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To explore the relationship between the processing of melodic and rhythmic pat-
terns in speech and music, we tested the prosodic and musical discrimination abili-
tiesof two ‘‘amusic’’ subjects who suffered from music perception deficits second-
ary to bilateral brain damage. Prosodic discrimination was assessed with sentence
pairs where members of a pair differed by intonation or rhythm, and musica dis-
crimination was tested using musical-phrase pairs derived from the prosody of the
sentence pairs. This novel technique was chosen to make task demands as compara-
ble as possible across domains. One amusic subject showed good performance on
both linguistic and musical discrimination tasks, while the other had difficulty with
both tasks. In both subjects, level of performance was statistically similar across
domains, suggesting shared neural resources for prosody and music. Further tests
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suggested that prosody and music may overlap in the processes used to maintain
auditory patterns in working memory. [ 1998 Academic Press

INTRODUCTION

Both speech and music use structured patterns of pitch, duration, and in-
tensity. In speech, these elements are referred to as *‘prosody.”” Similarities
between the prosodic aspects of language and certain aspects of music have
been noted for centuries (e.g., Steele, 1775; Bolinger, 1989) and have directly
inspired several models of prosodic structure (Liberman & Prince, 1977;
Hayes, 1984; Selkirk, 1984). Such notions make an implicit or explicit link
between intonational and rhythmic aspects of language and the melodic and
rhythmic dimensions of music. Y et these notions stand in contrast to claims
in the neuropsychology literature that the processing of language and music
islargely independent (Marin, 1989; Sergent, 1993; Peretz & Morais, 1989,
1993).

This contradiction in the literature probably reflects terminological ambi-
guity over what ismeant by ‘‘melody’’ and *‘ rhythm,”” aswell asthe histori-
cal fact that the relation between the processing of these patternsin language
and music has rarely been empirically addressed. Indeed, these two facts are
probably not independent. Studying processing relations between prosody
and music requires proper selection of appropriate aspects of melody and
rhythm for cross-domain comparison. Musical melodic features such as a
fixed-interval scale and the structural emphasis of atonal center (Krumhansl,
1990) do not have any linguistic counterpart and in fact appear to be pro-
cessed in a domain-specific way (Peretz, 1993). However, there are aspects
of melody which are more appropriately compared to linguistic structures.
““*Melodic contour’” is one such aspect. The term refers to the general shape
of amelodic line (its patterns of ups and downs in pitch direction over time),
without regard to exact pitch intervals. Contour’s role in melodic organiza-
tion has been observed cross-culturally (Seeger, 1966; Bartok, 1967; Har-
wood, 1976; Roberts, 1996), and experimental studies have demonstrated its
importancein music perception for both adults (Dowling, Kwak, & Andrews,
1995; Edworthy, 1985) and infants (Trehub, Thorpe, & Morrongiello, 1987).
Thereisaso asmall body of research suggesting that contour can communi-
cate emation in music (e.g., Clynes and Nettheim, 1982; Gerardi and Gerken,
1995).

In speech, the closest analog to melodic contour is the trajectory of funda-
mental frequency (Fo) over time, which is commonly called ‘‘intonation.’’
Intonation is a basic part of the organization and perception of spoken lan-
guage and contributes to marking the boundaries of structural units, distin-
guishing pragmatic categories of utterance (e.g., statement, question, com-
mand), and to signaling focus (Lehiste, 1973; Beckman & Pierrehumbert,
1986; Bolinger, 1989; Price, Ostendorf, Shattuck-Hufnagel, & Fong, 1991).
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Intonation also communicatesintention and affect, asin ‘* motherese,”” where
highly salient intonational patterns are used to recruit the preverbal infant’s
attention and to communicate approval, disapproval, soothing, etc. (Fernald,
1985, 1993; Fernald and Kuhl, 1987). Sensitivity to intonation as an inten-
tional and affective cue remains part of speech perception throughout life
(Ladd, Silverman, Tolkmitt, Bergmann, & Scherer, 1985).

It appears that melodic contour and intonation can be appropriately com-
pared, but what of rhythm? Choosing an analogous aspect of rhythm in lan-
guage and music for perceptual study is hampered by the fact that no univer-
sally accepted definition of rhythm exists for either domain. However, most
researchers agree to a conceptual division between grouping, referring to the
clustering of adjacent elements with respect to temporal proximity into larger
units, and meter, referring to a periodic temporal—accentual scheme. In mu-
sic, meter and grouping are conceived as separate, though interacting, aspects
of rhythm (see Lerdahl & Jackendoff, 1983, for a discussion of this issue).

At first glance, it would seem that meter is a promising candidate for the
study of shared processing. Although simple notions of *‘stress”’ vs. ‘‘sylla-
ble'’ timing (Pike, 1945; Abercrombie, 1967) have not been supported by
empirical data (Roach, 1982), there has been a continuing interest in meter
by prosodists seeking to explain patterns of syllabic prominence in spoken
language (e.g., Selkirk, 1984; Hayes, 1984). However, the primacy of metri-
cal principlesin explaining prominence patternsis disputed, and other mech-
anisms have been suggested to explain the observed patterns (e.g., Nespor &
Vogel, 1989). Additionally, meter does not appear to be a universal feature
of music, as there are examples from both within and outside the Western
tradition of music without significant metrical organization. Exploring the
link between language and music in this area is a challenging problem for
future research.

There is reason to suspect that grouping may be a fruitful phenomenon
for the investigation of processing relations between linguistic and musical
rhythm. Research on read speech in English reveals that boundaries between
groups of words are often marked by local slowing, called ** preboundary
lengthening,”” with the degree of lengthening significantly related to the ex-
tent of the subjective decoupling between groups (Wightman, Shattuck, Huf-
nagel, Ostendorf, & Price, 1992). Inmusic, sound elementstend to be grouped
into larger units (e.qg., ‘‘phrases’’), and the ends of these units also tend to
be marked by slowing, with the degree of slowing reflecting the structural
importanceof theboundary (Todd, 1985; Gabriellson, 1987; Shaffer and Todd,
1987; Repp, 19924, b). Thisparallel in constituent boundary-marking inspeech
and music has been noted by researchersinvolved in speech and music synthe-
sis (Carlson, Friberg, Fryden, Granstrom, & Sundberg, 1989).

Given the structural similarities of melodic contour and speech intonation
on the one hand and those of linguistic and musical temporal grouping on
the other, it seems reasonabl e to expect that they share some processing and



126 PATEL ET AL.

neural resources. Neuropsychology is well suited to address this question,
asit can provide empirical evidence regarding the organization of processing
components via patterns of dissociation and association after brain damage.
While neuropsychological deficitsin the processing of musical contour (Per-
etz, 1990) and linguistic intonation (Heilman, Bowers, Speedie, & Codlett,
1984) have been reported, they have been treated independently; to our
knowledge, cross-domain comparisons have not yet been conducted. Neuro-
psychological evidence regarding grouping processes in language and music
is even more scarce: while grouping processes in the temporal dimension in
music can be disturbed by damage to each cerebral hemisphere (Peretz,
1990), we know of no neuropsychological studies of tempora grouping in
language and a fortiori none across domains.

