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1. Introduction

1.1. Yes-no questions and wh-questions in Majorcan Catalan

In Majorcan Catalan', yes-no questions and wh-questions are characterized by a falling nuclear
accent H+L*, that is, an H leading tone aligned with the pretonic nuclear syllable and a L* tone
associated with the last stressed syllable. Typically, yes-no questions are headed by the
unaccented interrogative particle que (‘that’) (Figure 1, left panel), and this can be compared
with wh-questions headed by the accented wh-particle que (‘what’) (Figure 1, right panel).
Results from a Map-Task recording (Paya and Vanrell, 2005), Vanrell (2003) and my own
speech suggested that in yes-no questions the leading tone H is realized in a higher tone (Figure
1, left panel). As can be seen in Figure 1, the difference in tonal height of the leading tone H
consequently involves a difference in the intonation pattern of these two types of questions in
terms of realization. Thus, even though both types of questions are characterized by a falling
final intonation, wh-questions show a steady high tone which extends from the beginning of the
sentence until the last stressed syllable with the falling pitch movement aligned with the last
stressed syllable in the utterance. By contrast, yes-no questions have a well-defined slope that
goes from the syllable that precedes the pretonic nuclear syllable realized in a high tone to the
super-high tone of the pretonic nuclear syllable, where it is then followed by a steeper slope that
goes down until the end of the nuclear syllable. In both types of sentences, we observe low

boundary tones.

pos pos
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Figure 1. Waveforms and fundamental frequency contours of yes-no question Que I’hi volia moldre? [k li vu/lio 'moldra]
(‘Did s/he want to grind it for him/her?"), left panel, and wh-question Qué li volia moldre? (‘What did s/he want to grind for
him/her?”) [ ks li vu,lis 'mo]dra], right panel.

This difference in pitch height of the leading tone H in the nuclear accent for yes-no questions

has been described not only for Majorcan Catalan but also for other varieties of Catalan like

! Majorcan Catalan is a dialect of Catalan spoken in Majorca, the largest island of the Balearic Islands,
with a population of 750,000 inhabitants. Majorcan Catalan is a member of the Eastern Catalan dialect
group, together with the other Balearic subdialects (Minorcan, Ibizan and Formenteran Catalan), Central
Catalan, Rossellonese and Alguerese.
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Minorcan Catalan (Mascar6 i Pons, 1986) and Eivissan Catalan (both subdialects of Balearic
Catalan) (Figure 2), as well as Tarragonese Catalan, a subdialect of Central Catalan (Bonet i
Lloret, 1988; Prieto, 2001). In Minorcan Catalan, Eivissan Catalan and Tarragonese Catalan,
this tonal characteristic usually goes hand in hand with the unaccented interrogative particle
que. According to Moll (1971) this interrogative particle gue comes from the phrase /és que...?
(as in French est-ce que...?).> According to Mascaré i Pons (1986), the particle gue is an
interrogative marker that is very common in colloquial speech, and whose existence does not
provoke a conflict with the interrogative particle gue (‘what”), since the two particles display
different intonation patterns. However, only in Majorcan Catalan do the pair made up of yes-no
question and wh-question represent a minimal pair. That is, the two sentences in Figure 1 are

homophonic at the segmental level. This is not true in other varieties of Catalan, in which the

accented interrogative particle qué is pronounced ['ke] while the unaccented interrogative

particle que is pronounced [ko]. Moreover, wh-questions like yes-no questions, are

characterized by a falling nuclear accent H+L* in Majorcan Catalan. Thus, in Majorcan Catalan,
que (‘what’) and gue (‘that’) do not produce different tonal contours. This is the reason why
Majorcan Catalan provides a good test case to show that pitch height is not necessarily related
to paralinguistic variation but can also play a decisive role in differentiating two different

utterance types, in this case, yes-no questions and wh-questions.

H+L™ L-L%

Que Thi duries?

{m0 100 150200250 300350 400450500 550600 650700750 BD0E5S0D 950000050 100150 2002503

Figure 2. Waveforms and fundamental frequency contours
of the yes-no question Que [’hi duries? [ko li Ou'rios]
(“Would you take it to him/her?”) in Ibizan Catalan.

Although pitch height variation has been assumed to be paralinguistic by the standard
Autosegmental-Metrical (AM) model (Pierrechumbert, 1980; Pierrchumbert and Beckman,
1988), that is, it exclusively expresses differences in emphasis or prominence, some studies
have shown that the difference in pitch height might also trigger categorical effects. Ladd and
Morton (1997) applied the Categorical Perception paradigm (CP) to a contrast between two

? See Rigau and Prieto (2005) for a syntactic and prosodic description of Catalan yes-no questions headed
by interrogative marker que.
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pitch-accents in English, the normal high accent and the emphatic extra high accent. Evidence
was found for a shift between these two categories in identification but a related discrimination
peak was not. As the main assumption of classical CP is that discrimination is easier at the
category boundary and more difficult within categories, they concluded that this contrast was
not categorically perceived. From the results of Ladd and Morton (1997), Chen (2003) argued
that the absence of peak discrimination might be related not to the inexistence of categorical
perception but rather to a hypothetical unsuitability of the CP paradigm as applied to a pitch
height contrast. Thus, Chen (2003) proposed an alternative method to examine the nature of two
intonational contrasts between normal high accent vs. emphatic high accent and early peak
alignment vs. late peak alignment, which she called the Reaction Time (RT) measurement.
Noting that mean RT was shortest for within-category identification and longest for across-
category identification only for the peak height continuum and not for the peak alignment
contrast, and basing herself on previous studies (Pisoni and Tash, 1974), Chen concluded that
this pitch height contrast is discrete. Face (2004) carried out a gating perception experiment to
examine the disambiguating role of intonation in the perception of two sentence types in
Castilian Spanish. It was found that the different scaling of the first FO peak between
declaratives and absolute interrogatives is the cue that leads to 95% accuracy in the perception
of sentence type in Castilian Spanish. Prieto (2003) studied the effects of sentence type on
scaling variation of the first pitch accent peak in Castilian Spanish, and found evidence that
pitch height is not solely related to paralinguistic variation, since sentence-type information also
has a strong effect on H1 scaling in Spanish. In a production and a perception experiment,
Calhoun (2003) found that themes and rhemes in English are marked by distinctive pitch

accents and that the most reliable cue to the theme and rheme accents is pitch height.

1.2. Goals of the study

This study addresses the question of how differences in pitch height can be related not only to
paralinguistic meaning but also to linguistic meaning. Majorcan Catalan provides a good test
case to show this because it offers pairs of phrases that are homophonic at the segmental level
and in which prosodic events play an important role in disambiguating them. The first goal of
the study is to investigate the nature of the falling nuclear accent (H+L*) that characterizes both
yes-no questions and wh-questions in Majorcan Catalan as well as the acoustic properties of the

two interrogative particles que (‘that’) and gque (‘what’) through a production study.

A second goal of the study is to test through an experimental procedure based on the
Categorical Perception paradigm (CP) whether listeners make categorical linguistic use of FO

scaling differences in the pretonic nuclear syllable in perceiving yes-no questions as opposed to
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wh-questions in Majorcan Catalan. The prediction is that if listeners’ perception of differences
in pitch height is categorical, that will mean that pitch scaling has a phonological character in

Majorcan Catalan interrogatives.

Finally, since asymmetries have been reported repeatedly in the literature in the application of
CP to intonational contrasts, a third goal of the study is to test if such asymmetries are present.
It is predicted that these effects occur such that it will be easier to discriminate between a pair of
stimuli when the direction of change is upwards than when it is downwards (Ladd and Morton,

1997; Remijsen and van Heuven, 1999; Falé and Faria, 2006; Cummins et al. (2006).

1.3. Methodology

1.3.1. The Categorical Perception (CP) paradigm

Different experimental approaches have addressed the question of whether a tonal difference
has phonological categorical effects. One of the most common methods to examine the nature of
tonal contrasts has been the Categorical Perception paradigm (CP). The CP paradigm has been
applied to differences in peak alignment (Kohler, 1987; D’Imperio and House, 1997; Chen,
2003) and to differences in pitch height in both tonal languages (Francis et al., 2003; Francis
and Ciocca, 2003) and intonational languages, for boundary tones (Remijsen and van Heuven,
1999; Post, 2000; Schneider and Linftert, 2003; Cummins et al., 2006; Falé and Faria, 2006)
and for pitch accents (Ladd and Morton, 1997; Chen, 2003).

The CP paradigm is a particular two-fold experimental methodology which has come to be used
to investigate how we manage to extract what is linguistically meaningful from the variability of
the acoustic signal. This method involves, first, a classification task in which the listeners have
to categorize stimuli taken from a continuum by giving them phoneme labels, and secondly, a
discrimination task in which listeners are asked to judge pairs of stimuli as being either same or
different. The results expected are shown in Figure 3. The functions of responses to the
classification task have an S-shape, i.e. an abrupt shift from one category to the other rather than
a gradual transition. Figure 3 also shows the idealized discrimination function (dashed line). If
perception is categorical, discrimination between stimuli is much more accurate between
categories than within them. In order for perception to be regarded as truly categorical, the

accuracy of discrimination has to be predicted from the results of the classification task.
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Figure 3. Idealized identification and discrimination functions.

Liberman et al. (1957) were the first to apply this method to speech perception. They created an
acoustic continuum that varied across voiced consonants b, d, g in the extent and direction of
the second formant transitions. In the identification task, they found that the stimulus continuum

was divided into “three sharply bounded phonemic categories”. In the discrimination task, they
reported an important difference between the subjects: “[...] the data obtained with this S are
not all so neat and striking as the particular examples chosen, and some of the other Ss were
more variable, especially in their responses to the discrimination task [...]”. However, they

concluded from the inspection of the data that those stimuli to which were attached different
phonemic labels were more consistently discriminated between than those which were put
within any one category. Thus, they obtained a discrimination peak of approximately 75%
correct discrimination between stimuli separated by only one step in the continuum compared
with 100% correct discrimination in two-step and three-step discrimination curves. This was
only for a single subject CD. Finally, they compared obtained and predicted discrimination and
concluded that discrimination curves predicted well the “occurrence and location of points of
high and low discriminability in the obtained functions”, but that subjects tended in general to

discriminate between the stimuli better than had been predicted.

1.3.2. The CP applied to intonational contrasts

The CP paradigm has been applied not only to consonantal feature contrasts but to vowel
feature contrasts too. It is well-known that there is a clear difference in degree of categorical
perception between consonants and vowels, especially for those features related to the
perception of stop consonants. According to Gerrits and Schouten (2004), who also quote Pisoni
(1973), Pisoni (1974) and Tartter (1981), this difference may be due to differences in cue
duration. The essential acoustic cues for stop consonants are rapidly changing formant
transitions and a brief noise burst; in contrast, vowels are assumed to remain uniform over a

much longer duration. This difference in cue duration has an effect on the availability of
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auditory memory for these two classes of speech sounds. According to Pisoni (1973) and
Fujisaki and Kawashima (1971), discrimination may be performed either in an auditory mode or
in a labeling mode (in the terminology of Gerrits and Schouten). The auditory mode only uses
bottom-up stimulus information, whereas in the labeling mode a subject has to categorize the
stimuli and then discriminate between the pair of stimuli based on the categories to which he
has previously assigned the stimuli. In the case of consonants, the discrimination would be
performed in a phonetic mode, since the change is too fast to allow an auditory comparison.
This is not the case for vowels, however, which are perceived less categorically. The results of
Pisoni (1973) and Schouten and van Hessen (1992) suggested that this low degree of categorical
perception of vowels could be due to the nature of the stimulus material, which had been
modeled on production in isolated words. Gerrits and Schouten (2004) hypothesized that, in
running speech, temporal reductions and more complex spectral coding of the vowel would
make vowel perception more categorical. For that reason, they studied the difference in
perception between vowels spoken in isolated words and in a read text; however, they obtained

no categorical perception in either condition.

Not much is known about the case that we are dealing with, namely the appropriateness of
applying the CP paradigm to intonational contrasts. Kohler (1987) applied the paradigm to
differences in peak alignment in German contours and concluded that the phenomenon of
categorical perception also applied to the field of prosody. D'Imperio and House (1997) used the
identification task to determine whether the primary cue in distinguishing interrogatives from
declaratives in Italian involves only the alignment of the high level target with the syllable or if
the category percept also depends on the presence of a rising or falling melodic movement
within the syllable nucleus. Since the purpose of this experiment was not to determine if this
contrast was categorical (they were actually two different categories) but rather what the
primary cue was for questions and statement in Neapolitan Italian, the appropriateness of using

this method to study intonational contrasts was not assessed

The CP paradigm has also been applied to differences in pitch height of boundary tones.
Remijsen and van Heuven (1999) illustrated the application with a well-known intonational
contrast in Dutch between a final fall (H*L- L%) and a final rise (H*L- H%). They interpreted
the results as clearly showing CP for L% vs. H%. They concluded that tonal dimensions can be
perceived categorically and that the CP technique is sensitive enough to determine categoriality
in tonal dimensions. Post (2000) tested the hypotheses that there is a categorical distinction

between H*0%" and H*H% in French and that changes in timing and pitch direction in IP-final

? According to Post (2000), H*H%, H*0% and H*L% represent Intonation Phrase final high rising, rising,
and rising-falling movements respectively.



