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Native language affects the perception of segmental phonetic structure, of

Z%%ﬁgggn stress, and of semantic and pragmatic effects of intonation. Similarly, native
language might influence the perception of similarities and differences among
intonation intonation contours. To test this hypothesis, a cross-language experiment
was conducted. An English utterance was resynthesized with seven falling
multidimensional and four rising intonation contours. English, Iberian Spanish, and Chinese
scaling listeners then rated each pair of nonidentical stimuli for degree of difference.
Multidimensional scaling of the results supported the hypothesis. The three
perception groups of listeners produced statistically different perceptual configurations

for the falling contours. All groups, however, perceptually separated the
falling from the rising contours. This result suggested that the perception of intonation begins with
the activation of universal auditory mechanisms that process the direction of relatively slow
frequency modulations. A second experiment therefore employed frequency-modulated sine waves
that duplicated the fundamental frequency contours of the speech stimuli. New groups of English,
Spanish, and Chinese subjects yielded no cross-language differences between the perceptual config-
urations for these nonspeech stimuli. The perception of similarities and differences among
intonation contours calls upon universal auditory mechanisms whose output is molded by expe-
rience with one’s native language.

Introduction

Native language affects the perception of segmental phonetic structure and of promi-
nence, of stress, and of tone. Semantic and pragmatic influences of intonation also
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vary with native language. Cross-language effects on the perception of similarities and
differences between intonation contours, however, have received no attention. To begin
filling this gap, we compared the perception of English contours by English, Iberian
Spanish, and Mandarin Chinese listeners.

We first review cross-linguistic studies on the perception of speech and analogous
nonspeech signals, concentrating on data from adults. Our work is not aimed at issues
in second-language acquisition. We therefore refer only to a few studies relevant to our
purposes that compare native speakers and non-native second-language learners.

We begin with experiments on the effects of native language on the perception of
segmental phonetic structure. Next, we summarize cross-language studies on the percep-
tion of prominence and stress. Finally, we treat the few cross-language studies on
semantic and pragmatic effects of intonation. These last studies must be distinguished
from those on perceptual comparisons of intonation contours, where all previous exper-
iments have concerned only single languages. Cross-language effects on the perception
of a common set of intonation patterns have gone unexamined.

1.1
Native language and the perception of segmental phonetic structure

Native language affects an adult listener’s perceptual judgments of the segmental struc-
ture of speech. Polka (1995) reviewed the evidence for such an effect on the identification
and discrimination of speech contrasts in adults. The effect develops during the first year
of life (e.g., Best, McRoberts, & Sithole, 1988; Kuhl, Williams, Lacerda, Stevens, &
Lindblom, 1992; Polka & Werker, 1994). Burnham (1986) and Werker and Tees (1992)
have reviewed data on this early transition from language-general to language-specific
perceptual sensitivity. In a related vein, Pisoni, Lively, and Logan (1994) and Flege
(1995) have summarized findings on the effects of native language on perception during
second language learning.

Cross-linguistic differences occur in the perception of stops, fricatives, liquids and
vowels. Seminal studies by Abramson and Lisker (1970, 1973) and Lisker and Abramson
(1970) investigated the identification and discrimination of stops by native speakers of
Latin American Spanish, American English, and Thai. The results showed that percep-
tual phoneme boundaries for voice-onset time in stops are language-specific. Williams
(1977) went on to investigate voice-onset time in speech perception by Spanish and
English monolinguals and in Spanish-English bilinguals. Significant differences appeared
between phoneme boundaries for Spanish and English monolinguals and for monolinguals
and bilinguals.

Hume, Johnson, Seo, Tserdanelis, and Winters (1999) compared the perceptual
salience of place of articulation of Korean stops for Korean and American English
listeners. The subjects heard transition stimuli and burst stimuli isolated from stops
and were asked to identify the stops. Korean listeners performed better than American
English listeners on the isolated transition stimuli. Hume and Johnson (2001) concluded
that Korean listeners pay more attention to transitions following release bursts because
Korean, unlike English, has tense, lax and aspirated stops.

Flege and Hillenbrand (1986) studied the effect of linguistic experience on percep-
tion of the English /s/—/z/ contrast in word-final position. These investigators used
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two groups of native speakers of different American English dialects and two groups
each of native speakers of French, Swedish, and Finnish that differed in English-
language experience. Flege and Hillenbrand found that in identifying English fricatives
as/s/ or/z/, the non-native subjects employed cues known to contribute to the percep-
tion of phonetic contrasts in their native language.

Miyakawa, Strange, Verbrugge, Liberman, Jenkins, and Fujimora (1975) tested
the discrimination of [r] and [1] by adult native speakers of Japanese and American English.
They made synthetic speech tokens varying from /r/ (i.e., English ‘r’) to /1/ by changing
the initial frequency of F3, with F1 and F2 held constant. They also tested their subjects
with just the isolated F3 portion of the stimuli, which were perceived as nonspeech
“chirps.” American English listeners discriminated the speech stimuli far better than did
the Japanese listeners. Both the Americans and the Japanese, however, showed very
good discrimination of the chirp stimuli.

Bladon and Lindblom (1981) found an effect of native language (English vs.
Swedish) on the perception of vowels, although this issue was not central to their study.
Flege, Munro, and Fox (1994) studied the perception of English and Spanish vowels by
native speakers of English and Spanish. The English and Spanish subjects’ ratings were
similar for vowel pairs that were distant in the F1-F2 space but not for vowel pairs that
were adjacent in an F1-F2 space. These results support the existence of both universal
and language-specific effects in speech perception.

Finally, Mielke (2001) investigated the perception of /h/ in various segmental
phonetic environments in Turkish, using Turkish, Arabic, American English, and French
listeners. Turkish and Arabic allow /h/ in many environments, English allows /h/ in
prevocalic position, and French lacks /h/. Clear cross-linguistic differences emerged. For
the Turkish and Arabic subjects, /h/ was more salient than for the English and French
subjects, while it was least salient for the French.

In summary, native and non-native language affect the perception of segmental
phonetic structure. Some phonetic properties of speech, however, such as distance in a
vowel space, may exert a common effect on speakers of different languages.

1.2
Effects of native language on the perception of aspects of prosody

We now turn to cross-language studies on the perception of prosody. These experi-
ments concern the perception of prominence, stress, and tone. The effect of prosody on
comprehension is not at issue here.

