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Abstract

A production experiment with 1600 potentially ambiguous utterances distinguished by
word boundary location in Catalan and Spanish (e.g., Cat. mira batalles ‘(s)he looked at
battles’ vs. mirava talles ‘I/(s)he used to look at carvings’; Span. da balazos ‘(s)he fires
shots’ vs. daba lazos ‘I/(s)he gave ribbons’; stressed syllables are underlined) was
undertaken. Results revealed strong (and statistically significant) effects of within-word
position on H location, in such a way that peaks tended to be timed earlier when their
associated syllables occurred later in the word than when they occurred earlier in the
word, confirming previous results for other languages (Silverman & Pierrehumbert 1990
for English; Arvaniti et al. 1998 for Greek; and Ishihara 2006 for Japanese; Godjevac
2000 for Serbo-Croatian) and for Spanish and Catalan (Prieto et al. 1995 for Spanish; de
la Mota 2005, Simonet 2006, Simonet & Torreira 2005 for Catalan). In the light of these
results, the production experiment was followed up by a set of perception experiments
with the goal of determining whether listeners are able to use H alignment information
for lexical access. The results of these latter experiments supported the hypothesis that
Catalan and Spanish listeners are able to employ fine allophonic details of H tonal
alignment due to within-word position to identify lexical items that are ambiguous for
word-boundary position. The empirical evidence discussed in this paper contributes to
our understanding of the temporal organization of tonal gestures and their patterns of
coordination with segments. The data advocates a view in which prosodic structure plays
an essential part in our understanding of the coordination of pitch gestures with the
segments.

Keywords: tonal alignment, effects of within-word position, Catalan intonation, Spanish
intonation



1. Introduction

One of the controversial issues in intonation studies is the degree of stability of the
alignment of fy (fundamental frequency) turning points with segmental gestures. While
there is robust evidence in favor of the stability of L in rising accents, which are found
to be consistently ‘anchored’ to the onset of the accented syllable in a variety of
languages (Caspers & van Heuven 1993 for Dutch; Prieto et al. 1995 for Spanish;
Arvaniti et al. 1998 for Greek; Ladd et al. 1999 and Ladd et al. 2000 for English; Xu,
1998 for Mandarin Chinese; Estebas-Vilaplana 2000 for Catalan), the alignment
patterns of H peaks are found to be more variable. First, work on tonal alignment in
different languages has shown that peak timing tends to be influenced by syllable
structure. For example, D’Imperio (2000) found that the peak was located closer to the
vowel offset in closed syllables than in open syllables in Neapolitan Italian (see also
D’Imperio, Petrone & Nguyen 2007b). While in open syllables the peak was aligned
with the end of the accented vowel, in closed syllables the peak was located within the
coda consonant. The same pattern was found by Gili-Fivela and Savino (2003) for Pisa
and Bari Italian, by Welby & Leevenbruck (2005, 2006)" for the late rise in French, and
by Prieto & Torreira (2007) for Peninsular Spanish. A similar effect of syllable structure
on tonal timing has been reported in falling nuclear accents in Catalan (Prieto 2009).
The results indicated that while the beginning of the falling accent gesture (H) is tightly
synchronized with the onset of the accented syllable, the end of the falling gesture (L) is
more variable and it is affected by syllable structure: in general, while in open syllables
the end of the fall is aligned roughly with the end of the accented syllable, in closed
syllables it is aligned well before the coda consonant.”

Second, acoustic work in a variety of languages has shown that H peaks are consistently
affected by the position of the accented syllable with respect to the end of the word (for
English, see Silverman & Pierrehumbert 1990; for Spanish, Prieto et al. 1995, de la Mota
2005, Simonet 2006, Simonet & Torreira 2005; for Greek, Arvaniti et al. 1998;° for
Japanese, Ishihara 2006; for Serbo-Croatian, see Godjevac 2000; for Lebanese Arabic,
see Chahal 2001, 2003). That is, peaks tend to shift backwards as their associated
syllables approach the end of the word: in other words, the distance from the peak to the
beginning of the accented syllable is longer in words with antepenultimate stress than in
words with penultimate stress or words with final stress. In order to correct for the
potentially confounding effects of stress clash (or distance to the next accented syllable),
Prieto, van Santen & Hirschberg (1995) analyzed a subset of the data obtained from test
syllables in different positions in the word (numero, numero, numerd). This subset
consisted of word sequences in which there was a distance of two unstressed syllables

' As one of the reviewers points out, Welby and Lovenbruck’s (2005, 2006) results show that for one of
the 6 speakers in this study (Speaker 6), the peak was located in the coda consonant for closed syllables;
this speaker aligned her peaks to the end of the vowel, regardless of syllable structure.

% As the associate editor points out, one might think that the generalization is that the end of the fall aligns
with the end of the accented vowel. Even though this generalization cannot be maintained if we interpret
tonal alignment in strictly phonetic terms --L occurs before the end of the accented vowel in the case of
falling accents (see Prieto 2008) and well into the coda consonant in the case of rising accents (see for
example Prieto & Torreira 2007--, we could also argue that this tonal target is loosely ‘associated’ with the
end of the vowel.

3 For Greek, experimental results indicated that while H peak alignment is relatively stable in paroxytones
and oxytones, in proparoxytones it exhibits greater variability and between-speaker variation (Arvaniti,
Ladd & Mennen 1998).



between one accented syllable and the next (e.g. nUmero rapido, numero nervioso,
numero regular) —throughout the paper, accented syllables are underlined. A significant
effect of word position on different measures peak alignment was found in all the
comparisons (albeit stronger for one of the three speakers). The three diagrams in Figure
1 show a schematic representation of the difference in f0 timing patterns in the three
conditions, namely, nimero rapido, numero nervioso, and numero¢ regular. Crucially, in
Silverman & Pierrehumbert’s (1990) model of fO peak location, the dropping of the
variable ‘Word-Boundary’ (while leaving the variable ‘Stress Clash’ as a main
predictor) significantly worsened the fit of the model. This behavior suggests the
possibility that the end of the word (and not only the presence of upcoming accents or
boundary tones) is acting as a kind of prosodic boundary exerting prosodic pressure on
H tonal targets.
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nmero rapido nuniero nervioso numeré regular
Figure 1. Schematic representation of the difference in fO timing patterns in the three
conditions, namely, nUmero rapido, numero nervioso, and numero regular.

A number of studies have found articulations of a larger magnitude in word-initial as
compared to non-initial positions. For example, Fougeron and Keating (1997) found
stronger lingual constrictions (i.e., with more extensive palatal contact) for consonants
located at the beginning of prosodic domains (such as the phonological phrase, the
intonational phrase, the utterance) and that, generally speaking, the higher the prosodic
domain, the greater this strengthening. Yet even though there is well-documented
evidence of the connection between prosodic structure and supraglottal gestures, very
little research has been performed in the tonal domain. In this paper we test the view
initially put forward in Ladd (2006) and Prieto & Torreira (2007) that prosodic domains
are crucial in the coordination between fy gestures and units of speech production. This
proposal is in line with recent studies which have demonstrated that there are a variety of
prosodic influences on articulation and speech motor control, including effects of
syllable structure and phrasal, emphatic, and lexical stress, and phrasing (for a review,
see Byrd 1996, Byrd & Saltzman 1998, Krakow 1999).

The goal of the present study is thus to contribute to our understanding of the temporal
organization of the tonal gestures and their patterns of coordination with prosodic
structure. Specifically, we will investigate how H alignment with respect to the end of
the accented syllable is affected by within-word position in Catalan and in Spanish and
how it may contribute to the perceptual identification and discrimination of word
boundaries in these two languages. The motivation behind choosing these two languages
is that previous production experiments (see the abovementioned references) have
shown consistent effects of within-word position on peak placement for both languages.
First, we report the results of a production experiment in which 10 speakers of Central



Catalan and Peninsular Spanish read 1600 minimal pair utterances which were only
distinguished by word boundary location (e.g., Cat. mird batalles [mira [(o'takss]
‘(s)he watched battles” vs. mirava talles [miraBo 'takss] ‘I/(s)he used to watch
carvings’, Span. da balazos [,da (a'lafos] ‘(s)he shoots’ vs. daba lazos [,dafia 'laBos]
‘I/(s)he gave ribbons’). The results showed strong effects of within-word position on H
location, whereby peaks tended to be timed earlier with respect to the end of the syllable
as their associated syllables approached the end of the word. No systematic lengthening
effects of vocalic and syllabic intervals were found when stressed syllables were either
in word-final or word-initial positions.

Given these results, our hypothesis was that Catalan and Spanish listeners would be
capable of using differences in peak alignment due to word structure for the
identification of lexical minimal pairs of the type mira batalles vs. mirava talles.
Specifically, our hypothesis was that listeners would identify more accented syllables as
being followed by a word boundary when the pitch peak was timed earlier with respect
to the end of the word, since this is the typical tonal feature of words with final stress. In
order to test this prediction, a two-fold controlled perception experiment was carried out
which included identification and discrimination tasks. A total of forty Catalan and
Spanish listeners were asked to identify stimuli of the type mira batalles vs. mirava
talles that were manipulated as to H tonal alignment (in 5 steps). A total of 40 listeners
(20 for each language) participated in the identification and discrimination tasks and
each listened to a total of 226 stimuli.

The paper is organized as follows. Section 2 presents the production experiment and
discusses the effects of position-in-word of the accented syllable on peak placement and
duration patterns in the two languages. Section 3 presents the set of perception
experiments and discusses the results of the identification and discrimination parts.
Finally, Section 4 discusses the relevance of the results of both production and
perception experiments for our understanding of tonal alignment.

2. Experiment 1

The aim of Experiment 1 was to examine the effects of position-in-word of the accented
syllable on H prenuclear peaks in Catalan and Spanish. In both languages, prenuclear
rising accents consist of a rise with the valley aligned with the onset of the stressed
syllable and with the peak generally in the postaccentual syllable. As it is well-known,
the placement of H peaks is strongly influenced by the upcoming prosodic context, such
as the presence of subsequent tones (Estebas-Vilaplana 2000 and Prieto 2005a for
Central Catalan; Prieto et al. 1995 for Spanish). Recent studies on the modeling of
Catalan and Spanish prenuclear accents have found word-boundary effects on peak
placement in Castilian Spanish, as spoken in Madrid (Estebas-Vilaplana 2006, Estebas-
Vilaplana & Prieto 2007), Salamanca (de la Mota 2005), and Majorca (Simonet &
Torreira 2005, Simonet 2006), and on Eastern Catalan as spoken in Barcelona (Estebas-
Vilaplana 2003, Estebas-Vilaplana & Prieto 2007, Prieto 2006). With this experiment,
our aim was to analyze instances of potentially ambiguous utterances such as mirava
talles ‘(s)he used to watch carvings’ versus mira batalles ‘(s)he watched battles’.