18

rises are gradient by applying the CP method. For that purpose, and following Gussenhoven
(2004), Post (2000) used as well as the test continua, two control continua, that is, one
continuum which was unequivocally continuous and another which was unequivocally discrete.
She obtained mixed results. On one hand, the identification scores for the hypothesized
categorical continuum appeared to reflect categorical perception, but the cross-over point in the
identification function did not correspond to the discrimination peak. On the other hand, the
results for the other continua all pointed towards gradient variation, even the continuum in
which variation was undoubtedly categorical. Thus, she concluded that these mixed results may
indicate that the identification results were task induced (subjects may have made an exclusively
acoustic and not a linguistic decision) and that a discrimination task may not be suitable for the
investigation of the intonational contrasts tested. Schneider and Linftert (2003) examined the
contrast between low (L%) and high (H%) boundary tones between statements and questions in
German. The curve for the identification function showed a clear S-shape with a clear crossover
from one category to the other within 5 steps along the continuum. However, the discrimination
function agreed with neither the notion of continuous perception, nor CP, since there was a
plateau that correlated to a low but significant degree with a broad crossover in identification.
According to Schneider and Linftert (2003), the results suggested that high and low boundary
tones are indeed perceived categorically, but they think that the classical view of CP is not
appropriate for dealing with intonational events perhaps because intonation transmits more
information than segmental features do. Cummins et al. (2006) tested the discrimination of the
phrase-final pitch contours from statement to question in English. As they were attempting to
shed light on the relationship between discrimination sensitivity and category structure, they
used speech and non-speech stimuli. They found that on one hand the boundary between
categories did not coincide with the discrimination peak and that, on the other hand, the non-
speech stimuli were better discriminated than either of the speech stimuli. Hence, they inferred
that it is untenable to try to explain these results on the basis of the classical CP. Falé and Hub
Faria (2006) tested the categorical nature of questions and statements in European Portuguese
from the differences of boundary tones. They applied RT measurements to the identification
task. From their identification results they deduced that the contrast is indeed categorical even
though RT measurements point to continuous rather than categorical perception. The absence of
a discrimination peak in the crossover between categories supports the continuous perception
view. According to Falé and Hub Faria and as confirmed by the results of Remijsen and van
Heuven (1999) and Schneider and Linftert (2003), the CP definition needs to be modified in
order to better explain the data related to the application of CP methodology to intonational

contrasts.
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In applying the CP method to a peak height contrast in English, Ladd and Morton (1997) found
that although an identification boundary occurred at a particular frequency in their stimuli, no
discrimination peak was observed at the identification boundary. As this does not agree with the
essence of the CP paradigm, they concluded that the distinction between normal high accent and
extra high accent was not categorically perceived. Chen (2003), from the results of Ladd and
Morton (1997), argued that the absence of peak could be due to the unsuitability of applying the
CP paradigm to a pitch height contrast. Thus, Chen (2003) proposed an alternative method to
the Reaction Time measurement. From the results of the application of the RT measurement to a
classification task, she concluded that the combination of this method with response frequencies
in the identification task is an effective way to distinguish the real linguistic identification

categories from task-induced identification categories.

Table I presents a summary of the studies that have employed the CP paradigm to study
intonational differences. It includes the criteria that according to Francis et al. (2003) a
continuum must fulfill in order to be considered categorical (see §2 for a more detailed
explanation). In an attempt to reformulate a new definition of CP paradigm in accordance with
the results obtained from the application of this method to intonational contrasts, we should take
into account some different points. First, it seems that, as in the case of vowels, categorical
perception is poorer in intonational contrasts than in consonants. That is inferred not only from
the discrimination results but also from the identification results. Identification results have a
clear category boundary that could be task-induced, especially when the crossover point does
not correspond to the discrimination peak. Second, as though there is not always peak
discrimination, this fact, according to Chen (2003), does not necessarily mean that a contrast is
non-categorical, some researchers propose a Reaction Time approach to test the hypothetical
discreteness of a contrast. This method is endorsed by the findings of Pisoni and Tash (1974) in
a continuum that ranged from /ba/ to /pa/. They found that RT was higher for the stimulus at the
phonetic boundary and lower within categories. Chen (2003) obtained parallel results. Third, in
attempting to provide an explanation for this difference in categorical perception between
consonantal and intonational contrasts, Schneider and Linftert (2003) have pointed out that it
could be because intonation transmits more information than segmental features do. However, it
is worth noting that both Cummins et al. (2006) and Falé and Hub Faria (2006) used shortened
stimuli to avoid problems in their discrimination task caused by auditory memory limitations.

Observe that this caution did not improve their results.
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Study Language Contrast Identification Discrimination Discrimination Other
predicts peak rate at the peak
e measurements
discrimination corresponds to
*) the crossover
point between
categories (1)
Kobhler (1987) German “Established” vs. Not applied Yes Approx. 40%
“new” vS. “different” (U
“emphatic” (peak steps),  approx.
alignment) 50% “different”
(1 step), approx.
90% “different”
(2 steps)
Ladd and Morton | English Normal high Not applied Yes Between  50%
(1997) pitch accent vs. and 60% AB hit
emphatic  high rate, approx. 20%
pitch accent BA hit rate and
(pitch height) false alarm rate
D'Tmperio  and | Neapolitan H*,  statement- Not applied Only
House (1997) Ttalian narrow focus vs. identification
L+H*, yes-no task is performed
question  (peak
alignment)
Remijsen and | Dutch Final fall, Yes Yes Approx. 80% AB
van Heuven H*L-L% vs. final hit rate, approx.
(1999) rise, H*L-H% 40% BA hit rate,
(pitch height, approx. 60% (AB
boundary tones) and BA hit rate
averaged),
approx. 20%
(false alarm rate)
Post (2000) French H*0% vs. H*H% Not applied Only in one of Between 25-75%
(pitch height, the five continua | “different”
boundary tones) tested
and variation in
timing and pitch
direction in IP
final rises
Chen (2003) English Normal high Not applied Only Reaction Time
accent Vvs. identification
emphatic  high task is performed
accent (pitch
height) and early
peak alignment
vs. late peak
alignment (peak
alignment)
Schneider  and | German Phrase final pitch Yes Low but Approx. 80% AB
Linftert (2003) contour, significant hit rate, approx.
statement Vs. correlation 70 to 60% BA hit
question  (pitch, rate (plateau),
height, boundary approx. 75 to
tones) 70% (AB and BA
hit rate averaged,
plateau), approx.
20 % (false alarm
rate)
Cummins et al. | English Phrase final pitch Not applied Only for one Approx. 60% in
(2006) contour, subject speech, voiced,
statement vs. hum and buzz
question  (pitch continuum
height, boundary (number of hits
tones); shortened minus number of
stimuli false alarms)
Falé and Hub | European Phrase final pitch Not applied No Approx. 50% Reaction Time
Faria (2006) Portuguese contour, (AB hit rate)

statement vs.
question  (pitch
height, boundary
tones); shortened
stimuli

Table I. Studies that have employed the CP paradigm. It includes the criteria that according to Francis et al. (2003) a continuum must fulfill in
order to be regarded as categorical —(*) and (!).
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1.3.3. CP paradigm and presence of asymmetries

The application of the CP paradigm seems to involve the presence of asymmetries that have
been found repeatedly in the application of CP to vowel perception (Polka and Bohn, 2003),
perception in intonational languages (Kohler, 1987; Ladd and Morton, 1997; Remijsen and van
Heuven, 1999; Cummins et al., 2006; Falé and Faria, 2006), perception in tonal languages
(Valter and Ciocca, 2003). Asymmetries or order of presentation effects occur such that
discrimination of a particular change in one direction is easier compared to the same change

presented in the reverse direction.

With respect to vowel perception, Polka and Bohn (2003) review studies that report
asymmetries in vowel perception in infants and propose that this data indicate that babies are
predisposed to respond differently to vowels that occupy different positions in the
articulatory/acoustic vowel space (defined by F1-F2), insofar as they perform better in vowel
discrimination when the direction of the vowel change is from a less peripheral towards a more
peripheral vowel in the vowel space. For instance, in testing discrimination of the German /u/-

/y/ and /u/-/x/ contrasts by English-learning infants’ in two age groups of 6-8 and 10-12 months,

Polka and Werker (1994) found that both 6-8 and 10-12 months olds performed better when the

direction of change was from /y/ to /u/ (rather than from /u/ to /y/) and when the direction of
change was from /y/ to /u/ (rather than from /u/-/Y/). They present new data that support their

hypothesis and compare these results with findings obtained with birds and cats. According to
them, these comparisons suggest that asymmetries evident in humans are unlikely to reflect

general auditory mechanisms.

Regarding intonational languages, asymmetries have been found in the application of the CP
paradigm to a contrast in peak alignment and to pitch scaling contrasts. Kohler (1987) applied
the CP paradigm to a contrast in peak alignment in order to show that it can be applied to pitch
contours as well as phonemic differences. From the discrimination data, he reported a strong
order effect that results, according to him, from the perceptual testing procedures. However, we
know nothing about this order effect besides the fact that it “disturbs the differentiation function
and has to be taken into account”. In tonal scaling, Ladd and Morton (1997) applied the
categorical perception task to a contrast that had been considered gradient. Their results
suggested that the normal/emphatic distinction may be categorically interpreted but not
categorically perceived. Additionally, they reported order of presentation effects in the
discrimination task. Listeners were more sensitive when the first stimulus of the pair had a
lower peak than the second. Remijsen and van Heuven (1999) also reported an order of

presentation effect in their discrimination data: when they applied the CP method to the contrast
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between (H%) and (L%) boundary tone in Dutch, they found that two different contours are
more successfully discriminated when the second one has the higher terminal pitch. Likewise,
Schneider and Lintfert (2003) tested the categorical status of high and low boundary tones in
German and reported order of presentation effects. Thus, participants were more sensitive to
stimuli pairs when the second stimulus had a higher final pitch. They concluded on this basis
that the correlation between the boundary between categories and the discrimination peak was
significant, and that this contrast had “categorical status”. Cummins et al. (2006) investigated
the discrimination of phrase final pitch contours within a continuum from statements to
questions in English. In order to clarify the relationship between linguistic categories and the
sensitivity of discrimination, they used speech and non-speech stimuli. However, the peak that
they found in the discrimination results was not related to the category boundary revealed in the
identification task. Moreover, discrimination was better for non-speech stimuli than for speech.
Asymmetrical discrimination was also reported here; pairs whose higher stimulus was the
second one were better discriminated again. They speculate that the absence of an interaction
between stimulus type and presentation order suggests that the effect may be a general property
of pitched stimuli, rather than speech specific. Falé and Faria (2005) tested the intonational
contrast between statement and question in European Portuguese on a CP based paradigm. They
found order of presentation effects when the direction of change was upwards; in that case, the

pairs of stimuli were better discriminated.

With regard to tonal languages, Francis and Ciocca (2003) argued that listeners’ auditory
discrimination of vowel sounds depends in part on the order in which stimuli are presented. In
their study, Cantonese listeners were more sensitive to a difference of 4 Hz in a linguistic tone
continuum when the first syllable was lower in frequency than the second. American English-
speaking listeners participated in this experiment in the same manner using the same stimuli but
showed no such contrast effect. A non-speech continuum was used too in which tokens had the
same fundamental frequencies as the Cantonese speech tokens but a non-speech-like timbre.
Neither English nor Cantonese listeners showed any order of presentation effects. They

concluded that tone presentation order effect may be language-specific.

There has been some debate about whether such presentation effects are language-specific or
not. At this moment it seems to be an unresolved question. However, it is clear that perceptual
asymmetries exist in other perceptual spaces like color, line orientations, and numbers (Polka
and Werker, 1004; Rosch, 1975); and geometric figures and country concepts (Tversky and
Gati, 1978). The efforts invested in clarifying whether these asymmetries are language
independent or not seem to yield contradictory results. That is, while Francis and Ciocca (2003)

did not find any order effect in the performance of the discrimination of a non-speech
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continuum by English and Cantonese listeners, in Cummins et al. (2006) the asymmetry was
demonstrated for both speech and non-speech stimuli. However, regarding the asymmetries
which have arisen in the application of the CP paradigm to pitch scaling contrasts, it seems that
all the results point in the same direction, namely that asymmetries occur in such a way that a

tonal change is easier to detect when the first stimulus is lower in frequency than the second.

14.  Outline

This study comprises four chapters. The first chapter contains this introduction, which presents
the contours studied, that is, yes-no questions and wh-questions in Majorcan Catalan, reviews
the literature regarding the categorical effects of pitch height and next, states the aims and
purposes of this study. Finally, it also contains a preliminary discussion on the implications of

applying the CP paradigm to intonational contrasts.

The second chapter presents a production experiment designed to describe the contours of yes-
no questions and wh questions in Majorcan Catalan, specifically the behavior of the two
particles gue and gue that introduce these two types of questions and the acoustic characteristics

of the falling nuclear accent that characterizes them.

Chapter three presents a perception experiment based on the Categorical Perception (CP)
paradigm which tests whether listeners make categorical linguistic use of FO scaling differences
in perceiving yes-no questions as opposed to wh-questions in Majorcan Catalan. The application
of the CP paradigm has been carried out bearing in mind the clear difference in degree of
categorical perception that seems to exist between segmental and intonational contrasts and the
conclusions which previous studies have come reached about the suitability of applying the CP
paradigm to intonational differences as well as alternative or additional measurements or

approaches.

Chapter four presents a summary of the major findings of this study and its general conclusions.
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2. Production experiment
As mentioned in §1, there are two important differences between yes-no questions and wh-
questions in Majorcan Catalan, namely a difference of accentuation in the two interrogative
particles que (‘that’) and que (‘what’) and a tonal scaling difference in the H leading tone of the
respective falling nuclear accents. Both characteristics will be investigated in this production
study in order to determine how they interact with sentence type and utterance length factors.
Five native speakers of Majorcan Catalan participated in this production experiment, reading a
total of 450 utterances split into two sentence types (yes-no questions and wh-questions) of
different lengths (from 1 to 3 pitch accents). It is expected that the presence/absence of accent in
the particles que (‘that’) and queé (‘what’) might trigger differences in pitch, vowel quality or
duration. Additionally, this production study is expected to prove the existence of a super-high
variant of the high pretonic nuclear tone in yes-no questions as opposed to a “normal” or plain

high tone in wh-questions.

2.1. Method

2.1.1. Speech materials

The corpus that has been used in this study contains utterances of 2 sentence types (yes-no
questions and wh-questions) of different lengths (from 1 to 3 pitch accents, without counting the
accent of the interrogative particle qué (‘what’), in the case of wh-questions). The database was
divided into blocks depending on the number of pitch accents of the utterances. Every block had
pairs of utterances (yes-no question and wh-question) that were identical or very similar at the
segmental level (see some examples in Table 1 below). Stressed syllables are marked in
boldface. Note that the vowel that separates the third pitch accent from the second pitch accent
(in utterances with three pitch accents) was generally elided, thus in most cases the second and

third pitch accents were in clash condition (see examples in block III, Table I).
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Yes-no questions Wh-questions
BLOCK I (1 pitch accent)
Que en va vendre? (‘Did s/he sell any of it?”) Queé en va vendre? (‘“What did s/he sell of it?”)

[kom va 'vondra] [ kem va 'vendra]

BLOCK II (2 pitch accents)
Que n’esperava vendre? (‘Did s/he expect to | Qué n’esperava vendre? (‘What did s/he expect to
sell any of it?’) sell of it?”)

[k naspe, rava 'vondrs] [ ko nospe, rava 'vondro]

BLOCK III (3 pitch accents)
Que hi volia tornar a vendre? (‘Did s/he want | Queé hi volia tornar a vendre? (“What did s/he want

to sell there again?’) to sell there again?’)

[kaj vu,lis tor na 'vendra] [ kaj vu,lis tor,na 'vendra]

Table 1. Examples of the utterances used in this experiment. Stressed syllables are marked in boldface.