Prominence and stress. In sequences of reiterant speech, Lehiste and Fox (1992) manip-
ulated duration and amplitude independently (see also Fox & Lehiste, 1987; Fox &
Lehiste, 1989). When asked which syllable in a sequence was the most prominent,
Estonian and English listeners gave significantly different answers. English listeners
were more sensitive to amplitude cues, whereas Estonian listeners were more sensitive
to duration cues. When the experiment was repeated with reiterant nonspeech signals,
a comparable effect of native language emerged. Lehiste and Fox suggested that Estonian
listeners might be more sensitive to duration than English listeners because Estonian
is quantity-sensitive. Alternatively, since the cross-linguistic difference was particularly
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striking in intonation-phrase final position, it might reflect language-specific expecta-
tions about phrase-final lengthening. Finally, these authors suggested that the results
from the nonspeech condition might indicate that speech experience influences general
auditory perception.

Following up work by Hermes (1997) and by House, Hermes, and Beaugendre
(1997), Beaugendre, House, and Hermes (2001) investigated the perception of accent
location. In five-syllable reiterant utterances such as/mamamamama/, the latter authors
systematically varied the timing of a rapidly rising or falling pitch movement. Dutch,
French, and Swedish subjects were asked to indicate which of the two medial syllables
they perceived as stressed. The Dutch instructions used the term “Klemtoon,” which is
familiar to linguistically naive speakers of Dutch (Hermes, personal communication).
Listeners from the three language groups gave significantly different responses. For
rising pitch movements, an earlier alignment of the pitch movement in the first of the
two medial syllables led French listeners to judge the second syllable as prominent. In
contrast, Dutch and Swedish listeners required a later alignment of the pitch move-
ment for such a judgment. Dutch and Swedish speakers gave the same judgments for
falling pitch movements, but no clear results emerged from the French subjects.

Dupoux, Pallier, Sebastian-Gallés, and Mehler (1997) investigated the perception
of stress in nonwords by French and Spanish listeners. French as opposed to Spanish
participants had difficulties in distinguishing nonwords that differed only in the loca-
tion of stress. On the basis of their results, Dupoux and colleagues argued that French
participants are “deaf” to stress contrasts because French, unlike Spanish, does not
have lexical stress. Subsequently, Peperkamp and Dupoux (2002) proposed a typology
of stress-deafness. They tested their typology by comparing the perception of stress in
adult speakers of each of several languages: French, Finnish, Hungarian, and Polish.
Speakers of some languages yielded more robust “stress deafness” effects than did
speakers of others. In short, a variety of data show that native language affects the
perception of prominence and stress.

Tone. The effect of native language on the perception of tone is not as solidly estab-
lished as its effect on the perception of segmental phonetic structure. Gottfried and
Suiter (1997) studied the identification of tones and of vowels in “silent center sylla-
bles” in Mandarin Chinese. In these syllables, only the initial and final portions of the
syllable are presented. One Mandarin Chinese group of listeners and one American
English group of listeners, who were studying Mandarin, took part in the experiment.
The results of this study were not easy to interpret. An effect of native language on the
perception of tone seemed to occur in some experimental tasks but not in others.

Lee, Vakoch, and Wurm (1996) investigated the effects of native language on the
perception of Cantonese and Mandarin tones by Cantonese, Mandarin, and English
listeners. Subjects were asked to determine whether two tones that they heard were the
same or different. Native speakers of Mandarin or of Cantonese were better at discrim-
inating tones from their own languages than were non-native listeners.

In experiments on the processing of lexical tone in Cantonese by Cutler and Chen
(1997), Cantonese and Dutch listeners made speeded-response, same-different judg-
ments of word or nonword pairs. Some of the pairs differed only in tone. Essentially,
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the Dutch listeners produced the same results as the native Cantonese listeners. Both
groups were more likely to judge a pair as identical when its members differed in tone
only. Cutler and Chen concluded that their findings revealed the effects of simple percep-
tual processing rather than of specific linguistic knowledge. The processing of lexical
tone distinctions may be slower than that of segmental distinctions. Since the experi-
ment required rapid responding, the Cantonese listeners showed no native speaker
advantage.

Huang (2001) investigated the origin of a tone sandhi process in Mandarin Chinese.
She gave a discrimination task to Mandarin Chinese and American English listeners.
No major cross-linguistic differences emerged from the main statistical analysis. Minor
differences appeared in post hoc comparisons of responses to different tone pairs.

1.3
Native language and semantic and pragmatic effects of intonation

Cross-language studies have produced some data on the influence of intonation on
semantic and pragmatic judgments. In her research on second language acquisition,
Cruz-Ferreira (1984) demonstrated an effect of native language on the semantic influ-
ences of British English and European Portugese intonation. Cruz-Ferreira presented 30
British English and 30 Iberian Portuguese listeners with pairs of sentences that differed
only in intonation. All subjects could speak the non-native language. Native speakers
of each language produced the sentences. Subjects were asked to match each sentence
with meaning glosses provided by the experimenter. Non-native speakers often did not
choose the same gloss as native speakers, yielding a clear effect of language.

A more recent study by Chen, Rietveld, and Gussenhoven (2001) investigated
language-specific effects of pitch range on pragmatic judgments. Dutch and British
English listeners rated stimuli in Dutch and British English, respectively, on the scales
CONFIDENT Versus NOT CONFIDENT and FRIENDLY versus NOT FRIENDLY. The stimuli
were lexically equivalent and varied in pitch range and contour. In both languages,
perceived confidence decreased and perceived friendliness increased as pitch range was
raised. However, at identical pitch ranges, British English was perceived as more confi-
dent and more friendly than Dutch. Chen et al. argued that the observed difference was
due to the generally observed differences in the standard pitch ranges of Dutch and British
English. Their study provides evidence of both universal and language-specific compo-
nents in the pragmatic effects of intonation. It also is one of a number of studies that
support the idea of a universal frequency code in intonation (Ohala, 1983). Gussenhoven
(2002) gives an overview of work on this frequency code.

1.4
The perception of intonation contours

Various studies have examined the perception or pragmatic effects of intonation contours
or units entirely within a single language (Bartels & Kingston, 1994; Gussenhoven,
1984; °t Hart, Collier, & Cohen, 1990; Kohler, 1987a, 1987b; Nash Mulac, 1980;
Pierrehumbert & Steele, 1989). The previously established cross-language effects on
various aspects of speech perception suggest that listeners from various language back-
grounds would also yield different perceived patterns of resemblances between members
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of a given, limited set of English intonation contours. We found no work, however, on
the perception of intonation across language groups. We therefore undertook an inves-
tigation of native-language effects on the perception of English intonation contours.
Specifically, we asked whether English listeners and listeners from other language back-
grounds would perceive similarities and differences in pairs of the English stimuli in the
same way.

