti, Ladd & Mennen 1998 for Greek). For Greek, results of an experiment have
indicated that while H pesk dignment is rdively dsable in paroxytones and oxytones,
in  proparoxytones it exhibits greaster variability and betweenspesker variation
(Arvaniti, Ladd & Mennen 1998).

Findly, the production data andyzed in this section does not support the idea that the
rise on the target word is the implementation of a word-edge tone H that aigns with the
right edge of the word. We entertain the possibility that the dignment effects found by
Estebas-Vilagplana's might have been conditioned by the presence of an intermediate
phrase break signaled by a H phrase accent after subjects and verbs when the object is
long enough (Estebas-Vilaplana p.c.). We do not discard the posshility, though, tha
this might be an optiona phenomenon that is not attested in our data.
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2.4.3. Effects of within-word position on syllable and segment duration

The literature on timing patterns associated with word boundaries shows god evidence
that segments tend to be longer in word-initid and word-find postions than in word-
medid pogtions. Lehige (1960) investigated the wel-known English minimd pair
grade Avs. gray day (aswell as | scream vs. ice cream; an iceman vs a nice man). Her
concluson was tha the most important cue to word boundary location was segment
duration, as wel as other dlophonic differences. other things being equd, word-initid
consonants are longer than word-find consonants. Although word-find lengthening has
been reported by many studies, more recent studies question whether this phenomenon
reliably occurs in syllables with no accentud prominence and a different rates of
gpeech. For example, Turk and White (1999) found that word-find lengthening in pairs
like bake enforce vs. bacon force only occurred in syllables containing a pitch accent.

Our initid hypothess was that accented syllables before and after word boundaries
would be dightly longer than syllables in internd pogtion. Figure 9 plots mean vaues
of duration of the accented syllable (in ms) as a function of within-word postion (w-
med vs. wfin) for speakers AG, PG, and PP. While two of the speakers (PG and PP)
show a dight duration increase in word-find pogtion (a mean of 163.93 ms in word-
find vs. 157.26 ms in word-medid postion for spesker PG and a mean 205.57 ms in
word-find vs. 197.02 ms in word-medial postion for speaker PP), the other spesker
(AG) shows the reverse pdtern, i.e longer word medid syllables (with a mean
difference of 13.16 ms, which is Satistically Sgnificant a p > 0.006).

220

210

200

190 —

180

Duration Accented Syl (ms)

17041 H WB
1601 1 I

]

| o w-med
150
140 w-fin

N= 80 80 80 80 80 80
AG PG PP
SPEAKER

Figure 9. Mean duration vaues for the accented syllable (in ms) as afunction of
withinrword position (w-med vs. w-fin) for speakers AG, PG, and PP. The bars
represent standard errors.
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Now let us look at the duration patterns shown by postaccentud syllables. This andysis
will dlow us to tet whether word-initid syllables are longer than their word-find
counterparts. Figure 10 plots the mean duration of the postaccentud syllable (in ms) as
a function of withinrword postion (w-init. compra ventalls vs. wfin compraven talls)
for speskers AG, PG, and PP. Note that in this case, sSnce we are deding with the
postaccentua syllable, we code its pogtion as ether word-find (w-fin) or word-initid
(w-init). Contrary to our expectation, word-find syllables are dightly shorter than word-
initia  syllables, except in the case of spesker AG. However, differences are not
datidicaly sgnificant (p > 0.05), except in the case of speaker PP.

170

160

150

Duration Postaccentual Syl (ms)
I

140 1 WB
o m

I

130 1 1 O weinit

120 w-fin

N- 80 | 80 80 | 80 80 | 80
AG PG PP
SPEAKER

Figure 10. Mean vaues of duration of the postaccentua syllable (in ms) asafunction
of within-word position (w-init vs. w-fin) for speakers AG, PG, and PP. The bars
represent standard errors.