Whenever possible, the words were composed of sonorant consonants (to avoid segmentally-
induced effects on the FO curve). The last word always contained the stress on the penultimate
syllable to provide more room for nuclear accent and boundary tones realization. We obtained a

total of 450 utterances (5 sentences X two types x 3 lengths x 3 repetitions x 5 speakers).

Note that the interrogative particle qué/que is stressed in wh-questions and unstressed in yes-no
questions. Since the interrogative particle qué is stressed, a pitch accent is also associated with
this syllable, whereas by contrast the unstressed interrogative particle gue is unaccented. Thus,

in our data we had a two-way contrast, that is, [+stress] [+accent] vs. [-stress] [-accent].

Consequently, if we rely solely on our test material, it is not possible to distinguish the effects of

stress from those of accent.

2.1.2. Measurements
Various measurements were performed manually, and collected by Praat software automatically

through a script into a file in .txt format.

Time measurements:

-Onset of the interrogative particles que/que (c0).

-Onset of the vowel of the interrogative particles que/qué (v0).
-Offset of the interrogative particles que/qué (c1).

-Onset of the nuclear stressed syllable (c2).

-Onset of the nuclear stressed vowel (v2).

-Offset of the nuclear stressed syllable (c3).
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-End of the utterance (end).

Pitch measurements:

-F0, and F1 and F2 of the vowel of the interrogative particles que/que (fOv0/F1v0/F2v0).
-FO peak within H+L* (fOH)

-FO minimum within H+L* (fOL).

-F0 utterance-final value (fOend).

The choice of these measurements was motivated by the goals of this study. Thus, as we were
interested especially in the tonal differences of the leading tone within the nuclear falling accent
between yes-no questions and wh-questions as well as the different acoustic characteristics that
might be triggered by the presence/absence of accent in the interrogatives particle que/qué, no
measurements related to prenuclear pitch accents were taken. This fact was favored by the
impossibility of defining the prenuclear accents in terms of peaks and valleys, and also by the
presence of clash between the second and third pitch accents in utterances of three pitch accents
caused by the elision of the preposition a (‘to’). This elision was always present in the

utterances in Block III.

Figures 1, 2 and 3 show the waveforms and FO contours of the utterances of Table I (speaker
MV), as well as landmarks for time measurements (tier 1) and landmarks for pitch

measurements (tier 2).
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Figure 1. Waveform and fundamental frequency contour of yes-no question Que en va vendre? (‘Did s/he
sell any of it? ), upper panel, and wh-question Que en va vendre? (‘“What did s/he sell of it?’), bottom panel.
Landmarks for time measurements are marked in tier 1 and landmarks for pitch measurements in tier 2.

Que n’es- pe- ra- (v)a ven- dre?

2 FOc0 FOH FOL end

Figure 2. Waveform and fundamental frequency contour of yes-no question Que n’esperava vendre? (‘Did
s/he expect to sell any of it?”), upper panel, and wh-question Qué n’esperava vendre? (‘What did s/he
expect to sell of it?”), bottom panel. Landmarks for time measurements are marked in tier 1 and landmarks
for pitch measurements in tier 2.
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Que hi vo-

li-

a

nar (a) ven-

Figure 3. Waveform and fundamental frequency contour of the yes-no question Que hi volia tornar a
vendre? (‘Did s/he want to sell there again?’), upper panel, and wh-question Queé hi volia tornar a vendre?
(‘What did s/he want to sell there again?’), bottom panel. Landmarks for time measurements are marked

in tier 1 and landmarks for pitch measurements in tier 2.

These are the criteria that were followed in order to determine these measurements:
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-FOv0. As there was clear peak in the case of neither the accented interrogative particle nor the

unaccented interrogative particle, the point for FO measurement was located at the end of the

vowel in order to avoid the rise in FO due to the presence of the voiceless obstruent [k] (Figure

4). Observe that when the interrogative particles were followed by clitics en and Ai,

interrogative particle and clitic together made up only one closed syllable. In these cases, the

final time landmark of the interrogative particle was located at the end of the syllable, not at the

end of the vowel of the interrogative particle (see Figure 5).
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Figure 4. Time and pitch landmarks
for the unaccented (left panel) and
accented (right panel) interrogative
particles for the utterances Que
n’esperava vendre? (‘Did s/he expect
to sell any of it?’) (left panel) and
Qué n’esperava vendre? (‘What did
s/he sell of it? *) (right panel).

[k oj]

Figure 5. Time
landmarks of the
interrogative

particle of the
utterance Que hi
va veure? (‘Did
s/he see?’).

-FIv0 and F2v0. The first and second formant frequencies were extracted automatically using
Praat software. By choosing the “Show formants” command and “Get first/second formant”, the

Praat software extracted the mean F1 and F2 in the vowel stretch of the interrogative particles.

-FOH. The peak did not generally present problems of location. The landmark was situated just
before the fall. Sometimes a plateau was found. When this happened, the H was placed at the

end of the plateau, immediately before the contour started to fall.
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-FOL. In the minima, the L was located just after the fall, at the point when FO falling velocity
stabilized, after the elbow. In yes-no questions it was easier to determine the L point because
there was a larger slope than in wh-questions and the change in FO velocity was more
noticeable. On the other hand, in wh-questions the fall was more progressive and the elbow was
not so clear. In these cases, the L point was located just after the inflection at the point when the

FO ceased to fall in a well-defined manner.

Automatic procedures have been used by Pierrchumbert and Beckman (1988), D'Imperio
(2000), Frota (2002) and Welby (2006) to determine L points in a more consistent manner. This
procedure consists of the use of several scripts to extract fundamental frequency, time
information and the position of the elbows. D’Imperio (2000) describes the procedure used to
calculate the position of the elbow: “[...] an automatic procedure was employed by which two
straight lines were fitted to the fO segment going from “b” to FOmax [two reference points]. The
parameters of the two linear models were estimated by means of conventional linear least-
squares methods. To estimate the elbow position, i.e., the intersection of the two fitted lines, two
linear regressions were computed for each possible elbow location [...]”. Though automatic
procedures have not been used here, since the L points were not the focus of this study, future
research comparing the detection of L points in falling accents by hand and automatically is

planned.

2.1.3. Speakers and experimental procedure

Five speakers of Majorcan Catalan, two females (MC and MV) and three males (AB, AC and
FF) read three repetitions of the three blocks of utterances. Utterances were ordered within each
block so that minimal pairs were never grouped together. In order to facilitate the reading and
interpretation of the utterances by the speakers, each test question was answered verbally by the
author of this study (see Appendix for full list of questions and answers). Speakers were asked
to read the utterances at a normal speech rate and avoid marked readings. This was necessary
because when they realized that there were pairs of utterances that were exactly identical except
for the particle que/que, speakers sometimes tried to unnaturally mark the difference between
both particles. In such cases, subjects were asked to repeat the utterance and try to avoid the
marked reading. Speaker AC had a low FO, with the result that some contours were not perfectly
obtained. This made it difficult for Praat to collect L points. As a consequence, seventeen
utterances by this subject were eliminated from the database. The final database under analysis

thus contained a total of 433 utterances.
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Speakers were recorded on a TASCAM TEAC Professional Division digital audio tape recorder
and a SHURE PG81 microphone. The recorded utterances were digitized at a 44100 sample rate

using Goldwave software.

2.1.4. Statistical analyses and graphing methods
Non-parametric tests were used because general assumptions regarding the data for using
parametric tests were not fulfilled, that is: 1) the variables in our data set violate the normality

assumption; and 2) the sample size is small (5 subjects).

The following variables were analyzed to see how they interacted with sentence type (yes-no
question or wh-question) and/or utterance length (1-3 pitch accents): 1) duration, FO, F1 and F2
of the vowel of the interrogative particle que/qué; 2) FO peak and FO minima within nuclear

accent H+L*; 3) duration of the nuclear stressed syllable.

The following statistical tests were used (see Blalock, 1979 for an explanation of non-

parametric statistics):

—In order to test how sentence type affects the variables listed above, a Wilcoxon matched pairs
signed rank test was carried out. It is a non-parametric alternative to the paired Student’s t-test

for the case of two related samples or repeated measurements on a single sample.

—To test if utterance length affects these variables within the same utterance type, a Friedman

test was used. It is a multiple testing technique similar to parametric ANOVA.

Box plots were used as a graphing method because they provide a visual summary of many
important aspects of the distribution. Each one of the horizontal lines represents an important
number related to the data set. The first and last lines (lowermost and uppermost) are drawn at
the lowest and highest data values. The three lines that make up the box are drawn 25%, 50%,
and 75% of the way through the data, and together are called a five-number summary (Figure
6).

The middle line represents the median, that is, the middle value of the distribution. The
lowermost line is the twenty-fifth percentile of the data, called the first or lower quartile. The

lower quartile is the median of the first 50% of the data. The uppermost line is the seventy-fifth
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percentile of the data, that is, the third or upper quartile. It is the median of the last 50% of the

data. Therefore, the box contains the middle half of the scores.

The interquartile range (IQR) is defined as the difference between the third quartile and the first
quartile. Outliers with values between 1.5 x IQR and 3 x IQR are represented by “0”. Outliers

with values greater than 3 x IQR are represented by “*”’.

outlier that is greater
* ¢ than 3 x IQR

outlier between 1.5 x IQR
and 3 x IQR

¢ highest data value
T 3rd quartile

A

<4—— median

<——  lstquartile

J‘ +— lowest data value

Figure 6. Schematic representation of a box plot with the five-number summary.

2.2.  Results

2.2.1. Phonetic realization of particles que/qué

2.2.1.1. Fundamental Frequency (F0)

As noted above, since no peak could be visually identified either in the case of the accented
interrogative particle (wh-questions) or in the unaccented interrogative particle (yes-no

questions), the point for FO measurement was located at the end of the vowel in order to avoid

the rise in FO due to the presence of the voiceless obstruent [k]. Figure 7 shows the box plots of

FO for the vowel [a] of the particle que/qué in yes-no questions (grey boxes) and wh-questions

(white boxes) for the five speakers that participated in the experiment. Observe that there is an
important difference between median FO points of the interrogative particle between yes-no
questions and wh-questions for the five speakers separately. In yes-no questions the
interrogative particle has a lower FO median and in wh-questions, a higher FO median. This
difference in the FO median for the vowel of the particle que/que is 20 Hz for speaker AB, 30
Hz for speaker AC, 16 Hz for speaker FF, 14 Hz for speaker MC and 29 Hz for speaker MV.
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Figure 7. Box plots of FO for the vowel [o] of the
interrogative particles que, yes-no questions (grey
boxes) and queé, wh-questions (white boxes) for all
speakers.

The five graphs in Figure 8 show the box plots of FO for the vowel [9] of the particle que/qué in

yes-no questions (left-hand boxes) and wh-questions (right-hand boxes) for each of the five

speakers, broken down into different utterance lengths (1-3 pitch accents).
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Figure 8. Box plots of FO for the vowel [o] of the interrogative particles gue, yes-no questions (left-hand

boxes) and que, wh-questions (right-hand boxes) in utterances of different lengths (1 pitch accent in dark
grey, 2 pitch accents in light grey and 3 pitch accents in white) for each speaker.

Results of the Wilcoxon matched pairs signed rank test and Friedman test (Table 11) revealed
highly significant effects of sentence type on FO of the vowel of the interrogative particle
(p=0.000) for all the speakers. Moreover, speakers AB, AC and MC showed a significant
tendency in wh-questions to anticipate the length of the utterance by beginning higher if the
utterance was longer (presumably to avoid the pitch falling much lower) and lower if the
utterance was shorter. This anticipation occurs also in yes-no questions, though for only two
speakers (AB and MC). Evidence for this idea was presented by Hart (1979), Cooper and
Sorensen (1981) and Rialland (2001), who report an influence of phrasal length on the scaling
of the initial FO peaks. This production mechanism in which the speaker would take into
account the length of the utterance on producing the initial peak is called global preplanning, as
opposed to local preplanning, in which peaks would be constant in a given position regardless

of utterance length.
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Sentence length
F0 vo Sentence type
Yes-no Wh-

questions | questions
AB p=0.000* p=0.002* | p=0.041%*
AC p=0.000* P=0.607 | p=0.016*
FF p=0.000* P=0.165 p=0.395
MC p=0.000* p=0.002* | p=0.002%*
MV p=0.000* P=0.627 p=0.819

Table 11. P-values of the Wilcoxon matched pairs signed rank test (testing the effect of
sentence type on FO of the vowel of the interrogative particle) and Friedman test
(testing the effect of utterance length on FOv0) for each speaker. *Statistically
significant at 0.05 level.

2.2.1.2. Duration

Figure 9 shows the box plots of duration of the vowel of the particle gue/qué in yes-no questions
(grey boxes) and wh-questions (white boxes) for the five speakers that participated in the
experiment. The graph shows that there is sometimes an effect of duration depending on
whether the interrogative particle is accented or unaccented. Thus, when the interrogative
particle is accented the vowel tends to be longer, and shorter when it is unaccented. This effect
seems to be optional, however, since only for speakers AC, FF and MC is this lengthening
effect significant at p=0.000. From the results of Astruc and Prieto (2006) and Prieto and
Ortega-Llebaria (2006), it can be said that this lengthening effect may be related to the presence

or absence of stress, as opposed to accent. Thus, stressed syllables would be longer than

unstressed syllables. Remember that in our data we had a 2-way contrast, that is, [+stress]

[+accent] vs. [-stress] [-accent]. Consequently, it was not possible to differentiate the effects of

stress from those of accent.
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Figure 9. Box plots of duration of the vowel [o] of the
interrogative particles que, yes-no questions (grey
boxes) and qué, wh-questions (white boxes) for all

speakers.

2.2.1.3. Vowel quality (F1/F2)

Sentence type
W ves-no questions
O wh-questions
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The two graphs in Figure 10 show the box plots of F1 (left panel) and F2 (right panel) for the

vowel of the particle que/qué in yes-no questions (grey boxes) and wh-questions (white boxes)

for all the speakers. The graphs reveal that, depending on whether they are accented or

unaccented, vowels display a difference in quality. This quality difference manifests itself in an

increment of F1 median for the accented particle (wh-question), while F2 values are generally

more similar. On the basis of these results, one can conclude that the difference in quality

between the vowel of accented and unaccented particles could be due to a different opening of

the vocal tract, with the tract more fully open in the case of the accented/stressed vowel than in

the case of the unaccented/unstressed vowel.
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Results from the Wilcoxon matched pairs signed rank test (Table 1) for each speaker

individually confirm a significant effect of sentence type on the F1 of the vowels of the

interrogative particle for all speakers except speaker AC, but not on the more consistent F2.