2.1. Method
2.1.1. Experimental procedure

The prenuclear pitch accent used in this study is illustrated in Fig. 1. The test H peak
corresponds to the first fp maximum and belongs to the target word. Prenuclear rises in
Catalan and Spanish consist of an fy valley which presents a stable alignment, while the
alignment of H is much more unstable and has prompted different phonological
interpretations. Some studies have classified such rises as H* with a peak delay (Prieto,
van Santen and Hirschberg 1995, and Nibert 2000). On the other hand, Sosa (1999) Face
(2002) and Beckman, Diaz-Campos, McGory and Morgan (2002) have interpreted the
rising contour as a bitonal accent, namely, L*+H, since the f, maximum was found to be
located after the accented syllable. Hualde (2002) finds that neither H* nor L*+H
describe prenuclear rises in Spanish satisfactorily and proposes a pitch accent where
both tones are associated with the stressed syllable (L+H)* because both target tones
might be phonetically aligned with the stressed syllable. Catalan prenuclear rises have
also been described as instances of a low pitch accent (L*) followed by a word edge tone
(H) since the f0 peak was consistently aligned with the end of the accented word
irrespective of the number of postaccentual syllables (Estebas-Vilaplana 2000, 2003). It
is possible that the consistent alignment of H at the end of words reported in these
studies actually responds to the presence of a major break between the subject or the
verb and the object, especially in those cases where the object was long. In utterances
with shorter subject/verb and object domains, such as the ones presented in this paper,
the systematic alignment of H at the end of words is not attested and therefore a word
edge tone category does not describe the data properly.” In the present study we will
adopt the L+H* representation argued for in the recently developed Cat ToBI and
Sp_ToBI proposals (Prieto, Aguilar, Mascar6 & Vanrell 2009, Prieto in press) and
Spanish (Face & Prieto 2007, Estebas-Vilaplana & Prieto 2008).> This phonological
analysis enable us to capture the alignment contrasts attested in rising pitch accents for
both Catalan and Spanish.

The two examples in Figure 2 illustrate a prenuclear rise with a delayed peak associated
with the first stressed syllable of the sentence, both in Catalan (upper panel) and in
Spanish (bottom panel). The sample utterances are the broad focus utterances li venen
mandarines [li benom mondoa'rinas] (Catalan) and le venden mandarinas [le benden

manda'rinas] (Spanish) ‘They sell tangerines to him/her’. Following the proposal by

Prieto, D’Imperio and Gili-Fivela (2005), the tonal transcription of the utterance would
correspond to one prenuclear accent L+>H* followed by the nuclear accent !H* and by
the boundary tone L%.

* The lack of systematic alignment between H and the end of the word was attested by inspecting the
target utterances. The results in Figure 7 also show the values of distance from the H peak location relative
to the right edge of the word (in ms) as a function of within-word position for both Catalan and Spanish.
As the data show, no systematic alignment or distance to the end of the word is attested.

> For the Cat_ToBI Training Materials, see http:/prosodia.uab.cat/cat_tobi/en/index.php.
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Figure 2. Waveform and f, contour of the broad-focus statement li venen mandarines
(Catalan, upper panel) and le venden mandarinas ‘They sell tangerines to him/her’
(Spanish, bottom panel).

2.1.2. Materials

The data used in the two production tests consisted of 20 minimal pairs of potentially
ambiguous sentences which had the same segmental and stress composition and were
only distinguished by word boundary location. Both the Catalan and Spanish sentences
included target words with two stress distributions: oxytones (words with stress on the
final syllable), and paroxytones (words with stress on the penultimate syllable) —for a
complete list of utterances in both languages, see the Appendix. The database included



two types of utterances, namely, utterances with either two or three prosodic words, in
order to be able to verify whether the same effects would be obtained in longer
utterances. Two pairs of utterances from the database are provided in (1) for Catalan and
(2) for Spanish.

(1) Examples from Catalan

Word-final stressed syllables Penultimate stressed syllables

(oxytones) (paroxytones)

a. compra ventalls b. compraven talls
[kum pra (on'tak(] [kum prafon 'takf]
‘(s)he bought fans’ ‘they bought pieces’

a. compra ventalls de vim b. compraven talls de vim

[kum pra Pontak3z 0o 'Bim]
‘(s)he bought wicker fans’

[kum prafon tak3 0o 'Bim]
‘they bought wicker pieces’
(2)  Examples from Spanish

Word-final stressed syllables Penultimate stressed syllables

(oxytones) (paroxytones)

a. compraré mostazas b.
[kompra remos 'taBas]

compraremaos tazas
[kompra re mos'tafas]

‘I’ll buy mustards’ ‘we’ll buy cups’

a. compraré mostazas alemanas b.

[kompra,re mostafas alem'anas]
‘I’ll buy German mustards’

compraremos tazas alemanas
[kompra remos tabas alem'anas]

‘we’ll buy German cups’

The phonetic transcription shows that these paired utterances have the same segmental
and accentual composition, and are potentially ambiguous with respect to word
boundary location. Potentially confounding effects of stress clash on fy peak location
were neutralized, as the distance between accents was controlled (i.e., there was always
either one or two intervening unstressed syllables between the two accents).

2.1.3. Participants

Five speakers of Central Catalan (AG, MB, MR, PG, and PP —PP is the first author of
the paper) and five speakers of Castilian Spanish (LA, MP, RA, RC, and SP) read the 40



ambiguous utterances four times (160 utterances per speaker x 5 speakers x 2
languages), for a total of 1600 utterances. The Catalan speakers were all speakers of
Central Catalan and the Spanish speakers were from Northern and Central Castile. They
were aged between 20 and 40, and were university teachers or students.

2.1.4. Recording procedure

The Catalan speakers were recorded by the first author and Spanish speakers by the
second author on professional equipment in a sound-attenuated booth at the Universitat
Autonoma de Barcelona (UAB) and the Universidad Nacional de Educacion a Distancia
(UNED, Madrid), respectively.

Speakers were instructed to read the sentences naturally and at a normal rate of speech.
Speakers were asked to read the sentences without any pause or prosodic break. The
recording session was carefully monitored in order to guarantee that the speech was
fluent and that no prosodic phrase breaks occurred between words. It was important that
all utterances were pronounced in a single intonational 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
instructed to repeat that sentence at the end. Similarly, there were very few cases of
contrastive focus readings, which were repeated. After each set, speakers were asked to
reproduce any sentence showing any type of disfluency or unwanted phrasing or
contour. Each recording session lasted about half an hour.

2.1.5. Measurements

Sentences were analysed by means of Praat (Boersma & Weenink 2005, Wood 2005).
Measurements were made on simultaneous displays of the speech waveform, wide-band
spectrogram and fy tracks. For each sentence, the following segmental and f, landmarks
were manually placed in the two test syllables:

1) Segmental landmarks:

¢ On the target accented syllable: beginning of onset and vowel

e On the target postaccentual syllable: beginning of onset, vowel, and coda
(whenever present); end of the postaccentual syllable, end of the onset of the
following syllable.

2) fo landmarks
e L1, valley of the first pitch accent (in Hz)
e HI, peak of the first pitch accent (in Hz)

The two graphs in Figure 3 show the Praat windows with the segmentation of the the
Spanish utterances compraremos tazas ‘we’ll buy cups’ vs. compraré mostazas ‘I’ll buy
mustards’. The upper two boxes displayed in each graph show the speech waveform and



a spectrogram with an overlapping fy track. The bottom boxes show the segmental
landmarks with the segmental boundaries of the two test syllables and the fy landmarks.
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Figure 3. Displays of speech waveform, spectrogram and fj track, and the segmental and
pitch landmarks for the Spanish utterances compraremos tazas ‘we’ll buy cups’ vs.
compraré mostazas ‘I’ll buy mustards’.
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In some cases, the identification of peaks and valleys was not a trivial task. For example,
when the L or H points formed a plateau where no clear fy value emerged as the lowest
or the highest, the endpoint in the plateau was selected (to illustrate this point, see the
location of the H tone in Figure 3). Microprosodic effects (such as the typical fp dip
produced by voiced plosives and nasal segments) were disregarded. With regards to the
location of segmental boundaries separating vowels and sonorants [m, n, 1, r], standard
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 steady-state period in the spectrogram to the onglide transition
movement to the vowel (vg. the sequence mo in both panels in Figure 3). Similarly,
intensity changes (from nasal to vowel, for example) were also used. Around 90% of the
boundaries in the database are instances of sonorant consonant+vowel or
vowel+sonorant consonant combinations.

After segmentation, a Praat script automatically collected the data points into an SPSS
file (SPSS for Windows 2006) and the distance measures relevant for our study were
calculated, namely, the alignment of the H tonal target relative to different segmental
landmarks (syllable offset, word boundary, etc.), as well as duration measures such as
the duration of the segments in the accented and postaccentual syllables.

2.1.6. Statistical analyses

Three different measures of H location were used for statistical exploration, namely (i)
peak delay, or distance from the peak to the beginning of the accented syllables, (ii)
HtoEndSyll, or distance from the peak to the end of the accented syllable; and (iii)
HtoEndW, or distance from the peak to the end of the word.

In order to check for the general pattern of responses of the peak location variables (peak
delay, hdistvow, hdistwb) and the duration variables (duraccv, durposac) and how they
were affected by the independent variable WITHIN-WORD POSITION (wb1) — which had
two possible values, word-final (oxytonic words) vs. word-medial syllables (paroxytonic
words) — we first ran a Linear Mixed Model including subject as a random factor. These
models have the following structure:

Yi=Xi+Zb;+ &

where Y; is the dependent variable (peak delay, hdistvow...), X; is the independent
variable WITHIN-WORD POSITION (wWbh1), Z; the matrix with the random effects and i g;
the residuals. We also undertook subject-by-subject analyses in order to check whether
the data showed any type of individual pattern of behavior or all of the subjects behaved
as a homogeneous group. The level of significance was taken as p < 0.05.

2.2. Results
The results of the production test will be presented in three parts: 1) H delay (or
temporal distance from the onset of the accented syllable to the fo peak) as a function of

the duration of the accented syllables, 2) the effects of within-word position on H
location, which will be characterized quantitatively as the delay from the beginning
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and/or the end of the accented syllable to the peak, and 3) the effects of within-word
position on the syllable duration of the accented and postaccentual syllable.