Experiment 1

Stimuli were produced by resynthesis of a single English utterance, using each of 11
different fundamental frequency contours. Native speakers of English, Iberian Spanish,
and Mandarin Chinese were asked to rate the differences between pairs of these 11
stimuli. English and Spanish are stress-accent languages. In both languages, stressed
syllables can be associated with a limited set of pitch movements (for the term stress-
accent, cf. Beckman, 1986). Spanish differs from English, however, in the inventory of
observed accent shapes (Sosa, 1999). Mandarin is a tone language. Although it has
postlexical intonational variation, it does not manifest phrase-long intonational contours
constructed from basic pitch movements (Ladd, 1996).

The ratings were initially analyzed with multidimensional scaling (MDS) and with
cluster analysis (CA). Multidimensional scaling represents the stimuli as points in a
space of the lowest possible dimensionality, while preserving the rank-order relation-
ships between the ratings (Everitt & Dunn, 1991; Schiffman, Reynolds, & Young, 1981).
The space may have two or more dimensions. Perceptually similar stimuli end up in
nearby positions in the space. Perceptually dissimilar stimuli fall in different regions. Cluster
analysis is a standard procedure for confirming visual impressions of stimulus interre-
lationships in the parent MDS configuration. It takes the interstimulus distances from
MDS and constructs a dendrogram (Everitt & Dunn, 1991). Perceptually similar stimuli
appear on the same branch of the dendrogram, while perceptually diverse stimuli appear
on different branches.

Multidimensional scaling has been used in numerous studies of the perception of
vowels (see Rosner & Pickering, 1994, for a review). Outside linguistics, MDS and CA
have been widely used in areas where people have difficulty in articulating the nature
of perceived similarities or differences, for instance, in the study of tastes or smells.
Similarly, the relationships between intonation contour shapes and perception are not
particularly well formulated. Analysts frequently disagree on the phonetic description
and phonological classification of English (and other) intonation contours. There is
still no single, generally accepted approach to the description of intonation. For instance,
in a recent edited survey of the intonation systems of 20 languages (Hirst & Di Cristo,
1998), a different approach to intonation description was taken for almost every language
examined. Multidimensional scaling seems quite appropriate, then, for studies on into-
nation. In fact, Gussenhoven (1984), Herman and McGory (1999), and Huang (2001)
have employed MDS in previous work on prosody.

On our initial hypothesis, English, Spanish, and Chinese speakers should yield
different MDS configurations and different CA dendrograms for the 11 English stimuli
differing in intonation. The British School of intonation analysis (e.g., Cruttenden,
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1997) has long divided intonation contours into those ending in rising and those ending
in falling nuclear pitch movements. Both types of contours were included in our stimuli.
We expected the British subjects to separate the stimuli into two corresponding groups
in the MDS map. Insofar as the perception of intonation contours is specific to speakers
of the particular language that employs those contours, the results for the English
subjects should diverge in various ways from those for the Spanish and Chinese listeners.

2.1
Method

Stimuli. We used 11 different intonation contours that are well attested in Southern British
English and discussed in widely accepted descriptions of English intonation (see
Cruttenden, 1997; Gussenhoven, 1984; Kingdon, 1958; O’Connor & Arnold, 1973).
The contours can be taken as relatively uncontroversial. Each contour involved two
intonation phrases and contained a prenuclear and a nuclear accent (for terminology,
see Cruttenden, 1997). The spoken material, Melanie Maloney, was the same for each
contour, providing a sequence of first name and surname.

From a phonological point of view, the 11 contours could be grouped in different
ways, depending on the analysis chosen. For our immediate purposes, we classified the
contours into two sets, based on the direction of the final pitch movement in the two
accentual domains in each intonation phrase (for accentual domains, cf. Gussenhoven,
1990). The pitch movement is either falling (HL) or rising (LH). The location of an accen-
tual domain is determined by the position of accented syllables. In the utterance Melanie
Maloney, the prenuclear domain begins with the first accented syllable (Me—in Melanie)
and ends just before the second accented syllable—Jlo—in Maloney. The nuclear accen-
tual domain begins with the second accented syllable— /o —and extends to the end of
the utterance. Seven stimuli had prenuclear and nuclear accentual domains ending in a
falling pitch movement and formed Group HL. The other four had prenuclear and
nuclear accentual domains ending in a rising pitch movement and formed Group LH.

The imbalance in the number of HL and LH contours results from our separa-
tion of the contours into a rising and a falling group and from descriptions of Southern
British English intonation. In Southern British English, phoneticians have described a
wider variety of overall falling combinations of prenuclear and nuclear accents.

To make the stimuli, a male speaker of Standard British English initially produced
Melanie Maloney with two different contours. One of these two utterances was produced
as a statement in answer to the question, “What’s Peter’s girlfriend’s name?.” The
resulting FO contour contained two falling pitch accents, one on the first syllable Me—
of Melanie and the other on the second syllable—/lo—of Maloney. (These are the
lexically stressed syllables.) The second utterance was produced in surprise to the
announcement, “Peter’s girlfriend’s won the Nobel Prize!”. Here, the resulting FO
contour contained two rising pitch accents. Both utterances were voiced throughout,
so as to avoid any disruptions of the F0 contours.

The 11 experimental stimuli were generated from the two natural utterances. Seven
contours based on the first utterance formed Group HL, and four contours based on
the second utterance formed Group LH. Using PRAAT 3.8 (Boersma & Weenink,
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Figure 1

Contours of FO(vertical axes) for the 11 resynthesized speech stimuli. Group HL (falling) and
Group LH (rising) separated on basis of final pitch movement in each accentual domain.
Horizontal lines beneath contours show locations of syllables in test utterance. Dotted lines
represent unstressed syllables
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1996) running on a PC computer, the stimuli were resynthesized using PSOLA (Carpentier
& Moulines, 1990). PRAAT provides for manual shaping of an FO contour before
PSOLA resynthesis. Different starting utterances were used for the resynthesis of each
group, since PSOLA can produce artifacts when the FO contour for resynthesis departs
widely from the starting contour. The two starting utterances were 1.033 and 1.054s in
duration for Groups HL and LH, respectively. This difference is well below the Weber
faction for duration, which is at least 0.05; the difference in duration is therefore very
unlikely to be perceptible. Each stimulus was saved to disc as a monophonic .WAV file
sampled at a standard 44.4kHz rate.