Sepaate ANOVAs were peformed for the two dependent variables (namely, the
duration of the accented syllable and the duration of the postaccentua syllaole) for the 3
speakers. For spesker PG, the ANOVAS revealed that none d the variables showed a
ggnificant Word-Boundary effect, F(1, 158) = 3.054; p=0.082 (accented syllable), and
F(1, 158) = 0.088; p=0.767 (postaccentua syllable). For speaker AG, the ANOVA for
the duration of the accented syllable showed a sgnificant Word-Boundary effect, F(1,
158) = 7.631; p < 0.005, but there was not such effect for the duration of the
postaccentud syllable, F(1, 158) = 0.450; p=0.503. Conversely, for speaker PP, the
effect of Word-Boundary was dgnificant only for the duration of the postaccentua
gyllable (1, 158) = 5.221; p=0.024), and not for the duration of the accented syllable
(F(1, 158) = 2.903; p=0.024). Syllable duration measures thus indicate that syllable
lengthening is not systematic ether in word-fina or in word-initial syllables.
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Following the idea that word-initid drengthening is indantisted mainly on word-initid
consonants, we andyzed the duration patterns displayed by postaccentua consonants.
Figure 10 plots the mean duration of the postaccentua consonant (in ms) as a function
of withinrword postion (w-init vs w-fin) for speakers AG, PG, and PP. The graphs
show that word-initid consonants tend to be dightly longer than word-medid
consonants for the 3 speakers. Yet, the results of a separate ANOVA for the three
speakers indicated that Word-Boundary had no sgnificant effect on the duration of the
postaccentua consonant.

100

90 1

Duration postaccentual C (ms)

804 m —
- WB
70 I
O w-init
60 w-fin
N= 80 80 80 80 80 80
AG PG PP
SPEAKER

Figure 11. Mean vaues of duration of the postaccentua consonant (in ms) as afunction
of within-word position (w-init vs. w-fin) for speakers AG, PG, and PP. The bars
represent standard errors.

In sum, the gatistical analyses performed with the duration measures on our corpus
confirm that word-boundaries do not exert durationa effects on word-fina or word-
initid syllables

3. A Linear Modd of Peak Placement

An atempt was made to capture the joint effects of the two factors (Word Boundary
(WB) and Duration of Accented Syllable (DURACSYL)) on pesk placement by means
of linear regression, usng the two measures of pesk placement used in this aticle,
which we will now label Peak Delay and Digtance-to-End-Syllable.

Let us firg examine the results with the Peek Delay measure. The linear modds with
the regresson coefficients that gave the best fit to the data for the three speskers are
shown below. The regression analyses accounted for 66% — 78% of the variance (R?
corrected measures for AG = 78.3%; PG = 66.5%; and PP = 69.2%). The regresson
coefficients of the two factors included in the analyss were smilar in the three modds
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and were datidicdly dgnificant & p < 0.001. Excduding a vaiable such as syllable
duration dramatically decressed the performance of the mode (R? corrected measures
for AG = 23.6%; PG = 12.9%; and PP = 11.9%), $rowing that this prosodic factor is a
key component in the prediction of Pesk Delay.

Speaker AG  Pesk delay = 74,017 + 1.078 DURACSYL +-29,832 WB
Speaker PG Peak delay = 73,235 + 1.117 DURACSYL +-34,382WB
Speaker PP Peak delay = 95,903 + 1.072 DURACSYL +-40,701 WB

By usng Digance-to-End-Syllable as a measure of pesk timing instead of Pesk Deay,
the coverage decreased 20%-35%, depending on the speaker. The linear models with the
regresson coefficients that gave the best fit to the data for he three speakers are shown
below.

