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Review

The neural bases of prosody: Insights
from lesion studies and neuroimaging

SHARI R. BAUM* and MARC D. PELL

School of Communication Sciences and Disorders, McGill University,
1266 Pine Avenue W., Montre! al, Que! bec H3G 1A8, Canada

(Received 2 September 1998; accepted 22 November 1998)

Abstract

This paper reviews the major ®ndings and hypotheses to emerge in the
literature concerned with speech prosody. Both production and perception of
prosody are considered. Evidence from studies of patients with lateralized left
or right hemisphere damage are presented, as well as relevant data from
anatomical and functional imaging studies.

Introduction

The relation between brain and behaviour has fascinated researchers for many
years. By investigating this relationship, we can independently inform models of
neural organization as well as models of cognitive processing. For example, if we
can determine that a particular cognitive operation is associated with two distinct
brain regions, it may suggest a physiological connection between the two areas,
permitting insights from processing to structure. Equally important, knowledge of
neuroanatomy and neurophysiologycan constrain theories of cognitive processing
as well ; models proposing operations that are incompatible with biological
premises would naturally be ruled out (see Geschwind 1984).

In the search for the neuroanatomical correlates of behaviour, a great deal of
attention has been focused on language processing. At the broadest level are
asymmetries in the lateralization of cognitive functions. Every student of
neuropsychology and neurolinguistics is familiar with the long-established
association of the language processing centers with the left cerebral hemisphere and
the emotion processing centers with the right hemisphere of the brain (e.g.
Hughlings Jackson, 1915). But what of prosody, with its functions crossing these
boundaries?

As is well known, prosody serves a variety of functions in language processing,
from the conveyance of the speaker’s emotions to the phonemic use of tone to
diåerentiate lexical items in certain languages. Regardless of function, the same
three acoustic parameters serve as primary prosodic attributes : fundamental
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582 S. R. Baum and Marc D. Pell

frequency (F
!
), duration and amplitude (Lehiste 1970). In most recent models of

speech production (e.g. Garrett 1980, Levelt 1989), the prosody generator (Levelt
1989) is considered a distinct component of the speech production system or a
subcomponent of the phonological system. Current phonological theories also
posit a separate prosodic tier that speci®es metrical structure (Levelt 1989,
Liberman and Prince 1977, Selkirk 1984). To date, the majority of neurolinguistic
research in this area has focused in some detail on the neural bases of the segmental
aspects of speech (see for e.g. Blumstein 1991 for a review) ; far less attention has
been devoted to speech prosody. Thus, despite its importance in communication,
the neural systems responsible for the production and comprehension of prosody
remain largely unspeci®ed.

Among the types of evidence that have been brought to bear on this issue are
data from lateralized stimulus presentation in normal subjects (e.g. Blumstein and
Cooper 1974, Zurif and Mendelsohn 1972), results of studies of normal brain
activity during speci®c tasks (e.g. Zatorre et al. 1992), and the patterns of
performance de®cits in unilaterally brain-damaged patients (e.g. Ross 1981, Danly
and Shapiro 1982). For example, based largely on lesion studies, models of
linguistic organization in the left hemisphere have long held that the com-
prehension of word meaning involves the posterior portions of the superior
temporal gyrus (Wernicke’s area) and that articulatory programming and
implementation invoke activity in the inferior frontal lobe, as well as in pre-
Rolandic motor cortex regions (at least ; e.g. Kertesz 1994 for review). In addition,
animal and human models have indicated that emotion is broadly associated with
the limbic system, implicating subcortical structures (Borod 1993, Cancelliere and
Kertesz 1990, Fuster 1989, Mesulam 1985, Rinn 1984).

Recently, much more detailed information has been gathered through the advent
of functional neuroimaging techniques such as positron emission tomography
(PET), regional cerebral blood ¯ow (rCBF), functional magnetic resonance
imaging (fMRI) and evoked response potentials (ERP). As an example, numerous
PET studies have con®rmed left superior temporal activation during word reading
and recognition tasks (Chertkow and Bub 1994, Petersen et al. 1990). More directly
relevant to prosodic processing, Zatorre et al. (1992) have found increased activity
in Broca’s area during tasks requiring phonetic judgments concerning CVC
syllables ; in contrast, tasks requiring pitch judgments of the same CVC syllables
elicited right prefrontal activation, suggesting that identi®cation of fundamental
frequency is associated with right hemisphere mechanisms. These ®ndings may
support a dissociation in the lateralized processing of speci®c acoustic parameters. "