To address these issues, we have conducted a study examining the percep-
tion of linguistic prosody and musical structure in two amusic subjects. Se-
lection of this particular neurological condition stemsfrom aprior investiga-
tion in which an intriguing association between prosodic and musical
impairments was observed (Peretz, Kolinsky, Tramo, Labreque, Hublet, De-
meurisse, & Belleville, 1994). More specifically, CN, an amusic patient to
be studied further here, was totally unable to discriminate musical patterns
along the pitch dimension. In addition, she was found to experience deficits
in processing some aspects of speech prosody. CN was impaired in judging
intonation as well as in interpreting pause location in sentences, while her
judgment of affective prosody was essentially intact. No firm conclusion
regarding the commonalties between music and speech prosody deficits
could be drawn in that former study because the tasks were not comparable.
For music, ‘‘same—different’”’ classification judgments were required. For
speech, semantic categorization or metalinguistic judgments were empl oyed.
In such conditions, it is difficult to rule out task factors as potential contribut-
ing factors of the observed deficits. The present study was designed to elimi-
nate these methodological limitations.

One of the main goals of this study was to design a test of prosodic and
musical perception which was maximally comparablein terms of stimuli and
task demands. We chose to rely principally on a same—different discrimina-
tion paradigm, using either sentence pairs which differed only in prosody or
musi cal-phrase pairs derived from the prosodic features of the sentence pairs.
For the prosodic differences we chose to use nonaffective (*‘linguistic’’)
rather than affective prosody, since the role of prosodic featuresin signaling
linguistic differences such as focus, pragmatic category (e.g., statement vs.
question), or syntactic relation (e.g., clause boundaries) is more clearly un-
derstood than its role in signaling affective categories (Price et a., 1991,
Murray and Arnott, 1993).

We used two types of linguistic prosody to distinguish members of a sen-
tence pair. Members of a pair could differ either by pitch accent placement
(i.e, rising pitch to signa a question, falling pitch to signal a statement, or
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sentence-internal pitch to signal the focal word) or by timing (members of
a pair differed in the placement of pauses). In order to create maximally
comparable musical stimuli, we developed a technique for converting pro-
sodic patternsto musical ones: specifically, for each sentence atone sequence
was synthesized which followed the pitch and temporal patterns of the sen-
tence's syllables (in *“pitch accent’’ sentences) or simply the tempora pat-
tern of syllables (in ‘‘temporal pause’’ sentences). Thus the sentence pairs
generated a corresponding set of musical-phrase pairs which were compara
ble in overal parameters such as length, rate, etc., as well as in more fine-
grained patterns of frequency and/or timing. We felt that this approach was
preferable to simply low-pass filtering the sentences because our technique
removes al traces of phonological information. To our knowledge, this is
the first study to use the technique outlined above.

Based on what we knew of the amusic subject CN, we predicted that she
would have equivaent difficulty on the linguistic and musical stimuli. We
also tested a new amusic subject, IR, who showed no signs of linguistic
problemsin standard aphasiatesting. If she showed a dissociation of musical
and prosodic processing, this would support the independence of music and
prosody, while impaired performance across domains would provide evi-
dence for shared processing resources between prosody and music.

METHOD
Subjects

The brain-damaged subjects, CN and IR, were both female native French-speakers, right-
handed, and musically uneducated. They both had an analogous history of cortical damage
in the left and right hemisphere due to aneurysms and surgical clipping of the middle cerebral
artery on each side (IR aso had left temporal lobectomy, involving excision of the anterior
5 cm of the left temporal lobe). Asaresult, at the time of testing both suffered from persistent
amusia and neither experienced any significant aphasic problems. At the time of the present
study, CN and IR were 40 and 38 years old and 7 and 9 years postsurgery, respectively. The
first case, CN, has been described in detail elsewhere (Peretz et a., 1994; Peretz, 1996). The
second case, IR, is a new case, of which a full description is forthcoming (Peretz et al.,
in press). Thus, only the results that are relevant for the present study will be summarized
here.

CN. CN received 15 years of education and worked as a nurse. Several CT scans, taken
several years apart, converged in revealing bilateral lesions of the rostral half of the superior
temporal gyrus, though the transverse gyri of Heschl and caudal superior temporal gyrus appear
to be intact (Fig. 1). There is extension of the lesions into the temporal poles and middie
temporal gyri (bilaterally), the right insula, and to a limited extent, the right inferior frontal
gyrus. Thus, the preservation of CN’s speech and language functions is likely attributable to
preservation of the left primary auditory area and putative language area of Wernicke. When
we first tested CN in March 1988, 1 year after her second operation, she scored in the normal
range on the BDAE and the Token test (DeRenzi and Faglioni, 1978). Her Full Scale IQ was
97 and her Wechsler memory MQ was 115, indicating normal intellectual and memory abilities
for her age and education. Over the years, CN manifested persistent auditory deficits that
involved the processing of music to a much greater degree than the processing of speech and
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FIG. 1. Transverse CT scans at the level of the superior temporal [obe region of subject
CN, taken in 1993. Note that the right side of the brain is shown on the left in each image.
Scan B is 10 mm dorsal to scan A. Bilateral temporal lobe lesions are visible in Scan A as
dark patches on the sides of the brain, at roughly one-third of the anteroposterior axis. The
bright white dot in Scan A is due to a metal clip for an aneurysm. No damage is visible in
scan B.

environmental sounds. To summarize the main findings, she exhibited: (1) impaired recogni-
tion of familiar tunes; (2) normal recognition of environmental sounds; (3) impaired perception
of linguistic information but not affective information conveyed by speech prosody. Her ex-
pressive prosody has been assessed in both linguistic and affective contexts and was judged
to be intact by expertsin speech prosody (Shary Baum and Jack Ryalls, personal communica
tion). The data presented in the current study were collected during the summer of 1993 when
CN came to Montreal from Brussels to be tested.

IR. IR received 10 years of education and worked as a restaurant manager. CT scans taken
in 1993 revealed an asymmetric pattern of damage in the two hemispheres (Fig. 2). In the
left hemisphere, most of the superior temporal gyrus and al or nearly all of the transverse
gyrus of Heschl are damaged; only a small portion of the posterior superior temporal gyrus
is spared. The hypodensity extends anteriorly into posterior aspect of the frontal operculum,
medially into most of the insula, inferiorly into the middle tempora gyrus, inferior temporal
gyrus, and possibly the anterior parahippocampal gyrus, and posteriorly and superiorly into
the anterior inferior parietal lobule and postcentral gyrus. In the right hemisphere, approxi-
mately the anterior one-third of the superior temporal gyrus is infarcted; all or most of the
transverse gyrus of Heschl appears to be spared. There is extensive infarction of the right
inferior and middle frontal gyri, precentra gyrus, and insula with extension into the lateral
orbitofrontal gyri and putamen.