Speaker AG  Digtance-to-End-Syllable = 74,017 + 1,078 DURACSYL + -29,832 WB
Speaker PG Digtance-to-End-Syllable = 73,235 + 1,117 DURACSYL +-34,382WB
Speaker PP Distance-to-End-Syllable = 95,903 + 1,072 DURACSYL +-40,701 WB

Summarizing, the regresson anadyses for the three speskers clearly support the
prediction that H aignment is affected by the postion of the accented syllable within
the word, tha is, by the Word Boundary condition. On the other hand, the Syllable
Duration messure is only dgnificant when the Peek Dday meesure is incduded as a
predicting factor: this difference can perhaps be explaned by the drong postive
correlation between the two variables (see section 2.4.1).

4. Experiments 2 and 3: Identification and Discrimination Experiments

Based on the findings of Experiment 1 tha H dignment is condgently affected by the
postion of the syllable within the word, the pilot Experiments 2 and 3 amed a testing
the hypothesis that H dignment differences due to within-word position can be used as
a perceptud cue by Cadan ligeners to identify utterances differing only in word-
boundary location of the target words. As mentioned above, detalls of the L tone
dignment have been found to dlow liseners to distinguish between Norman Elson and
Norma Nelson in English (Experiment I, Atterer & Ladd 2003). Experiment 2
condsed of an identification experiment (isolated utterances were presented to the
ligener) and Experiment 3 was a discrimination experiment (pairs of simuli were
presented to the listener). Our hypothesis was that Catdan listeners would be able to
employ dlophonic differences in dignment due to withinword postion for the
identification of lexicd minimd pairs contragting in word boundary location.

4.1. Experiment 2: Identification Experiment

4.1.1. Method and Materials
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Ten naturd utterances from Experiment 1 were randomly chosen and served as simuli
for Experiments 2 and 3. We ingpected the sdected utterances, making sure that they
were ‘typical’ for the category proposed, that is, we checked that the measures of peak
delay and peak distance to the end of the syllable were close to the mean for each of the
speakers. The sentences were placed on a web page from which listeners could hear the
utterances. Eleven listeners participated in the experiment. They were al speskers of
Centrd Catdan. They heard 10 ambiguous utterances from the production experiment
(@ maximum of 3 times). After ligening to each utterance, the subjects performed a two-
choice forced task, in which they had to categorize the stimulus and sdlect one of the
two potentia utterances, asfollows:

Compra ventalls ‘(s)he bought fans
Compraven talls ‘they bought pieces

Mira batalles ‘(9)he watched battles
Mirava talles ‘(9)he usad to watch carvings

Busca vanguardies  ‘(s)he looked for newspapers
Buscaven guardies  ‘they looked for guards

A completeligt of the stimuli materias can be found in Appendix 2.

4.1.2. Results Experiment 2

Figure 12 shows the mean percentage of correct identification responses for each of the
10 utterances, for al 11 listeners. The graph separates the data into Oxytonic utterances
(that is, utterances with oxytonic test words) and Paroxytonic utterances (that is,
utterances with paroxytonic test words). The data show a generd low rate of
identification, which ranges from 35% to 66% of correct identification responses,
depending on the sentence, around chance level for al ambiguous utterances.

Oxytonic utterances. Compra ventalls
Paroxytonic utterances. Compraven talls

* The reader can access the web pages with Experiments 1 and 2 and the corresponding instructions at
http://seneca.uab.es/pilarprieto/percepcio/percepcio.htm
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Frequency of Correct Identification Responses

80
70

60

O Oxytonic
Paroxytonic

40 1

30 17—

Percentage (%)

20 T

10 T

Compra Nomena  Mira batalles / Mira Busca
ventalls vescomtes / mirava talles  batalletes vanguardies/
/compraven  nomenaven petites / buscaven
talls comtes mirava..

Pairs of Utterances

Figure 12. Mean percentage of correct identification responses for each of the 10
ambiguous utterances for the 11 listeners.