Further evidence of right hemisphere control of fundamental frequency
processing comes from a study of ERPs in right hemisphere-damaged and left
hemisphere-damaged patients (Twist et al. 1991). Right hemisphere-damaged
subjects were shown to exhibit abnormal ERP patterns in non-speech frequency
discrimination tasks as well as in an aåective prosody discrimination task. Left
hemisphere-damaged subjects only displayed abnormalities in a semantic dis-
crimination task. Twist and colleagues (1991) interpreted the ERP results as
supporting the right hemisphere’s role in prosodic processing, despite the absence
of diåerences between the two brain-damaged groups on standard behavioural
measures of prosodic abilities.

A recent PET study investigating the comprehension of emotion appears to
con®rm preferential activation of the right prefrontal cortex in tasks requiring
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The neural bases of prosody 583

judgment of the aåective prosodic content of a sentence ; in contrast, bilateral
prefrontal activation was found for tasks requiring judgment of the emotional
propositional content of the same utterances (George et al. 1996). Interestingly, a
PET investigation comparing auditory discrimination capabilities in native
speakers of a tone language (Thai) to native speakers of English revealed
signi®cant activation in Broca’s area (left hemisphere) only for Thai subjects when
the pitch judgments were rendered in a linguistic context (Gandour et al. 1997).
The investigators highlighted the functional role of the prosodic cues in
determining lateralization of processing. Although much of these data are
preliminary in nature, in combination with ®ndings from psycholinguistic
investigations of brain-damaged individuals, data from these emergent technolo-
gies promise to yield a clearer picture of the neural bases of prosody.

The ®ndings to date have yielded several major hypotheses concerning the
neuroanatomical regions active in prosodic processing. The most straightforward
of the hypotheses contends that all aspects of prosody are processed in the right
hemisphere and integrated with linguistic information via callosal connections
(Klouda et al. 1988). A second hypothesis claims that aåective or emotional
prosody is controlled in the right hemisphere, whereas the left hemisphere is
specialized for linguistic prosodyÐthe functional lateralization hypothesis (Van
Lancker 1980). Under this view, there is a continuum of linguistic ` load ’ along
which processing shifts from left hemisphere to right hemisphere control as the
tasks become less linguistically-based. A third major alternative posits that the
comprehension and production of prosody are subserved largely by subcortical
regions and are not lateralized to one or another hemisphere (e.g. Cancelliere and
Kertesz 1990). Finally, several recent investigations have supported the theory that
individual acoustic cues to prosody may be independently lateralized (e.g. Van
Lancker and Sidtis 1992).

In the review that follows, we will consider the evidence that bears on these
hypotheses by ®rst discussing the production of prosody in both linguistic and
aåective domains and across levels of structure. We will then turn to the perception
or comprehension of prosody considered from a similar perspective. Finally, we
will attempt to summarize the ®ndings to determine which, if any, of the current
hypotheses is supported by the majority of the data. Despite a number of caveats
that should be kept in mind in interpreting data from brain-damaged subjects (e.g.
Geschwind 1984), by gathering converging evidence from a variety of sources, we
may meet the challenge of devising a model of prosodic representation in the brain.

Production of prosody

One of the main catalysts for the development of theories of prosodic lateralization
was the clinical observation that, subsequent to right hemisphere damage, many
patients exhibit a generalized ¯attened aåect with a concomitant monotonous
speech production pattern. In striking contrast, subsequent to left hemisphere
damage, despite myriad possible articulatory impairments, patients appear to
produce relatively normal intonation and to retain the ability to produce
appropriate melody and rhythm for singing (Hughlings Jackson 1915). As will be
seen, although numerous investigators continue to rely on clinical judgments,
many researchers have adopted more objective and reliable instrumental acoustic
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584 S. R. Baum and Marc D. Pell

analyses to explore the prosodic patterns of speech produced by brain-damaged
patients.