When we first tested IR, in September 1992, she scored in the normal range on the BDAE
and the Token test. Although IR was initialy diagnosed as a case of Wernicke's aphasia, we
found no residual deficitsin speech comprehension. Her Full Scale |Q was 94 and her Wechsler
memory MQ was 99, indicating normal intellectual and memory abilities for her age and
education. IR also manifested persistent auditory deficits, with music perception more affected
than the perception of speech or environmental sounds. To summarize the main findings,
she exhibited: (1) impaired recognition of familiar tunes; (2) impaired discrimination of unfa-
miliar tunes, including both pitch and temporal variations; (3) normal recognition of environ-
mental sounds; (4) intact perception of affective information conveyed by speech prosody.
Her expressive prosody appeared intact. However, IR was totally unable to sing, even an
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FIG. 2. Transverse CT scans of subject IR, taken in 1993. Note that the right side of the
brain is shown on the left in each image. Scans proceed superiorly in 10-mm increments, in
the order top left, top right, bottom left, and bottom right. The scans show bilateral temporal
and right inferior frontal lobe damage (see text for details).

isolated single pitch. Thus, on the expressive side, IR appeared to exhibit a drastic dissocia-
tion between music and prosody. On the perceptua side with which we are more concerned
here, IR suffered from a severe amusia involving basic melodic and rhythmic discrimination
disabilities. Thus, IR’s music agnosia pertains to the apperceptive type while CN’s music
agnosia pertains more to the associative type. Indeed, at the time of testing (e.g., in 1993),
CN’s deficits mostly concerned music memory abilities as demonstrated in another study (Per-
etz, 1996).

Control subjects. Eight femal e subjects with no history of neurological or psychiatric disease
served as controls. Five of them were matched to CN in age (mean 40 years), musical back-
ground, and education (they were al nurses working in hospitals). Three were matched to IR,
with an average of 41 years of age and 11 years of education. Since control subjects obtained
very similar results in our tests, they will be considered as a single control group.

Materials

Thereweretwo setsof stimuli: 68 French sentences spoken by an adult femal e native speaker
from France and 56 music-like patterns that were derived from the spoken sentences asfollows.
All sentences used in the experiment are listed in the Appendix.
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Linguistic stimuli. The 68 spoken sentences were recorded by pair so that they werelexically
identical but differed in prosody. For example, the sentence “‘Il veut partir maintenant’’ (he
wants to leave now) was first pronounced as a statement and then as a question. There were
12 such statement—question (SQ) pairs. Twelve further pairs were generated so that they only
differed by a shift in the word which bore the focus of the sentence. For example, ‘‘ Prends
le train de Bruge, Anne’’ (Take the train to Bruge, Anne) vs. ‘‘Prends le train de Bruge,
Anne’ (Take the train to Bruge, Anne): these will be referred to as focus-shift (FS) pairs.
Ten additional pairs were generated so as to involve a change in grouping that corresponded
to adifference in meaning. For example, ‘*Henri, le petit mange beaucoup’’ (Henry, the child
eats alot) vs. ‘‘Henri, le petit, mange beaucoup’’ (Henri, the child, eats a lot): these will be
called thetiming-shift (TS) pairs. All sentences were spoken at anormal rate (avg. 4.7 syllables
per s) and had a mean duration of 1.7 s (range: 0.96—2.22 s). The sentence pairs were digitized
at 40,000 Hz and normalized to the same amplitude (1 V RMS). Acoustic manipulations
described below were performed using SIGNAL (Engineering Design, Belmont, USA) on a
modified 486 persona computer.

All the statement—question pairs were acoustically adjusted to match patterns of syllable
timing and amplitude between members of apair, yielding sentence pairsin which fundamental
frequency was the only salient cue for discrimination. This adjustment involved three steps
for each pair: (1) The duration of the final word (which aways bore the rising or falling pitch
movement) was equalized, phoneme by phoneme, by duplicating or deleting portions of the
acoustic waveform in regions of stable harmonic structure (e.g., noise, steady-state portion of
vowel, or the silence corresponding to a stop closure). (2) The amplitude profiles of the fina
words were equalized. In al cases, the lower-amplitude final word (usually the statement)
was scaled up in amplitude to match the higher. This was done in order to maximize the
salience of the final word, which then sounded perceptually about equally loud. (3) One sen-
tence member in each pair was chosen as a ‘‘stem’’ sentence: al of its words up until the
final word provided the stem onto which the adjusted final words were grafted. In half the pairs
the statement member provided the stem; in the other half, the stem came from the question.
Since the sentences in apair did not differ markedly before the final word (e.g., in declination
pattern), and there were no marked differences in timing or intensity of syllables, this splicing
procedure produced natural-sounding sentence pairs matched for timing and intensity patterns,
but differing in fundamental frequency.

This procedure was applied to half the focus-shift pairs, so that fundamental frequency was
the major salient cue for discrimination.! The other half of the focus-shift sentence pairs were
left unmanipulated: here the cues to focus-shift included patterns of intensity and duration,
in addition to fundamental frequency. These unmanipulated sentences served as controls, to
determine if discrimination problems occurred in contrasting sentences of natural speech,
where focal prominence is signaled by multiple prosodic cues.

In the focus-shift pairs, the durational adjustments and splicing procedures were used on
the words which signaled focus (these words were always marked by a salient pitch accent).
Thus, aword in focus in one sentence had the same duration when it appeared in the other
sentence. However, equalizing the intensity of focal and nonfocal versions of the same word
proved more difficult. Unlike the statement—question final words, the focal vs. nonfocal ver-
sions of aword had large differencesin pitch and amplitude as originally spoken, and percep-
tual interactions between these differences led to the failure of the envelope or energy matching
strategy to produce words equal in loudness. Matching loudness of syllablesin a psychoacous-
tically rigorous way requires an explicit model that combines frequency and amplitude-
modulated spectra and temporal integration to produce a loudness curve. We did not find a
convincing model of this type, so loudness was matched perceptually by listening to the two
versions of a word (in sentence context) and adjusting their amplitudes until they sounded
equally loud.
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Members of each timing-shift pair were distinguished by the timing of their constituent
syllables: however, these differences were correlated with other prosodic cues. For example,
the presence of an embedded modifying adjective phrase (asin ‘‘Henry, le petit, mange beau-
coup’’ versus ‘‘Henry, le petit mange beaucoup’”) was associated with an upward pitch glide
on the final syllable of this phrase (‘*petit’") and on the noun preceding this phrase (‘‘Henri’"),
while in the absence of this phrase the same syllables had downward sloping glides. Equalizing
the pitch contours of these sentences makes them sound unnatural, and was thus not pursued.
Unfortunately, this meant that the sentences had differences other than their temporal pattern
and thus cannot provide atotally ‘‘clean’” test of timing perception in speech. Nevertheless,
we decided to include them as a preliminary attempt to study temporal grouping in language,
with the hope that eventually they would be replaced by more controlled stimuli. Since pitch
was not equalized between members of a pair, no effort was made to match the amplitudes of
corresponding syllables, because the waveform suggested that whatever amplitude differences
existed were small compared to pitch and timing differences.

Music-like stimuli. The melodic pairs were generated from the fundamental -frequency and
timing pattern of syllables in the 12 statement—question pairs and the 6 adjusted focus-shift
pairs. Since these sentence pairs were matched for timing and loudness, each resulting melodic
pair yielded two temporally matched sequences differing only in pitch contour. No melodic
analogs were made from the acoustically uncontrolled focus-shift pairs, since the anaogs,
like their parent sentences, would have differed in parameters other than pitch contour (e.g.,
timing).