F1/F2v0 Sentence type Sentence type
F1 F2
AB p=0.004* p=0.286
AC p=0.052 p=0.518
FF p=0.001* p=0.791
MC p=0.000* p=0.623
MV p=0.000* p=0.875

Table 111. P-values of the Wilcoxon matched pairs signed rank test (testing the
effect of sentence type on F1/F2 of the vowel of the interrogative particle) for
each speaker. *Statistically significant at 0.05 level.

2.2.2. Phonetic realization of the nuclear pitch accent

2.2.2.1. Start of the fall or H leading tone

Figure 11 shows the box plots of FO at the start of the fall within the falling nuclear accent

H+L* in utterances of different lengths (1 to 3 pitch accents) for yes-no questions (left-hand

boxes) and wh-questions (right-hand boxes). Note that although there is evidence that utterance

length affects the H pitch height value, the H pitch value of yes-no questions is always higher

than that of wh-questions.
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Figure 11. Box plots of H FO within the nuclear accent
H+L* for yes-no questions (left-hand boxes) and wh-
questions (right-hand boxes) in utterances of different
lengths (1 pitch accent in dark grey, 2 pitch accents in
light grey and 3 pitch accents in white) for all speakers.

The five graphs in Figure 12 that plot the results for individual subjects suggest that this
utterance-length effect is greater for wh-questions (right-hand boxes) than for yes-no questions
(left-hand boxes), since this effect is constant for wh-questions over all subjects but not for yes-
no questions. In wh-questions, on the basis of evidence for preplanning for three of the five
speakers, I claim that this interaction between length and H pitch height could be due to the
presence of downstep. However, as the goal of this study was not to study the behaviour of
prenuclear pitch accents, pitch measurements related to the height of these accents were not
taken. Such measurements would enable us to know whether every pitch accent had a lower
pitch than the preceding pitch accent. Thus, the only evidence for downstep that we have is: 1)
the effect of utterance length on pitch value of the leading tone of the nuclear pitch accent, it
becoming much lower as the number of pitch accents increases and, 2) the raising of the starting
point proportionately to the utterance length for three of the five speakers in wh-questions and

for two speakers in yes-no questions.
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Table 1v shows the results of the Wilcoxon matched pairs signed rank and Friedman tests and

confirms that 1) there is a large effect of sentence type on the height of the value of the start of

the fall (p=0.000 for all speakers) and, 2) there is an utterance length effect on H pitch value that
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is statistically significant for all speakers in wh-questions but only for one speaker (FF) in yes-

no questions.

Utterance length
FO start of the Sentence type
fall Yes-no Wh-
questions | questions
AB p=0.000* p=0.074 | p=0.000*
AC p=0.000* p=0.257 | p=0.005*
FF p=0.000* p=0.000* | p=0.000*
MC p=0.000* p=0.091 p=0.038
MV p=0.000* p=0.057 | p=0.000%*

Table 1v. P-values of the Wilcoxon matched pairs signed rank test (testing the effect
of sentence type on H FO value within the nuclear accent) and Friedman test (testing
the effect of utterance length on H FO value) for each speaker. *Statistically significant
at 0.05 level.

Our results clearly show two points, in particular: firstly, there is an unmistakable presence of a
super-high variant of the high leading tone within the nuclear accent H+L* in yes-no questions;
and secondly, the pitch height of the leading tone in yes-no questions is less affected by

utterance length for all speakers except FF.

2.2.2.2. End of the fall or L tone

Figure 13 shows the box plots of FO for the end of the fall within the nuclear accent H+L* in
utterances of different lengths (1 to 3 pitch accents) for yes-no questions (left-hand boxes) and
wh-questions (right-hand boxes). It seems that there is a small effect of sentence type on the L
FO value, with the value being higher for yes-no questions and lower for wh-questions, but this
tendency is not constant across the subjects, as we can see in the five graphs in Figure 14. Nor is
there present a constant utterance-length effect in the L FO value. Nevertheless, it seems that
utterance length affects the L FO of wh-questions more than that of yes-no questions: the longer
the utterance, the lower the L FO—with the exception of speaker MC, who does not follow this

pattern.
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accents in light grey and 3 pitch accents in white) for each speaker.

Table V shows the results of the Wilcoxon matched pairs signed rank test and reveals that 1)
there is a statistically significant effect of sentence type on the L FO value for all the speakers
except speaker MV, and 2) there is an utterance length effect on the L FO value that is

significant only for speaker AC in yes-no questions

questions.

Number of pitch
accents

and for speakers AB, MC and MV in wh-

Utterance length
FO0 end of the fall Sentence type
Yes-no Wh-
questions questions
AB p=0.000* p=0.127 p=0.000*
AC p=0.025* p=0.017* p=0.459
FF p=0.000* p=0.165 p=0.257
MC p=0.000* p=0.420 p=0.031*
MV p=0.879 p=0.549 p=0.005*

Table v. P-values of the Wilcoxon matched pairs signed rank test (testing the effect of
sentence type on the L FO value within the nuclear accent) and Friedman test (testing the
effect of utterance length on the L FO value) for each speaker. *Statistically significant at

0.05 level.

If we compare these results with the results given in 2.2.2.1, we note two things. First, the L
point is less affected by sentence type than the H point. Secondly, generally speaking it can be
said that the effect of utterance length on the L FO point in yes-no questions is nearly null, and

in wh-questions this effect is not as constant across speakers and as pronounced as it is on the H

FO point.
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2.2.2.3. Duration of the nuclear stressed syllable

Figure 15 shows the box plots of duration of the nuclear stressed syllable for yes-no questions
(left-hand boxes) and wh-questions (right-hand boxes) for all speakers. The graph reveals no
difference in duration between the two sentence-types, except for speaker AB. During the
recording, this speaker was the one most given to an unnaturally marked reading. This

difference in duration may be a result of that.

Results from the Wilcoxon matched pairs signed rank test confirmed that there is no difference
in the duration of the nuclear stressed syllable between sentence types for all speakers except
AB (p=0.035).
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Figure 15. Box plots of duration of the nuclear stressed
syllable in yes-no questions (grey boxes) and wh-
questions (white boxes) for all speakers.

2.3.  Discussion

This production experiment shows interesting results relating to the different acoustic properties
that characterize the particles que and que that introduce yes-no questions and wh-questions
respectively in Majorcan Catalan and the falling nuclear accent that characterizes these two
different types of questions. Regarding interrogative particles, measures of F0O, vowel quality
and duration were taken for the vowel of the particles. The results revealed differences in FO

and vowel quality (F1) and optional differences in duration between the vowels of the
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stressed/accented particle gue (‘what”) and unstressed/unaccented particle gue (‘that’). Thus, the
stressed/accented interrogative particle has a higher mean pitch than the stressed/unaccented
particle. As emphasized above, it is not possible to distinguish the effects of stress from those of
accent purely on the basis of this test material. Therefore, it is on the basis of other studies
(Astruc and Prieto, 2006; Prieto and Ortega-Llebaria, 2006) that we can claim that this
difference in pitch is due to the presence of accent. In wh-questions evidence was found for
significant anticipatory raising for three of the five speakers and in yes-no questions for two of
the five speakers. Anticipatory raising occurs because speakers anticipate the length of the
utterance by beginning higher when the utterance is longer and lower if the utterance is shorter.
This allows us to see that a speaker would plan the height of the initial FO peak (in wh-
questions) but also the height of the utterance-initial FO values (in yes-no questions) depending
on the utterance length or number of pitch accents in the utterance. This raises the question of
whether speakers plan FO contours at a phrase level (i.e. utterance length is a determining factor
in initial pitch height) or at a more local level (they proceed accent-by-accent). Our results
follow previous findings in reporting that speakers begin more or less high depending on the
utterance length (Hart J., 1979; Cooper and Sorensen, 1981; Rialland, 2001). By contrast, other
researchers have reported no utterance length effect on peak values (Thorsen, 1982; Liberman
and Pierrechumbert, 1984; van den Berg et al., 1992; Prieto et al., 1996). These contradictory
results can be applied to tonal languages, in which evidence has been found for correlation
between utterance length and height of the initial peak in Snider (1998) and Rialland (2001), but
not in Lindau (1986), Connell (2003) and Connell (2004). However, the fact that interaction of
utterance length on initial FO values is statistically significant for only three of the five speakers
in wh-questions and for two speakers in yes-no questions shows that global preplanning has to
be interpreted as soft preplanning (Liberman and Pierrechumbert, 1984), that is, an option that
speakers may use but that is not essential as a production mechanism. In Liberman and
Pierrehumbert’s terms, hard preplanning stands for “processing that is an essential part of
intending to say something and that normally needs to be accomplished before executing that
intention”, while soft preplanning means “the sorts of preparation that a speaker may freely
choose to make, out of rational calculation, ritual observance, or any other cause, and that might
well be omitted for a linguistically equivalent utterance under other circumstances”. This
optional character that seems to be involved with soft preplanning, expressed also in speaker
variation within languages in Prieto et al. (2006), is what might have caused the contradictory

results that mentioned above.

Optional differences in duration between the vowel of stressed/accented and
unstressed/unaccented interrogative particles were found. That is, the vowel is longer when the

interrogative particle is accented and shorter when it is unaccented. This effect is statistically
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significant for only three of the five speakers. On the basis of other studies (Astruc and Prieto,
2006; Prieto and Ortega-Llebaria, 2006), we can infer that this difference in duration is triggered

by the presence or absence of stress.

An increment in F1 value but not in F2 value was found in the vowel of the accented
interrogative particle. This difference in F1 seems to be an acoustic correlate of stress
differences and seems to be caused by a difference in the degree of openness of the vocal tract,
it being more fully open in the case of the stressed vowel than in the case of the unstressed
vowel. Evidence for differences in vowel quality brought about by varying openness of the

vowel tract as an articulatory correlate of stress is presented in Beckman and Edwards (1991).

Effects of sentence type and utterance length on pitch height of the leading tone H of the nuclear
accent H+L* are significant across speakers. Values of the FO peak are higher for yes-no
questions than for wh-questions. This causes us to consider the unmistakable presence of a
super-high variant of the high leading tone within the nuclear accent H+L* in yes-no questions.
The interaction between length and H value of the nuclear accent, with the FO H value being
much lower as the number of pitch accents increases, confirms what the results regarding the
effect of utterance length on the FO of the vowel of the interrogative particles suggested,
namely, the existence of downstep. This interaction between length and H is higher in wh-
questions than in yes-no questions. It is not only the presence of the super-high variant of the
leading tone H but also a sort of blocking of the downtrend that could be interpreted as contrast
enhancement between yes-no questions and wh-questions in Majorcan Catalan. These strategies
would facilitate the perception of L tone in yes-no questions; otherwise the L tone might be

misinterpreted from a downstepped or plain H.

By contrast, the L point is less affected by sentence type than the H point. That is what would be
expected if the purpose of the upstepped H leading tone is to clarify and to disambiguate yes-no
questions from wh-questions. The effect of utterance length on the L FO point is small and not
significant across all speakers and sentence types; thus, it is nearly null in yes-no questions and

lower than the H FO point in wh-questions.

Finally, our results revealed no difference in duration between the two sentence-types in terms
of the nuclear stressed syllable. Only one subject produced longer nuclear syllables in yes-no
question than in wh-questions. However, this speaker displayed a tendency to read very
markedly with a very unnatural vocalization. This suggests that the results for this speaker

should be interpreted with caution.
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3. Perception experiment
This chapter reports a perception experiment based on the Categorical Perception (CP)
paradigm (CP) which tests whether listeners make categorical linguistic use of FO scaling
differences in the height of the pretonic of the falling nuclear accent in perceiving yes-no
questions as opposed to wh-questions in Majorcan Catalan. The application of the CP paradigm
has been carried out bearing in mind the clear difference in degree of categorical perception that
seems to exist between segmental and intonational contrasts and the conclusions which previous
studies have reached about the suitability of applying the CP paradigm to intonational
differences as well as alternative or additional measurement tools. Furthermore, there have been
considered the two criteria that the results of the application of the CP paradigm should fulfill in
order to be considered categorical, namely, that identification proportions should predict
discrimination accuracy and that discrimination peaks should correspond to the location of the
category boundaries determined by identification. Thus, in the identification task, in addition to
response frequencies mean Reaction Times (RT) will be measured. The obtained and predicted
discrimination functions will be compared through statistical analyses. Results will be analyzed
according to the subjects’ gender and musical background in order to see if these factors play

any intervening role.

3.1. Method

There have been several different experimental approaches to address the question of whether
variation in pitch range or pitch alignment is a phonologic or a phonetic contrast (Gussenhoven,
2004). The first method, the imitation task, was applied to investigate the contrast between
L*+H and H*+L in American English (Pierrehumbert and Steele, 1989). Subjects were asked to
reproduce stimuli from a continuum in which the timing of the peak was varied systematically.
The results showed the inability of the subjects to do so. Instead, subjects grouped their
productions within one of the two intonational categories. The contrast was therefore discrete.
Dilley and Brown (to appear) also used an imitation study to investigate the importance of
relative FO level differences for phonological distinctions. Participants heard synthetic versions
of the sentence Some lemonade where the FO contours across /e- and mon- were replaced with
flat FO patterns, thus removing within-syllable cues to FO extremum type and timing. The FO
levels of le- and mon- were manipulated towards one another. Participants produced FO peaks
and valleys on syllables which had flat FO patterns in the stimuli. They concluded that the
relative FO levels of successive syllables are more important to intonational phonological
representations than FO shape attributes on individual syllables. Redi (2003) applied this method
to a synthetic speech continuum in which a FO maximum and minimum were shifted in 25 ms

through a target two-syllable sequence with a WS or a SW stress pattern. She concluded that
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there is a categorical effect for this particular acoustic continuum and claimed the distinction
between the H+L* and H* accents proposed by the AM model. The second method, the pitch-
range task, was adopted to address the difference between the high and the low rises in Dutch
(Gussenhoven and Rietveld, 2000). Listeners had to rate stimuli with different pitch ranges on a
number of semantic scales whose meaning varied with pitch range. The results showed that the
high and the low rises present discretely different contours. The third method, the semantic task,
is closely related to the fourth one. According to Post (2000), there are three different ways in
which the subject can interpret an intonation contour: s/he can rate it on a semantic scale
(Uldall, 1964), either as a yes/no decision about the appropriateness of a given meaning (Bartels
and Kingston, 1994), or as a judgment of acceptability in a particular context (Caspers, 1998).
According to Post (2000), this method does not really ensure that a given contrast is discrete,

since gradient variation can also be meaningful.