Aåective prosody

Our review of the relevant literature will begin with the production of aåective
prosody and then turn to diåerent types of linguistic prosody as well. One of the
earliest systematic investigations of the production of aåective intonation was that
of Tucker et al. (1977). In their study, the authors examined the ability of 8 right
hemisphere-damaged patients and 8 normal controls to repeat neutral sentences
with speci®c emotional tones. The subjects’ productions were then judged by a
panel of three listeners who attempted to identify the emotion conveyed. Results
revealed that the productions of the right hemisphere-damaged speakers were
judged to show the intended emotion less often than those of the normal control
subjects, supporting the right hemisphere’s involvement in the production of
aåective prosody. It is important to point out, however, that there was a great deal
of inter-subject and inter-judge variability and that no left hemisphere-damaged
control group was included in the experiment, leaving open the possibility that
brain damage, regardless of site, would have yielded comparable de®cits.

As major proponents of the hypothesis that aåective prosody is controlled in the
right hemisphere, Ross and colleagues (Edmondson et al. 1987, Ross et al. 1986,
Ross et al. 1988) have examined the production of aåective language in a series of
cross-linguistic investigations. One piece of evidence to support their hypothesis
derives from a study of English-speaking epileptic subjects undergoing a right-
sided Wada test (Ross et al. 1988). In this test, a sodium amytal solution is injected
into the carotid artery to temporarily `deactivate ’ one hemisphere of the brain.
Perception and production tests may be conducted during the deactivation period
in order to determine that hemisphere’s role in a particular task. Five epileptic
subjects were required to repeat a sentence following a model intoned in each of six
emotional tones. Acoustic parameters were measured from productions recorded
prior to and during the Wada tests. Results revealed that mean F

!
and F

!
standard

deviation were reduced during the test as compared to before the injection,
suggesting a ¯attened aåect as a result of deactivation of the right hemisphere (Ross
et al. 1988).

Another source of evidence that Ross and colleagues draw upon to support the
right hemisphere’s role in the control of aåective prosody comes from investi-
gations of brain-damaged patients. Based on data from English-speaking brain-
damaged patients, Ross (1981, 1993, Ross and Mesulam 1979) not only contended
that the right hemisphere was dominant for aåective prosody, he further proposed
a classi®catory system for aåective prosodic de®cits (termed `aprosodias ’) similar
to that utilized for left hemisphere-damaged aphasic patients (e.g. Goodglass and
Kaplan 1983). Speci®c constellations of symptoms were hypothesized to be
associated with particular lesion sites. For example, impairments of aåective
comprehension were supposedly due to temporal lobe lesions, parallel to auditory
comprehension de®cits from left temporal lobe lesions, whereas disorders of
spontaneous aåective production were thought to arise subsequent to inferior
frontal lobe damage, similar to the speech production de®cits associated with left
Broca’s area lesions (Ross 1981, 1993). The majority of early data gathered in
support of this classi®catory system relied on bedside clinical judgments. For
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The neural bases of prosody 585

instance, Gorelick and Ross (1987) examined 14 right hemisphere-damaged
patients at approximately two weeks post-onset for spontaneous prosody and
gestures, repetition of aåective prosody and comprehension of prosody and
emotional gestures. Judgments of accuracy were made by the neurologist at
bedside, who also presented the stimuli. Patients were classi®ed into clinical
categories based on their performance and lesion sites for most patients were found
to correlate with those expected for each aprosodia syndrome, paralleling presumed
left hemisphere organization for language. Of course, ®ndings from such a
subjective bedside examination may not prove to be reliable upon replication.

Ross’ (1981) classi®cation system yielded a great deal of controversy, with
numerous reports of frequent exceptions to the organization scheme (Bra/ dvik et al.
1990, 1991, Cancelliere and Kertesz 1990, Darby 1993). Despite the questions
raised, Ross and colleagues continued to pursue the localization of prosodic
processing within the right hemisphere. They reasoned that, although the majority
of research on speech prosody has been conducted in English, it was of particular
interest to examine so-called tone languages in which prosody serves a phonemic
function. In languages such as Thai, Chinese and Norwegian, a pair of lexical items
may be distinguished solely on the basis of tonal contrasts, with, e.g. a rising tone
on a given syllable yielding one meaning and a falling tone produced with that same
string of consonants and vowels yielding a diåerent meaning. In such languages,
prosodic features serve a more basic linguistic function in addition to their use as
cues to syntactic structure and emotional meaning. Because of the fundamental
linguistic importance of tone in these language systems, one might predict a
diåerent pattern of prosodic control than is found in speakers of non-tone
languages.