The process of making a melodic phrase from a sentence involved the following 3 steps
(illustrated in Fig. 3):

(1) The fundamental-frequency (F;) contour of the sentence was obtained from the lowest
harmonic of anarrow-band spectrogram. Due to frequency—time resol ution trade-off in Fourier
analysis, increasing frequency resolution is achieved at the cost of lower time resolution: the
vaues selected here were 19.5 Hz and 51.2 ms resolution, respectively. The F, contours thus
generated were checked against those produced by another algorithm (**harmonic sieve,”” Klatt
speech analysis system, MIT) and were found to match quite well.

(2) The resulting contour was time-aligned to the original sentence waveform. The contour
was marked at syllable boundaries as detected in the waveform and determined auditorily. If
aclear marker could not be found in the waveform, a spectrogram was made and the boundaries
of segments were determined via spectral cues. If the contour was not naturally interrupted
at the boundary (i.e., for syllables beginning with stops, where no voicing is present), the
contour was set to zero Hz for 10—15 ms before and after each marker. The resulting contour
represented the timing of the voiced portions of each syllable in the sentence.

(3) Although the fundamental frequency of each spoken syllable was aways a glide of some
sort, the pitch of each tone was fixed at its parent syllables’ median F, ([max + min]/2), plus
two integer harmonics. This created a discrete intervallic structure between tones, contributing
significantly to making the sequence sound nonlinguistic while still preserving the ‘‘melody’’
of the sentence from which it was derived. All tones were given the same amplitude (3 V)
and rise/decay time (15 ms), and the mean amplitude of the entire melodic sequence was
matched to that of its parent sentence (1 V RMS). The melodies had a sample rate of 5000 Hz.

It should be noted that no attempt was made to make the pitches or intervals of the melodies
correspond to the Western musical scale. While this precluded the experiment from addressing
the perception of tonality, it allowed the experiment to address the perception of musical
contour versus speech intonation in a precise fashion.

Therhythmic sequences were generated from the 10 timing-shift pairs: the durational pattern
of syllablesin each pair was used to create apair of tone sequences of fixed frequency, differing
only in temporal organization. It should be noted that these rhythmic sequences did not con-
form to any metrical scheme. Also, by eliminating any variation in frequency, they did not
sound as much like their linguistic counterparts as the melodic sequences did. However, they
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did reflect the temporal patterning of the original sentences, which grouped their syllables
differently according to the meaning of the sentence. The exact procedure for making rhythmic
pairs was identical to that described above for melodic pairs, except that the tones were al
set to a single frequency (200 Hz: the estimated mean F, of the speaker).

Procedure

The linguistic and musica stimuli were arranged into a series of discrimination tests and
tests of prosodic understanding, as follows.

Prosodic discrimination. The ability of subjects to discriminate between sentences differing
in prosody was tested with two sets of materials. The first set consisted of the statement—
guestion and focus-shift pairs (the pitch intonation set), and the second set consisted of the
timing-shift pairs. In each set, agiven sentence pair appeared in both *‘same’” and *‘ different’’
configuration, with a few randomly selected pairs repeated. This yielded 60 pairs for the pitch
intonation set and 24 pairs for the timing-shift set. Subjects listened to one pair a atime and
decided whether the two stimuli were ‘‘same’” or ‘‘different.”” The temporal interval within
and between pairs was 2 and 5 s, respectively.

Musical discrimination. Musical discrimination was tested with two sets of musical stimuli
derived from the linguistic stimuli. The first set consisted of melodic pairs derived from the
statement—question and focus-shift pairs, and the second set consisted of the rhythmic pairs
derived from the timing-shift pairs. As with the language stimuli, in each set a given pair
appeared in both ‘‘same’’ and ‘‘different’’ configuration, and a few randomly selected pairs
were repeated: thisyielded 48 pairs for the melodic set and 24 pairs for the rhythmic set. The
task and temporal intervals between stimuli were identical to those of the Prosodic Discrimina-
tion tests.

Statement-question categorization. Thistest checked the ability of a subject to map prosodic
information onto a pragmatic category when no other cues (e.g., lexical, contextual) were
available. The statements and questions that were used in the Prosodic Discrimination tests
were presented one at a time in random order. The subject was simply required to classify
each sentence as ‘‘statement’” or ‘‘question.” Thirty stimuli were presented (12 statements,
12 questions, and 6 randomly chosen replicates) with 4 s in between for responding.

Accent detection. Thistest determined if asubject could correctly identify the word bearing
apitch accent in a sentence. The focus-shift sentences were presented one at atime in random
order. The subject indicated from a choice of three words for each sentence which word was
most prominent (responses were made by circling the selected word on a response sheet). For
example, if the sentence was ‘*Allez devant le banque, j'a dit”’ (Meet me in front of the
bank, | said), the subject selected the accented word from the three choices: devant, banque,
dit. Thirty stimuli were presented (24 focus-shift sentencesand 6 replicates) with 4 sin between
for responding.

Syntactic interpretation. This test assessed the ability to use prosodic information to disam-
biguate syntactic structure. The subject was presented with a question to which only one mem-
ber of the following timing-shift pair was the correct answer. Upon hearing the pair, the subject

FIG. 3. The process of making a melodic phrase from a sentence is illustrated in four
panels for the focus-shift sentence ‘‘Prends le TRAIN de Bruge, Anne.’”’ Panel 1 shows the
sentence waveform. Panel 2 contains the fundamental frequency of the sentence: each syllable
is represented by one segment of the F, contour. In panel 3, each syllable's F, contour has
been fixed at alevel value corresponding to the [(max + min)/2] point of the underlying F,
contour. The contour in panel 3 is used to synthesize the musical analog, whose waveform
is shown in panel 4.
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TABLE 1
Performance on Prosodic and Musical Discrimination Tasks
Statement-question Focus shift Focus shift Timing shift
(control)

Linguistic Melodic Linguistic Melodic Linguistic  Linguistic ~ Rhythmic
(No. correct (No. correct (No. correct (No. correct (No. correct (No. correct (No. correct
out of 30) out of 30) outof 16) out of 16) out of 14) out of 22)  out of 24)

CN 29 31 15 14 12 22 18
x? = 0.245 x? = 0.446 X% = 2.288
p = 100 p = 1.00 p=.25
IR 27 24 8 10 4 13 14
X% = 2.300 x? = 0526 x? = 0113
p=.19 p=.72 p = 1.00
Controls 29 30 15 15 12 23 22
(n=28)
(27-30) (28-32) (13-16) (14-16) (9-14) (22-24) (19-24)
x? = 0.366 X2 = 0.242 X% = 0434
p = 100 p = 1.00 p = 1.00

Note. Cross-domain statistical comparisons are provided below each pair of scores. Values
in parentheses below control scores represent range values.

made a choice by indicating ‘‘first’” or ‘‘second.”” For example, after the question ‘‘Dans
quelle phrase Henry est-il un enfant/In which sentence is Henry a child?’, the subject heard
the phrases ‘*Henry, le petit mange beaucoup/Henry, the little one eats alot,”” and ‘‘Henry,
le petit, manage beaucoup/Henry, the little one, eats alot.”” 10 seconds were given between
pairs for responding. Eight of the timing-shift pairs were used in this test, along with eight
guestions designed specifically for this task. The questions and stimuli were presented twice;
on second presentation, the order was reversed. This yielded a total of 16 trials.