2.2.1. H peak delay as a function of the duration of the accented syllable

A well-known effect found in a variety of languages is the positive correlation between
vowel duration and peak delay, that is, when a vowel is lengthened the peak is
correspondingly delayed with respect to the end of the accented syllable (Silverman &
Pierrehumbert 1990 for English, Prieto, van Santen & Hirschberg 1995 for Spanish).
The duration of the rise and the duration of the syllable can be correlated without being
equal. Rembember that peak delay has been measured as the distance from the onset of
the accented syllable to the fy peak, as in Silverman & Pierrehumbert (1990). Typically,
the peaks under study are ‘delayed’ and are located in the postaccentual syllable. The
two graphs in Figure 4 plot H peak delay (in ms) as a function of the duration of the
accented syllable for the 5 Catalan speakers (left graph) and for the 5 Spanish speakers
(right graph). All data are plotted in the two graphs, which represent a total of 1600 data
points. The graphs separate the data according to their position within the word: that is,
accented syllables in word-final position, as in compra ventalls, and accented syllables
in penultimate position, as in compraven talls. First, the regression lines summarize the
strong positive correlations found between the two variables (H delay and syllable
duration) both in Catalan (correlation coefficients are r (3) = .733 for word-medial
positions and r (3) = .724 for word-final positions, significant at p < .0001) and in
Spanish (correlation coefficients are r (3) = .808 for word-medial positions and r (3) =
755 for word-final positions, significant at p < .0001). Second, the graph reveals a
consistent difference in H delay depending on the two prosodic conditions, as the data
are visually separated into two partially overlapping clouds: the H peak is located earlier
in the syllable in word-final position (e.g., compra ventalls; see black triangles in the
graph) than in word-medial position (e.g., compraven talls; see gray circles in the
graph). In addition, the graphs also suggest that the duration of the accented syllable (x-
axis) is not significantly different across the two conditions, as values for both groups
are evenly distributed along the x-axis. As we will see in section 2.2.3, we did not find
support for an effect of word-final lengthening in these data.

SPANISH

CATALAN

o Penultimate syllables
+ Word-final syllables

H Delay (ms)
g
H Delay (ms)

T T T T T T
100 150 200 250 -0 50 100 = 200 250 00
Duration Accented Syllable (ms) Duration Accented Syllable (ms)

Figure 4. Peak delay (or distance from the onset of the accented syllable to the fo peak,
in ms) as a function of the duration of the accented syllable (in ms) in the two within-
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word position conditions (word-final vs. penultimate position) in Catalan (left graph)
and Spanish (right graph).

As shown in Figure 4, these results reveal that in both languages there is a consistent
difference in H delay depending on the prosodic condition, as the data for both Catalan
and Spanish visibly cluster in two distinct groups. Hs in words with final stress are
aligned earlier with respect to the end of the accented syllable than Hs in words with
stress on the penultimate syllable. This suggests that the location of the H is highly
influenced by within-word position.

2.2.2. Effects of within-word position on H location

In this section, peak location was characterized quantitatively in two different ways,
namely, relative to both the beginning (peak delay) and the end of the target syllable.
Following recent methodological arguments by Atterer and Ladd (2004) and Schepman
et al. (2006), we decided to give more weight to a way of expressing peak alignment
which takes as its main reference a nearby acoustic landmark (i.e., the end of the
syllable) rather than a more distant one (i.e., the start of the syllable). These authors
demonstrate in their data that “the more distant the landmark, the greater the variance [of
the distance in time between the target and the landmark], and the greater the likelihood
of uninformative correlations.” (Schepman et al. 2006:22)

First, the two histograms in Figure 5 plot mean peak delay measures (or mean distance
of the H tonal target relative to syllable onset) as a function of within-word position
(word-final syllables, as in compra ventalls, vs. penultimate syllables, as in compraven
talls) for the ten speakers. The data reveal consistent effects of within-word position of
the accented syllable on H delay: for all 10 speakers, peak delay is significantly shorter
in word-final syllables than in penultimate syllables. The differences range from 27 ms
to 45 ms, depending on the speaker.

_CATALAN : SPANISH

350+ 150 o
M Penultimate syllables
B word-final syllables

300+

g
1

H Delay (ms)

H Delay (ms)
s

200 200 o

MR
Speaker Speaker

RA

Figure 5. Mean H peak delay (or distance from the peak to the beginning of the
accented syllables), as a function of within-word position for all Catalan (left panel) and
Spanish speakers (right panel). Light bars show mean H peak delay in word-final
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syllables and black bars show mean H peak delay in penultimate syllables. The vertical
bars represent standard errors.

This pattern is replicated by the data for H distance to the end of the accented syllable.
The two histograms in Figure 6 plot the mean distance in ms from the location of the H
tonal target to syllable offset in oxytonic and paroxytonic words for Catalan (left panel)
and for Spanish (right panel). First, the positive measures reveal that all peaks are
located in the postaccentual syllable. Taking the O value as the end of the accented
syllable, the plots show that all fy peaks are displaced to the postaccentual syllable or
syllables, since all peaks are located well beyond the 0 value. For the five Catalan
speakers and five Spanish speakers, peak distance to the end of the syllable is
significantly shorter in word-final position than in penultimate position (at p<0.05; see
Table 1). The mean distance of the fy peak to the right edge of the syllable is 61 ms for
oxytonéic words and 96 ms for paroxytonic words, that is, there is a mean difference of
35 ms.

CATALAN SPANISH
250 250
B Penultimate syllables
[0 Word-final syllables
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£ 200 E 200 A
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E 3
= =
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= =
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] L
Q o
c £
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AG MB MR PG PP LA MP RA RC P
Speaker Speaker

Figure 6. Mean distance from the H peak to the end of the accented syllable as a
function of within-word position for 5 Catalan speakers (left panel) and for 5 Spanish
speakers (right panel). Light bars show the means in the word-final condition and black
bars show the mean in the word-medial condition. The vertical bars represent standard
erTors.

The differences observed in Figures 5 and 6 were statistically confirmed. For each
variable (peak delay and peak distance to end of syllable), we ran two Linear Mixed
Model analyses including subject as a random factor, one for Catalan and one for
Spanish. For peak delay in the Catalan data, results indicate a main effect of Within-

% We note a small (and nonsignificant) difference in the peak location results for Catalan and Spanish: the
H is located slightly later in Spanish than in Catalan. As one anonymous reviewer points out, this might be
due to the fact that the Spanish materials contained some cases where the target accent syllable was word-
and phrase-initial (e.g., bebo vinos ‘I drink wines’); whereas in the Catalan materials the target accented
syllable is never word-initial (e.g., compraven talls ‘they bought pieces’). We could speculate that word-
initial accented syllables might have induced a later peak in the Spanish materials.
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Word Position (Position, at p < 0.05), an effect of Speaker (at p < 0.05) and an
interaction between Within-Word Position and Speaker (at p < 0.05). Post-hoc analyses
indicate that speaker PP is the only speaker that is significantly different from the rest;
the reason is that the peak delay measures are larger for this speaker; yet crucially the
effect of within-word position is the same. As for peak delay in the Spanish data, results
also reveal a main effect of Within-Word Position (Position, at p < 0.001), an effect of
Speaker (at p < 0.001) and no interaction between Within-Word Position and Speaker
(at p < 0.05). Post-hoc analyses indicate that speakers LA and MP are significantly
different from the rest. As for the HtoEndSyll analyses, both the Catalan and the Spanish
data reveal a main effect of Within-Word Position (at p < 0.05 for Catalan and at p <
0.001 for Spanish). The variable Speaker is also significant in both languages (at p <
0.05), as well as the interaction between Within-Word Position and Speaker (at p <
0.05). Again, post-hoc analyses reveal several differences between pairs of speakers for
both languages.

One-way ANOVAs were run separately for each speaker. Table 1 shows ANOVA
summaries of the effects of Within-Word Position (Position) on two measures of H
location, namely, Peak Delay and HtoEndSyll. Differences are statistically significant
for all 10 speakers (two-tailed t-tests were significant at p < 0.001).

Catalan | Peak Delay / Position (peak delay) | HtoEndSyll / Position (hdistvow)

AG F(1,120)=15.29, p <0.001 F(1,120)=31.45, p <0.001
MB F(1,120)=3.59, p = 0.0604 F(1,120)=10.07, p=0.0019
MR F(1, 120)=4.29, p = 0.0406 F(1,120)=9.11, p=0.0031
PG F(1,120)=8.40, p = 0.0045 F(1,120)=14.93, p =0.0002
PP F(1,120)=7.47, p = 0.0072 F(1,120)=24.83, p <0.001
Spanish
LA F(1,120)=4.51, p = 0.0357 F(1,120)=37.96, p <0.001
MP F(1,120)=4.80, p = 0.0304 F(1,120)=46.39, p <0.001
RA F(1,120)=4.16, p = 0.0435 F(1,120)=40.08, p <0.001
RC F(1,120)=7.34, p = 0.0077 F(1,120)=55.72, p <0.001
SP F(1,120)=8.32, p = 0. 0046 F(1,120)=24.53, p <0.001

Table 1. One-way ANOVA summaries of the effects of Within-Word Position
(Position) on two measures of H location, namely, Peak Delay and HtoEndSyll.

Finally, we analyzed the alignment of the H tonal target relative to the end of the word.
As mentioned above, prenuclear rising accents in Catalan have been analyzed 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 fy
peak should be aligned systematically with the right edge of the word regardless of the
number of posttonic syllables in the sequence. Thus, in compra ventalls the fy peak
would be located around the end of the syllable pra whereas in compraven talls the fo
peak would be located towards the end of the postaccentual syllable.

The two histograms in Figure 7 plot the mean values of the distance from the H peak to
the right edge of the word as a function of within-word position for the five Catalan
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speakers (left panel) and the five Spanish speakers (right panel). The horizontal line (at
value 0 in the y-axis) graphically indicates the position of the word boundary. All ten
speakers show a consistent trend: while peaks in word-final accented syllables are
located after the end of the word (a mean of 61 ms), peaks in word-medial accented
syllables are located before the end of the word (a mean of -47 ms). Thus the data show
that no strict word-edge anchoring of the H tone is present in our data. Taking the 0
value as the end of the word, the results show that in words with a final accent, the H
occurs after the end of the word in both Catalan and Spanish. Alternatively, in words
with a penultimate accent, the H is located before the end of the word.

CATALAN SPANISH

_I_ B Penultimate syllables
—i e B Waord-final syllables

B
o

o
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|

o

H Distance word-boundary (ms)
B ]

H Distance word-boundary (ms)
M A

T T T T T
AG MBE MR PG PP La MP RA RC =P
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Figure 7. Mean values of distance from the H peak location relative to the right edge of
the word (in ms) as a function of within-word position for the five Catalan speakers (left
panel) and the five Spanish speakers (right panel). Light bars show the means in the
word-final condition and black bars show the mean in the word-medial condition. The
horizontal line (at value 0 in the y-axis) graphically indicates the position of the word
boundary. The vertical bars represent standard errors.