Figure 1 shows the FO contours for Group HL on the left and those for Group LH
on the right. The plots were obtained from the resynthesized stimuli. The intonation
transcriptions follow the IVIiE (Intonational Variation in English) system for prosodic anno-
tation (Grabe, 1998; Grabe, Nolan, & Farrar, 1998; Grabe, Post, & Nolan, 2001). The
IViE system is an autosegmental-metrical, two-tone transcription system for intonation.
It is based on the ToBI system (ToBI = Tones and Break Indices) derived from data on
American English (Beckman & Ayers Elam, 1997; Silverman, Beckman, Pitrelli, Ostendorf,
Wightman, Price, Pierrehumbert, & Hirschberg, 1992). The IViE system, however, rests
on data on British English, the variety used for the present paper. Both systems assign
prosodic labels such as H, L, * and % to accented syllables and intonation phrase bound-
aries. The Appendix gives corresponding ToBI transcriptions for Figure 1 and auditory
descriptions that follow the terminology of the British School. The lines at the bottom
of each plot in Figure 1 give approximate locations of the six syllables in each utterance.
Solid and dotted lines represent accented and unaccented syllables, respectively.

Subjects and testing conditions. Three groups of paid volunteer subjects participated in
the experiment. Subjects were always tested individually, and a PC controlled the exper-
iment. The first group of listeners contained 22 native speakers of Southern British
English, aged 19 to 25 years. The subject sat in a sound-attenuated experimental room
in the Phonetics Laboratory of the University of Oxford. The visual display unit (VDU)
in the room was attached via a splitter to the PC. In a separate control room housing
the PC, the experimenter viewed a VDU that presented the same display as the subject’s.
A switch box activated a keyboard in the experimental room, so that the subject could
send data to the PC. Output from the PC sound card was patched through to Sennheiser
HD-320 earphones. The subject viewed a sheet with the experimental instructions as
the experimenter read them aloud. All instructions and VDU messages were in English.

The second group of subjects contained 21 bilingual native speakers of Spanish
and Catalan, aged 19 to 25 years. None could speak English, although most had some
rudimentary knowledge of the language. The VDU messages and the instruction sheet
were presented in Spanish. Subjects were tested in the Psycholinguistic Laboratory at
the Universitat Rovirai Virgili, Tarragona, Spain. The subject sat in a sound-attenuated
room with a VDU and keyboard connected to a PC. The experimenter sat in an adja-
cent control room that contained the PC. Stimuli were delivered over FoneStar FMC-690
earphones.

The third group included 20 native speakers of Mandarin Chinese, aged 17 to 23

years. All came from the Beijing area and could read some English. None spoke it
fluently. All VDU messages and the instruction sheet appeared in standard Chinese
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characters. The subject was tested in a sound-attenuated room at the Department of
Psychology, Peking University. A VDU and keyboard were connected to a PC in the
room itself. Output from the sound card was delivered over SONY MDR /CD470
earphones. The experimenter sat behind the subject, monitoring the latter’s performance.

Procedure. Stimuli were delivered binaurally over earphones at a comfortable listening
level of approximately 65dBA. A program written in C controlled the experiment. At
the start of a session, the subject heard each of the 11 stimuli individually. A message
on the VDU informed the subject that a stimulus was available. When the subject pressed
the ENTER key on the PC keyboard, the VDU screen went blank and a stimulus
occurred after a 500 ms delay. The VDU message then reappeared. After the last famil-
iarization stimulus, a new VDU message informed the subject that rating trials were about
to begin.

Trials were self-paced. One pair of stimuli occurred on each trial. The pair was rated
from 1 to 10 inclusive, depending on the degree of similarity or difference in the pitch
movements of the two sounds (1 = very similar, 10 = very different). The subject was
instructed that the members of a pair would never be identical and that a rating should
only reflect the way in which the stimuli differed in pitch movement.

A VDU message to the subject indicated that pressing the ENTER key would
initiate a rating trial. When the subject did so, the VDU went blank. A pair of stimuli
was presented after a 500 ms delay; an interstimulus interval of 200 ms intervened
between the end of the first stimulus and the start of the second. A second VDU message
then instructed the subject to make a rating of 1 through 10, using the keyboard. The
“0” key had been covered with a label of ‘10.” The subject could cancel the rating with
the back-space key and enter a new number. After the subject made a rating and
confirmed it by striking the ENTER key, the VDU went blank for 1000 ms. It then
presented the message indicating the availability of a trial. An entire session took
about 30mins. A final VDU message informed the subject that the session had ended.

Each subject rated each of the 110 possible pairs of nonidentical stimuli just once.
The 110 pairs occurred in a different random order for each subject. Ordered stimulus
identifiers and the rating for each trial were written to a text data file.

Data analysis. The rating data were analyzed with a variant of INDSCAL (see Everitt
& Dunn, 1991, pp. 84—88). This multidimensional scaling technique is implemented as
PROXSCAL in the SPSS10.0 statistical package. We submitted the untreated, raw ratings
(proximities) for each subject to a nonmetric analysis by PROXSCAL. Ashby, Maddox,
and Lee (1994) demonstrated that averaging of data over subjects can produce misleading
MDS results. The stimulus configuration in the derived space may fit the averaged data
nicely but may not represent the results of any single subject. Therefore, an individual
differences procedure such as PROXSCAL is the only safe MDS treatment of data from
multiple observers. Data are not combined over subjects. PROXSCAL produces both the
coordinates for the stimuli in the perceptual space and the weights that each subject gave
to the axes of that space. The axes of the space may vary in relative importance across
different subjects. The final stimulus locations in the perceptual space are optimal, given
the set of weights for the subjects. We fitted both a two-dimensional and a three-dimen-
sional solution to the data from each of the three groups of subjects.
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To verify our visual impressions of the distribution of points in the MDS spaces,
we undertook cluster analyses of the MDS interstimulus distances (see Everitt & Dunn,
1991; Chap. 6). Cluster analysis (CA) shows the stimuli that are perceptually closest and
those that are perceptually farthest apart, whatever the dimensionality of the MDS
space. We employed both single linkage (nearest neighbor) and complete linkage (furthest
neighbor) algorithms, in order to be certain of the consistency of the analysis. The
former locates perceptually nearby stimuli as quickly as possible. The latter forms
different perceptual sets of stimuli as quickly as possible. The results in both cases are
invariant over any monotone transform of the interstimulus distances. Therefore, the
procedures pick out the main features of the MDS distances and are insensitive to
details.

The number of subjects varied somewhat between groups. The MDS and CA
procedures, however, do not depend upon the exact number of subjects in a group.

2.2
Results

Using a search procedure, PROXSCAL minimizes normalized raw stress. This measure
is the sum of the squared differences between each MDS interstimulus distance and the
corresponding proximity, after normalizing proximities across subjects to equate vari-
ances. Normalized raw stress decreases as a fit improves. The two-dimensional MDS
solutions for the speech stimuli yielded normalized raw stress values of 0.0501, 0.0501,
and 0.0451 for the English, Spanish, and Chinese subjects, respectively. Such small
stress values indicate a good fit of the MDS solutions to the data. The corresponding
values for the three-dimensional solutions were 0.0591, 0.0762, and 0.0684. The three-
dimensional solutions obviously yielded no further improvement over the two-dimensional
ones. The slight increases in normalized raw stress for the three-dimensional solutions
probably represent entrapment of PROXSCAL’s search procedure in local minima (see
Schiffman, Reynolds, & Young, 1981, p. 84 and p. 382).