Pause detection. We included one additional test for use with subjects who had difficulty
discriminating timing-shift sentences or their rhythmic analogs. The test checked whether the
discrimination problem might be due to a low-level problem with the detection of pausesin
acoustic sequences. The test consisted of 30 sequences of five to eight 125-ms tones (200 Hz
+ 2 integer harmonics) presented at a rate of 4 tones/s. Half of the sequences had a pause
of 250 ms in the sequence (i.e., equivalent to omitting a tone from an otherwise isochronous
sequence). The subject listened to one sequence at a time and decided if it contained a pause
or not. Four seconds were given after each sequence for responding.

Testing procedure. Subjects were seated comfortably in a quiet room and the tests were
presented over speakers at acomfortable level. Prosodic Discrimination and Musical Discrimi-
nation tests were completed first in a counterbalanced order across CN and IR, followed by
the other tasks. Subjects were not informed that the musical stimuli were derived from the
linguistic ones. Two practice trials were given for each test except Statement—Question Cate-
gorization, due to its simplicity. Subjects were tested in two sessions, each lasting about 1 h.

RESULTS
Prosodic and Musical Discrimination

To address the issue of the relationship between linguistic and musical
processing, the proportion of correct responses on analogous linguistic and
musical tasks was assessed for both CN and IR (Table 1). All statistics re-
ported below were done on raw scores using the Fisher exact probability
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test for nonparametric comparison of proportions. Control data were repre-
sented by the average score of the eight control subjects. For each compari-
son, the Fisher statistic (x 2 and p value are given: none reached significance.
The Fisher test revealed that for CN and IR, performance did not differ sig-
nificantly across domains (i.e., analogous linguistic and musical tasks), a
pattern that was also true of controls. CN’s performance was not significantly
different from controls on any task. IR, in contrast, performed worse than
controls on the Focus-Shift task in language (X2 = 7.51, p < .02) and music
(marginally significant: x 2 = 4.38, p < .08) and on the rhythmic discrimina-
tion tasks in language and music (x2 = 11.49, p < .01, and x2 = 7.07,
p < .03, respectively).

Unlike CN, IR was found to perform at chance on most tasks. Since the
number of same and different pairs differed, due to the fact that replicates
were chosen randomly and not counterbalanced along the same/different di-
mension, chance performance was assessed by comparing the actual distribu-
tion of ‘‘same’ and ‘‘different’”” pairs with the subjects distribution of
““‘same’’ and ‘‘different’’ responses, using the Fisher Exact Test. The ab-
sence of significant dependence between these proportions was considered
as chance performance. Following thislogic, IR was found to perform above
chance only on statement—question pairs and their musical analogs (X2 =
22.1 and 8.69, respectively, p < .01).

It should be noted that for both amusic subjects and controls, performance
on the manipulated and unmanipulated focus-shift pairs did not differ sig-
nificantly (x 2 = 0.61, 1.39, and 0.61 for CN, IR, and controls, respectively,
al p > 0.20). Finally, we administered the pause-detection task to IR, as
she had difficulty with discriminating timing-shift sentence pairs and their
rhythmic analogs. IR performed very well on this task, with 29 correct re-
sponses out of 30.

Satement-Question Classification, Accent Detection, and Syntactic
Questions (Tests of Prosodic Understanding)

Performance by amusic subjects and controls on these tasks is shown in
Table 2. Neither of the amusic subjects had any difficulty with simple classi-
fication of statements vs. questions. CN had no difficulty with the accent-
detection task. IR did somewhat worse (77% correct), but was still well
above chance (chance taken to be 33% correct: X2 = 11.394, p < .01). This
standsin contrast to her performance on discriminating focus-shift sentences,
where she was at chance (only 40% correct). On the syntax questions, CN
and IR performed very similarly, despite the fact that CN was greatly supe-
rior to IR in discriminating the timing-shift sentence pairs on which this task
was based (cf. Table 1). Despite their low scores, the difference from control
scores was not significant, asthistask was difficult for controlsaswell (x 2 =
1.35 and 2.23, for CN and IR, respectively, both p > .20).
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TABLE 2
Performance on Additional Prosody Tasks

Statement-question

classification Accent detection Syntactic questions
(No. correct (No. correct (No. correct
out of 30) out of 30) out of 16)
CN 30 (100%) 30 (100%) 10 (63%)
IR 30 (100%) 23 (77%) 9 (56%)
Controls (n = 8) 30 (100%) 28 (94%) 13 (81%)
(28-30) (27-30) (11-15)

Note. Values in parentheses below control scores represent range values.

DISCUSSION

The aim of the present study was to investigate the relation between the
processing of prosodic and musical patterns. With comparable tasks and
stimuli in the linguistic and musical domain, we have observed parallel ef-
fects: the preservation of both prosodic and musical discrimination skillsin
one amusic subject, and impairments of both skillsin another. As more fully
explained below, CN’s and IR’ s performance support the view that the per-
ception of speech intonation and melodic contour share certain cognitive and
neural resources, as do the perception of rhythmic grouping in the linguistic
and nonlinguistic domain.

It is obvious that prosodic and musical processing share resources at cer-
tain neural levels: there are not separate cochlea for language and music. On
the other hand, it is equally obvious that at some point melodic and rhythmic
patterns and linguistic prosody follow separate processing pathways, i.e.,
building tonal relationsin music or semantic relationsin language. This study
attempts to elucidate whether there is an intermediate level at which the
representation of prosodic and musical patterns overlapsin anontrivial way.

CN showed sparing of both basic prosodic and musical discrimination
abilities. Her deficits appear primarily to involve long-term memory for mel-
odies (Peretz, 1996) and the perception of tonality (Steinke, Cuddy, & Peretz,
1994). Our study highlights the specificity of her musical deficits and sug-
gests that her difficulties can shed light on those aspects of music processing
which are independent of language. However, her performance cannot shed
light on any particular stage(s) at which prosodic and musical processing
overlap. The amusic subject with impaired performance on our prosodic and
musical tasks (IR) is of greater interest in this regard, and the details of her
performance hold a clue to the stage at which prosodic and musical pro-
cessing are still intertwined.

It isworth noting that IR is a case of ‘*amusia without aphasia,’’ and thus
in the past might have been taken as a priori evidence of the dissociability
of language and music. However, IR’ s performance reminds us that reported
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dissociations between language and music can reflect only the particular
tasks administered to a subject: her difficulty in discriminating sentences
which differed in prosodic focus is alinguistic deficit which did not emerge
in standard aphasia testing. IR showed this difficulty whether the acoustic
cueto focus was specifically pitch or anaturally covarying set of cuesinclud-
ing pitch, duration, and intensity. Her difficulty cannot be attributed to a
failure to encode pitch: she was abl e to discriminate statement—question pairs
and their melodic analogs, where she reported concentrating on the final
pitch in the sequence. The focus-shift trials, however, had the critical pitch
located within the sequence. IR’ s good performance on the accent-detection
task showed that she can perceive sequence-internal pitch. However, the
focus-shift discrimination task and its melodic analog require pitch pat-
terns to be maintained in memory. This ability appears severely compro-
mised in IR.

In other words, IR seems to have a deficit in processes involved in the
short-term retention of musical contour and intonation. Similarly, IR’s diffi-
culty in discriminating sentences that differed in timing (and their rhythmic
analogs) is likely to be due to a memory problem: her difficulty cannot be
attributed to a basic problem with the detection of pauses, as she performed
very well on our Pause Detection task. Thus it appears that holding pitch
and tempora patterns in short-term memory is a stage at which linguistic
and musical information recruit similar procedures or resources.