A linear mixed model was applied to the data including subject as a random factor, one
for Catalan and one for Spanish. For both languages, results indicate a main effect of
Within-Word Position on H Distance to Word Boundaries (hdistwb) (at p < 0.001), no
effects of Speaker, and finally a significant interaction between Within-Word Position
and Speaker (at p < 0.001). The interaction is probably due to the different magnitude of
the effect in different speakers.

Table 2 shows the ANOVA summaries of the effects of Within-Word Position (Position)
on this measure of H location, namely H Distance to Word Boundaries (hdistwb), for
every speaker. Effects are statistically significant for the 10 speakers (two-tailed t-tests
were significant at p < 0.001).

Catalan HtoWB (hdistwb)
AG F(1,120)=122.02, p <0.001
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MB F(1,120)=225.11, p < 0.001
MR F(1,120)=280.14, p < 0.001
PG F(1,120)=149.57, p < 0.001
PP F(1,120)=219.91, p <0.001
Spanish
LA F(1,120)=503.03, p < 0.001
MP F(1,120)=324.90, p < 0.001
RA F(1,120)=341.11, p <0.001
RC F(1,120)=349.51, p <0.001
SP F(1,120)=297.78, p < 0.001

Table 2. One-way ANOVA summaries of the effects of Within-Word Position
(Position) on H Distance to Word-Boundary.

Summarizing, the ten speakers show statistically significant effects of within-word
position on the location of the fy peak relative to both the beginning and the end of the
syllable. While the presence of an adjacent word boundary triggers a relatively earlier
alignment of fy peak with respect to the end of the word, a late word boundary leads to a
later alignment of H. Figure 8 shows a schematic diagram of the difference in fo location
patterns with respect to the end of the syllable in two basic conditions, compraremos
tazas, and compraré mostazas. In each graph, the solid vertical lines represent the
syllable boundaries, and the thick dotted lines represent the location of the word
boundary. The mean fy curve shows that the distance from the peak to the end of the
accented syllable is larger in paroxytonic than in oxytonic words:

Paroxytonic words Oxytonic words

// /\\. \

compraremos tazas comprare mostazas

Figure 8. Schematic diagram of the f; peak location with respect to the end of the
syllable and the end of the word in paroxytones vs. oxytones. The thick dotted lines
represent the location of the word boundary.
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In summary, the production data analyzed in this section do not support the idea that the
rise on the target word is the implementation of a word-edge tone H that aligns with the
right edge of the word.’

2.2.3. Effects of within-word position on syllable duration

Previous studies have reported partially contradictory results on the effects of word
boundary location on syllable duration. While Lehiste (1960) found that English
syllables in word-initial and word-final positions are longer than word-medial syllables,
Turk and White (1999) found that it was not the case that final unstressed syllables were
always longer in word-final position: word-final unstressed syllables were only longer
than word-initial unstressed syllables when the word was contrastively accented.
Similarly, in a study of 11 triads like tune acquire, tuna choir and tune a choir, Turk &
Shattuck-Hufnagel (2000) investigated the durational patterns at either side of the word
with the presence of a contrastive accent in English. Support was found for word-initial
lengthening, but not for word-final lengthening.

In this section, we analyse 1) the duration of the accented syllable as a function of
within-word position (it is expected that accented syllables before a word-boundary will
be longer than accented syllables in medial position), and 2) the duration of the
postaccentual syllable as a function of within-word position (it is expected that
postaccentual syllables before a word-boundary will be longer than non-accented
syllables in medial position).® Beckman and Edwards (1990: 176) note that in English
“phrase-final lengthening occurs at intonational-phrase boundaries, and is a large effect
that is highly consistent across speakers and rates. Word-final lengthening occurs at
some other constituent boundaries, and is a much smaller effect that is not consistently
evident across speakers and rates.” Similarly, recent studies on the durational and
articulatory effects of word boundaries, show that articulation of a constituent-initial
consonant tends to be stronger than articulation of the same consonant constituent-
medially, and that this strengthening increases for segments which are initial in
increasingly high-level prosodic constituents (for a review, see Fougeron and Keating
1997, Byrd and Saltzman 1998, among others).

The two histograms in Figure 9 show the mean values of duration of the accented
syllable in words with final and medial stress for Catalan (left panel) and Spanish (right
panel) and in words with final and penultimate stress. The results show no clear
durational effects of word edges. Word-final accented syllables are slightly longer than
word-medial accented syllables for four Spanish speakers and for two Catalan speakers.
However, these differences were only significant for two Spanish speakers according to

7 We entertain the possibility that the strict alignment effects between H peaks and the end of the word
found by Estebas-Vilaplana (2000, 2003) might have been conditioned by the presence of a phrase break
signaled by a phrase accent after subjects and verbs when the object is long enough. We do not discard the
possibility, though, that this might be an optional phenomenon that is not attested in our data.

¥ Upon Alice Turk’s request, we performed the analysis on the word-initial consonant, and the main
results were comparable to the syllabic results, that is, no significant effects were found across conditions.
Yet the lack of statistically significant effects could have been due to consonant type variation. In our data,
the variation in the consonant type that appears in word-initial position might have been responsible for
the high magnitude in the variability measures.

18



the results of the one-way ANOV As presented in Table 3 (at p=0.004). This is indicating
that durational differences are optional correlates of the presence of word boundaries.

CATALAN B SPANISH

B Penultimate syllables
[ word-final syllables

200 =

50 150

Duration Accented Syllable (ms)
Duration Accented Syllable (ms)

100 - 100 -
AG [L:] MR PG PP LA me RA RC sP

Speaker Speaker
Figure 9. Mean values of duration of the accented syllable (in ms) as a function of
within-word position for all Catalan (left panel) and Spanish speakers (right panel) in
word-final syllables (black solid bars) and penultimate syllables (grey bars). The vertical
bars represent standard errors.

The two histograms of Figure 10 show the mean values of duration of the postaccentual
syllable in words with final and penultimate stress for Catalan and for Spanish. Again,
the results show no clear duration effects. Postaccentual syllables in non-word-final
position are slightly longer than postaccentual syllables in word-final position for some
Spanish and speakers, even though there are exceptions (e.g., Catalan speakers PP and
PG and Spanish speakers LA, MP, and RC). However, none of the speakers showed
statistically significant differences (at p > 0.05) except for speakers PP (Catalan) and RA
(Spanish) —see Table 3. Thus, the hypothesis that the postaccentual syllable will be
longer before a word boundary is not confirmed by these data.
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Figure 10. Mean values of duration of the postaccentual syllable (in ms) as a function of
within-word position for all Catalan (left panel) and Spanish speakers (right panel) in
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word-final syllables (black solid bars) and penultimate syllables (grey bars). The vertical
bars represent standard errors.

For each variable (DurAcSyll and DurPostAcSyll), we ran two Linear Mixed Model
analyses including subject as a random factor, one for Catalan and one for Spanish. For
DurAcSyll in the Catalan data, results indicate no significant effect of Within-Word
Position (Position, at p = 0.453), an effect of Speaker (at p < 0.05) and an interaction
between Within-Word Position and Speaker (at p < 0.001). Post-hoc analyses indicate
that almost all pairs of speakers are significantly different from the rest. As for
DurAcSyll in the Spanish data, results reveal a significant main effect of Within-Word
Position (Position, at p < 0.05), an effect of Speaker (at p < 0.05) and no interaction
between Within-Word Position and Speaker (at p = 0.148). Post-hoc analyses also
indicate that differences are statistically significant between the majority of speaker
pairs. As for the DurPostAcSyll analyses, both the Catalan and the Spanish data reveal a
no significant effects of Within-Word Position (at p = 0.434 for Catalan and at p =
0.545 for Spanish) and no significant interactions between Within-Word Position and
Speaker (at p = 0.589 for Catalan and at p = 0.227 for Spanish). The variable Speaker is
only significant in Spanish (at p < 0.05).

Table 3 shows ANOVA summaries of the effects of Within-Word Position (Position) on
the duration of accented and postaccentual syllables, for each speaker. For the duration
of accented syllables, effects are only statistically significant for one Catalan speakers
(MR) and for one Spanish speaker (RC, at p < 0.01). As for the duration of postaccentual
syllables, none of the speakers showed significant results.

Catalan DurAcSyll DurPostAcSyll
AG F(1,120)=2.30, p=0.1318 F(1,120)=0.11, p=0.7354
MB F(1,120)=2.62, p=0.1079 F(1,120)=0.02, p = 0.8791
MR F(1,120)=7.05, p = 0.0090 F(1,120)=0.00, p = 0.9703
PG F(1,120)=2.02, p=0.1574 F(1,120)=0.02, p = 0.8810
PP F(1,120)=0.93, p = 0.3367 F(1,120)=1.19, p = 0.2783
Spanish
LA F(1,120)=0.38, p = 0.5395 F(1,120)=0.03, p = 0.8632
MP F(1,120)=0.62, p = 0.4332 F(1,120)=0.05, p = 0.8180
RA F(1,120)=3.69, p = 0.0573 F(1,120)=0.98, p = 0.3246
RC F(1,120)=12.46, p = 0.0006 F(1,120)=0.01, p = 0.9281
SP F(1,120)=4.04, p = 0.0468 F(1,120)=0.14, p = 0.7084

Table 3. One-way ANOVA summaries of the effects of Within-Word Position
(Position) on the duration of accented syllables and post-accentual syllables.

2.2.4. Linear models of Peak Placement

An attempt was made to capture the combined effects of the two factors, stress pattern
(wb) and duration of accented syllable (duraccsyl) on peak placement by means of linear
regression, using the delay from the peak to the end of the syllable (hdistvow) as the
response measure. In essence, our goal in this section is to test the relevance of the
wihin-word position factor in the prediction of H alignment. Table 4 shows the results of
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the linear mixed model. First, the main dependent variables (Wb and duraccsyl) were
statistically significant (at p < 0.0001) in both languages. In Catalan, the response
variable hdistvow estimate takes the value of 78 ms. As can be seen in the first column,
when wb equals 1 (that is, when the word is paroxytonic) the variable Distance-to-End-
Syllable increases by 25 ms in Catalan and by 30 ms in Spanish, the mean value of
hdistvow is 101 ms. Finally, the effects of syllable duration are contradictory: while in
Catalan when the syllabic duration increases hdistvow also increases, in Spanish the
situation is the reverse (by 0.33 percent).

CATALAN Estimate Error Df T Value Signif
Intercept 78.5242 5.7356 4 13.69 p <0.0002
wb=1 24.7803 5.7356 793 15.85 p <0.0001
wb=0 0

Duraccsyl 0.8647 0.04663 793 18.55 p <0.0001
SPANISH

Intercept 101.29 6.1609 4 16.44 p <0.0001
wb=1 29.5373 1.3676 791 21.60 p <0.0001
wb=0 0

Duraccsyl -0.3297 0.03758 791 -8.77 p <0.0001

Table 4. Results of the Linear Mixed Model that uses Distance-to-End-Syllable
(hdistvow) as the response variable and stress pattern (Wb) and duration of the accented
syllable (duraccsyl) as predictive factors.