In the fourth method, the Categorical Perception paradigm, subjects perform two tasks: an
identification task and a discrimination task. In the identification task, participants listen to
randomly ordered stimuli constructed from a continuum and judge which of two categories each
stimulus represents. In the discrimination task, the participants listen to the stimuli again, but
this time they are asked to identify the test stimulus in terms of a paired reference stimulus. In
the pair-wise AX task, the participants hear the test stimulus and a single reference stimulus,
and decide whether the two stimuli are two instances of the same stimulus or are different
stimuli. The patterns of results expected are shown in Figure 1. The functions of responses to
the identification task have an S-shape, i.e. an abrupt shift from one category to the other rather
than a gradual transition. Figure 1 also shows the idealized discrimination function (dashed
line). If perception is categorical, discrimination is easier when it straddles the boundary
between the categories than within categories (i.e. between stimuli that have been identified as
members of the same category). A stimulus continuum is typically considered categorical if
listeners’ responses match two criteria (Francis et al., 2003): first, identification proportions
should predict discrimination accuracy (Liberman et al., 1957); second, peaks of discrimination
should correspond to the location of the category boundaries determined by identification (Repp
et al., 1979). Discrimination results are predicted through a formula taken originally from
Liberman et al. (1957) and the boundary between categories in sigmoid response curves are

calculated by probit analysis (Finney, 1971).
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Figure 1. Idealized identification and discrimination functions.

3.1.1. Stimuli

One token of the yes-no question Que [’hi duries? (‘Would you take it to him/her?’) and one
token of the wh-question Que li duries? (“What would you take him/her?”) were produced by a
24-year-old native female speaker of Majorcan Catalan. The two tokens are homophonic at the
segmental level. In the yes-no question token the leading tone was 263 Hz while in the wh-
question token it was 203 Hz. A linear stylization of the rising-falling movement was carried
out. Three points were interpolated: a point at rising onset L1, a point at the peak H, and a point
at the falling offset L2. L1 was aligned in both tokens with the onset of the syllable DU, H with
the offset of the vowel of the syllable DU, and L2 with the offset of the vowel of the syllable RI.
From these two base tokens, ten stimuli were created by means of PSOLA synthesis. Five
stimuli were created by shifting the peak downwards from the yes-no question token in four
steps of 15 Hz each (Figure 2, left panel) and another five stimuli by shifting the peak upwards

from the wh-question token in like fashion (Figure 2, right panel).

Hz Hz

263 Hz

Fundamental Frequency (FO0)
Fundamental Frequency (F0)

: .
5 u e i 0 u r i

Figure 2. Schematized creation of the stimuli from yes-no question base stimulus (left panel) and wh-question base
stimulus (right panel).
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3.1.2. Tasks and experimental procedures

Subjects were seated at a laptop in a quiet room and the stimuli were played back through
headphones. The perception test was played by means of PERCEVAL, software for performing
computerized auditory and visual perception experiments, which also records the RTs. As we
were interested in RT measurements, the listeners were instructed to maintain their hands near
the keyboard and to press the keys as fast as they could, but never before the end of the
utterance. The identification task preceded the discrimination task and there was no break
between the two tasks. In both tasks, subjects were given written instructions about how they
were to respond. There was a practice block before both the identification and the

discrimination test blocks. The test lasted approximately 30 minutes.

3.1.2.1. Identification task

The materials for the identification task consisted of 5 repetitions of each of the 10 stimuli (five
stimuli from the yes-no question base stimulus and five stimuli from the wh-question base
stimulus). These 50 stimuli (10 stimuli x 5 repetitions) were presented in blocks of 10 in random
order. The first block constituted the practice block. There was no break between the blocks.
The subjects were asked to respond after each stimulus according to how they would answer the
question in a real situation. In other words, if they perceived the yes-no question Que [’hi
duries? (“Would you bring it to him/her?’) they were to press the “S” key on the keyboard (for
Si= “Yes”), whereas if they perceived the wh-question Que i duries (“What would you bring
him/her?’), they were to press the “A” key (for Aixo= “That”).

3.1.2.2. Discrimination task

The materials for the discrimination task consisted of pairs of stimuli taken from the
identification task. Eight pairs of stimuli were created in AB order (four from the yes-no
question base stimulus and four from the wh-questions base stimulus): step 1 + step 2, step 2 +
step 3, etc. Eight pairs of stimuli were created in BA order (four from yes-no question base
stimulus and four from wh-questions base stimulus): step 2 + 1, step 3 + 2, etc. Additionally, 10
control AA pairs were created which contained two identical stimuli: step 1 + step 1, step 2 +
step 2, etc. Two repetitions of these stimuli were randomized. The practice block before the test
session was based on the yes-no question base stimulus for half the listeners and on the wh-
question base stimulus for the other half. Thus each subject heard a total of 65 stimuli (4 AB
stimuli + 4 BA stimuli + 5 AA stimuli x 2 base stimuli x 2 repetitions + one practice block of 13
stimuli—see Table I). Subjects were asked to decide whether they heard the pair of stimuli as
the same or different. If the two stimuli sounded the same, they were to press the “I” key on the
keyboard (igual—same) and if the stimuli sounded different, they were to press the “D” key

(diferent—different). The interval between the two stimuli in each pair was 0.5 seconds. The
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order of the blocks was counterbalanced, that is, half of the listeners, whose practice block was
based on the yes-no question base stimulus, started with the block based on the yes-no question
base stimulus and went on to the block based on the wh-question base stimulus and alternated
thus until they had listened to the four test blocks; the other half of the listeners heard a practice
block based on the wh-question and thereafter heard the test blocks in the reverse order relative

to the first group of subjects.

Yes-no question

Wh-question base

base stimulus stimulus
AB (1+2, 2+3, 3+4, 4+5) 4 pairs 4 pairs
BA (2+1, 3+2, 4+3, 5+4) 4 pairs 4 pairs
AA (1+1, 242, 3+3, 4+4, 5+5) 5 pairs 5 pairs

13 pairs of stimuli

13 pairs of stimuli

26 pairs of stimuli x 2 repetitions + 13 pairs
of practice stimuli= 65 stimuli (presented in

blocks of 13 in random order)

Table 1. Stimuli for the discrimination task.

3.1.3. Subjects

Forty-two native speakers of Majorcan Catalan (twenty-five females and seventeen males)*,
between 16 and 41 years old, participated in the experiment. None of them reported a history of
hearing disability. Subjects had to achieve a pre-established level of identification accuracy
whereby 80% of the base stimuli had to be recognized. The responses of those listeners who
failed to identify 80% of the base stimuli were rejected. The data from 10 subjects was
discarded for that reason. Finally, only the data of 32 subjects was analyzed. 11 of these subjects
had had basic musical training, 11 had had long-term formal training (they had a degree in

music) and 10 had no musical training.’

* Since gender differences have been reported in production and perception experiments (Jensen and
Carlin, 1981; Johnson et al., 1999; Rogers, 2003), we wanted to see if this factor played any intervening
role.

> As some studies seem to show differences in tonal perception accuracy depending on the musical
training of listeners (Glenn Schellenberg, 2002; Cummins et al., 2005), we wanted to compare our data
with these previous findings.
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3.1.4. Statistical analyses

We used non-parametric tests because general assumptions regarding the data for using
parametric tests were not fulfilled, that is: 1) some variables in our data set, including the
dependent variable, were measured in a nominal scale; 2) some variables in our data set,
including the dependent variable, violated the normality assumption; and 3) the sample size was

not very large (32 subjects).

The following statistical tests were used (see Blalock, 1979 for an explanation of non-
parametric statistics):

—Wilcoxon matched pairs signed rank test. This test was used to compare the results between
two groups, i.e. for adjacent stimuli in the identification function to determine the boundary
shift. Note that probit analysis was not used to determine the boundary shift; instead, the
Wilcoxon matched pairs signed rank test was used to determine whether adjacent stimuli were
significantly different, on the assumption that the boundary between categories would be

located between the two adjacent stimuli which were perceived to be most different.

—Mann-Whitney U test. This test was used, for instance, to compare the identification

performance of men and women for the same stimulus.

—Friedman test. This test was used to compare broadly different functions, i.e. for the different

functions (AA, AB and BA) in the discrimination task.

Since in most cases the same test was repeated in many subsamples, the Bonferroni correction
was applied by adjusting the p-values multiplied by the number of contrasts performed.
However, as the application of the Bonferroni correction did not change the significance of the

results, the adjusted p-values have not been reported in this study.

3.2.  Results

3.2.1. Identification results

3.2.1.1. General identification results

Figure 3 shows the proportion of yes-no question responses for the two continua created from
the yes-no question (in black) and wh-question (in grey) base stimuli. As we can observe, the
function presents an S-shape. The frequency range from 203 Hz to 218 Hz seems to correspond
to the “wh-question” category and the range from 248 Hz to 263 Hz, to the “yes-no question”
category. Thus, the transition between the two categories would correspond to the range

between 218 Hz and 248 Hz.
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Figure 3. Identification function of the synthesized
continuum ranging from 263 to 203 Hz (continuum
from the yes-no question base stimulus) and from 203 to
263 Hz (continuum from the wh-question base
stimulus). Error bars represent the standard error of the
mean.

Table 11 reports the standard error of the mean for every stimulus. Stimulus 1 and stimulus 5 for
both base stimuli have lower standard errors (shaded numbers). That means that for stimulus 1
and 5 subjects agreed in their responses because these stimuli represent the canonical categories.
On the other hand, stimulus 3, which lies in the middle of the frontier region between the two
categories, has a higher standard error, indicating less agreement among listeners. It is worth
noting that the closer the stimuli are to the shift between the categories, the higher the standard

error they present, (i.e. listeners hesitate when judging these stimuli).

Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5
Yes-no question 0.023 0.030 0.038 0.040 0.023
base stimulus
Wh-question ~ base 0.015 0.032 0.044 0.036 0.032
stimulus

Table 11. Standard error of the mean for every stimulus from yes-no question base stimulus and wh-question base stimulus.

Table 111 shows the results of the Wilcoxon matched pairs signed rank test that tests whether
there are significant differences between the responses to the adjacent stimuli. According to the

CP paradigm, there should not be significant differences between the responses to stimuli pairs
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1-2 and 4-5 because they form part of the same category, but there should be between stimulus
3 and the other stimuli, as stimulus 3 represents the boundary between categories. As can be
seen in Table IV, the results are nearly what we would expect: stimulus 3 is significantly
different from stimulus 2 and stimulus 4 because it is between the two categories, but adjacent
stimuli 4-5 (created from the yes-no question base simulus) and 1-2 (created from the wh-
question base stimulus) were perceived to be rather more different than would be expected
(shaded p-values). Before trying to provide possible explanations, it is important to compare
how men and women, and non-musicians, occasional musicians and qualified musicians

performed the task.

Stimuli Stimuli Stimuli Stimuli
1-2 2-3 3-4 4-5
Yes-no question p=0.046* p=0.023* p=0.000* p=0.000*
base stimulus
Wh-question ~ base p=0.001* p=0.000* p=0.000* p=0.134
stimulus

Table 111. P-values of the Wilcoxon matched pairs signed rank test comparing adjacent stimuli for continuum
created from yes-no question base stimulus and for continuum created from wh-question base stimulus.
*Statistically significant at 0.05 level.

3.2.1.2. Gender differences

Figure 4 represents the men’s performance of identification task and Figure 5 the women’s
performance. Though gender differences have been reported in production and perception

experiments (Jensen and Carlin, 1981; Johnson et al., 1999; Rogers, 2003), it seems that there

are no great significant differences in identification accuracy in our own results.
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The Mann-Whitney U test, which assesses the significance of the differences in two

independent samples, reveals in general no significant differences in the identification of men

and women for each stimulus (Table 1v). Note, however, that for stimulus 5 created from yes-no

question base stimulus, the difference between men and women is significant (shaded p-value).

Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5
Yes-no question p=0.790 p=0.461 p=0.265 p=0.386 p=0.016*
base stimulus
Wh-question  base p=0.117 p=0.047* p=0.271 p=0.142 p=0.211
stimulus

Table 1v. P-values of the Mann-Whitney U test comparing men and women identification performance for every stimulus created from
yes-no question and wh-question stimuli. *Statistically significant at 0.05 level.

In spite of not finding sex differences regarding identification accuracy, we find a small

difference with respect to variability between men and women. The results for women display

slightly less variability than those for men. Table V plots the standard error of the mean for both

men and women.

Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5

Men Women | Men Women | Men Women | Men Women | Men Women
Yes-no 0.035 0.030 0.045 0.040 0.059 0.050 0.061 0.052 0.000 0.036
question base
stimulus
Wh-question 0.035 0.013 0.061 0.034 0.071 0.056 0.065 0.042 0.059 0.037
base stimulus

Table v. Standard error of the mean for every stimulus from yes-no question and wh-question stimuli, broken down by gender.

In table VI (for men) and table vII (for women) the results of the respective Wilcoxon matched

pairs signed rank tests are presented. These results follow the same pattern as the general

results, that is, although stimuli pairs 4-5 (created from yes-no question base stimulus) and 1-2

(created from the wh-question base stimulus) should be identified as forming part of the same

category, there are significant differences (shaded values) between the perception of both

stimuli sets for men and women.




MEN Stimuli Stimuli Stimuli Stimuli
1-2 2-3 3-4 4-5

Yes-no question p=0.317 p=0.248 p=0.000* p=0.001*

base stimulus

Wh-question  base p=0.021* p=0.000* p=0.225 p=0.317

stimulus

Table V1. P-values of the Wilcoxon matched pairs signed rank test comparing adjacent stimuli for continua
created from yes-no question and wh-question base stimuli. Male subjects. *Statistically significant at 0.05 level.

WOMEN Stimuli Stimuli Stimuli Stimuli
1-2 2-3 3-4 4-5

Yes-no question p=0.083 p=0.050* p=0.000* p=0.003*

base stimulus

Wh-question ~ base p=0.008* p=0.000* p=0.000* p=0.257

stimulus

Table viI. P-values of the Wilcoxon matched pairs signed rank test comparing adjacent stimuli for continua
created from yes-no question and wh-question base stimuli. Female subjects. *Statistically significant at 0.05
level.

3.2.1.3. Differences between musicians and non-musicians

Some studies have reported differences in the accuracy of perception depending on the degree
of musical training of the subjects (Cummins et al., 2006; Glenn Schellenberg, 2002). Figures 6,
7, and 8 represent the results of the identification task according to whether the subjects were

non-musicians, occasional musicians or qualified musicians.
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Figure 6. Identification functions for
non-musician  subjects.  Error  bars
represent the standard error of the mean.
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Figure 7. Identification function for
occasional musician subjects. Error bars
represent the standard error of the mean.
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Figure 8. Identification function for
musician subjects. Error bars represent the
standard error of the mean.