MDS and CA findings. Figure 2 shows the two-dimensional MDS results from the
three groups of listeners. Capital letters indicate the locations of the individual stimuli
in the M DS space. The filled circles in each panel of Figure 2 represent the weights for
the individual subjects. For clarity of graphical presentation, the weights actually
obtained from PROXSCAL have been multiplied by five; otherwise, they would just
appear as a smear not far from the origin. The dashed line in the first quadrant of each
plot shows where equal weights for the two dimensions would fall. Points below that
line represent subjects who gave more importance to the horizontal than to the vertical
axis of the space. Points above the line indicate subjects who assigned relative impor-
tance to the axes in the opposite way. In each set of listeners, only one subject weighted
the second dimension more heavily than the first. The configuration of the weight points
in each plot indicates good agreement between listeners.

The English subjects separated the stimuli into Groups HL and LH, as predicted.
The two stimulus groups occupied different regions of the MDS perceptual space. The
Spanish listeners gave much the same results. With the apparent exception of stimulus
G, the MDS configuration for Chinese subjects generally resembles those for the English
and Spanish listeners. The latter subjects, who speak stress-accent languages, placed G
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together with the other contours in Group HL in the left half of the MDS space. The
Chinese subjects, who speak a tone language, moved stimulus G into the right half of
the MDS space. The dendrograms from the cluster analyses confirmed that all three groups
of subjects separated Groups HL and LH. In particular, the cluster analyses for the Chinese
subjects produced the same two subclusters as for the other subjects and clearly joined
G with the other members of Group HL. No major cross-language differences emerged
from the CA dendrograms.

Within stimulus Group HL, however, the MDS plots reveal some apparent percep-
tual differences between the three sets of subjects. For instance, the HL stimuli E
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(H* H*L %) and F (H*!'H*L %) are near neighbors in the English, the Spanish, and
the Chinese MDS plots. All subjects judge stimuli E and F to be similar. Those stimuli,
however, are at the top of the HL set in the MDS space for the Chinese subjects, at the
bottom for the English subjects, and in the middle for the Spanish subjects. In contrast,
the arrangement of stimuli within Group LH seems much the same for all three groups
of subjects.

Two critical questions now arise about the MDS results for the speakers of the three
languages. Are the apparent differences between the shapes of the HL stimulus config-
urations statistically reliable? And are the shapes of the configurations of the LH stimuli
statistically indistinguishable? To answer such questions, we developed a statistical
procedure, the configuration comparison test (CCT), based on correlation and regres-
sion analysis.

Configuration comparison test. The configuration comparison test takes three steps. It

starts with the MDS distances, d;, between all pairs of points i and j, i #/, in an array

of stimuli. An array of m stimult yields m(m—1)/2 such distances. For example, the

seven stimuli in Group HL yield 21 values of d... All 11 stimuli in Groups HL and LH
. . Y

combined yield 55 values of di/"

Let {di‘V} and {di‘W} be the set of distances within a given stimulus array, for
speakers of fanguages Vand W, respectively. In the first step of the CCT, the Pearson
product-moment correlation ryy, is computed between the two sets of distances. If two
MDS configurations for a given set of stimuli are unrelated in shape, ry, will be zero.
If the configurations are at all similar, ryy, will be positive. Therefore, a 1-tailed test is
used to determine whether ry;y, is significantly greater than zero. If ryy, does not differ
from zero, the configurations are unrelated in shape and the CCT terminates. No further
useful information can be obtained.

If ryyy significantly exceeds zero, the CCT proceeds to its second step. Each set
of distances is normalized to a mean of 1.0 and a standard deviation of 0.2. The normal-
ized distances are denoted dl.jvn and dl.jwn. Let My, and Sy be the mean and standard
deviation of {d,y}. Then d Vn = (d;y—My)/5sy,+1. A similar transform applies to

r

ijVn
{d_;\}- The transform compensates for differences between the arrays in overall spread

1
and keeps each distance positive. It does not affect the shape or topology of each array
of stimuli. It also leaves ryyw unchanged; indeed, the transform could be executed before

the computation of ryyy,.

In the third step of the CCT, the parameters A (the slope) and B (the intercept)
are determined for the best-fitting straight line dl.jwn = Ad,.y,, + B, over all m(m—1)/2
pairs of distances. If the two MDS configurations are identical in shape, then A will be
unity and B will be zero. If the two configurations are similar but not identical in shape,
either or both of these conditions will not be met.

To test whether these conditions are satisfied, 4 and B are calculated along with
their standard errors of estimate SE, and SEj, respectively. The standard errors lead
to 2-tailed values of Student’s ¢ for 4 and B. Each ¢ has [m(m—1)/2-2] degrees of
freedom. For the slope, which should be unity if the configurations are indistinguish-
able, 7, = (1.0-4)/SE  is found. For the intercept, which should be zero if the
configurations are indistinguishable, 7, = B/SE} is determined. If either value of 7 is
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significant, the two configurations are reliably different, even though a significant ry,
indicates some similarity between them.

Since {di'Vn} and {di‘Wn} have equal means and equal standard deviations, the

values of A4 and B are identical for the regression of d;;y,, on dj;w, and for the regres-
sion of dijWn on di'v - Furthermore, 4 = rvw and B= 1-ryy- (See Edwards, 1984, ch. 3,
for details.) It is unfortunately impossible to test the hypothesis that ry;y,, does not differ
from unity, by using Fisher’s z transform. The value of z becomes infinite under that

hypothesis.

In summary, given two MDS configurations, the CCT has three possible outcomes.
First, if ryy, does not differ significantly from zero, the configurations are completely
unrelated and different. Second, if ryy, significantly exceeds zero, and if A4 differs signif-
icantly from unity or B differs significantly from zero, the two configurations are similar
but not statistically identical. Third, if ry, significantly exceeds zero, and if 4 and B
do not differ significantly from unity and zero respectively, the two configurations are
statistically indistinguishable.

The outcome of the CCT is invariant under rotation or displacement of the axes
of the MDS spaces. When applied to a given part of a configuration, it is invariant
under any local rotation of that part. Finally, the CCT procedure applies to any pair
of n-dimensional MDS spaces, n = 2.

To obtain values for ryws 4. B, SE , and SEg, we used SPSS 10.0 (SPSS,
INC,, 1999). As a further check, we also obtained Spearman rank-order correlations
for comparison with ry,,. The two types of correlations always agreed in significance
level. Due to the large number of tests reported in this paper, we have set o at a conser-
vative value of .025 and have ignored differences that are significant at the .05 level.