To examine this issue, as a ®rst step, Ross et al. (1986) asked ®ve native speakers
of Mandarin, Taiwanese, Thai and English to produce translations of the sentence
`you are going to the movies ’ with ®ve diåerent emotional tones. The productions
were digitized and acoustic analyses of F

!
, duration and amplitude were conducted.

From these measures, the authors derived a summary statistic which they termed
`emotional range’ to characterize each language group.They reported signi®cantly
higher values of the emotional range statistic for native English speakers relative
to the other groups, concluding that ` the presence of tone in a language adversely
impacts the free use of F

!
for aåective-prosodic signalling ’ (Ross et al. 1986, p. 298).

To address whether the neural substrate of prosodic processing is similar in tone
language speakers, Edmondson et al. (1987) performed a follow-up experiment in
which 8 right hemisphere-damaged Taiwanese speakers (10±47 days post-onset)
and 8 normal controls were asked to repeat a small number of aåectively intoned
sentences. Both acoustic and perceptual measures were undertaken. Results
indicated that control of F

!
was impaired in the right hemisphere-damaged patients

relative to the normal controls. In addition, normal listeners were less able to
accurately judge the intended emotions from the right hemisphere-damaged
speakers’ productions compared to those of the normal controls ; listeners rated the
right hemisphere-damaged subjects’ productions as relatively poor repetitions of
the model stimuli. Edmondson et al. (1987) concluded that there is a loss of control
of aåective prosody due to right hemisphere damage across languages despite the
®nding that speakers of tone and non-tone languages may use somewhat diåerent
cues to signal aåect (see also Hughes et al. 1983). Similar results were reported by
Gandour et al. (1995) for Thai-speaking right hemisphere-damaged patients.
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586 S. R. Baum and Marc D. Pell

Interestingly, all of these studies utilized patients in a relatively acute stage, with the
lengthiest time since stroke onset a maximum of three months for three of Gandour
et al.’s (1995) 12 right hemisphere-damaged subjects. Time post-onset may prove
to be a critical variable in the emergence of dysprosody.

In contrast to these results, numerous investigations have failed to ®nd
diåerences between right hemisphere-damaged patients and normal controls on
tasks tapping the production of aåective prosody; others have shown comparable
patterns of de®cit in both left hemisphere-damaged and right hemisphere-damaged
patients. For instance, Bra/ dvik and colleagues (1990, 1991) reported no signi®cant
impairments in the production of emotional prosody in a fairly large group of
Swedish-speaking right hemisphere-damaged patients with cortical lesions. They
contend that subcortical damage may be more likely to yield a prosodic production
de®cit than cortical right hemisphere damage. The authors note that their patients
were mainly in a stable chronic stage, with most patients at least 4 months post-
onset at the time of testing ; Bra/ dvik et al. (1990) admit the possibility that the
patients had had an acute dysprosody which had resolved during the period of
spontaneous recovery (see also Darby 1993). Nonetheless, a signi®cant lasting
prosodic production de®cit may not be associated with damage to the right cerebral
cortex (Bra/ dvik et al. 1990).

In a recent study of stable right hemisphere-damaged patients ( " 3 months post-
onset), Baum and Pell (1997) also found that right hemisphere-damaged patients,
as well as left hemisphere-damaged patients, were able to signal diåerent emotions
in a manner comparable to normal control subjects. Both repetition and reading
tasks were utilized to elicit emotional and linguistic prosodic contrasts based on
stimuli with three degrees of linguistic structure. Model stimuli were either ®ltered
of phonetic content, composed of nonsense syllables, or semantically well-formed
and emotionally-biased. Acoustic analyses of productions in all conditions
indicated similar patterns of acoustic cue manipulation in all groups tested. Overall,
the right hemisphere-damaged patients did exhibit a lower mean F

!
than the normal

controls (after normalization) and a somewhat restricted F
!

range, suggesting the
potential for a right hemisphere role in the global control of F

!
; however, the

ability to signal aåective prosodic contrasts was spared in the right hemisphere-
damaged patients (Baum and Pell 1997, see also Shapiro and Danly 1985). (These
data will be discussed further in the section on linguistic prosody.) There are
several potential reasons for the discrepancy between these ®ndings and those of
Ross and colleagues (Gorelick and Ross 1987, Ross 1981, 1993), including the
diåerence in time post-onset and the reliance on objective acoustic measures as
opposed to clinical perceptual judgments.