As in the case of differences between men and women, the Mann-Whitney U test reveals no

overall significant differences in identification among these three groups (Tables ViiI, IX and X).

Observe that, when these differences exist (shades values), they occur only in the continuum

created from the wh-question base stimulus.

Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5
N-O N-O N-O N-O N-O
Yes-no question p=0.321 p=0.596 p=10.976 p=0.911 p=0.117
base stimulus
Wh-question  base p=0.063 p=0.014* p=0.760 p=0.042* p=0.286
stimulus

Table viil. P-values of the Mann-Whitney U test comparing the identification performance of non-musicians (N) and occasional
musicians (O) for every stimulus created from yes-no question and wh-question base stimuli. *Statistically significant at 0.05 level.

Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5
0-Q 0-Q 0-Q 0-Q 0-Q
Yes-no question p=0.610 p=0.554 p=0.540 p=0.550 p=0.007*
base stimulus
Wh-question  base p=0.306 p=0.037* p=0.016* p=0.128 p=0.017*
stimulus

Table 1X. P-values of the Mann-Whitney U test comparing the identification performance of occasional (O) and qualified musicians
(Q) for every stimulus created from yes-no question and wh-question base stimuli. *Statistically significant at 0.05 level.
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Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5
Q-N Q-N Q-N Q-N Q-N
Yes-no question p=0.623 p=0.274 p=0.574 p=0.489 p=0.140
base stimulus
Wh-question ~ base p=0.274 p=0.662 p=0.040* p=0.001* p=0.001*
stimulus

Table X. P-values of the Mann-Whitney U test comparing the identification performance of qualified musicians (Q) and non-
musicians (N) for every stimulus created from yes-no question and wh-question base stimuli. *Statistically significant at 0.05 level.

Nevertheless, a slight difference was found in the standard error of the mean (Table X1) for
every stimulus depending on whether subjects were non-musicians, occasional musicians or
qualified musicians. As we can see, the more musical training subjects have, the less variability

in their responses.

Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5

NM [OM |QM |NM |[OM |QM |NM |OM |QM |NM |[OM |QM |NM |OM | QM
Yes-no
question
base 0.048 | 0.032 | 0.038 | 0.061 | 0.052 | 0.044 | 0.071 | 0.059 | 0.070 | 0.073 | 0.070 | 0.064 | 0.035 | 0.056 0
stimulus
Wh-
question
base 0.042 0 0.023 | 0.067 | 0.032 | 0.059 | 0.080 | 0.076 | 0.068 | 0.078 | 0.059 | 0.038 | 0.071 | 0.056 | 0.032
stimulus

Table XI. Standard error of the mean for every stimulus from yes-no question and wh-question stimuli for non-musicians (NM), occasional musicians (OM)
and qualified musicians (QM).

Tables X11, XIIT and XIV display the results of the Wilcoxon matched pairs signed rank test. As
noted, according to the CP paradigm, there should be no significant differences between the
responses to stimuli pairs 1-2 and 4-5 because they form part of the same category whereas
there should be between stimulus 3 and the other stimuli, as stimulus 3 represents the boundary
between categories. Generally speaking, it can be said that stimuli pairs 1-2 and 4-5 are not
perceived as significantly different (except by qualified musician subjects) and when they are,
the difference is less significant compared to the difference between stimuli 3 and the other

stimuli.

On the other hand, the results of the Wilcoxon matched pairs singed rank test (Tables XII, XIII

and XIV) suggest that the boundary between the two categories may be located at the range of
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values between 218 Hz and 233 Hz because stimuli located at these frequency values were the
most differently perceived for both continua. Thus, stimulus 3 (233 Hz) is perceived more
different from stimulus 4 (218 Hz) than stimulus 2 (248 Hz) when it is derived from a yes-no
question base stimulus, and more different from stimulus 2 (218 Hz) than stimulus 4 (248 Hz)
when it is derived from a wh-question base stimulus. This can be also seen but to a lesser extent

in the general identification results (Table 111).

NON-MUSICIANS Stimuli Stimuli Stimuli Stimuli
1-2 2-3 3-4 4-5

Yes-no question p=0.083 p=0.564 p=0.000* p=0.004*

base stimulus

Wh-question ~ base p=0.058 p=0.002* p=0.132 p=0.102

stimulus

Table XiI. Non-musician subjects’ p-values from the Wilcoxon matched pairs signed rank test comparing
adjacent stimuli for continua created from yes-no question and wh-question base stimuli. *Statistically significant

at 0.05 level.
OCCASIONAL Stimuli Stimuli Stimuli Stimuli
MUSICIANS 1-2 2-3 3-4 4-5
Yes-no question p=0.157 p=0.405 p=0.000* p=0.109
base stimulus
Wh-question  base p=0.157 p=0.000* p=0.001%* p=0.655
stimulus

Table X111. Occasional musician subjects’ p-values from the Wilcoxon matched pairs signed rank test comparing
adjacent stimuli for continua created from yes-no question and wh-question base stimuli. *Statistically significant

at 0.05 level.
QUALIFIED Stimuli Stimuli Stimuli Stimuli
MUSICIANS 1-2 2-3 3-4 4-5
Yes-no question p=0.655 p=0.013* p=0.000* p=0.002*
base stimulus
Wh-question ~ base p=0.008* p=0.000* p=0.020* p=0.655
stimulus

Table X1v. Qualified musician subjects’ p-values from the Wilcoxon matched pairs signed rank test comparing
adjacent stimuli for continua created from yes-no question and wh-question base stimuli. *Statistically significant
at 0.05 level.

Note that when they are created from the yes-no question base stimulus, stimuli 3 and 4 are
identified with a high rate of “yes-no question” responses (Figure 3). The results analyzed
according to the subjects’ gender and musical background also show that stimuli 3 and 4 follow

the same tendency. When they are created from the yes-no question base stimulus, they are
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identified more often as “yes-no question” than would be expected, since stimulus 3 is given a
proportion of 0.76 “yes-no question” judgments and stimulus 4 a proportion of 0.27 “yes-no
question” judgments. By contrast, when these stimuli are created from the wh-question base
stimulus, the results are closer to what we would expect, since stimulus 3 receives “yes-no
question” and “wh-question” judgments in equal proportions, and stimulus 4 a proportion of
around 0.8 “yes-no question” judgments (Figure 3). This phenomenon represents a general
tendency that could be due to listeners using a supplementary cue when listening to ambiguous
stimuli. Listeners might use the presence or absence of the accented interrogative particle in
trying to identify these stimuli. Since in stimuli created from the yes-no question base stimulus
there is no accented interrogative particle, subjects would tend to identify such stimuli more as
“yes-no question” than “wh-question”. On the other hand, when they hear stimuli created from
the wh-question base stimulus, as the interrogative particle is accented, this accentuation would

act as a supplementary cue that would permit subjects to identify these stimuli more accurately.

3.2.2. Reaction Time

3.2.2.1. General RT measurements

Figure 9 plots the mean of RT measurements of the peak height continua created from the yes-
no question (black bars) and wh-question (grey bars) base stimuli. As in Chen (2003), listeners
are faster within categories and slower in the crossover. Observe that while there is a peak in RT
measurement for the continuum created from the wh-question base stimulus, in the continuum
created from the yes-no question base stimulus, RT measurements of stimuli 3 and 4 are
balanced. This is probably related to the results of the identification task, where it has been
hypothesized that ambiguous stimuli created from the yes-no question base stimulus could be
more difficult to identify, since they lack a supplementary cue for that facilitates rapid
identification. Thus, for stimuli created from the yes-no question base stimulus there is a
difference of 114 ms between the mean RT for stimuli 3 and 2, and 27 ms between the mean RT
for stimuli 3 and 4. On the other hand, for stimuli created from the wh-question base stimulus
there is a difference of 349 ms between the RT mean for stimuli 3 and 2 and 312 ms between

the RT mean for stimuli 3 and 4.
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Figure 9. Mean RTs of the peak height for continua
created from yes-no question and wh-question base
stimuli.

Table XVI shows the results of the Wilcoxon matched pairs signed rank test comparing the
difference between RT measurements for adjacent pairs. Judging by these results, for stimuli
created from the yes-no question base stimulus, stimuli 2, 3 and 4 are more difficult to identify
(all these stimuli require approximately the same time to be identified). On the other hand, for
the continuum created from wh-question base stimulus, only one stimulus, stimulus 3, is
difficult to identify (there are significant differences between the RT mean for stimulus 3 and

adjacent stimuli).

RT 1-2 RT 2-3 RT 3-4 RT 4-5
Yes-no question p=0.056 p=10.183 p=0.211 p=0.000*
base stimulus
Wh-question  base p=0.000* p=0.008* p=0.024* p=0.071
stimulus

Table Xv. P-values of the Wilcoxon matched pairs signed rank test comparing mean RTs for adjacent stimulus
pairs for continua created from the yes-no question and wh-question base stimuli. *Statistically significant at 0.05
level.

3.2.2.2. Gender differences

As we have seen, there do not appear to be great gender differences related to the accuracy of
intonation perception; however, we do find gender differences in RT for every stimulus. We can
see in Figures 10 and 11 that there are differences in identification speed between men and

women, with women faster than men.
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Figure 11. Mean RTs of the peak height
for the continuum created from the wh-
question base stimulus for male and
female subjects.

Figure 10. Mean RTs of the peak height
for the continuum created from the yes-no
question base stimulus for both male and
female subjects.

In general, the Mann-Whitney U test confirms that these differences in the RT measurement
between men and women are significant for every stimulus (Table XVI). This difference is more
noticeable in the continuum created from the wh-question base stimulus than in the continuum
based on the yes-no questions stimulus (Table XVI). Also observe that in the continuum created

from the wh-question base stimulus (Figure 11), mean RTs follow a more consistent pattern.

RT 1 RT 2 RT3 RT 4 RT S
Yes-no question p=0.004* p=0.036* p=0.063 p=0.000* p=0.227
base stimulus
Wh-question  base p=0.239 p=0.004* p=0.001%* p=0.015* p=0.002*
stimulus

Table XVI. P-values of the Mann-Whitney U test comparing mean RTs of men and women for every stimulus created from the yes-no
question and wh-question base stimuli. *Statistically significant at 0.05 level.

3.2.2.3. Differences between musicians and non-musicians

Figures 12 and 13 display the RT measurements for every stimulus for non-musicians,
occasional musicians and qualified musicians. Non-musicians are slower than musicians in
reacting to all the stimuli except for stimulus 3 where, oddly, qualified musicians are the slowest

in both continua. It seems that qualified musicians pay closer attention to ambiguous stimuli.
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Figure 12. Mean RTs of the peak height
for the continuum created from the yes-
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Figure 13. Mean RTs of the peak height
for the continuum created from the wh-
question base stimulus for non-

musicians, occasional musicians and

musicians, occasional musicians and
qualified musicians.

qualified musicians.

In particular, the Mann-Whitney U test reveals significant differences in the RT measurements
between non-musician and musicians (whether occasional or qualified) for every stimulus
(Tables XVII, XVIII and XIX) except stimulus 3. Interestingly, RT for stimulus 4 created from the
yes-no question base stimulus again reveals special behavior. Similar to stimulus 3, qualified
musicians required approximately the same time to identify this stimulus as non-musicians did

(p=0.248).

RT 1 RT2 RT3 RT 4 RTS
N-O N-O N-O N-O N-O
Yes-no question p=0.041%* p=0.062 p=0.751 p=0.057 p=0.275
base stimulus
Wh-question ~ base p=0.035* p=0.021* p=0.511 p=0.914 p=0.015*
stimulus

Table XxvII. P-values of the Mann-Whitney U test comparing mean RTs of non-musicians (N) and occasional musicians (O) for every
stimulus created from the yes-no question and wh-question base stimuli. *Statistically significant at 0.05 level.

RT 1 RT 2 RT3 RT 4 RT 5
0-Q 0-Q 0-Q 0-Q 0-Q
Yes-no question p=10.276 p=0.409 p=0.638 p=0.608 p=0.664
base stimulus
Wh-question  base p=0.809 p=0.512 p=0.499 p=0.045% p=0.590
stimulus

Table XvIII. P-values of the Mann-Whitney U test comparing mean RTs of occasional musicians (O) and qualified musicians (Q) for

every stimulus created from the yes-no question and wh-question base stimuli. *Statistically significant at 0.05 level.
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RT 1 RT2 RT3 RT 4 RTS
Q-N Q-N Q-N Q-N Q-N
Yes-no question p=0.069 p=0.012* p=0.953 p=0.248 p=0.088
base stimulus
Wh-question  base p=0.054 p=0.141 p=0.823 p=0.067 p=0.005%*
stimulus

Table XIX. P-values of the Mann-Whitney U test comparing mean RTs of qualified musicians (Q) and non-musicians (N) for every
stimulus created from the yes-no question and wh-question base stimuli. *Statistically significant at 0.05 level.

Finally, if we break down our data by both gender and musical training, the results show that
there is interaction between musical training and gender in the sense that only female musicians
are significantly faster for the two continua than male musicians, which allows us to conclude

that what is really relevant for RT in reacting to stimuli is musical training and not gender.

3.2.3. Discrimination results

The material for the discrimination task was made up of different pairs (AB pairs), different
pairs but in reverse order (BA pairs) and same pairs (AA pairs) for each stimulus base. Figure
14 shows the proportion of AB hits (“different” responses to dissimilar pairs: 263 vs. 248 Hz,
248 vs. 233 Hz, etc.), BA hits (“different” responses to dissimilar pairs but in reverse order: 248
vs. 263 Hz, 233 vs. 248 Hz, etc.) and false alarms (“different” responses to identical pairs: 263
vs. 263 Hz, 248 vs. 248 Hz, etc.) corresponding to the continuum created from the yes-no

question base stimulus (ranging from 263 to 203 Hz).

We find a discrimination peak at the pair 218 vs. 233 Hz (BA pair), which one would expect,
given the functions yielded by the identification results. The most striking aspect of these results
has to do with the BA hits. Note that the discrimination peak appears in BA pairs in which the
second stimulus has a higher peak than the first. These results suggest that listeners have more
trouble discriminating between pairs of stimuli presented in AB order (pairs in which the second

stimulus has a lower peak than the first).
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Figure 14. Proportion of “different” responses for
pairs that were truly different (hits) and pairs that were
actually identical (false alarms) corresponding to the
synthesized continuum ranging from 263 to 203Hz
(continuum from yes-no question base stimulus). Error
bars represent the standard error of the mean.