In this regard, it is worth contrasting the lesion profiles of IR and CN,
as the difference in their patterns of neural damage could help suggest the
involvement (or lack thereof) of specific neural regions in short-term mem-
ory for pitch and temporal patterns. In light of previous cytoarchitectonic
(Galaburda & Sanides, 1980; Rademacher, Caviness, Steinmetz, & Gala
burda, 1993) and electrophysiologic (Celesia, 1976; Liegeois-Chauvel, Mu-
solino, & Chauvel, 1991) data, CN sustained bilateral lesions of rostral audi-
tory association cortex with sparing of primary auditory cortex and caudal
association areas. | R also sustained extensive bilateral injury to anterior audi-
tory association cortex, but differed notably from CN in left-sided injury to
primary auditory cortex and excision of anterior temporal lobe cortex, and
in extensive injury to lateral frontal cortex on the right. By homology with
connectivity patternsin anthropoids (Pandya & Y eterian, 1985), IR’ slesions
suggest complete or near-compl ete bilateral disruption of input from auditory
cortex to prefrontal cortex—in the left hemisphere, principally because of
injury to auditory cortex and underlying white matter, and in the right hemi-
sphere, principally because of injury to lateral frontal cortex and underlying
white matter. Projections from auditory cortex to medial tempora cortex
may also be disrupted to some degree in the left hemisphere.

Thus, the lesion and behavioral data obtained from CN and IR suggest
that left primary auditory cortex and right prefrontal cortex may play an
important rolein the retention and comparison of pitch and temporal patterns
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in both musical and linguistic domains. These results are consistent with
datafrom recent metabolic neuroimaging studies (with normals), implicating
right frontal circuits in the retention and comparison of pitches in both me-
lodic phrases (Zatorre et a., 1994) and syllables (Zatorre et a., 1992). How-
ever, it should be kept in mind that IR had bilateral lesions, suggesting the
interaction of brain regionsin different hemispheres in prosodic and musical
processing.

Of course, as with any case of functional association, the possibility exists
that the prosodic and musical processes in question are in fact neurally and
functionally distinct, and were disrupted together by overlapping lesions:
thisissue can be resolved only by further testing. We are aware of one previ-
ous report where localized brain damage (right fronto-temporal damage atro-
phy) led to deficits in musical and prosodic perception, but the relation be-
tween melodic and intonational processing was not empirically assessed or
quantified (Confavreux, Croisile, Garassus, Aimard, & Trillet, 1992). It is
also possible that the association between prosodic and musical processing
reported here is due to a general auditory short-term memory deficit which
disrupts the retention of auditory patterns of any kind. Another study
(Belleville and Peretz, forthcoming) revealsthat IR showed short-term mem-
ory deficits in a wide variety of musical and verbal tasks (including digit
spans); this working memory deficit islimited to the auditory modality since
IR is not impaired in the short-term retention of visuo-spatial information
(such as block locations and faces). Only further testing can reveal whether
the resources used in short-term storage of prosodic and musical patterns
are also relevant to other kinds of patterns of sound (e.g., environmental
sounds).

One way to address the specificity of the prosody—music link is to test
subjects known to have prosodic deficits (preferably without short-term
memory problems) for their musical perception abilities. Cases of prosodic
perception deficits following brain damage come to light much more fre-
quently than cases of amusia. ‘*Aprosodia’ can be due to damage to the
right or left hemisphere (Ross, 1981; Cancelliere and Kertesz, 1990; Blonder,
Bowers, & Heilman, 1991) or to subcortical regions (Bradvik, Dravins, Hol-
tas, Rosén, Ryding, & Ingvar, 1991), but its relation to perception of music
has yet to be investigated. Most of the studies to date focus on aprosodia as
a deficit of affective perception, but recent work suggests that there may be
amore basic underlying deficit in the perception of pitch and temporal cues
(Van Lancker & Sidtis, 1992). This is supported by the finding that certain
aprosodic subjects have problems with linguistic prosody (Weintraub et al.,
1981; Baum, Daniloff, Daniloff, & Lewis, 1982; Heilman et a., 1984; Em-
morey, 1987), suggesting that they can be fruitfully tested with the types
of stimuli and tasks discussed here. Given our findings, we predict that an
association between prosodic and musical processing would be maintained.

A last point concerns the validity of our music-like stimuli as effective
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triggers of genuinely musical processes. Since our music patterns derived
from linguistic sentences, they did not obey the rules of the Western musical
system. Assuming that musical processes devel op through the abstraction of
regularities from samples of this system, it may be the case that our music-
like patterns did not fit these regularities and were thus not processed by
musi c-specific processes. One might even argue that the contours were so
‘*speech-like’” that they were processed inthe ** speech mode'” (Liberman &
Mattingly, 1989). However, we doubt that pitch sequences which lack any
phonological information and use stable pitches with discrete pitch intervals
could engage speech-specific processes: indeed, if they did, the ** specificity’’
of those processes to speech would be seriously called into question. How-
ever, the question remains whether our music-like stimuli engaged processes
normally used in the perception of music. If musical contour perception is
triggered by culturally familiar tonal patterns, then our music-like stimuli
may not havetruly tapped musical perception. This seemsunlikely, however,
since it would force the odd conclusion that one could not perceive pitch
contours in unfamiliar musical systems. Our study suggests that the level of
domain-specificity in music processing is‘‘above’’ the level of musical con-
tour, but more work is needed before the boundaries of music-specific pro-
cessing can be firmly delineated.

The experiment outlined above shows that performing comparable analy-
ses of linguistic and musical processing in amusic subjects leads to a gain
in the specificity of deficit characterization and can sharpen our understand-
ing of the role of implicated neural regions in both musical and linguistic
processing. The study also suggests that before a deficit is diagnosed as do-
main specific (i.e., ‘‘pure amusia,’’ or for that matter, ‘*pure aprosodia’)
comparable tasks should be administered in other domains. We believe that
the tasks and stimuli reported here could be of use in probing the relation
between prosodic and musical processing in avariety of subject populations,
especially those with well-defined temporal and/or frontal lobe dysfunction
and those with ‘*aprosodic’’ perception deficits. One obvious extension of
the test is to vary the intrapair stimulus interval in order to explore the rate
at which short-term memory of pitch or temporal patterns decays in subjects
with different lesion profiles. Finally, we hope that the idea of using sentence
pairs controlled for timing and loudness but differing in pitch may also prove
helpful to those interested in probing the processing of linguistic prosody in
neurally compromised populations.

APPENDIX
Satement—Question Pairs
1. Il parle Francais./?

2. Francois est au restaurant./?
3. Elle boit trois grandes tasses de café chaque matin./?
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4. Il veut partir maintenant./?
5. Elle joue de la flute./?
6. Il aime conduire des voitures rapides./?
7. 1l veut acheter une maison pres de la plage./?
8. Elle adgalu ce livre./?
9. |l était a Paris depuis trois mois./?
10. Le super-marché est ferme le dimanche./?
11. 1l travaille dix heures par jour./?
12. Le télephone ne marche pas./?

He speaks French./?

. Francis is at the restaurant./?

. She drinks three large cups of coffee every morning./?
. He wants to leave now./?