Yet, even in acute patients, not all studies yield results indicative of a right
hemisphere specialization for aåective prosody. In particular, Cancelliere and
Kertesz (1990) found an approximately equal percentage of acute left hemisphere-
damaged and right hemisphere-damaged patients were classi®ed as dysprosodic
(but cf. Ross et al. 1997, for arguments contending that aåective prosodic de®cits
subsequent to left hemisphere damage are a result of impaired callosal integration).
Lesion sites were determined from CT scans obtained for 28 right hemisphere-
damaged and 18 left hemisphere-damaged patients. The investigators utilized Ross’
(1981) classi®cation system for aprosodias and examined the regions of greatest
lesion overlap corresponding to each syndrome. Analogous regions of the left and
right hemispheres were generally implicated within each syndrome. Global
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The neural bases of prosody 587

aprosodics displayed the greatest overlap in the basal ganglia, insula, and somewhat
less in the perisylvian cortex. Lesions associated with motor aprosodia most often
appeared in the inferior frontal lobes, insula and basal ganglia. The greatest lesion
overlap for the sensory aprosodic patients was also in the insular cortex (Cancelliere
and Kertesz 1990). (Interestingly, recent neuroradiological studies have dem-
onstrated the importance of the insula (on the left) in the control of articulatory
implementation (Dronkers et al. 1992)). The results do not support Ross’ (1981)
model of right hemisphere organization. Based on their review of lesion
localization, the investigators concluded that the basal ganglia are most often
implicated in dysprosodysyndromes; coupled with data onprocessing of emotional
facial expression and gesture, the ®ndings suggest that emotional expression is
likely mediated subcortically (Cancelliere and Kertesz 1990).

The data considered above on the relationship between right hemisphere damage
and the production of aåective prosody appear equivocal. However, in order to
draw ®rm conclusions on the issue of laterality, it is essential to investigate the
production of linguistic prosody in order to determine whether any prosodic
de®cits found in right hemisphere-damaged patients extend to the linguistic
domain as well. That is, one must establish whether right hemisphere damage
results in a pervasive impairment in prosodic production, or a de®cit limited to the
communication of aåect.

Linguistic prosody

Of the many studies of prosodic disturbance subsequent to brain damage, only a
relatively small number have directly compared aåective and linguistic prosody in
the same patients. In several of the investigations of tone languages reviewed
above, a clear dissociation has been found between impairments of aåective
prosody and intact abilities to process linguistic prosody subsequent to right
hemisphere damage (Gandour et al. 1992, Gandour et al. 1993, Gandour et al. 1995,
Hughes et al. 1983). Findings are much less clear-cut for non-tone languages. This
dichotomy raises the important issue of the level or degree of linguistic function
under investigation.

As noted earlier, in tone languages, variations in F
!

at the syllable level serve to
diåerentiate lexical items and thus represent phonemic oppositions in those
languages. In languages such as English, in contrast, tone does not in and of itself
distinguish lexical items, but stress diåerences are a major component in the
diåerentiation of noun} verb pairs (e.g. convict } convict) and compound noun}
noun phrase pairs (e.g. hotdog} hot dog). At a `higher ’ level (e.g. Garrett 1980,
Levelt 1989), stress can serve to emphasize or focus a speci®c word in an utterance,
as in the contrastive `John (not Bill) sold the car.’ Finally, variations in intonation
serve as cues to syntactic segmentation and sentence type, distinguishing
declarative sentences from interrogatives and imperatives. This spectrum of the
uses of linguistic prosodic cues has been described as a functional hierarchy by Van
Lancker (1980 following Crystal 1969). In her consideration of the role of `pitch
cues ’, the aåective level represents the least linguistically-structured extreme on the
hierarchy, followed by the closely-related attitudinal level, and then the syntactic
functions of intonation including perhaps emphatic stress. The most linguistically-
structured functions of prosody are the diåerentiation of lexical items and
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588 S. R. Baum and Marc D. Pell

phonemic uses of tone (Van Lancker 1980). In normal speech production, many of
the same acoustic parameters serve to signal contrasts at all of these levels,
demonstrating the necessity of their interaction and integration.