Several statistical tests were performed. A Friedman test showed that the AA, AB and BA
functions were significantly different overall (p=0.000). A Wilcoxon matched pairs signed rank
test compared the AA, AB and BA functions by pairs and displayed significant differences
between them (Table XX). Table XXI shows the results of the Wilcoxon matched pairs signed
rank tests comparing the responses to adjacent pairs for AB and BA functions. Table xxii shows
the results of the Wilcoxon matched pairs signed rank tests comparing the responses to each pair
in one function (AB) vs. the responses to the same pair in the other function (BA), for instance:
pair AB1 (stimuli 1-2) vs. pair BA1 (stimuli 2-1), pair AB2 (stimuli 2-3) vs. pair BA2 (stimuli
3-2) and so on. From the results displayed in Table XI we can infer that the real discrimination
peak is in the BA function because pair 3 (218-233 Hz), where the discrimination peak is
located, is significantly different from both pair 2 and pair 4 (shaded values). There is also a
significant difference (p= 0.041) between the hypothetical discrimination peaks of both AB and
BA functions (see Table xxi1, AB3-BA3, shaded value), which confirms the existence of order

of presentation effects.

AA-AB AB-BA BA-AA
Yes-no question p=0.008* p=0.016* p=0.000*

base stimulus

Table xX. P-values of the Wilcoxon matched pairs signed rank test comparing AA, AB
and BA functions. *Statistically significant at 0.05 level.
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AB1-AB2

AB2-AB3

AB3-AB4

BA1-BA2

BA2-BA3

BA3BA4

Yes-no

question base

stimulus

p=0.014%

p=0.209

p=0.001%

p=0.007*

p=0.003*

p= 0.000*

Table XXI. P-values of the Wilcoxon matched pairs signed rank test comparing adjacent pairs for AB and BA functions.

*Statistically significant at 0.05 level.

AB1-BAl

AB2-BA2

AB3-BA3

AB4-BA4

Yes-no
question base

stimulus

p=0.467

p=0.371

p=0.041%*

p=0.275

Table XXII. P-values of the Wilcoxon matched pairs signed rank test comparing each pair in one
function (AB) vs. the same pair in the other function (BA). *Statistically significant at 0.05 level.

Results of the discrimination task using stimuli created from the wh-question base stimulus

(corresponding to the continuum ranging from 203 to 263 Hz) are plotted in Figure 15, as the
proportion of AB hits (203 vs. 218 Hz, 218 vs. 233 Hz, etc.), BA hits (218 vs. 203 Hz, 233 vs.
218 Hz, etc.) and false alarms (203 vs. 203 Hz, 218 vs. 218 Hz, etc.).

We can observe a major discrimination peak at AB pair 218 vs. 233 Hz (the response proportion

ratio reaches nearly 0.7), which agrees with the results of the identification task (we found the

shift between the categories around 233 Hz). These results confirm the findings shown in Figure

16, that is, it appears that subjects have trouble discriminating between stimuli when the

direction of change in frequency is downwards.




66

Wh-question base stimulus

I Faise alarms
AB hits (low-high)
BA hits (high-low)

08—

"Different” responses

02+ !

Pair number

Figure 15. Proportion of “different” responses for pairs
that were truly different (hits) and pairs that were
actually identical (false alarms) corresponding to the
synthesized continuum ranging from 203 to 263Hz
(continuum from wh-question base stimulus). Error
bars represent the standard error of the mean.

A Friedman test revealed that there are significant differences (p=0.000) between the AA, AB
and BA functions. A Wilcoxon matched pairs signed rank test comparing AA, AB and BA
functions in pairs showed significant differences between them (Table xXii1). Table XXI1V shows
the results of the Wilcoxon matched pairs signed rank test comparing the responses to adjacent
pairs for AB and BA functions. Table xxv shows the results of the Wilcoxon matched pairs
signed rank tests comparing the responses to each pair in one function (AB) vs. the responses to
the same pair in the other function (BA). The discrimination peak is located again at the 218 vs.
233 Hz interval in the AB function (low-high order). This can be seen in the results shown in
Table xX1v, where the differences between pair 2 and adjacent pairs in the AB function (shaded
values) are significant. By contrast, differences between pair 2 and adjacent pairs in the BA
function (underlined values) are not significant. Order of presentation effects are confirmed
from the results shown in Table XXV, where there are significant differences (shaded values)

between pairs 2 of the AB and BA functions but not between the other pairs.

AA-AB AB-BA BA-AA
Wh-question p=0.000* p=0.001%* p=0.000*

base stimulus

Table xxII1. P-values of the Wilcoxon matched pairs signed rank test comparing AA,
AB and BA functions. *Statistically significant at 0.05 level.
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AB1-AB2 AB2-AB3 AB3-AB4 BA1-BA2 BA2-BA3 BA3BA4

Wh-question | p=0.000* | p=00I1* | p=0002* | p=0.144 | p=0.041* | p=0513

base stimulus

Table XXIV. P-values of the Wilcoxon matched pairs signed rank test comparing adjacent pairs for AB and BA functions.
*Statistically significant at 0.05 level.

ABI-BA1 AB2-BA2 AB3-BA3 AB4-BA4
Wh-question p=0.841 p=0.003* p=0.006* p=0.796

base stimulus

Table xXXv. P-values of the Wilcoxon matched pairs signed rank test comparing each pair in one
function (AB) vs. the same pair in the other function (BA). *Statistically significant at 0.05 level.

3.2.4. Models of discrimination performance

3.2.4.1. Relating discrimination responses to identification responses

The classical assumption of categorical perception is that stimulus pairs will be distinguished
only if they have been identified as members of different categories. It can be said, hence, that
the extent to which discrimination performance can be predicted from classification is what is
referred to as categorical perception. In order to determine whether discrimination can be
predicted by identification proportions, two formulas for predicting discrimination were tested.
The first formula was taken from Liberman et al. (1957), who used it to predict the results of an
ABX discrimination task. However, Pollock and Pisoni (1971) showed that the same equation

can also be used to predict performance in a same/different discrimination task:

(1) P(disci2)=0.5[1 + (p1 —p>)’]

P, is the probability of identifying Stimulus 1 as Category A and p, is the probability of
identifying stimulus 2 as category A. This formula assumes that when listeners do not hear a
difference they respond “same” or “different” randomly, so that performance is by chance. In
the words of Macmillan et al. (1977): “If the resulting classification led to a decision (i.e., if A
and B were classified differently and X as one of them—in an ABX discrimination task), the
observer would respond as indicated; if it did not lead to a decision, he would guess, choosing

each response with probability 0.5”.

The second formula is taken from Godfrey et al. (1981) and is a more general formula that

predicts discrimination on the basis of phonetic categorization without guessing probabilities.
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This formula was also used in studies on categorical perception by children such as Wolf (1973)
and Brandt and Rosen (1980) that employed same/different discrimination tasks:

2) Proportion discriminated= (P;, x Py,) + (P, X Py,), where

P,,= proportion of time that stimulus 1 was identified as “a”,

P,,= proportion of time that stimulus 2 was identified as “b”,

P,,= proportion of time that stimulus 1 was identified as “b”,

P,,= proportion of time that stimulus 2 was identified as “a”.

Figures 16 and 17 show the obtained and predicted discrimination functions as a result of the
application of formula (1). The proportion of correct discrimination for each pair was calculated
as in Francis and Ciocca (2003), which uses the same kind of task as in this study, that is, as the
average of the proportion of a “different” response to different pairs and the proportion of a
“same” response to same pairs. For example, the proportion correct for the 1-2 pair was the
average of the proportion of “different” responses to the 1-2 and 2-1 pairs and the proportion of

“same” responses to the 1-1 and 2-2 pairs.

Yesna question base stimulus Wh-question base stimulus

1,00 1,004

I Obtained discrimination 1 Obtained discrimination
Predicted cliscrimination Predicted discrimination

080 0,80
l/X/]\I " I’/X\{\I

0,40
0,20 020~

7
3
L

040

""Correct"” proportion
"Correct” proportion

0,00 0,00

T T T T T T T T
1 2 3 1 1 2 3 4

Pair number Pair number
Figure 16. Predicted and obtained Figure 17. Predicted and obtained
discrimination  proportions  for the discrimination ~ proportions  for the
continuum created from the yes-no continuum created from the wh-question
question base stimulus (continuum base stimulus (continuum ranging from
ranging from 263 to 203 Hz). Error bars 203 to 263 Hz). Error bars represent the
represent the standard error of the mean. standard error of the mean.

A Wilcoxon matched pairs signed rank test was carried out in order to compare predicted and
obtained discrimination proportions (Table XXVI) for pairs. In order to claim that the formula
accurately predicts the discrimination function, predicted and obtained discrimination functions
cannot be significantly different. The results show that only in the case of stimuli created from
the wh-question base stimulus (shaded values) are there no significant differences between
predicted and real discrimination peaks. Thus, it was concluded that the use of this type of

prediction formula is not appropriate for our data.
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Obtained 1 vs. | Obtained 2 vs. | Obtained 3 vs. | Obtained 4 vs.
predicted 1 predicted 2 predicted 3 predicted 4
Yes-no question p=0.127 p=0.077 p=0.022* p=0.004*
base stimulus
Wh-question p=0.802 p=0.331 p=0.003* p=0.174
base stimulus

Table XXVI. P-values of the Wilcoxon matched pairs signed rank test comparing predicted and obtained
discrimination proportions. *Statistically significant at 0.05 level.

Figures 18 and 19 show the predicted and obtained discrimination functions as a result of the
application of formula (2). The real discrimination values have been calculated as the proportion
of different pairs which were correctly called “different”, as in Godfrey et al. (1981), who use

this formula with the same kind of task as in this study.

Yesno question base stimulus Whequestion base stimulus.
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Predicted discrimination

1 Obtained discrinination
Predicted discrimination
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Figure 19. Predicted and obtained
discrimination  proportions of  the
continuum created from the wh-question
base stimulus (continuum ranging from
203 to 263 Hz). Error bars represent the
standard error of the mean.

Figure 18. Predicted and obtained
discrimination  proportions  for the
continuum created from the yes-no
question base stimulus (continuum
ranging from 263 to 203 Hz). Error bars
represent the standard error of the mean.

The results of a Wilcoxon matched pairs signed rank test (Table xxVvII) show that the
differences between predicted versus obtained discrimination is significant only for pair 1 with
stimuli created from the wh-question base stimulus. This means that formula (2) is suitable for
our data and that discrimination data can be predicted from identification data only on the basis

of phonetic categorization, without making assumptions about guessing.
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Obtained 1 vs. | Obtained 2 vs. | Obtained 3 vs. | Obtained 4 vs.
predicted 1 predicted 2 predicted 3 predicted 4
Yes-no question p=0.590 p=0.796 p=10.796 p=0.307
base stimulus
Wh-question p=0.009* p=0.354 p=0.317 p=0.223
base stimulus

Table XXVII. P-values of the Wilcoxon matched pairs signed rank test comparing predicted and obtained
discrimination proportions. *Statistically significant at 0.05 level.

3.2.4.2. Signal Detection Theory

The model of discrimination performance described above by formula (1) presupposes that
when listeners do not hear a difference or do not know how to respond, they respond “same” or
“different” at random. But it is by no means certain that listeners act in this way. According to
Keating (2004), some subjects may tend to give a “different” response most of the time while,
on the other hand, other subjects may be very conservative and only give a “different” response
when they are completely sure that they hear a difference. This means that in the former case the
results for same pairs are not reliable and in the latter case the same will be true for different
pairs. The point is that the percentage of correct discriminations between different pairs is
highly susceptible to subjects who tend to give only "different" (or "same") responses all the
time, and it should be interpreted in terms of the listener’s response bias, that is, his or her

tendency to qualify stimuli pairs as “same” or “different”.

Signal Detection Theory attributes responses to a combination of sensitivity and bias.
Sensitivity is the variable that is being investigated and bias is what we must take into account
so that the sensitivity measure is meaningful. The statistical expression d' (d prime) denotes the
distance between a signal and a signal + noise, and an experiment may be conceived of as a
presentation of signals and non-signals to subjects, who try to detect only the signals and ignore
the non-signals. D prime has been used in the discrimination literature for obtained and
predicted discrimination by Best et al. (1981) and in addition to %correct/%different responses
to different pairs by Francis and Ciocca (2003). In order to validate the results plotted in Figures
14 and 15 related to the presence of order of presentation effects, Signal Detection Theory was
applied to our data. Figures 20 and 21 show the discrimination results presented as d' for each

stimulus pair in each order of presentation. D' scores were calculated on the basis of “different”
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responses to the pairs that were truly different (hits) and “different” responses to the pairs that

were actually the same (false alarms). Following Macmillan and Creelman (1991), d' was

calculated using roving methods® (using Table A5.4, pp. 338-354).
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Figure 20. D' calculated for both orders Figure 21. D' calculated for both orders
of presentation of pairs from the of presentation of pairs from the
continuum created from the yes-no continuum created from the wh- question
question base stimulus. base stimulus.

A Wilcoxon matched pairs signed rank test (Table XXVIII) was carried out on hit rate minus
false alarm rate for pairs in different orders. Significant differences were found only for the
second and third pairs (shaded values) for stimuli created from the wh-question base stimulus.
For stimuli created from the yes-no question base stimulus, the differences in order of
presentation were significant for none of the pairs. Nevertheless, at pair 3, which represents the
discrimination peak, the difference is nearly significant (p= 0.064). Thus, the application of d
prime in addition to %different responses to different/same pairs has confirmed the presence of
order of presentation effects which are statistically significant only for pairs 2 and 3 for stimuli

created from the wh-question base stimulus.

ABI1-BAI AB2-BA2 AB3-BA3 AB4-BA4
Yes-no question p=0.491 p=0.405 p=0.064 p=0.225
base stimulus
Wh-question p=0.922 p=0.008* p=0.007* p=0.822
base stimulus

Table XXVIII. P-values of Wilcoxon matched pairs signed rank test performed on hit rate minus false alarm rate
for pairs in different orders. *Statistically significant at 0.05 level.

% According to Macmillan and Creelman (1991), there are two different strategies in responding to “same-
different” experiments and therefore different appropriate models for d' depending on how stimuli are
across trials in a block. In roving designs, the 2 stimuli vary from trial to trial and “subjects are likely to
apply a differencing strategy, applying a threshold of difference to decide if 2 stimuli are different enough
to count as “different” (Keating, 2004).



72

3.3. Discussion

The present study appears to provide evidence that Majorcan Catalan listeners make categorical
linguistic use of FO scaling differences in perceiving yes-no questions as opposed to wh-
questions in Majorcan Catalan. This evidence comes from different sets of results. The
identification results show that it is possible to switch the perceived category by manipulating
the pitch height of the leading tone from an H tone to a super-high tone. We observed in Figure
3 that the presence of the accented wh-particle in the continuum created from the yes-no
question base stimulus and the presence of the unaccented wh-particle in the continuum created
from the wh-question base stimulus do not interfere in the categorical perception, that is, the
identification functions appear unmistakably S-shaped with a proportion of identifications that
goes from more than 0.8 to about 0.2 (in the case of the continuum ranging from 263 to 203 Hz)
and from less than 0.2 to about 0.8 (in the case of the continuum ranging from 203 to 263 Hz)
within 2 steps of the 5-step continuum. In other words, responses to the two continua mirror

each other.