As an example, Figure 3 shows dj;s,, for the Spanish speech results plotted against
dz’j En for the English results. The top, middle, and bottom panels display paired distances
for the HL stimuli, the LH stimuli, and all stimuli combined, respectively. Regression
lines and values of rq are shown; when appropriate, values of 7, and 7 are also given.
A significance level accompanies any value. For Group HL, rpg was not significant.
Therefore, the two sets of subjects yielded reliably different configurations. For Group
LH, rpq again was not significant, apparently due to the different positions of stimulus
H. There are fewer degrees of freedom for the LH than for the HL distances, however,
so the LH finding should be treated cautiously. Finally, across all stimuli, the two config-
urations do not differ statistically. The correlation rqp, is significant; 4 and B do not differ
significantly from zero and unity, respectively. This result basically reflects the fact that
both the English and the Spanish subjects cleanly separate Groups HL and LH in the
respective MDS spaces. It also shows that overall properties of two statistically indis-

tinguishable configurations can mask important differences in detail.

Differences between language groups. We applied the configuration comparison test to
the results for all 11 stimuli, for the HL stimuli (falls), and for the LH stimuli (rises),
evaluating differences between the three possible pairs of language groups. Table 1
contains the findings on the speech stimuli. Each row shows the degrees of freedom for
testing ry,y, against zero and for each z-test. Then it displays the test results themselves
and the CCT outcome.
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Using all stimuli, the shapes of the MDS configurations were statistically indis-
tinguishable in the English/Spanish and the Spanish/Chinese comparisons (CCT in Table 1
marked + +). The correlations were significant, while 4 and B did not differ from unity
and zero, respectively. This result arises from the numerous sizable distances connecting
the stimuli in Group HL to those in Group LH (see Fig. 2). Although rg for the
Spanish/Chinese comparison was significant, the slope A fell significantly below unity
and the intercept B significantly exceeded zero. Therefore, the two configurations were
similar but not identical (CCT in Table 1 marked + ). This apparently happened because
the Chinese listeners yielded a more tightly bound MDS configuration than did the
Spanish listeners.

The configurations of the seven falling HL stimuli, however, differed reliably between
all three languages (CCT in Table 1 marked 0). The correlations do not differ from zero
for any of the three comparisons. Figure 4 shows regression plots for these comparisons.
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TABLE 1

Two-way configuration comparison tests (CCTs) for English, Spanish, and Chinese subjects
on English intonation contours embedded in speech stimuli. Results for all contours, falls
only, and rises only. If correlation Iy DOt different from 0, configurations unrelated; CCT
result marked 0. Otherwise, if regression line slope A#1 or intercept B#0, configurations
similar and CCT is+;if 4 =1 and B = 0, configurations indistinguishable and CCT is + +

Fyw =0 A=1 B=0

CCT
Test ' ryy 4 Ty B ’p Result
All stimuli
English versus Spanish (A-K) 53 .84 0.84 2.17 0.16 2.13 ++
English versus Chinese (A-K) 53 80** 0.80 245*% 020 2.40* +
Spanish versus Chinese (A-K) 53 .84%* 0.84 2.13 0.16 2.25 ++
Falls (Group HL)
English versus Spanish (A-G) 19 -.23 - - - - 0
English versus Chinese (A-G) 19 25 - - - - 0
Spanish versus Chinese (A-G) 19 40 - - - - 0
English versus Chinese (A-F) 13 66%* 0.60 1.63 0.34  1.63 0
Spanish versus Chinese (A-F) 13 -.08 - - - - 0

Rises (Group LH)

English versus Spanish (H-K) 4 .33 - - - -
English versus Chinese (H-K) 4 19 - - - -
Spanish versus Chinese (H-K) 4 73 - - - -

** p<.01; * p<.025; — = test irrelevant

The Chinese subjects treated HL stimulus G quite differently from the other two
groups. We eliminated distances for that stimulus within the HL group and ran new config-
uration comparison tests for the Chinese listeners against each of the other two sets of
subjects. As Table 1 shows, the Spanish/Chinese results remained unchanged (CCT in
Table 1 again marked 0). Although rp was only .66, the English/ Chinese configura-
tions now became statistically indistinguishable (CCT in Table 1 now marked + +).
Both of these groups of listeners placed stimuli A, B, C, and D close together, with E
and F in a more distant group, yielding the significant correlation (see Fig. 2). The
Spanish subjects did not behave this way.

Finally, Table 1 shows that the configurations for the rising LH stimuli differed
reliably in all comparisons (CCT in Table 1 marked 0). As noted above, the few degrees
of freedom available for these tests may have prevented the correlations from reaching
significance in at least the English/Chinese and the Spanish/Chinese comparisons.
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2.3

Discussion

Both our two-dimensional MDS results and Gussenhoven’s (1984) three-dimensional
MDS configuration show that English listeners make a major perceptual split between
HL and LH FO contours. Our Spanish and the Chinese subjects also separated the
stimuli into HL and LH groups. Further comparisons between Gussenhoven’s results
and ours cannot be made. Gussenhoven does not provide a two-dimensional solution,
and the stimuli carrying his FO contours were presented in five different carrier contexts.
Our stimuli were presented without context.

Reliable differences, however, appeared in the perceptual organization of our
stimuli within Group HL in all three cross-language comparisons. The configurations
for this stimulus group differed markedly between the English and the Spanish subjects.
We could not identify one or two stimuli that underlay most of this effect. The location
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of rising-falling contour G in the Chinese MDS map differed noticeably from its posi-
tion in the English and Spanish maps. Cluster analysis, however, still placed G in Group
HL for the Chinese listeners. Configuration comparison tests revealed that stimulus G
explained the difference in the perception of Group HL by the English as against the
Chinese speakers. It did not do so for the Spanish/Chinese comparison.

Cross-language differences were found within each of the three comparisons for
Group LH. Given the small number of contours within that group, this finding must
be treated suspiciously. Experiments using a larger number of LH contours are obvi-
ously needed.

The consistent cross-language M DS split between HL and LH stimuli suggests that
perception of intonation contours may start with the activation of universal auditory
mechanisms that process relatively slow frequency modulations. These mechanisms
would determine the basic cross-language perceptual distinction between Groups HL
and LH. A listener’s experience with her native language could modify the outputs of
the basic auditory mechanisms, producing different language-dependent perceptual
configurations for various subsets of stimuli.