She plays the flute./?

. He likes to drive fast cars./?

. He wants to buy a house next to the beach./?
. She forgot her book./?

. He has been in Paris for three months./?

10. The supermarket is closed on Sunday./?

11. He works ten hours a day./?

12. The telephone doesn’t work./?

©CONDUAWNER

Focus-shift Pairs

1. Allez devant la banque, j'ai dit.
Allez devant la banque, j'a dit.
2. Jaime les cravates bleues.
Jaime les cravates bleues.
3. Donnez-moi I’examen de mathématique aujourd’ hui.
Donnez-moi |’ examen de mathématique aujourd’ hui.
4. Tu chantes bien, Paul.
Tu chantes bien, Paul.
5. Les fleurs oranges sentent tres bons.
Les fleurs oranges sentent tres bons.
6. Prends le train de Bruge, Anne.
Prends le train de Bruge, Anne.
7. Lelivre de Paul est chez moi.
Le livre de Paul est chez moi.
8. Le parapluie orange coute moins cher.
Le parapluie orange coute moins cher.
9. Il aime lire des romans romantiques.
I @ime lire des romans romantiques.
10. C'est la soeur de Jacques, n’est-ce pas?
C'est la soeur de Jacques, n’est-ce pas?
11. Prends le train de Bruge, Anne.
Prends le train de Bruge, Anne.
12. Chantez maintenant, sil vous plait.
Chantez maintenant, sil vous plait.
1. Goin front of the bank, | said.
. | like blue ties.
. Give me the math exam today.

w N
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. You sing well, Paul.

. The orange flowers smell very sweet.

. Take the train to Bruge, Anne.

. Paul’s book is at my house.

. The orange umbrella is less expensive.
. He likes to read romance novels.

. It's Jack’'s sister, isn't it?

. Take the train to Bruge, Anne.

. Sing now, please.

Timing-Shift Pairs

1

2.

10.

COONOUAWNE

Henri, le petit mange beaucoup.
Henri, le petit, mange beaucoup.
Merci C'est le mot juste.
Merci, c’'est le mot juste.
. Jacques, le sportif court vite.
Jacques, le sportif, court vite.
. Paul, mon ami est beau.
Paul, mon ami, est beau.
. Anne, sa femme est grosse.
Annge, sa femme, est grosse.
. 1l S'appelle Jean, Pierre.
Il s'appelle Jean-Pierre.
. Madame Lafleur est le nom de mon chat.
Madame, Lafleur est le nom de mon chat.
. Frangois, le chef est prét a commencer.
Francois, le chef, est prét a commencer.
. Monsieur le professeur veut parler avec vous.
Monsieur, le professeur veut parler avec vous.
Dis-moi la phrase, ‘‘vous étes beau’’, Henri.
Dis-moi la phrase, ‘‘vous étes beau Henri.”’

. Henry, the little one(,) eats a lot.

. Thanks(,) (it) is the right word.

. Jack, the athlete(,) runs quickly.

. Paul, my friend(,) is handsome.

. Anne, his wife(,) is fat.

He is named Jean(,) Pierre.

Madame(,) Lafleur is the name of my cat.

. Francois, the chef(,) is ready to begin.

. Mister(,) the professor wants to speak with you.
. Say the sentence, ‘‘you are handsome’’(,) Henry.

REFERENCES

141

Abercrombie, D. 1967. Elements of general phonetics. Edinburgh: Edinburgh Univ. Press.

Bartok, B. 1967. Rumanian folk music, Vol. 1. The Hague: M. Nijhoff.

Baum, S., Daniloff, J. K., Daniloff, R., & Lewis, J. 1982. Sentence comprehension by Broca's
aphasics. Effects of some suprasegmental variables. Brain and Language, 17, 261-271.



142 PATEL ET AL.

Beckman, M., & Pierrehumbert, J. 1986. Intonational structure in Japanese and English. Pho-
nology Yearbook, 3, 255—-309.

Blonder, L. X., Bowers, D., & Heilman, K. M. 1991. The role of the right hemisphere in
emotional communication. Brain, 114, 1115-1127.

Bolinger, D. 1989. Intonation and its uses: Melody in grammar and discourse. Stanford: Stan-
ford Univ. Press.

Brédvik, B., Dravins, C., Holtas, S., Rosén, |., Ryding, E., & Ingvar, D. H. 1991. Disturbances
of speech prosody following right hemisphere infarcts. Acta Neurologica Scandanavica,
81, 133-147.

Cancelliere, A. E. B., & Kertesz, A. 1990. Lesion localization in acquired deficits of emotional
expression and comprehension. Brain and Cognition, 13, 133-147.

Carlsen, R., Friberg, A., Fryden, L., Granstrom, B., & Sundberg, J. 1989. Speech and music
performance: Parallels and contrasts. Contemporary Music Review, 4, 389-402.

Celesia, G. G. 1976. Organization of auditory cortical areas in man. Brain 99, 403—414.

Clynes, M., & Nettheim, N. 1982. The living quality of music: neurobiologic basis of commu-
nicative feeling. In M. Clynes (Ed.), Music, mind, and brain: The neuropsychology of
music. New York: Plenum.

Confavreux, C., Croisile, B., Garassus, P., Aimard, G., & Trillet, M. 1992. Progressive amusia
and aprosody. Archives of Neurology, 49, 971-976.

DeRenzi, E., & Faglioni, P. 1978. Normative data and screening power of a shortened version
of the token test. Cortex, 14, 41-48.

Dowling, W. J,, Kwak, S., & Andrews, M. W. 1995. The time course of recognition of novel
melodies. Perception and Psychophysics, 57, 136—149.

Edworthy, J. 1985. Interval and contour in melody processing. Music Perception, 2, 375—
388.

Emmory, K. 1987. The neurological substrates for prosodic aspects of speech. Brain and
Language, 30, 305-320.

Fernald, A. 1985. Four-month-old infants prefer to listen to motherese. Infant Behavior and
Development, 8, 181-195.

Fernald, A. 1993. Approval and disapproval: Infant responsiveness to vocal affect in familiar
and unfamiliar languages. Child Development, 64, 657—674.

Fernald, A., & Kuhl, P. 1987. Acoustic determinants of infant preference for motherese speech.
Infant Behavior and Development, 10, 279-293.

Gabrielsson, A. 1987. Once again: Thetheme from Mozart’ s Piano Sonatain A Magjor (K.331).
In A. Gabrielsson (Ed.), Action and perception in rhythm and music. Stockholm: Publica-
tion issued by the Royal Swedish Academy of Music, No. 55.

Galaburda, A., & Sanides, F. 1980. Cytoarchitectonic organization of the human auditory
cortex. Journal of Comparative Neurology, 190, 597—610.

Gerardi, G. M., & Gerken, L. 1995. The development of affective responses to modality and
melodic contour. Music Perception, 12, 279-290.

Harwood, D. L. 1976. Universalsin music: A perspective from cognitive psychology. Ethno-
musicology, 20, 521-533.

Hayes, B. 1984. The phonology of rhythm in English. Linguistic Inquiry, 15, 33—74.

Heilman, K. M., Bowers, D., Speedie, L., & Codlett, H. B. 1984. Comprehension of affective
and nonaffective prosody. Neurology, 34, 917-921.