Summarizing, the mixed model analyses for the two languages clearly support the
prediction that H alignment is affected by the position of the accented syllable within the
word, that is, by the Word Boundary condition. This behavior confirms the hypothesis
that the end of the word (and not only the presence of upcoming accents or boundary
tones) is acting as a kind of prosodic boundary exerting prosodic pressure on H tonal
targets. In the production experiment, the other potentially confounding factors, that is
the upcoming presence of boundary tones and pitch accenst, have been controlled for
and thus the only possible reason for this behavior is the presence of a word edge.

To summarize the results of this section, the results of the production experiment have
revealed a set of production regularities in the alignment of H prenuclear peaks in both
languages, namely, that H placement is sensitive to the prosodic word domain including
the target accented syllable. Catalan and Spanish speakers show statistically significant
effects of within-word position on the location of the fy peak relative to both the
beginning and end of the syllable. While the presence of an adjacent word boundary
triggers a relatively earlier alignment of fy peak, a late word boundary leads to a later
alignment of H. This evidence supports other acoustic studies of a variety of languages,
which have reported the same tendency (Silverman and Pierrehumbert 1990 for English,
Prieto, van Santen and Hirschberg 1995 for Spanish, Arvaniti, Ladd and Mennen 1998
for Greek, Chahal 2001, 2003 for Lebanese Arabic).
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3. Perception experiments

Based on the findings of the production experiment that the alignment of the fy peak is
significantly affected by the position of the accented syllable within the word both in
Spanish and in Catalan, we then proposed to test the perceptual effects of the peak
alignent on word boundary identification. The perception experiments were designed
following the classical Categorical Perception based paradigm, that is, by including
complementary identification and discrimination tasks (see section 3.1). The purpose
was to verify whether fy peak alignment changes would help in lexical identification
tasks of otherwise identical utterances (e.g., busca vanguardies ‘(s)he looked for
newspapers’ and buscaven guardies ‘they were looking for guards’.

We hypothesize that if these two tonal features are used as perceptual cues by listeners,
helping them to identify the position of the word boundary, both the identification and
the discrimination functions will be affected. At this point, we do not make any
assumption as to what the other segmental and prosodic cues for word segmentation in
Catalan and Spanish might be. We simply propose to test whether a systematic change in
alignment affects the identification responses given by listeners.

3.1. Method

The general method for this set of experiments involved altering the alignment of the H
peak artificially, and then using a series of identification and discrimination tasks (the
classical Categorical Perception paradigm) to test the effect that these alterations
produce on the listeners’ word identification and discrimination tasks. Given the results
of previous pilot tests, our hypothesis is that the contrast between the two stimuli is not
categorical in nature, but rather of a continuous type. Thus we were expecting to find a
small but significant effect of stimulus type in the identification task and a non-
significant effect in the discrimination task.

3.1.1. Stimuli

The following four utterances were selected from the corpus of sentences read in
Experiment 1, two produced by a female Catalan speaker (MB) and two produced by a
female Spanish speaker (SP).

STIMULI | Stimulus 1 Stimulus 2
Catalan busca vanguardies buscaven guardies
Spanish compraré mostazas compraremos tazas

For the selection procedure, the main criterion to select the sentences for the perception
test was that the target accent in the two utterances was representative of the average
values of f0 peak location and duration of the target vowels obtained in the production
test. Also, in order to avoid confounding our results with durational and fO peak scaling
cues, the test pair of stimuli had minimal differences in either the syllable duration of the
two target syllables (Catalan: ca: 166 ms in buscaven vs. 158 ms in busca##ven: 211 ms
in buscaven vs. 209 ms in busca; Spanish: ré: 66 ms in compraré vs 60 ms in
compraremos; mos: 204 ms in compraré vs. 196 ms in compraremos) or the scaling of
the peak of the two target accents (Catalan: 239 Hz in target word buscaven vs. 240 Hz
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in target word busca; Spanish: 206 Hz in target word compraré vs. 206 Hz in target
word compraremos).

These four sentences constituted the basis for the perceptual manipulations for
utterances used in the perceptual experiments. One multi-step continuum from each
sentence was created, by varying the alignment of the fy peaks. The stimuli for the
perception experiments were obtained by acoustically manipulating this intonation
variable artificially using the PSOLA (Pitch Synchronous Overlap and Add) resynthesis
routine available in the Praat speech analysis and resynthesis software (Boersma and
Weenink 2005, Wood 2005), with the goal of testing the effect of these changes on the
listeners’ judgments on the location of the word boundary.

From the original pair of utterances per language, a set of stimuli was created in which
the alignment of the f, peak was varied systematically in 5 equidistant steps in the
continuum, 5 for each stimuli (for a total of 10 stimuli per language). Figure 11 shows
the 5-step alignment continuum created from the two source utterances (vl and gl,
indicated in the graph through the use of the solid line). Note that the original stimuli, v1
and gl, were named after the actual Catalan object examples busca vanguardies and
buscaven guardies. Thus vl corresponds to the example with a word break after the
target syllalbe and gl to the example with a word break one syllable after the target
syllable. The peak manipulation was done by delaying the peak by 22 ms in the 'v' cases
and by retracting it by 22 ms in the 'g' cases. After this, a linear interpolation line was
created between the onset and the fy peak. Note that this modification of alignment
slightly affects the slope of the rising pitch movements. Duration and scaling properties
of the original source utterance were not modified.
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Figure 11. Five-step H alignment continuum diagrams for the guardies/tazas base
stimulus (that is, gl, g2, g3, g4, g5; left panel) and for the vanguardies/mostazas base
stimulus (v1, v2, v3, v4, v5; right panel). The solid line represents the original pair of
utterances.

The position of the peaks with respect to the end of the syllable were not the same in the

Catalan and Spanish original base stimuli. Table 5 shows a summary of the
manipulations in alignment made in the two languages, both for the
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vanguardies/mostazas base stimulus (left columns: v1, v2, v3, v4, v5) and for the
guardies/tazas base stimulus (right columns: g1, g2, g3, g4, g5). As shown by the table,
the peak position in the base stimuli (vl and g5, coded using bold letters) is different in
both languages: while the peak in Catalan vl is located 53 ms after the end of the
syllable, in Spanish it is located 20 ms after; in the case of g1, while in Catalan the peak
occurs 141 ms after the end of the syllable, in Spanish occurs 110 ms after the end of the
syllable. This was due to the fact that we preserved the peak timing in the original
stimuli. NB: Note that the initials used to refer to the stimuli are general throughout
('t/'v') and are based on the Catalan example guardies/vanguardies. Thus gl, g2....
refers to the stimuli derived from the guardies/tazas base stimulus, and v1, v2... to the
steps generated with the vanguardies/mostazas base stimulus.

CATALAN | Base stimulus: CATALAN | Base stimulus:

Steps busca vanguardies Steps buscaven guardies

vl 53 ms after end syllable gl 53 ms after end syllable
v2 75 ms (+22 ms) g2 75 ms (+22 ms)

v3 97 ms (+22 ms) g3 97 ms (+22 ms)

v4 119 ms (+22 ms) g4 119 ms (+22 ms)

v5 141 ms (+22 ms) g5 141 ms (+22 ms)
SPANISH | Base stimulus: SPANISH | Base stimulus:

Steps compraré mostazas Steps compraremos tazas

ml 20 ms after end syllable tl 20 ms after end syllabiie
m2 42 ms (+22 ms) t2 42 ms (+22 ms)

m3 64 ms (+22 ms) t3 64 ms (+22 ms)

m4 88 ms (+22 ms) t4 88 ms (+22 ms)

m5 110 ms (+22 ms) tS 110 ms (+22 ms)

Table 5. Summary of H alignment steps. The original base (natural) stimuli are coded
using bold letters.

3.1.2. Tasks and experimental procedures

The experiment was set up by means of the PERCEVAL software developed in the
Laboratoire Parole et Langage, Aix-en-Provence (André et al. 1995-2003). The stimuli
were played back on laptop or desktop computers, using high quality headphones. The
experimental sessions for the Catalan experiments were conducted in quiet rooms at the
Universitat Autonoma de Barcelona, and the sessions for the Spanish experiments in
quiet rooms at the Universidad Nacional de Educacion a Distancia. The experiment was
set up in such a way that the next stimulus was presented only after a response was
given. Data of the response frequencies and the Reaction Time (RT) were automatically
recorded in PERCEVAL.

Following the classical paradigm of categorical perception (Liberman et al. 1957), one
discrimination and one identification test were created for the sets of stimuli. In the first
experimental session, participants judged the stimuli generated from the peak alignment
continuum. Participants were seated in front of a computer and given different sets of
instructions for the identification and discrimination experiments. First, they were told
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that they would hear a series of similar utterances either presented individually (i.e., the
identification tests) or in pairs (the discrimination tests). They were also asked to keep
their hands on the keyboard and respond as fast as possible once they were sure of their
response (but not before the end of the utterance), as we were also interested in
analyzing response time.

To avoid order effects, the order of the sessions was counterbalanced. Half the
participants started with the second session (discrimination task), and the other half
heard the first session first (identification task). Subjects were allowed to rest between
sessions. To test the adequacy of the participants’ performance and their sensitivity to
the experimental method, an initial training test was performed prior to the experiment
proper using six tokens of original utterances. The whole experiment lasted
approximately 45 minutes.

Identification tasks

For the identification tests, listeners were seated in front of the computer and instructed
to perform a two-alternative forced choice task. Specifically, participants heard one
stimulus at a time and had to identify each step of the continuum as either compraven
guardies or compra vanguardies for Catalan and as either compraremos tazas or
compraré mostazas for Spanish. Participants doing the test in Catalan were told to listen
to each of the target utterances carefully, and indicate their choice by depressing the “G”
key (for the object name GUARDIES) or the “V” key (for VANGUARDIES). For the
Spanish version, participants indicated their choice by depressing either the “T” key (for
TAZAS) or the “M” key (for MOSTAZAS).

Listeners performed the identification task in which the 10 stimulus group with each of
the alignment steps was played 5 times in 5 different blocks, for a total of 50 stimuli.
The start of each block presentation was preceded by a visual message on the screen. All
the stimuli were automatically randomized by PERCEVAL.

Discrimination tasks

In the discrimination tests, listeners had to decide if the two stimuli they heard were
identical or dissimilar. Listeners were told to respond according to whether they heard
two similar utterances (in which case they were to press the “I” key, for Cat. IGUALS-
Span. IGUALES °‘equal’) or two different sentences (in which case they were to press
the “D” key, for Cat. DIFERENTS/ Span. DIFERENTES ‘different’). We used a 300
milliseconds interval between the stimuli.