Despite the low performance in correct identification rates, paroxytonic utterances tend
to be more eadily identified than oxytonic utterances (a mean of 60% vs. 40% of correct
identification responses), that is, the hearer more easlly identifies Compraven talls (with
an H digned towards the end of the firs word) than Compra ventalls (with an H less
displaced to the right). In paroxytonic utterances, the hearer is probably usng a more
clear H dignment towards the edge of the word as a cue: while in oxytonic utterances H
placement is more ambiguous, in paroxytonic utterances the fact that the pesk is more
displaced to the right is probably acting as a cue to the presence of a word boundary,
reveding the use of dignment cues to word segmentation.

4.2. Experiment 3: Discrimination experiment
4.2.1. Method and materials

The same 10 sentences from Experiment 2 sarved as dimuli for Experiment 3. The
sentences were placed in pars on a web page from which listeners could hear the
utterances (see footnote 4). By placing one utterance next to the other, it was hoped that
ligeners would be more accurate in digtinguishing among utterances. Severa months
after, they had participated in Experiment 3, 10 of the 11 participants. They heard the 10
ambiguous utterances in pars a maximum of 3 times After ligening to the par of
utterances, the subjects performed a two-choice task, in which they had to choose the
order in which the simuli were heard. If the ligtener could not distinguish between the
two sentences, a third option was aso provided (‘I do not know”). A complete list of
the stimuli materidsis listed below, in the actud order of gppearance;
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Pair 1. Compra ventalls ‘(9he bought fans
Compraven talls ‘they bought pieces

Pair 22 Nomenaves comtes al mati  “you gppointed counts in the morning’
Nomena vescomtes al mati  ‘(S)he gppointed viscounts in the morning’

Pair 3: Mirava talletes petites ‘(9)he used to watch little carvings
Mira batalletes petites ‘(9he watched little battles

Pair 4. Mirava talles ‘(9)he used to watch carvings
Mira batalles ‘(9)he watched battles

Pair 5: Compraventalletsdevim  ‘they bought little wicker pieces
Compra ventalletsdevim  ‘(s)he bought little wicker fans

4.2.2. Results Experiment 3

Figure 13 shows the mean percentage of correct discrimination responses for each of the
5 pairs of utterances for the 10 ligeners. The responses in which the listener could not
decide between the two possible responses were counted as errors. The graph follows
order of items specified in section 4.2.1 (Pairs 1-5). In generd, the results reved great
differences between different input pars of utterances while Pairs 3 and 5 obtained
90% and 80% of correct discrimination responses respectively, Pairs 2 and 4 obtained
lower discrimination rates (50% and 30% respectively).

Percentage of correct identification responses
100
-~ 80
>
L 60 —
8
C |
g 40
[}
O T T T T
Pair 1 Pair 2 Pair 3 Pair 4 Pair 5
Pairs of utterances

Figure 13. Mean percentage of correct discrimination responses for the five pairs of
gimuli for the 10 ligeners.
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Qudlitative ingpection of the 5 pairs of simuli revedls that high levels of accuracy in
discrimination may be due to a combination of both pesk location and the stegpness of
the risng movement during the accented syllable. For example, the test words in pairs 3
and 5 which achieve a high number of correct discrimination responses, ae
characterized by a difference in H pesk location and aso by a difference in steepness of
the risng movement during the accented syllable. As can be seen in the two graphs in
Figure 14, the pitch accent in the word compra has a steeper rise (and an earlier pesk,
see upper pand) than the pitch accent in the word compraven (see lower pandl).
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Figure 14. Waveform display, spectrogram, and fo contour corresponding to the pair 5
of gimuli for the discrimination experiment: Compra ventalls * (s)he bought fans' (upper
panel, speaker PG) vs. Compraven talls ‘they bought pieces (lower panel, spesker PG).