From this description of the functional hierarchy, it should be clear that not only
does the degree of linguistic structure vary, but so does the domain over which
prosodic parameters must be manipulated or controlled (Behrens 1989, Gandour et
al. 1992, Van Lancker 1980). That is, phonemic distinctions apply at the segmental
or syllable level while lexical contrasts apply at the word or phrase level and
syntactic contrasts apply at the sentence level (Behrens 1989, Gandour et al. 1992,
Van Lancker 1980). The domain of planning has been shown to be an important
factor in determining the extent of speech production impairments in both left and
right hemisphere-damaged individuals (Baum 1992, Behrens 1989, Gandour et al.
1994). Therefore, in examining prosodic production, all of these factors should be
taken into consideration.

Numerous studies have examined the production of linguistic prosody, mainly
investigating subjects who have suåered left or right hemisphere damage. One of
the ®rst systematic studies focused on the right hemisphere’s potential role in
linguistic prosody. Weintraub et al. (1981) presented to a single listener utterances
that had been produced following a model by 9 right hemisphere-damaged subjects
and 10 normal controls. The stimuli included declarative and interrogative
sentences and sentences with emphatic stress. The listener was asked to judge how
similar the subjects’ productions were to the model stimuli. Results indicated that
the right hemisphere-damaged subjects’ utterances were consistently judged to be
less adequate exemplars in relation to the model than those of the normal control
group. Weintraub et al. (1981) concluded that right hemisphere damage yields a
de®cit in linguistic prosody, as well as aåective prosody; they further predicted that
a similar de®cit subsequent to left hemisphere damage would be unlikely to emerge
and therefore that the right hemisphere is dominant for prosodic production in
general. The task upon which these conclusions are based is open to a great deal of
criticism, rendering the data suspect. Listener judgments may be quite subjective
and those of a single listener are even more prone to bias. Moreover, the absence
of a left hemisphere-damaged control group raises questions about the veracity of
the claims of right hemisphere dominance for both aåective and linguistic prosodic
production.

In an eåort to remedy this situation, Danly and Shapiro (1982, Danly et al. 1983)
investigated characteristics of sentence intonation in left hemisphere-damaged
aphasic patients. Following the methods of Cooper and Sorenson (1981), the
researchers demonstrated that Broca’s aphasicsÐwhose non¯uent speech is
characterized by hesitations and reduced melodic line (Goodglass and Kaplan
1983)Ðdisplayed abnormal F

!
declination patterns in long sentences, increased

variability in F
!

(but cf. Colsher et al. 1987) and abnormal patterns of ®nal-
lengthening eåects. The ¯uent, Wernicke’s aphasics they tested exhibited increased
F

!
variability relative to normal controls, but fairly normal patterns of declination

overall. Danly et al. (1983) suggested that Wernicke’s aphasic patients may have
de®cits in the control of F

!
that are not perceptible to listeners. These ®ndings,

coupled with impairments in sentence-level linguistic prosody in right hemisphere-
damaged patients (Shapiro and Danly 1985) do not support a strict right or left
hemisphere lateralization for prosodic production.

In one of the few studies of sentential intonation to examine both right
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The neural bases of prosody 589

hemisphere-damaged and left hemisphere-damaged patients, Cooper et al. (1984)
reported higher than normal mean F

!
in a reading task in both brain-damaged

groups; the left hemisphere-damaged speakers deviated more from normal in
terms of both timing and F

!
. However, due to the small number of subjects per

group (4 right hemisphere-damaged, 5 left hemisphere-damaged, 4 normal
controls), no statistical analyses were conducted. Behrens (1989) examined the
acoustic characteristics of sentence intonation in a story-completion task. Eight
right hemisphere-damaged subjects and 7 normal controls produced declarative,
imperative, yes } no and WH-interrogative sentences. Results revealed that the right
hemisphere-damaged patients produced the intended target sentence type in, on
average, only 14 of 24 trials (as judged by a panel of listeners). Acoustic analyses
demonstrated that the productions of the right hemisphere-damaged subjects
exhibited less linear F

!
contours and ¯atter than normal slopes for declarative

sentences. On the basis of these and other ®ndings (to be discussed below), Behrens
(1989) concluded that right hemisphere damage may lead to impairments in the
production of sentence-level intonation, highlighting the domain over which
prosody is programmed as an important factor in predicting whether or not a
de®cit would emerge.