Each stimulus in the continuum was paired with either itself or a dissimilar stimulus, in
either an “early-late” or “late early” order. Three or four steps separated the dissimilar
stimulus pairs, as Table 6 shows. Each stimulus set was presented in random order. For
this task, the 18 pairs of stimuli were played 5 times in 5 different blocks, for a total of
90 stimuli.

CATALAN | guardies vanguardies Total pairs stimuli
base stimulus base stimulus
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1-1, 3-3, 5-5, 1-4, 4- | 1-1, 3-3, 5-5, 1-4, 4-1, | 18 stimuli x 5
1,2-5,5-2,1-5,5-1 |2-5,5-2,1-5,5-1 repetitions=90 stimuli

SPANISH tazas base stimulus mostazas base stimulus

1-1, 3-3, 5-5, 1-4, 4- | 1-1, 3-3, 5-5, 1-4, 4-1, | 18 stimuli x 5
1,2-5,5-2,1-5,5-1 |2-5,5-2,1-5, 5-1 repetitions=90 stimuli

Table 6. Pairs of stimuli for the discrimination task.

Altogether, each listener heard a total of 140 trials in the experiment (6 training items +
50 identification trials + 90 discrimination trials).

3.1.3. Participants

20 native speakers of Central Catalan and 20 native speakers of Peninsular Spanish
participated in the experiment. The Catalan participants were first and second year
undergraduates from the Catalan Philology programme at the Universitat Autonoma de
Barcelona. The Spanish listeners were undergraduate and graduate students from the
Spanish Philology program at the UNED. They all reported having normal hearing and
reading skills.

3.1.4. Statistical analyses

Because the data from the perception experiments did not meet the distributional
requirements essential for parametric testing (i.e., the data were not continuous and were
thus not normally distributed), a set of non-parametric tests was used. First, the
Friedman non-parametric test (a multiple testing technique similar to parametric
ANOVA) was performed on the Catalan and Spanish identification data to test the
overall effects of Alignment Step on the identification curve. The data were always
separated by language and the two base stimuli in each language. After that, a Wilcoxon
signed-rank test was used to compare between groups of Alignment Steps.

For the discrimination results, two main analyses were performed using a Wilcoxon
signed-rank test. First, dissimilar stimulus pairs (that is, those pairs separated by 2, 3, or
4 steps) were compared with identical pairs in order to see whether the former yielded
more ‘different’ judgments than the latter. A second Wilcoxon signed-rank test was used
to uncover a potential order-of-presentation effect, that is, to determine whether the
presentation of the stimuli in “early-late” or “late early” order affected the ratio of
“different” judgments.

3.2. Results

3.2.1. Effects of H alignment: Identification test

If details of H alignment are used as a perceptual cue in word identification tasks, we
would expect that shifting the pitch peak later in time will progressively change the
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percept from busca vanguardies/compraré mostazas to buscaven guardies/compraremos
tazas, since later alignment is characteristic of paroxytones. The results of the
identification experiments for the H alignment stimuli are presented in Figure 12. The
two graphs in this figure plot the identification rate for the two continua created from the
“vanguardies/mostazas” (in black) and “guardies/tazas” (in grey) base stimuli. The
identification rate is defined as the number of “vanguardies/mostazas™ responses (in
vanguardies/mostazas-based stimuli) or “guardies/tazas” responses (in guardies/tazas-
based stimuli) over the total responses. The x-axis represents the five steps of H
alignment manipulations, either from the guardies/tazas base stimulus (t1, t2, t3, t4, t5)
or the vanguardies/mostazas base stimulus (vl, v2, v3, v4, v5). Each data point
represents a total of 100 judgments (20 listeners x 5 repetitions).

Results from both languages show a tendency towards an S-shaped curve, that is, in all
panels we see a shift from guardies to vanguardies (and from tazas to mostazas)
judgments as a function of H alignment: at late locations of H within the continuum (g5,
v5) guardies/tazas responses are more dominant, while at the opposite end of the
continuum (g1, v1) vanguardies/mostazas responses are more dominant within a group.
Second, though an effect can be seen in both languages, no categorical boundary shift
due to the H alignment manipulation is present, as ratio differences range from 0,20 to
0,40 at the two ends of the curve. Third, the identification curves are different depending
on the base stimulus, meaning that there are other cues in the stimulus that lead to a
given response. A Wilcoxon signed-rank test was used to compare the two identification
functions from the different base stimuli. The difference between the two was found to
be statistically significant at p < 0.0001. Finally, the identification functions show a
difference between the behavior of Catalan and Spanish that the response shift from the
left to right ends of the continua is more clearcut in the results for Spanish.

CATALAN SPANISH

1" Guardies/tazas” responses
“Vanguardies/mostazas” responses

o
@
—a—

Identification rate
o

Identification rate

i ; ; T T T T
4 T T 1 2 3 4

Stimulus number Stimulus number

Figure 12. Identification curves of the alignment stimuli in Catalan (left panel) and in
Spanish (right panel). The vertical bars represent standard errors.

First, a Friedman non-parametric test —a test which uses a multiple testing technique
similar to parametric ANOVA— was applied separately to Catalan and Spanish
identification data, again separating the data for the two base stimuli. The test was used
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to evaluate the overall effects of H alignment steps (independent variable) on word-
boundary identification (0 or 1, response variable). Table 7 shows the results. As
expected, the main effect of H alignment is significant both for Spanish and Catalan
(both for the guardies/tazas and the vanguardies/mostazas stimuli set) —the significance
level was set to 0.05, asterisks mark significant effects.

Catalan Spanish

guardies/tazas base stimulus Y(4)=29.024* v (4)= 16.622*

vanguardies/mostazas base stimulus Y'(4)=27.351* v (4)=15.373*

Table 7. Results of the Friedman non-parametric test on the overall effects of H
alignment steps on word-boundary identification.

A second statistical analysis, namely the Wilcoxon matched pairs signed rank test, was
performed in order to see whether there were significant differences between pairs of
alignment steps. As can be seen in Table 8, this analysis revealed that almost all
comparisons between groups separated by just one step (1-2, 2-3, etc.) were non
significant for both languages, except for three Catalan comparisons (asterisks mark
significant effects). When stimulus pairs with a step difference greater than 1 were
compared, more significant comparisons were found.

CATALAN 1-2 2-3 3-4 4-5 1-3 1-4 1-5
guardies Z=-2200%* | z=-229,ns | 2=-962,ns | z--4.082% Z=2043* | z=-1.061,ns | z=-4.596*
vanguardies | z=-928,ns | z=-.164,ns | z=-2.828* | z=-447,ns | z=-707,ns 7=-4.082* | z=-4017*
SPANISH 1-2 2-3 3-4 4-5 1-3 1-4 1-5
tazas z=-1298,ns | z=-1234,ns | z=-192,ns | z=-1.043,ns | z=-2.530% | z=-2.592* | z=-3.317*
mostazas z=.000,ns | z=-1.569,ns | z=-577,ns | z=-1.183,ns | z=-1.569,ns | z=-2.117* | z=-3.087*

Table 8. Results of the Wilcoxon matched pairs signed rank test between pairs of
alignment steps.

The results from the identification task reveal an overall significant effect of tonal
alignment on word-boundary identification when steps are sufficiently large, thus
supporting our main hypothesis that this cue is employed by Catalan and Spanish
listeners in word identification tasks. As hypothesized, the later the alignment, the higher
the ratio of guardies/tazas responses, since a late peak location is a good cue to
paroxytonic word types. Yet in no way does this effect points to the classical concept in
categorical perception: none of the identification functions show a sharp transition
between two separate categories, but a gradual effect towards a given answer, indicating
that the listener’s responses were systematic in exploiting this cue for word
identification.

3.2.2. Effects of H alignment: Discrimination test

Figures 13 and 14 illustrate the results of the discrimination experiments as the ratio of
‘different’ responses for each pair pooled over the 20 Catalan listeners (upper graphs)
and 20 Spanish listeners (bottom graphs). Figure 13 shows the rate of false alarms
(number of “different” responses to identical pairs) and “early-late” and “late-early” hits
(“different” responses to different pairs) separated by 3 steps corresponding to the
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continunum created from the “guardies/tazas” base stimulus (left) and
“vanguardies/mostazas” base stimulus (right). Figure 14 shows the rate of “different”
responses to the “early-late” and “late-early” hits separated by 4 steps corresponding to
the continuum created from the “guardies/tazas” base stimulus (left) and
“vanguardies/mostazas” base stimulus (right). It is clear from the graphs that there is a
tendency for the series dissimilar pairs (that is, pairs separated by 3 or 4 steps) to yield
more ‘different’ judgments than identical ones. In sum, pairings of identical stimuli were
less frequently judged to be different than those of dissimilar ones, in both series and for
all languages. Yet, in contrast with typical categorical perception graphs, no clear
discrimination maximum was found.

CATALAN: "Guardies" based stimuli CATALAN: "Vanguardies" based stimuli

1 False alarms
I“Late-early” hits (3 steps)
“Early-late” hits (3 steps)
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Figure 13. Discrimination functions for the false alarm and “early-late” and “late-early”
hits separated by 3 steps. The right panels show the results with the guardies/tazas base
stimulus set and the left panels the results with the vanguardies/mostazas base stimulus
set. The vertical bars represent standard errors.
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1-Earlydate” hits (4 steps)
“Lati-arly” hits {4 stefs)
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1 “Earlyfase” hits (4 steps)
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Figure 14. Discrimination functions for the “early-late” and “late-early” hits (separated
by 4 steps) in Catalan (upper graphs) and in Spanish (bottom graphs). The right panels
show the results with the guardies/tazas base stimulus set and the left panels the results

with the vanguardies/mostazas base stimulus set. The vertical bars represent standard
errors.

The next statistical test was intended to examine whether there were any significant
differences in the frequency of ‘different’ judgments between identical (0 steps, false
alarms) and dissimilar (3 or 4 steps, hits) stimulus pairs in the alignment continuum.
This test was a Wilcoxon matched pairs signed rank test. As can be seen in Table 9, all
the comparisons are significant in Catalan (cf. guardies vs. vanguardies stimuli) and
some of them in Spanish (cf. tazas vs. mostazas stimuli; see asterisks). The analysis
shows that both in Catalan and Spanish in all cases the dissimilar pairs (3 or 4 steps)
were judged as ‘different’ significantly more often (p < 0.05) than the identical pairs (0
steps). Finally, even though the order-of-presentation effect is significant only in Catalan
(see 4 steps “early-late” vs 4 steps “late-early”), this same tendency can be found in both
languages.