In sum, even though the results of the identification experiment (Experiment 2) seem to
indicate that H dignment differences due to word postion are not a strong cue for
word-boundary identification, the extremely clearcut results in the discriminaion of two
pars of examples (Par 3 and Par 5) in the discrimination experiment (Experiment 3)
uggest that Catdan ligeners might be exploiting the differences in fp pesk dignment
due to differences in word-boundary location. Nevertheess it might be a little
premature to draw a concluson from these data, as the influence of the different
acoudtic cues to word boundary perception was not systematicaly controlled in the
gimuli. It could be that other cues have helped the ligeners, such as the duration of the
rdevat syllables (even though the production experiment reported no clear effect of
withinrword pogition on duration), the post-accentua (post peak) fo peattern, etc. In
short, the specific choice of utterances might have conditioned the perceptud results,
and this needs to be investigated further. In a future study with resynthesized speech, we
plan to control the potentid effects of H aignment patterns and other dynamic features
such as the curvaiure of the rise on lexicd identification and discrimination by
neutrdizing the effects of duration.

5. Conclusions

The production study reported in this article (Experiment 1) has shown that H pegks in
prenuclear rises in Catalan are not drictly ‘anchored” to word-edges and thus it can be
cdamed that H word-edge tones are not present after prenuclear pitch accents in this
language. Rather, the data has reveded clear effects of withinrword postion on H
location: H peaks are more retracted in word-find accents than in word-medial accents.
As in other languages such as Spanish, Greek, or English, prosodic units such as word
domains have shifting effects on pesk location. The fact that no systematic lengthening
effects were found in ether word-find or word-initid postions leads us to think that fo
peak placement might be a drong potentid cue for word-boundary identification.
Regresson models of pesk location reved that: (a) the fit of the mode is improved by
usng the measure of pesk delay rather than the measure of distance to the end of the
gyllable; and (b) that syllable duration is a dgnificant factor in the pesk delay modd,
but not in the model based on distance to the end of the syllable.

Reaults from the identification and discrimination experiments (Experiments 2 and 3)
provide some support for the hypothess that fine dlophonic details of H tond
dignment are employed by Cadan ligeners in word identification tasks, though the
results are not clear-cut. Quditetive evduation of the pars of gimuli with the highest
discrimination rates reveds a potentia effect of both dignment and aso the stegpness
and curvature of the rise on boundary identification. The results of a recent perception
sudy (D’Imperio, Petrone & Nguyen forthcoming) suggest that fine details of the LH
rie dignment might help ligeners in the identification of closed versus open syllables
(and are thus hdpful in the disambiguation of minima pairs containing a sngleton vs a
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geminate consonant, such as nono ‘ninth’ and nonno ‘grandfather’). By contrast, other
experiments have shown that L differences in dignment towards word-edges act as
helpful perceptua cues in disambiguating tasks (Welby 2002, 2003 for French; Ladd &
Schepman 2003 for English). A feasble explanaion of the difference between the
rdlevance of L and H alignment for perception tasks might be related to the fact that L
vdleys are systematicdly located a a given acoudtic landmark, namdy, the onset or |eft
edge of the syllable. However, it might be too premature to conclude that details of H
tond dignment are not sysemdicdly used by ligeners in lexicd identification tasks.
Whether H dignment is crucidly used in word segmentation is a substantid empiricd
question that we leave as a matter for future research. We believe that a more controlled
perceptua study is needed in which pitch dignment and other dynamic cues of the rise
ae sysematicaly changed in order to better evduate the perceptud import of these
acoustic cues.