Evidence of this linguistic contrast is also provided by RT measurements. Thus, a mean RT
peak could be observed in Figure 9 at the identification boundary for both continua. In addition,
the mean RTs were shorter for within categories and longer for across categories. According to

Chen (2003), these are essential properties of linguistically real categories and not task-induced.

Moreover, the application of the Haskins formula and the more general formula taken from
Godfrey et al. (1981) permitted us to predict the shape of the discrimination curve. From
Figures 18, 19, 20 and 21 and from statistical analyses, it can be said that the formula used by
Godfrey et al. (1981) and based simply on phonetic categorization, without assumptions about
guessing, is the one that best fits our data. Because the results of a Wilcoxon matched pairs
signed rank test (Table XxVIIl) show that the differences between predicted and obtained
discrimination are significant only for pair 1 with stimuli created from the wh-question base
stimulus, it is concluded that this contrast is categorically perceived. However, for classic CP it
is not enough that either discrimination can be predicted from identification results, or that an
abrupt shift in the identification function is observed; this shift must correspond to the
discrimination peak. By comparing from statistical analyses how different adjacent stimuli were
responded to, it has been observed that, although there is a shift from one response to the other
in the range of values between 218 to 248 Hz, the threshold between the “yes-no question” and
the “wh-question” category would be located between 218 and 233 Hz. This is actually the pair

of stimulus that is best discriminated and, hence, where the discrimination peak is situated.
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Thus, on the basis of this evidence, we may safely conclude that a strong perceptual cue that
Majorcan listeners use when distinguishing yes-no questions from wh-questions is the
difference in pitch height of the leading tone of the nuclear accent. This does not mean that pitch
height is the only cue; on the contrary, identification results seem to suggest that there is a
supplementary cue that would play a role in ambiguous stimuli. This is supported by two
relevant characteristics of both identification and discrimination results: first, the high
proportion of “yes-no question” responses at stimuli 3 and 4 for the continuum created from
yes-no question base stimulus in identification results; second, the general tendency to have
more sharply differentiated results in the continuum created from the wh-question base stimulus
than in that created from the yes-no question base stimulus, not only in the identification task
but also in the discrimination task. For the latter it was hypothesized that this tendency might be
due to a question of bias. That is, faced with the dilemma of having to identify these stimuli as
yes-no or wh-questions, most listeners decided to choose “yes-no question” responses. But note
that if this was so, the same thing would have happened for stimuli from the wh-question base
stimulus. For the former, in a preliminary first stage of the study, it was speculated that such a
tendency could be because of the order in which listeners performed the discrimination task.
After the practice block, the first and third blocks were made up of stimuli from the yes-no
question base stimulus and the second and fourth of stimuli from the wh-question base stimulus.
So the subjects had become better trained in the discrimination task by mid-end of the task, that
is, by the second and third block (bear in mind that listeners had to judge five blocks: one
practice block and four test blocks). This may explain why the function of results for the second
and fourth blocks (both blocks made up of stimuli proceeding from the wh-question base
stimulus) plots better results. Afterwards, the order of the blocks was counterbalanced, so the
more sharply distinguished perception of the two categories cannot be due to that factor. For
this reason, it seems plausible to suspect that the presence of an accented particle may act as a
supplementary cue, a cue which would only be accessible in the continuum created from the
wh-question base stimulus and would come into play in ambiguous stimuli. This would explain
why stimuli 3 and 4 from the yes-no question base continuum have been identified with a high
proportion of “yes-no question” choices and why results from the wh-question base continuum

are always more sharply differentiated and, in terms of RT measurements, more consistent.

The impact of gender differences and differences involving the degree of musical training on
intonational perception as well as mean RTs are confirmed. It seems that the pattern of results
for the identification task is more consistent for women than for men and that women are faster
than men in the classification task. In the same way, qualified musicians seem to have less
variability in responses to the identification task than occasional musicians and non-musicians,

and seem to be a little faster in making identification decisions except in the case of stimulus 3,
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which represents the boundary between yes-no question and wh-question categories. When the
data on gender and musical training was compared, interaction was found between musical
training and gender in the sense that only female musicians were significantly faster for the two
continua than male musicians. Thus, what seems to be relevant for the time that subjects need to

identify the stimuli is musical training and not gender.

Finally, it is worth trying to account for the discrimination asymmetries that our results report.
These asymmetries have been related in the literature to the FO declination or downdrift, the
gradual declination of fundamental frequency over the course of an utterance (Pierrehumbert,
1979; Gussenhoven and Rietveld, 1988). FO declination has been argued to be a universal and
language-independent characteristic of speech production. Evidence for compensation of this
declination effect has been provided for American English listeners (Pierrehumbert, 1979),
Dutch listeners (Gussenhoven and Rietveld, 1988) and Cantonese listeners (Wong, 1999).
According to Francis and Ciocca (2003), these asymmetries may be explained in terms of a
compensation for a expected declination in FO over the course of an utterance. Thus, listeners
are able to compensate for this decline by taking into account the position of the accent within
the utterance so that the meaning conveyed by the speaker is correctly identified. Given two
tokens, when the second token has lower pitch than the first, this compensation would ensure
that the two tokens sound identical; by contrast, when the second token has a higher pitch than
the second, this raising in pitch of the second token would enhance the perception of the
difference between the two tokens. However, there is no clear evidence that Majorcan Catalan
listeners exhibit FO declination in speech production or that they compensate perceptually for
this expected declination. For this reason, further research on the perception of pitch in

Majorcan Catalan is necessary to confirm that our results can be explained in these terms.’

7 Additionally, it may be that the presence of the unstressed [u] and stressed [i] (both high vowels) in the
stimuli used in this study (‘Que I’hi duries’?/‘Qué 1i duries?’) may have enhanced the difference in
perception of low-high order tokens, as it is known that there exists a correlation between vowel height
and FO (intrinsic pitch) and that this effect is more important in stressed that in unstressed syllables
(Gussenhoven, 2004).
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4. Conclusions

4.1. Summary of the findings

The goals of this study were 1) to investigate the acoustic properties of both interrogative
particles que (‘that’) and gqué (‘what’) and the nature of the falling nuclear accent (H+L*) that
characterizes both yes-no questions and wh-question in Majorcan Catalan interrogatives, 2) to
test through the Categorical Perception paradigm (CP) whether listeners make categorical
linguistic use of FO scaling differences in distinguishing yes-no questions from wh-questions,
and 3) to test if the application of the CP paradigm to scaling differences involves the presence

of asymmetries in the discrimination of a particular change.

The production study of the acoustic properties of the stressed/accented particle qué and the
unstressed/unaccented particle que that introduce wh-questions and yes-no questions
respectively reveals differences in pitch, vowel quality and optional differences in duration for
the vowel of the interrogative particles. Thus, the vowel of the accented interrogative particle
que is acoustically characterized by a higher pitch, a higher F1 value and an optional increment
in duration compared to the vowel of the unaccented interrogative particle. In previous studies
of stress and accent in Catalan (Astruc and Prieto, 2005; Prieto and Ortega-Llebaria, 2005),
differences in vowel quality and duration have been interpreted as acoustic correlates of stress,
and pitch differences as acoustic correlates of accent. Moreover, utterance length has an
important effect on the pitch of the interrogative particles, especially of wh-questions, having a
higher pitch as the length of the utterance increases. This has been taken as evidence for the
presence of tonal preplanning. Nevertheless, the fact that there is variation between speakers
shows that global preplanning cannot be taken in the strong sense, but rather as soft

preplanning.

Results from the production experiment also showed that sentence type has a large effect on the
pitch of the leading tone H within the nuclear accent H+L*, it being significantly higher for yes-
no questions than for wh-questions. The H pitch value is also affected by utterance length, given
that the pitch of the leading tone H becomes lower as the number of pitch accents in the
utterances increases, especially in wh-questions. This effect has been interpreted as downstep
implementation. However, this utterance length effect does not attenuate the sentence type
effect; on the contrary, regardless of the different number of pitch accents, the difference
between yes-no questions and wh-questions in terms of the height of the H point remains
statistically significant. The fact that utterance length effects are smaller for yes-no questions
than for wh-questions, since there is not a significant lowering for all speakers as the number of
pitch accents increases, has been interpreted as a mechanism to enhance the inflection between

the super-high variant of the H leading tone and the L tone that characterizes yes-no questions.
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On the other hand, we found a small sentence type effect on the pitch of the L tone, and also a

very small utterance length effect and not significant across speakers and sentences types.

Results from the perception experiment that followed the production experiment were
interpreted taking into account all the peculiarities that it seems that can be derived from the
previous studies in which the CP paradigm has been applied to intonational contrasts (see §
1.3.2., page 16 for a reminder of these peculiarities). Furthermore, there have been considered
the two criteria that the results of the application of the CP paradigm should fulfill, namely, that
identification proportions should predict discrimination accuracy and that discrimination peaks
should correspond to the location of the category boundaries determined by identification.
Having checked that the discrimination results can indeed be predicted from the identification
proportions, that the discrimination peak lies within the crossover region between the
categories, and that the RT measurement results agree with the findings of previous studies
regarding the discreteness of the contrasts tested, we claim a categorical status for both the
upstepped high tone and the “normal” high tone within the nuclear accent H+L* that
characterizes yes-no questions and wh-questions in Majorcan Catalan. The perceived
categoriality of this contrast permits us to say that pitch scaling is a very strong cue in
distinguishing yes-no questions from wh-questions in this language. Nevertheless, this does not
exclude the possibility that other cues such as the presence of an accent in the interrogative
particle gue play an important role. Interestingly, the results seem to suggest that the presence of
the accented interrogative particle queé would facilitate the identification of ambiguous stimuli,

that is, any stimulus within the crossover area between the two categories.

Finally, as reported by previous studies, the application of the CP paradigm involved
discrimination asymmetries that depended on the direction of change, it being easier to
distinguish between the stimuli pair when the direction of change is upwards in terms of tonal
level. These asymmetries were explained in terms of a compensation mechanism for an
expected declination in FO over the course of an utterance. This compensation mechanism
would enhance the perception of the difference between two tokens when the second token has

a higher pitch than the first.

4.2.  Conclusions

In sum, our production experiment showed that speakers systematically produced the leading
tone H of the nuclear accent H+L* with a significantly higher pitch in yes-no questions than in
wh-questions. Even when the number of pitch accents in utterances is increased, this difference
in pitch of the H tone between yes-no questions and wh-questions is still significant. Moreover,

a difference in pitch scaling on the leading H tone seems to be key in causing listeners to change
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the perceived category from yes-no questions to wh-questions and vice versa, as was confirmed
by the results of our perception experiment based on these CP paradigm. These results prove

that pitch scaling on the H level has a phonological character in Majorcan Catalan

interrogatives.
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Appendix

Sentences used in the production experiment. The questions were read aloud by subjects. The
answers were read off the script by the author of this study. Answers were provided in this way
in order to facilitate the interpretation of the utterances by the speakers. Stressed syllables are

marked in boldface.

BLOCK I

Que hi va veure? (‘Did s/he see?’) —Si, hi havia llums (“Yes, there were lights’).

Qué va beure? (‘What did s/he drink?”) —Una cervesa, com sempre (‘A beer, as usual’).
Qué en va vendre? (‘What did s/he sell of it?”) —Set quilos (‘Seven kilos’).

Que se va moure? (‘Did s/he move?’) —No gens (‘Not at all’).

Que va beure? (‘Did s/he drink?”) —No, mai no beu (‘No, s/he never drinks”).

Qué va moldre? (“What did s/he grind?’) —Un paquet de café (‘A packet of coffee’).
Que en va vendre? (‘Did s/he sell any of it?”) —No (‘No’).

Qué va moure? (“What did s/he move?’) —Tots es mobles (‘All the furniture’).

Que va moldre? (‘Did s/he grind?’) —No, perqué no i varen dur res (‘No, because nobody
brought him/her anything’).

Qué hi va veure? (“What did s/he see?’) —Res (‘Nothing”).

BLOCK II

Qué volia beure? (“What did s/he want to drink?”) —Un tassonet de vi (‘A small glass of wine’).
Que hi volia veure? (‘Did s/he want to see?’) —Ves! (‘Yes, indeed!”).

Queé li volia moldre? (‘What did s/he want to grind for him?”) —Només un paquet de cafeé (‘Just
a little packet of coffee”).

Qué volia moure? (“What did s/he want to move?’) —Tots es mobles (‘All the furniture’).

Que volia beure? (‘Did s/he want to drink?’) —Si, com cada dissabte (‘Yes, just like every
Saturday’).

Que I’hi volia moldre? (‘Did s/he want to grind it for him?”) —No (‘No”).

Qué n’esperava vendre? (‘What did s/he expect to sell of it?”) —Almanco tres quilos (‘At least
three kilos”).

Que se volia moure? (‘Did s/he want to move?’) =57 (‘Yes’).

Qué hi volia veure? (‘What did s/he want to see there?’) —Sa casa acabada (‘The house
finished”).

Que n’esperava vendre? (‘Did s/he expect to sell any of it?”) —S7 (‘Yes’).
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BLOCK III

Que hi volia tornar a veure? (‘Did s/he want to see again?’) —Ves! (‘Yes, indeed!’).

Queé volia tornar a beure? (‘What did s/he want to drink again?’) —Un tassonet de vi (‘A small
glass of wine’).

Qué tornava venir a moldre? (“What did s/he come to grind again?’) —Només un paquet de café
(‘Just a packet of coffee’).

Queé volia tornar a moure? (‘What did s/he want to move again?’) —Tots es mobles (‘All the
furniture’).

Que tornava venir a moldre? (‘Did s/he come to grind again?’) —No (‘No’).

Que volia tornar a beure? (‘Did s/he want to drink again?’) —Si, com cada dissabte (‘Yes, just
like every Saturday’).

Qué hi volia tornar a vendre? (‘What did s/he want to sell there again?’) —Cossiols
(‘Flowerpots’).

Que se volia tornar a moure? (‘Did s/he want to move again?’) —Si (‘Yes’).

Que hi volia tornar a vendre? (‘Did s/he want to sell there again?’) —Si (‘Yes’).

Qué hi volia tornar a veure? (‘“What did s/he want to see there again?’) —Sa casa acabada (‘The
house finished’).
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