To test this hypothesis, we made frequency-modulated (FM) pure tones whose
contours duplicated those of the speech stimuli. British English, Spanish, and Chinese
listeners were asked to rate the dissimilarity of pairs of these nonspeech stimuli. If the
perception of FO contours in speech draws initially on universal auditory mechanisms
that are not speech-specific, all three MDS configurations for the nonspeech FM stimuli
should be two-dimensional and should again show a clear division between Group HL
and Group LH. Furthermore, the perceptual organization of stimuli within each of
those two stimulus groups should not differ significantly across languages, in contrast
to the results for speech.

Experiment 2

We collected similarity judgments using 11 frequency-modulated pure tones, presented
in pairs. The frequency changes in the stimuli duplicated the FO contours of the speech
stimuli in Experiment 1. Again, we tested English, Iberian Spanish, and Mandarin
Chinese subjects. None had participated in Experiment 1. This precaution avoided any
possible cross-contamination between judgments of the speech and the nonspeech
stimuli. We expected all three groups of subjects to segregate the HL and LH contours
in two-dimensional MDS spaces and in addition to yield similar perceptual organiza-
tions of the stimuli within each group. Finally, within-language comparisons of MDS
arrays for the speech and the corresponding FM stimuli would show how far the former
configurations diverge from the latter.

3.1
Method

Stimuli. The 11 frequency-modulated (FM) sine waves were generated with Cool96
(Syntrillium Software Corporation, 1996). For each contour in Figure 1, we made a sinu-
soidal stimulus that contained identical linearly frequency-modulated segments. The
segments were produced individually and then pasted together. Any resulting artifacts
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were deleted. The FM patterns therefore were copies of the FO patterns in the speech
stimuli. Stimulus onsets and offsets were shaped with 20 ms linearly rising and falling
amplitude modulations, respectively. Otherwise, stimulus amplitude was constant and
equal across stimuli. Fundamental frequency tracks obtained with PRAAT showed
that the contours of the FM stimuli duplicated those of the speech stimuli.

Subjects, testing conditions, procedure and data analysis. Three new groups of paid
volunteer subjects were studied. The first contained 20 native speakers of Southern
British English, aged 19 to 23 years. The second group contained 20 native speakers of
Spanish and Catalan, aged 19 to 25 years. The third included 20 native speakers of
Mandarin Chinese, aged 18 to 22 years. The testing conditions for each set of subjects
were the same as those of Experiment 1, as were the procedure and data analysis.

3.2
Results

The two-dimensional MDS solutions for the sinusoidal FM stimuli had normalized
raw stress values of 0.0505, 0.0464, and 0.1016 for the English, Spanish, and Chinese
subjects, respectively. For the three-dimensional solutions, the corresponding values
were 0.0671, 0.0839, and 0.0877; the first two values indicate entrapment in local minima.
The two-dimensional solutions were obviously adequate.

Comparisons across speakers of different languages. Figure 5 (overleaf) shows the two-
dimensional results for the FM stimuli. It is organized exactly like Figure 2. The letters
in Figure 5 correspond to those in Figures 1 and 2, but they are now marked with primes
to distinguish the FM stimuli from the speech stimuli. In each group of listeners, two
subjects weighted the second dimension more heavily than the first. The weights for
the English and the Chinese subjects seem slightly more divergent for the FM stimuli
than for the speech stimuli. These results may reflect differences between subjects or differ-
ences between stimuli in Experiments 1 and 2.

The MDS plots confirmed our predictions. All three groups of subjects perceptu-
ally separated the FM stimuli in Group HL from those in Group LH. Furthermore, for
all three groups of listeners, the perceptual configurations of stimuli within Groups HL
and LH are now much the same. Within Group LH, however, J,. was consistently set quite
far apart from its other three partners. Cluster analyses supported these findings.

Table 2 (overleaf) gives the results of configuration comparison tests for the FM
stimuli, pitting the three sets of subjects pairwise against one another. Not one of the
nine comparisons represented in the table revealed a reliable difference between MDS
configurations. Each pair of configurations tested proved statistically indistinguishable.

Comparison of results for speech and for FM stimuli. Using the CCT, we evaluated
differences in the MDS positions of speech and FM stimuli within subjects who are native
speakers of the same language. Table 3 contains the findings. The results are separated
as usual into tests for all stimuli, for the falling HL stimuli, and for the rising LH stimuli.

Tests over all contours showed that the speech and FM configurations were indis-
tinguishable in shape for Chinese subjects. For English subjects and for Spanish subjects,
however, the speech and FM configurations were similar but distinguishable. The
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correlation was significant, but A fell significantly below unity and B exceeded zero. The
FM configurations always seemed more scattered than the speech configurations.

The English and the Spanish results also showed reliable differences between the
perceptual configurations for the Group HL falling speech and FM stimuli. In contrast,
the Chinese findings were statistically indistinguishable. Finally, the rising contours
produced a barely reliable difference between speech and FM stimuli only for the English
results. The configurations for the speech and the FM rising stimuli were statistically
indistinguishable for the Spanish and for the Chinese findings.
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TABLE 2

Configuration comparison tests on frequency-modulated (FM) stimuli based on English
intonation contours. Two-way tests for English, Spanish, and Chinese subjects. Results for
all contours, falls (HL) only, and rises (LH) only. See Table 1 for explanation

ryw =0 A=1 B=0
cCcr

Test ar ryy 4 ‘4 B 1 Result
All stimuli
English versus Spanish (A'-K") 53 96+ 096 1.08 0.04 1.06 ++
English versus Chinese (A'-K') 53 95%* 095 1.13 0.05 1.13 ++
Spanish versus Chinese (A'-K') 53 96%* 096 1.02 0.04 1.01 ++
Falls (Group HL)
English versus Spanish (A'-G") 19 96** 0.96 0.61 0.04 0.60 ++
English versus Chinese (A'-G') 19 96** 0.96 0.65 0.04 0.54 ++
Spanish versus Chinese (A'-G") 19 96** 0.96  0.58 0.03 0.57 ++
Rises (Group LH)
English versus Spanish (H'-K') 4 99** 099 0.10 0.00 0.00 ++
English versus Chinese (H'-K') 4 99** 0.99  0.09 0.02 0.00 ++
Spanish versus Chinese (H'-K") 4 1.00** 1.00  0.00 0.00  0.00 ++
** p<.01

TABLE 3

Configuration comparison tests on English intonation contours presented in speech and
as frequency-modulated (FM) sine wave stimuli. Separate tests for English, Spanish, and
Chinese subjects. Results for all contours, falls (HL) only, and rises (LH) only. See Table 1
for explanation

Fyw =0 A=1 B=0
CcCT

Test a  ryy A 4 B ’p Result
All stimuli
English: Speech versus FM 53 JI3EE 0.73  2.84*%% 0.26 2.79*%* +
Spanish: Speech versus FM 53 J10%* 0.70  3.07** 0.30 3.01** +
Chinese: Speech versus FM 53 84%* 0.84 2.11 0.15 2.07 ++
Falls (Group HL)
English: Speech versus FM 19 .38 - - - -
Spanish: Speech versus FM 19 -.07 - - - -
Chinese: Speech versus FM 19 STHE 0.57 227 043 223 ++
Rises (Group LH)
English: Speech versus FM 4 .76 - - - -
Spanish: Speech versus FM 4 82% 0.82  0.63 0.18 0.62 +
Chinese: Speech versus FM 4 95%* 095 0.31 0.05 031 +
** p<.0l; * p<.025; — = test irrelevant
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3.3
Discussion

For speakers of all three languages, the perception of the FM stimuli duplicated that
of the speech stimuli in distinguishing Groups HL and LH. Due to this basic distinc-
tion, the correlations between speech and FM judgments across all stimuli were significant
for the English, Spanish, and Chinese data.