Findly, | would like to briefly discuss the consequences of the findings reported in this
aticle for the “segmentd anchoring” hypothess (Ladd et d. 1999, Ladd this volume,
Xu 1998). This hypothess clams that L and H tones are anchored to specific points in
the segmentd structure when no tond pressure is exerted on tones, and regardless of
factors such as speech rate, segmenta composition or syllable structure. Yet there are a
number of production experiments that show condgent and dgnificant effects of
gyllable structure on H dignment. In two experiments, Prieto & Torreira (2004) found a
pevasve effect of gyllable dructure. Specificdly, closed syllables displayed a
ggnificantly later H dignment than open syllables for 3 speskers, regardless of syllable
duration patterns. In CV.CV syllables the peak is located a the beginning of the onset
and in CVC.CV gyllables, it is located around the middle of the sonorant coda
D’Imperio (2000) and D’Imperio, Petrone & Nguyen (forthcoming) have found the
same effect in Negpolitan Italian, for contrasts such as nonno vs nono, athough such
contragts in dignment are not cdearly used by ligeners in lexicd identification tasks.
The reaults of the Cadan dignment data in this aticle reved that H pesk dignment is
clearly influenced by the presence of an upcoming word boundary. This seems to be a
pervasve effect of word boundaries found in production Sudies in a vaiety of
languages (see Silverman & Piarenumbet 1990 for English, Prieto, van Santen &
Hirschberg 1995, de la Mota 2005, Estebas & Prieto 2005, Smonet & Torreira 2005 for
Spanish and Arvaniti, Ladd & Mennen 1998 for Greek, Ishihara forthcoming for
Japanese). Thus, a drong verson of the segmental anchoring hypothesis cannot be
mantaned. Welby & Loavenbruck (2005, this volume) andyze the paterns of
dignment of the French late rise and find that the postion of the pesk of the late rise
varies across syllable structures. They propose to use the notion of an “anchorage’ that
IS, a region within which an intonationd turning point can anchor —for the peak of the
French late rise, this anchorage dretches from just before the end of the vowd of the
lagt full syllable of the accentud phrase to the end of the phrase. Even though | believe a
notion of a laxer region of “anchorage’ is needed, the turning point choice is not
completely uncondtrained, as H placement is clearly conditioned by prosodic domain
adjustments (i.e, at least, by syllables and prosodic words).
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APPENDIX 1

Materids used in Experiment 1. Note that the items are presented in pairs (a and b): (a)
refers to oxytonic words (early word boundary location) and (b) paroxytonic words (late
boundary location).

la

2a.

3a

S5a

6a

7a

8a

9a.

10a.

Compra ventalls 1b.
[kum,pra Bon'tak(]
‘(9)he bought fans

Compra ventalls de vim 2b.
[kum,pra Bontak3 0o 'fim]
‘(9)he bought wicker fans

Mira batalles 3b.
[mi rafo 'takes]
‘(s)he watched battles

Mira batalles grans 4b.
[mira Bo'takez 'yrans]
‘()he watched greet battles

Busca vanguardies 5b.
[bus ka Bopn'gwardjos]
‘(s)he looked for newspapers

Busca vanguardies a la tarda 6b.
[bus ka Bopn'gwardjoz o lo 'tardq]
‘(s)he looked for newspapers

in the afternoon’

Dibuixa vessants 7b.
[difiu fa Bo'sans]

‘(s)he drew depressions

Dibuixa vessants de fusta 8b.

[difu fa o ,sanz 0a 'fusts]
‘()he drew wooden depressions

Nomena vescomtes ob.
[numo na [os'komtas]

‘()he gppointed viscounts

Nomena vescomtes al mati 10b.

[numo na Poskomtoz ol ma'ti]
‘(s)he appointed viscounts
in the morning’

26

Compraven talls
[kum,prafon 'tak(]
‘they bought pieces

Compraven tallsde vim
[kum,prafon takz 0o 'Bim]
‘they bought wicker pieces

Mirava talles
[mi rafo 'takes]
‘()he used to watch carvings

Mirava talles grans
[mi rafo 'takoz 'yrans]
‘()he used to watch great carvings

Buscaven guardies
[bus kafoy 'gwardjes]
‘they were looking for guards

Buscaven guardies a la tarda
[bus kapon 'gwardjoz o lo 'tardo]

‘they were looking for guards
in the afternoon’

Dibuixava sants
[difu fafo 'sans]
‘(9)he was drawing saints

Dibuixava sants de fusta
[difu fafo sanz 0s 'fustd]
‘()he was drawing wooden saints

Nomenaves comtes
[numo nafos 'komtas]

‘you gppointed counts

Nomenaves comtes al mati
[numo nafass komtoz ol mo'ti]
‘you agppointed counts

in the morning’



11a

12a

13a

14a

15a

16a

17a

18a

19%a

20a.