Krumhansgl, C. L. 1990. Cognitive foundations of musical pitch. Oxford: Oxford Univ. Press.
Ladd, D. R., Silverman, K. E. A., Tolkmitt, F., Bergmann, G., & Scherer, K. 1985. Evidence



PROSODIC AND MUSICAL PROCESSING 143

for the independent function of intonation contour type, voice quality and Fo range in
signaling speaker affect. Journal of the Acoustical Society of America, 78, 435—-444.

Lehiste, 1. 1973. Phonetic disambiguation of syntactic ambiguity. Glossa, 7, 107—-121.

Lerdahl, F., & Jackendoff, R. 1983. A generative theory of tonal music. Cambridge: MIT
Press.

Liberman, A. M., & Mattingly, I. G. 1989. A speciaization for speech perception. Science,
243, 489-494.

Liberman, M., & Prince, A. 1977. On stress and linguistic rhythm. Linguistic Inquiry, 8, 249—
336.

Liegeois-Chauvel, C., Musolino, A., & Chauvel, P. 1991. Localization of the primary auditory
area in man. Brain, 114, 139-151.

Marin, O. 1989. Neuropsychology, mental cognitive models, and music processing. Contempo-
rary Music Review, 4, 255-263.

Murray, I. R., & Arnott, J. L. 1993. Toward the simulation of emotion in synthetic speech:
A review of the literature on human vocal emotion. Journal of the Acoustical Society of
America, 93, 1097-1108.

Nespor, M., & Vogel, |. 1989. On clashes and lapses. Phonology, 6, 69-116.

Pandya, D. N., and Yeterian, E. H. 1985. Architecture and connections of cortical association
aress. In A. Peters and E. G. Jones (Eds.), Cerebral cortex (Vol. 4., pp. 3-61). New
York: Plenum.

Peretz, 1. 1990. Processing of local and global musical information by unilateral brain-damaged
patients. Brain, 113, 1185-1205.

Peretz, 1. 1993. Auditory atonalia for melodies. Cognitive Neuropsychology, 10, 21-56.

Peretz, |. 1996. Can we lose memories for music? The case of music agnosiain anonmusician.
The Journal of Cognitive Neuroscience, 8, 431-496.

Peretz, 1., Belleville, S., & Fontaine S. (in press). Dissociations entre musique et langage apres
atteinte cerébral: un nouveau cas d’ amusie sans aphasie. Canadian Journal of Experimen-
tal Psychology.

Peretz, 1., Kolinsky, R., Tramo, M., Labreque, R., Hublet, C., Demeurisse, G., & Belleville,
S. 1994. Functional dissociations following bilateral lesions of auditory cortex. Brain,
117, 1283-1302.

Peretz, |., & Morais, J. 1989. Music and modularity. Contemporary Music Review, 4, 279—
293.

Peretz, 1., & Morais, J. 1993. Specificity for music. InF. Boller & J. Grafman (Eds.), Handbook
of Neuropsychology, Vol. 8. Amsterdam: Elsevier Science.

Pike, K. L. 1945. The intonation of American English. Ann Arbor: Univ. of Michigan Press.

Price, P. J.,, Ostendorf, M., Shattuck-Hufnagel, S., & Fong, G. 1991. The use of prosody in
syntactic disambiguation. Journal of the Acoustical Society of America, 90, 2956—2970.

Rademacher, J., Caviness, V. S,, Jr., Steinmetz, H., & Galaburda, A. M. 1993. Topographical
variation of the human primary cortices. Implications for neuroimaging, brain mapping,
and neurobiology. Cerebral Cortex, 3, 313-329.

Repp, B. 1984. Categorical perception: Issues, methods, findings. In N. J. Lass (Ed.),
Speech and language: Advancesin research and practice, Vol. 10. New Y ork: Academic
Press.

Repp, B. 1992a. Diversity and commonality in music performance: An analysis of timing
microstructure in Schumann’s ‘‘Traumerei.”” Journal of the Acoustical Society of
America, 92, 2546—2568.



144 PATEL ET AL.

Repp, B. 1992b. Probing the cognitive representation of musical time: Structural constraints
on the perception of timing perturbations. Cognition, 44, 241-281.

Roach, P. 1982. On the distinction between *‘ stress-timed’” and ‘‘ syllable-timed’’ languages.
In D. Crystal (Ed.), Linguistic controversies: Essays in linguistic theory and practice in
honour of F. R. Palmer. London: Arnold.

Roberts, C. G. (1996). Music of the Star Mountains. Taipei, Taiwan: Yuan-Liou Publishing.

Ross, E. D. 1981. The aprosodias: Functional—anatomic organization of the affective compo-
nents of language in the right hemisphere. Archives of Neurology, 38, 561—-5609.

Seeger, C. 1966. Versions and variants of ‘Barbara Allen’ in the Archive of American Folk
Song in the Library of Congress. Selected Reports, Institute of Ethnomusicology, Univer -
sity of California, Los Angeles, 1, 120-167. [Reprinted in C. Seeger 1977. Sudies in
Musicology 1935-1975. Berkeley: Univ. of California Press]

Selkirk, L., 1984. Phonology and syntax: The relation between sound and structure. Cam-
bridge, MA: MIT Press.

Sergent, J. 1993. Mapping the musician brain. Human Brain Mapping, 1, 20-38.

Shaffer, L. H., & Todd, N. 1987. The interpretive component in musical performance. In A.
Gabrielsson (Ed.), Action and perception in rhythm and music. Stockholm: Publication
issued by the Royal Swedish Academy of Music, No. 55.

Steele, J. 1775. An essay toward establishing the mel ody and measur e of speech to be expresses
and perpetuated by peculiar symbols. Bowyer & Nichols: London.

Steinke, W., Cuddy, L., & Peretz, |. 1994. Dissociation of music and cognitive abstraction
abilities in normal and neurological impaired subjects. Proceedings of the Third Interna-
tional Conference on Music Perception and Cognition Liege, Belgium: Escom., 425—
426.

Todd, N. 1985. A model of expressive timing in tonal music. Music Perception, 3, 33-58.

Trehub, S. E., Thorpe, L. A., & Morrongiello, B. 1987. Organizational processes in infants’
perception of auditory patterns. Child Development, 58, 741—749.

Van Lancker, D., & Sidtis, J. J. 1992. The identification of affective—prosodic stimuli by left-
and right-hemisphere-damaged subjects: All errors are not created equal. Journal of
Foeech and Hearing Research, 35, 963-970.

Weintraub, S., Mesulam, M.-M., & Kramer, L. 1981. Disturbances in prosody: A right-
hemisphere contribution to language. Archives of Neurology, 38, 742—745.

Wightman, C. W., Shattuck-Hufnagel, S., Ostendorf, M., & Price, P. J. 1992. Segmental dura-
tionsin the vicinity of prosodic boundaries. Journal of the Acoustical Society of America,
91, 1707-1717.

Zattore, R. J., Evans, A. C., & Meyer, E. 1994. Neural mechanisms underlying melodic percep-
tion and memory for pitch. Journal of Neuroscience, 14, 1908—1919.

Zattore, R. J,, Evans, A. C., Meyer, E., & Gjedde, A. 1992. Lateralization of phonetic and
pitch discrimination in speech processing. Science, 256, 846—849.