FA —“Late- | “Late-early” “Early-late “Late-early” FA - FA - FA -

early” Hits | H (3 steps)— | H” (3 steps) — | H (4 steps) — | “Early-late” | “Late-early” | “Early-late”

(3 steps) “Early-late” | “Late-early” | “Early-late” | H (4 steps) H (4 steps) H (4 steps)

H (3 steps) H (4 steps) H (4 steps)

guardies 2=-6.708%* z=-5.745% z=-4.899* z=-3.606* z=-3.464* z=-5.831% 7=-4.583*
tazas 7=-2.224% 7=-236,ns z2=-1.897,ns z=-1.134, ns z=-.250, ns z=-1.461,ns 7=-2.475%
FA — “Early- | “Early-late” | “Late-early” | “Early-late” | FA —“Late- FA - FA — “Late-

late” Hits H (3steps) — | H (3 steps)— | H (4steps)- | early” H(4 | “Early-late” | early” H (4
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(3 steps) “Late-early” | “Early-late” | “Late-early” steps) H (4 steps) steps)
H (3 steps) H (4 steps) H (4 steps)
vanguardies z=-5.000* 7=-4.243%* 7=-2.449* z=-1.414%* 2=-6.557* 7=-5.292% 7=-5477*
mostazas 2=-4.610* z=-1.723, ns z=-2.832* z7=-.898, ns 7=-3.263* 2=-4.041%* z=-3.286*

Table 9. Results of the Wilcoxon matched pairs signed rank test between pairs of
discrimination steps.

To summarize, results from the identification and the discrimination tasks support our
main hypothesis that fy peak alignment differences help Catalan and Spanish listeners in
word identification tasks. Yet alignment differences do not trigger categorical perception
effects, as the identification graphs show very low slope values and a discrimination
peak is indeed absent from the discrimination function.

4. Discussion

We had good reason to expect that our production experiments would reveal substantial
effects of prosodic word structure on H location, given that parallel findings had been
reported for Catalan and Spanish and for other languages. Acoustic work in a variety of
languages has shown that within-word position has a robust effect on the position of the
peak of rising prenuclear accents, revealing that the details of the alignment seem to
depend not only on the structure of the accented syllable, but also on its place within a
larger prosodic domain (see Silverman and Pierrehumbert 1990 for English, Prieto, van
Santen and Hirschberg 1995, de la Mota 2005, Estebas-Vilaplana and Prieto 2007,
Simonet and Torreira 2005, Simonet 2006 for Spanish, Prieto 2006 for Catalan, Arvaniti,
Ladd and Mennen 1998 for Greek, and Ishihara 2003, 2006 for Japanese, Chahal 2001,
2003 for Lebanese Arabic). In all these languages, peaks tend to be timed earlier as their
associated syllables approach the end of the word: in other words, peak delay is longer in
words with antepenultimate stress than in words with penultimate stress, which in turn
have longer peak delay than words with final stress. For example, in Japanese the
alignment of the fo peak of the lexical accent in Japanese is progressively slightly earlier,
relative to the accented syllable, the later the accented syllable is located in the word.
When the lexical accent is on the first syllable in a CV.CV.CV.CV word, the peak is
aligned with the beginning of the vowel in the following syllable; when the accent is on
the second syllable, the peak is aligned during the onset consonant of the following
syllable; when the accent is on the third syllable, the peak is aligned at the beginning of
the onset consonant of the following syllable. Again, the details of the alignment seem to
depend not only the structure of the accented syllable, but its place in a larger prosodic
domain (Ishihara 2006). In Spanish, Prieto, van Santen and Hirschberg (1995) found a
significant effect of word position on peak delay in all comparisons of the words
namero, numero, numerd when the distance to the next accented syllable was constant
(ndmero rapido, numero nervioso, numerd regular). Similarly, in Silverman and
Pierrehumbert’s (1990) model of fy peak location, the dropping of the variable word
boundary (while leaving the variable stress clash as a main predictor) significantly
worsened the fit of the model.

Importantly, all this evidence suggests that prosodic structure domains act as domains of

articulatory organization. This view has initially been put forward in recent papers by
Ladd (2006) and Prieto & Torreira (2007). Ladd (2006) asked “[do] right-context effects
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operate at the level of the foot, the (prosodic) word, or some larger prosodic unit like the
intonation phrase?” The data reported here show that at least the prosodic word plays an
essential part in our understanding of the coordination of pitch gestures with the
segments. The data reported in this article are consistent with the hypothesis that
prosodic structure not only serves to modulate the dynamics of supraglottal gestures, but
also of glottal gestures. Thus this structure is necessary for understanding the
coordination of fy gestures with supraglottal gestures.

The effect of upcoming prosodic word edges on H alignment is comparable to a certain
extent to that exerted by upcoming syllable boundaries in different languages (see Ladd
et al. 2000 for Dutch, D’Imperio 2000 and D’Imperio, Petrone and Nguyen 2007b for
Neapolitan Italian, Gili-Fivela and Savino 2003 for Bari and Pisa Italian, Welby and
Laevenbruck 2005, 2006 for French’, and Hellmuth 2007 for Egyptian Arabic'®). In a
recent experiment about the effects of syllable structure on H alignment in Spanish,
Prieto and Torreira (2007) found that the peak occurred around the end of the stressed
vowel in the word containing open accented syllables, whereas it tended to occur within
the coda consonant in the word containing a closed accented syllable. This indeed seems
to suggest the possibility that the prosodic units such as the syllable and the prosodic
word (and not only the presence of upcoming accents or boundary tones) are acting as
domains of intergestural coordination. Chahal (2001, 2003) for Lebanese Arabic found
that accented syllables preceding the right edge of intonational phrase, intermediate
phrase, and prosodic word boundaries display progressively earlier peak alignment. The
higher the level of the boundary, the earlier the peak. Accordingly, peak alignment in
Lebanese Arabic is argued to constitute a phonetic correlate for prosodic constituency in
the language. Similarly, our data demonstrate that the right edge of a prosodic word
domain exerts edge effects on tonal articulation, that is, it causes changes in articulatory
gestural dynamics that might be similar to those that occur at the edges of other prosodic
domains like syllables. Yet we have to be cautious in establishing neat parallellisms, as
the French results show some variation in the patterns of alignment and the Egyptian
Arabic results seem to show an effect of syllable weight on peak alignment (see footnote
6).

Recent research in speech production has provided clear evidence that segmental
articulation cannot be understood independently of prosodic structure. Several studies
have shown that the syllable domain and position in the word influence the durational
and spatial domains of a gesture’s articulation (for a review, see Byrd 1996 and Krakow
1999, Byrd et al. 2000). A number of studies have found articulations of a larger
magnitude in word-initial as compared to non-initial positions. For example, Fougeron
and Keating (1997) reported that lingual constrictions for initial consonants are
strengthened (have more extensive palatal contact) at the beginning of prosodic domains
(phonological phrase, intonational phrase, utterance) and that, generally speaking, the

? Yet as pointed out before, the French results reported by Welby and Lovenbruck’s (2005, 2006) are not
as clearcut. For one of the 6 speakers in this study (Speaker 6), the peak was located in the coda consonant
for closed syllables; this speaker aligned her peaks to the end of the vowel, regardless of syllable structure.
' As one of our reviewers points out, the case of Egyptian Arabic is a bit more complex. In Egyptian
Arabic the peak is aligned with the end of the accented vowel in heavy open syllables (CVV). Yet in light
open syllables (CV) the peak is found in the postaccentual consonant. Thus in Egyptian Arabic the
retraction pattern that mirrors Spanish/Catalan is found only by comparing CV~CVC pairs; if CVV~CVC
pairs are compared there is no retraction and the 'upcoming syllable effect' disappears. The Egyptian
Arabic facts could be argued to be evidence of variability of H alignment that is potentially consistent with
a gestural account.
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higher the prosodic domain, the greater the strengthening. Coordination of gestures at
the ends of domains is expected to be off-phase. Byrd and Saltzman (1998) have
proposed a theory of prosodic gestures that attempts to phase together segmental and
suprasegmental structures in terms of their temporal and coordination properties within
the task dynamics framework. They conceive boundary-adjacent lengthening as a local
slowing of the gestures in the immediate vicinity of sufficiently strong prosodic
boundaries at multiple levels. In their study, all participants appeared to use a diminished
gestural stiffness as the main source of lengthening before prosodic boundaries. Yet
even though there is well-documented evidence of this in supraglottal gestures, very
little research has been done in the tonal domain.

The current formulation of the task dynamics model of speech production originally
proposed by Browman and Goldstein (1986) and developed over the last two decades
(Browman and Goldstein 1988, 1995a, 1995b, 2000, Byrd 1996, Byrd et al. 2000,
Goldstein, Byrd and Saltzman 2006, Goldstein and Fowler 2003 among many others)
provides explicit mechanisms to account for speech timing and gestural coordination
patterns. Thus it offers the tools to adequately account for the alignment patterns
reported by the literature on tonal alignment. Following the proposal by Byrd et al.
(2000), several gestural phenomena will occur at prosodic domain edges, that is, their
activity is governed by prosodic constituency. They refer to such prosodic boundary
units as "m-gestures". As they point out, a given "n-gesture" affects independently and
directly the following gestural attributes: “(1) the values of gestural parameters such as
stiffness or target position for all tract-variable gestures with which it is concurrently
active; or (2) the clock rate (i.e., local speaking rate) such that a stronger "m-gesture"
yields more slowing of the clock rate than a weaker one.” (Byrd et al. 2000: 84).

In this paper we hypothesize that there is crosslinguistic evidence that the prosodic word
is exerting right edge effects. Extrapolating our results, we claim that general properties
of intergestural timing could provide a unifying explanation for (i) the contrasting
behavior between the precise synchronization of L valleys with the onset of the syllable
and the more variable timing of H peaks, and, more specifically, (i1) the right-hand tonal
pressure effects and ‘undershoot’ patterns displayed by peaks at the ends of syllables and
other prosodic domains.

The data reported in this article also has some implications for the so-called ‘segmental
anchoring hypothesis’ (Ladd et al. 1999, Arvaniti, Ladd, & Mennen 1998, Ladd 2004,
2006, Xu 1998). As it is well-known, recent work on tonal alignment has emphasized
that the temporal location of tonal targets relative to the segmental string are governed
by principles of synchrony and stability. A general version of the segmental anchoring
hypothesis claims that the beginning and end of a pitch gesture are anchored to specific
landmarks in the segmental structure when no tonal pressure is exerted on them. Our
data show that when right-hand tonal effects are controlled the right edge of a prosodic
word domain exerts edge effects on tonal alignment, and thus the segmental anchoring
hypothesis cannot account for those word-edge effects.