Inconsistentwith these results, Ryalls et al. (1987) found no signi®cant diåerences
among groups of anterior right hemisphere-damaged, posterior right hemisphere-
damaged, and normal control subjects in mean F

!
, F

!
range and a measure of slope

extracted from sentences elicited in a repetition task. Although a larger group
of subjects participated in this experiment in comparison to Behrens’ (1989)
investigation, a rather small number of utterances was utilized, possibly accounting
for some of the contradictory ®ndings. In an earlier study, Ryalls (1982) reported
a restriction in F

!
range in a group of 8 French-speaking left hemisphere-damaged

Broca’s aphasics, leading to the tentative conclusion that the control of F
!

at the
sentence level may be lateralized to the left hemisphere (consistent with the
functional load hypothesis (Van Lancker 1980).

Most recently, Baum and Pell (1997) demonstrated that both left hemisphere-
damaged and right hemisphere-damaged patients were capable of signalling
declarative, interrogative and imperative sentences utilizing normal patterns of
prosodic cues ; as found for aåective prosody, these results emerged independent of
the linguistic ` load ’ of the stimuli, with the same patterns found for repetition of
®ltered sentences, utterances made up of nonsense syllables and semantically and
syntactically well-formed sentences. Baum and Pell (1997) suggested that prosody
may not be functionally lateralized and that alternative hypotheses should be
considered. Two of the possibilities noted were that particular acoustic parameters
may be diåerentially lateralized (e.g. Van Lancker and Sidtis 1992, see Baum et al.
1997 for partially supportive data in the production of acoustic cues to phrasal
boundaries) or that prosody may be under subcortical control (Blonder et al. 1989,
Bra/ dvik et al. 1991, Cancelliere and Kertesz 1990).

All of the investigations reviewed thus far have focused on sentential intonation.
If, as suggested by Behrens (1989) and others, the domain or linguistic level at
which prosody is functioning play a substantive role in the presence or absence of
de®cits subsequent to brain damage, it is critical to examine other aspects of
linguistic prosody as well. Let us turn ®rst to the comparatively few studies of
production of emphatic and lexical stress, and then consider analyses of phonemic
tone.
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590 S. R. Baum and Marc D. Pell

Behrens (1988) conducted acoustic and perceptual analyses of lexical stress pairs
and pairs of sentences with emphatic stress contrasts produced by the same right
hemisphere-damaged and normal control subjects who participated in the sentence
intonation study described above. Duration, amplitude and F

!
measures were

computed for stressed and unstressed syllables elicited in a scenario-completion
paradigm. Results of the acoustic analyses revealed that the right hemisphere-
damaged subjects used fewer of the cues to lexical and emphatic stress than did
normals, but that they were able to signal stress, as determined by perceptual
identi®cation scores. Behrens’ conclusion was that the right hemisphere is probably
not dominant for linguistic prosody at the word level.

Fairly comparable results were reported by Emmorey (1987) for her right
hemisphere-damaged subjects’ production of lexical stress pairs. An important
addition in Emmorey’s (1987) investigation was the inclusion of a comparison
group of left hemisphere-damaged subjects. Interestingly, it was these speakers
who exhibited marked de®cits in signalling lexical stress. In particular, left
hemisphere-damaged subjects failed to adequately utilize duration and F

!
parameters to diåerentiate the stress contrasts as determined both by acoustic and
perceptual analyses. Emmorey (1987) interpreted her ®ndings as indicative of a
functional organization for prosodic lateralization, with an additional important
determinant being the size or domain of the unit planned (see also Behrens 1988,
1989).

In a replication and extension of Behrens’ (1988) study, Ouellette and Baum
(1994) found that both lexical and emphatic stress were adequately produced by
right hemisphere-damaged patients. Consistent with Emmorey (1987), left
hemisphere-damaged subjects were impaired only in the use of durational
parameters. Ouellette and Baum’s (1994) interpretation of the ®ndings focused on
the temporal control de®cit often reported in left hemisphere-damaged aphasic
patients (see Blumstein 1991, Blumstein and Baum 1987 for reviews). The authors
granted that the ®ndings may be interpreted to support the functional lateralization
hypothesis (Van Lancker 1980), with more linguistically-structured prosody
controlled by the left hemisphere; nonetheless, the possibility of diåerential
lateralization for speci®c cues to prosody was also underscored. In particular,
these results support the hypothesis that the control of duration may be subserved
by left hemisphere mechanisms (but cf. Dykstra et al. 1995). Other parameters
(e.g. F

!
) may be under the control of right hemisphere centers (Baum and

Pell 1997, Van Lancker and Sidtis 1992). In general, there appears to be fairly
good agreement in the data on word-level stress production by brain-damaged
patients. The ®ndings tend to support the role of the left hemisphere in the
control of duration as a prosodic cue, with little role for the right hemisphere
at this level.