Only the English and the Spanish FM results differed significantly from the speech
results for Group HL. The difference was statistically indistinguishable for the Chinese
data. The Chinese listeners seemed to treat the English speech contours more like FM
stimuli than did speakers of the other two languages.

The Spanish and Chinese data showed an indistinguishable difference between
speech and FM for Group LH. The difference for the English results is probably due
to the small number of stimuli. The three FM stimuli H', I', and K' in the LH group
formed a tightly bound MDS group. In contrast to the results of Experiment 1, however,
the LH stimulus J' was less closely related to the other stimuli in the LH set. This obser-
vation applies to all three languages.

Stimulus J' may be separated perceptually in nonspeech because it alone involves
only a single pitch movement, a final rise from a very long initial steady-state F0. This
particular property of J' seems to be less obvious in its speech version J, which is labeled
L* L*H H%. Stimulus J sat one end of the perceptual MDS configuration for Group
LH for all listeners, but it remained clearly linked to the other rising contours. Its FM
counterpart J’, however, was always more weakly linked to the other rising FM contours.
The shift in the relative perceptual position of J* as against J may be contingent on the
much richer spectral content of speech.

General Discussion

Our results show that universal auditory mechanisms that process frequency modula-
tions contribute to the perception of similarities and differences between fundamental
frequency contours. Experience with a specific language, however, also contributes to
these perceptual processes. We will discuss evidence for these two claims in order.

English, Spanish, and Chinese listeners make a fundamental perceptual distinc-
tion between terminal falling (Group HL) and rising (Group LH) F0 contours in speech
and nonspeech. Configuration comparison tests using all 11 speech stimuli showed high
correlations between the MDS arrays for speakers of the three languages. For the
English/Spanish and Spanish/Chinese comparisons, the configurations were indistin-
guishable in shape. For the perception of the 11 FM analogs of the speech contours,
all three cross-language comparisons showed that the configurations were indistin-
guishable. Configuration comparison tests on the FM stimuli with terminal falls and
on the FM stimuli with terminal rises yielded no distinguishable differences between
speakers of the three languages. Furthermore, within each language, the correlation
between speech and FM configurations across all 11 stimuli was always significant.
The two configurations were statistically indistinguishable in the Chinese data. The
falling/rising differentiation seems to rest on universal auditory mechanisms that are
not language-specific.
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Language-specific effects began to emerge in the English/Chinese comparison
across all 11 speech stimuli. The speech configurations were similar but not statistically
identical. In contrast to the results for the FM stimuli, cross-language differences were
clearly evident in the perception of the Group HL speech stimuli. Configuration compar-
ison tests revealed statistical pairwise differences between English, Spanish, and Chinese
listeners on the HL speech stimuli. The Chinese subjects placed stimulus G closer to the
rising contours than did subjects who spoke the other two languages. This stimulus has
a relatively long initial FO plateau followed by a rise. The differences between the Chinese
and the Spanish remained even after elimination of stimulus G. The English/Chinese
difference for Group HL, however, disappeared.

All three cross-language comparisons produced perceptual differences for the
Group LH rising speech stimuli. The correlations failed to reach significance. This
result, however, may well reflect loss of statistical power. Experiments with a larger
selection of rising contours might well yield different results.

Data from English and Spanish speakers produced statistically reliable differences
between the perception of the speech and the FM stimuli. The differences appeared in
the analyses for all stimuli and for the Group HL stimuli. Across all stimuli, the
configurations were similar but statistically distinguishable. The configurations proved
completely different for the Group HL stimuli in the data for Spanish and for English.
The English data also yielded an apparent difference between speech and FM for the
four stimuli in Group LH. This result, however, probably reflects low statistical power.

Finally, no reliable differences appeared between any speech and FM configura-
tions for the Chinese results. Speakers of Chinese treated the speech stimuli as more like
the FM stimuli than did speakers of English or Spanish. Prosodically, Chinese, a tone
language, is different from English and Spanish, which are intonation languages.
Consequently, the Chinese listeners should have had the least opportunity to make use
of any relevant linguistic-prosodic experience when they judged the stimuli.

In summary, universal auditory mechanisms for processing frequency modula-
tion seem primarily responsible for the basic perceptual distinction between falling and
rising contours of intonation in speech. Experience with a given native language then
builds on the outputs of those mechanisms in its own particular way. This experience
leads to some degree of cross-language specificity in the perception of similarities and
differences of intonation contours used in a given language.
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Appendix

ToBI transcriptions for the intonation contours shown in Figure 1 and auditory descriptions
using terminology from the British School of intonation analysis.

Group I: HL Group II: LH

H*L- H*L-L% L*+H L*H-H%
Prenuclear fall High nuclear fall Prenuclear rise ~ Nuclear rise
H*L- 'H*L-L% L*H- L*H-H%

Prenuclear fall

H*L -
Prenuclear fall

Low nuclear fall

AH*L-L%

Extra high nuclear fall

Prenuclear rise

L*
Low level head

Nuclear rise

L*H-H%
Nuclear rise

H* LH*L-L% H+L*H- H+L*H-H%
Prenuclear fall! High nuclear fall Prenuclear Nuclear
E H*L L% fall-rise fall-rise
Level head High nuclear fall
F H* 'H*L-L%
Level head Low nuclear fall
G L*HL- L*HL-L%
Prenuclear fall Nuclear
rise-fall rise-fall

! The difference between stimuli C, D, and E in Group I corresponds to Gussenhoven’s (1984)
notion of “linking.” Stimulus C has no linking between two H*L accents. In D, we find partial
linking. Stimulus E has total linking plus deletion of the intervening low target. The same
applies to stimuli H, I, and J in Group II. Stimulus H has no linking, I has partial linking, and
J has total linking plus deletion of the intervening high target.
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