Esta badant
[os,ta [o'dan]
‘(9he was gaping’

Esta badant molt
[os,ta 9,0am 'mol]
‘(9he was gaping alot’

Compra ventallets
[kum pra Bonto'Kets]
‘(9)he bought little fans

Compra ventallets de vim
[kum pra Bonto Kedz 65 'Bim]
‘(9)he bought little wicker fans

Mira batalletes
[mi,ra Boto'Ketas]
‘(9he watched little battles

Mira batalletes petites
[mi,ra Boto Ketas pa'titas]
‘(9)he watched little battles

Dibuixa vessantets
[diBu,fa Boson'tets]

‘(9he drew little depressons

Dibuixa vessantets de fusta
[difu fa Poson,tedz 05 'fusts]

‘(9he drew little wooden depressions

Nomena vescomtets -
[numona Poskum'tets]

‘(9)he appoainted little viscounts

Nomena vescomtets al mati

11b.

12b.

13b.

14b.

15b.

16b.

17D.

18b.

19b.

20Db.

[numo na Boskum tedz ol mo'ti]

‘(9)he appointed little viscounts
in the morning’

27

Estava dant
[os,tafo 'Oan]
‘(9hewas giving'

Estava dant molt
[os,ta Bo,0am 'mol]
‘(9hewasgiving alot’

Compraven tallets
[kum,prafon to'Aets]
‘they bought little pieces

Compraven tallets de vim
[kum prafon to Kedz 6o 'Bim]
‘they bought little wicker pieces

Mirava talletes
[mi rafo to'Ketas]
‘(9he used to watch little carvings

Mirava talletes petites
[mi rafo to Aetas pa'titas]
‘(9)he used to watch little carvings

Dibuixava santets
[difu faBo san'tets]
‘(9he drew little saints

Dibuixava santets de fusta
[difu fafo santedz 0o 'fusts]
‘(9)he drew little wooden saints

Nomenaves comtets -
[numo nafass kum'tets]

‘you gppointed little counts

Nomenaves comtets al mati
[numo nafos kum tedz al mo'ti]

‘you gppointed little counts
in the morning’



APPENDIX 2

Materids used in the identification experiment.

Compra ventalls ‘(9)he bought fans

Compraven talls ‘they bought pieces

Mira batalles ‘()he watched battles
Miravatalles ‘(s)he used to watch carvings
Busca vanguardies ‘()he looked for newspapers
Buscaven guardies ‘they looked for guards

Nomena vescomtes ‘ (s)he gppointed viscounts
Nomenaves comtes ‘you gppointed counts

Mira batalletes petites ‘(9he watched little battles
Mirava talletes petites ‘(9he used to watch little carvings
Compra ventalls ‘(9)he bought fans

Compraven talls ‘they bought pieces

Mira batalles ‘()he watched battles

Mirava talles ‘(9)he used to watch carvings
Busca vanguardies ‘(s)he looked for newspapers
Buscaven guardies ‘they looked for guards

Nomena vescomtes ‘(s)he gppointed viscounts
Nomenaves comtes ‘you gppointed counts

Mira batalletes petites ‘(9)he watched little battles
Mirava talletes petites ‘(9)he used to watch little carvings
Compra ventalls ‘(9)he bought fans

Compraven talls ‘they bought pieces

Mira batalles ‘()he watched battles
Miravatalles ‘(s)he used to watch carvings
Busca vanguardies ‘()he looked for newspapers
Buscaven guardies ‘they looked for guards

Nomena vescomtes ‘(9)he gppointed viscounts
Nomenaves comtes ‘you gppointed counts

Mira batalletes petites ‘(9he watched little battles
Mirava talletes petites ‘(9)he used to watch little carvings
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