Importantly, results from the identification and the discrimination tasks support the view
that such differences in fy peak alignment help Catalan and Spanish listeners in word
identification tasks. These fo peak alignment differences can be considered as secondary
acoustic cues that help listeners in the lexical identification decisions, together with cues
such as consonant strengthening (see Fougeron and Keating 1997, Byrd and Saltzman
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1998, among others), glottalization (Dilley, Shattuck-Hufnagel and Ostendorf, 1996),
VOT (Jun, 1995), and acoustic final lengthening (e.g., Wightman, Shattuck-Hufnagel,
Ostendorf and Price, 1992; Ladd and Campbell, 1991).

5. Conclusion

The experimental evidence presented in this paper with minimal pair utterances such as
compra vanguardies vs. compraven guardies demonstrates that when tonal pressure
effects are controlled for (in our materials there is always either one or two intervening
unstressed syllables between the two accents), within-word position continues to exert
consistent effects on H alignment in prenuclear peaks in Catalan and Spanish.
Statistically robust effects have been found for the 10 speakers and for the two
dependent variables under study, namely, the distance from the peak relative to the
beginning and the end of the accented vowel, thus confirming recent investigations in
other languages (for English, Silverman and Pierrehumbert 1990; for Greek, Arvaniti et
al. 1998; for Japanese, Ishihara 2006; for Serbo-Croatian, Serbian-Croatian see
Godjevac 2000; for Catalan, Prieto and Estebas-Vilaplana 2005, Prieto 2006; for
Spanish, Estebas-Vilaplana and Prieto 2007, de la Mota 2005, Simonet and Torreira
2005, Simonet 2006). Moreover, perceptual experiments in the two languages support
the hypothesis that fine phonetic details of H tonal alignment are employed by Catalan
and Spanish listeners in offline word identification tasks. Averaged classification results
on the identification tasks performed by 40 listeners is summarized through a curve that
shows a decrease from guardies to vanguardies judgments as a function of H location.

The results of our experiments clearly show that the prosodic word domain has a
significant shifting effect on fy peak location, and, moreover, these alignment patterns
are used by listeners in word-identification tasks. The empirical evidence discussed in
this article demonstrates that prosodic structure should play an essential part of our
understanding of the coordination of pitch gestures with the segments and advocates for
a view defended by other work that prosodic structure is manifested in details of
articulation.
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APPENDIX

Materials 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).

CATALAN

la.

2a.

3a.

4a.

5a.

6a.

7a.

&a.

9a.

10a.

compra ventalls
[kum pra (on'tak(]
‘(s)he bought fans’

compra ventalls de vim
[kum pra (ontak3 s 'Bim]
‘(s)he bought wicker fans’

mira batalles
[mira fo'takas]
‘(s)he looked at battles’

mira batalles grans

[mira Po'takoz 'yrans]
‘(s)he looked at great battles’
busca vanguardies

[bus ka Popn'gwardjos]

‘(s)he looked for newspapers’

busca vanguardies a la tarda

1b.

2b.

3b.

4b.

5b.

6b.

[bus ka Bon'gwardjoz o lo 'tardo]

‘(s)he looked for newspapers’
in the afternoon’

dibuixa vessants
[difu fa Bo'sans]

‘(s)he drew depressions’

dibuixa vessants de fusta
[difu,fa Bo,sanz ds 'fusta]
‘(s)he drew wooden depressions’

nomena vescomtes
[numona os'’komtas]

‘(s)he appointed viscounts’

nomena vescomtes al mati
[numona Boskomtoz al mo'ti]

‘(s)he appointed viscounts

7b.

8b.

9b.

10b.

40

compraven talls
[kum prafon 'takf]
‘they bought pieces’

compraven talls de vim
[kum prafon tak3 0o 'Bim]
‘they bought wicker pieces’

mirava talles
[mi rafo 'takoss]
‘(s)he used to look at carvings’

mirava talles grans
[mi rafo 'takoz 'yrans]
‘(s)he used to look at great carvings’

buscaven guardies
[bus kafon 'gwardjos]
‘they were looking for guards’

buscaven guardies a la tarda

[bus kaBon 'gwardjoz o lo 'tards]
‘they were looking for guards’

in the afternoon’

dibuixava sants
[difiu faBo 'sans]

‘(s)he was drawing saints’

dibuixava sants de fusta
[difiu faBs sanz 0s 'fusto]
‘(s)he was drawing wooden saints’

nomenaves comtes
[numo nafoes 'komtos]

‘you appointed counts’

nomenaves comtes al mati
[numo nafaes komtoz ol ma'ti]

‘you appointed counts



11a.

12a.

13a.

14a.

15a.

16a.

17a.

18a.

19a.

20a.

in the morning’

esta badant
[os,ta [(a'dan]
‘(s)he was gaping’

esta badant molt
[esta (9,0am 'mol]
‘(s)he was gaping a lot’

compra ventallets
[kum,pra Ponta'Aets]
‘(s)he bought little fans’

compra ventallets de vim
[kum pra Ponts Kedz 8o 'Bim]
‘(s)he bought little wicker fans’

mira batalletes
[mira Boto'Ketas]
‘(s)he looked at little battles’

mira batalletes petites
[mira BotoKetas pa'titas]
‘(s)he looked at little battles’

dibuixa vessantets
[difu,fa Boson'tets]
‘(s)he drew little depressions’

dibuixa vessantets @ fusta
[difu,fa Boson,tedz do 'fusto]

11b.

12b.

13b.

14b.

15b.

16b.

17b.

18b.

‘(s)he drew little wooden depressions’

nomena vescomtets
[numana Baskum'tets]

‘(s)he appointed little viscounts’

nomena vescomtets al mati

[numana Boskum,tedz ol moa'ti]

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

19b.

20b.

41

in the morning’

estava dant
[os,tafo 'Oan]
‘(s)he was giving’

estava dant molt
[es,ta 9,0am 'mol]
‘(s)he was giving a lot’

compraven tallets
[kum,prafon ta'Aets]
‘they bought little pieces’

compraven tallets de vim
[kum,prafon to Kedz 0o 'Bim]
‘they bought little wicker pieces’

mirava talletes
[mi rafo to'Ketos]
‘(s)he used to look at little carvings’

mirava talletes petites
[mi raBo toKetas pa'titos]
‘(s)he used to look at little carvings’

dibuixava santets
[difu faBa san'tets]
‘(s)he drew little saints’

dibuixava santets de fusta
[difu faBs santedz do 'fusto]
‘(s)he drew little wooden saints’

nomenaves comtets
[numo nafass kum'tets]
‘you appointed little counts’

nomenaves comtets al mati

[numos nafos kum,tedz ol moa'ti]
‘you appointed little counts

in the morning’



SPANISH

la.

2a.

3a.

4a.

5a.

6a.

7a.

8a.

9a.

10a.

11a.

12a.

ve bovinos 1b.
[,be Bo'Binos]

‘(s)he sees cows’

ve bovinos negros 2b.
[,be Bo'Binoz 'neyros]
‘(s)he sees black cows’

da balazos 3b.
[,da a'laBos]
‘(s)he shoots’

da balazos muy fuertes 4b.
[,da a'laBos muj 'fwertes]

‘(s)he shoots very strongly’

compraré mostazas 5b.
[kompra're mos'tabas]

‘I’ll buy mustards’

compraré mostazas alemanas 6b.
[kompra're mos'tabas ale'manas]

‘I’ll buy German mustards’

venderé moscaretas 7b.
[bende're moska'retas]

‘T’11 sell birds’

venderé moscaretas grandes 8b.
[bende're moska'retaz 'yrandes]

‘I’11 sell big birds’

da menudos 9b.
['da me'nudos]

‘(s)he gives offal’

da menudos enormes 10b.

['da me'nudos e'normes]
‘(s)he gives big offal’

ve bovinitos 11b.

[,be Bopi'nitos]
‘(s)he sees cows.dim’

ve bovinitos negros 12b.

[be BoBi'nitoz 'neyros]

42

bebo vinos
[befo 'Binos]

‘T drink wines’

bebo vinos negros
[befo 'Binoz neyros]
‘I drink red wines’

daba lazos
[,dafa '1aBos]
‘(s)he gave knots’

daba lazos muy fuertes
[,dafa '1aBos muj 'fwertes]

‘(s)he gave very strong knots’

compraremaos tazas
[kompra'remos 'tabas]

‘we’ll buy cups’

compraremos tazas alemanas
[kompra'remos 'taBas ale'manas]

‘we’ll buy German cups’

venderemos caretas
[bende'remos ka'retas]

‘we’ll sell masks’

venderemos caretas grandes
[bende'remos ka'retaz 'yrandes]

‘we’ll sell big masks’

dame nudos
['dame 'nudos]

‘give me knots’

dame nudos enormes
['dame 'nudos e'normes]

‘give me big knots’

bebo vinitos
[,befo Bi'nitos]
‘I drink wines.dim’

bebo vinitos negros
[befo Bi'nitoz neyros]



13a.

14a.

15a.

16a.

17a.

18a.

19a.

20a.

‘(s)he sees black cows.dim’

da balazotes 13b.

[,da Bala'Ootes]
‘(s)he shoots’

da balazotes muy fuertes 14b.

[,da Bala'Ootes muj 'fwertes]
‘(s)he shoots very strongly’

compraré mostacitas 15b.

[kompra're mosta'Oitas]
‘I’ll buy mustards.dim’

compraré mostacitas alemanas 16b.

[kompra're mosta'Oitas ale'manas]
‘I’ll buy German mustards.dim’

venderé moscaretitas 17b.

[bende're moskare'titas]
‘I’1l sell birds.dim’

venderé moscaretitas grandes 18b.

[bende're moskare'titaz 'yrandes]
‘I’11 sell big birds.dim’

da menuditos 19b.

['da menu'ditos]
‘(s)he gives offal.dim’

da menuditos enormes 20b.

['damenu'ditos e'normes]
‘(s)he gives big offal.dim’
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‘I drink red wines.dim’

daba lazotes
[,dafa la'Botes]

‘(s)he gave knots.aug’

daba lazotes muy fuertes
[,dafa la'Ootes muj 'fwertes]

‘(s)he gave very strong knots.aug’

compraremaos tacitas
[kompra'remosta'Oitas]

‘we’ll buy cups.dim’

compraremos tacitas alemanas
[kompra'remosta'Oitas ale'manas]
‘we’ll buy German cups.dim’

venderemos caretitas
[bende'remos kare'titas]

‘we’ll sell masks.dim’

venderemos caretitas grandes
[bende'remos kare'titaz 'yrandes]

‘we’ll sell big masks.dim’

dame nuditos
['dame nu'ditos]

‘give me knots.dim’

dame nuditos enormes
['dame nu'ditos e'normes]

‘give me big knots.dim’
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