As mentioned earlier, the most linguistically-structured function of prosody is
the use of tone as a phonemic contrast in languages such as Norwegian, Thai and
Chinese. Although cross-language data are not abundant, most of the studies that
have been conducted indicate that the phonemic use of tone is a left hemisphere
function. For example, Gandour and colleagues (1992) utilized acoustic and
perceptual analyses to examine the control of F

!
in signalling tone contrasts in

monosyllabic lexical items in Thai. Production data revealed minor diåerences
from normals in the shape of the F

!
contour for both right hemisphere-damaged

and left hemisphere-damaged speakers. Perception tests showed that the utterances
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The neural bases of prosody 591

of the non¯uent left hemisphere-damaged aphasic speakers were least well-
perceived by native Thai listeners, prompting the authors to conclude that, at this
level or domain of prosodic function, the left hemisphere appears to be primarily
involved. Packard (1986) reached a similar conclusion in his study of non¯uent left
hemisphere-damaged aphasic speakers of Mandarin Chinese. Mono- and bi-syllabic
productions were rated by three transcribers for accuracy of repetition of a model
utterance. A much higher error rate was found for the left hemisphere-damaged
aphasic speakers relative to a normal control group, leading to the claim
that phonemic tone is controlled by the left hemisphere. Finally, results for
left and right hemisphere-damaged speakers of Norwegian yielded impairments
in tone production in the left but not the right hemisphere-damaged subjects
(Ryalls and Reinvang 1986). As with the word-level stress phenomena,
there is little controversy over the hypothesis that, due to their linguistic
salience, the ability to produce phonemic tone contrasts is mediated by the left
hemisphere.

Finally, to build upon studies reporting an association between focal brain
damage and individual prosodic functions examined in isolation, a recent attempt
was made to evaluate the success of brain-damaged patients in encoding prosodic
representations which span diåerent operational domains (word, sentence) and
which assume diåerent behavioural functions (linguistic, emotional) when
expressed in tandem. For this undertaking, Pell (1999a, b) employed a story
completion paradigm to elicit short utterances varying in contrastive stress
placement, linguistic modality and emotional tone from matched groups of right
hemisphere-damaged and healthy normal speakers (n 5 10 } group). Variations in
the content of a `priming scenario ’ preceding each trial biased speci®c combinations
of the three prosodic variables when each target utterance was produced, without
varying the segmental form of the utterance. Acoustic analysis of the data was then
performed to determine whether right hemisphere-damaged and normal speakers
diåer in the ability to utilize duration or fundamental frequency to communicate
speci®c prosodic target meanings.

Results of the acoustic analysis, for measures of both fundamental frequency and
duration, pointed to a general sparing in the ability of right hemisphere-damaged
patients to mark both word and sentence-level linguistic-categorical distinctions in
their speech (e.g., contrastive elements displayed normal tendencies for vowel
lengthening and increased F

!
; declarative } interrogative distinctions were dis-

tinguished by a fall versus rise in F
!

in the terminal portion of the utterance). In
contrast, acoustic distinctions among emotional categories, although demon-
strating normal qualitative trends overall, tended to be fewer and smaller in
magnitude when produced by the right hemisphere-damaged speakers. Moreover,
the patients encoded certain linguistic constructs (contrastive stress, the terminal
rising contour for interrogatives) with signi®cantly less acoustic variation than that
typical of normal speakers. The apparent failure of the right hemisphere-damaged
speakers to supply a normal level of acoustic detail in conveying emotion and
linguistic focus had a signi®cant impact on the perceptibility of these parameters by
a group of normal listeners (Pell 1998b). The author interpreted this pattern of
®ndings as indicative of a possible motor disturbance in modulating graded aspects
ofprosodic stimuli subsequent to right hemisphere insult (Pell, 1999a, b), consistent
with prior data collected for a single right hemisphere-damaged speaker (Blonder
et al. 1995).

D
ow

nl
oa

de
d 

by
 [

M
cG

ill
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
7:

24
 1

0 
N

ov
em

be
r 

20
17

 



592 S. R. Baum and Marc D. Pell

Summary

In summary, investigations of prosodic production have yielded support for a
weak version of the functional lateralization hypothesis (Van Lancker 1980). The
majority of studies of phonemic and lexical tone contrasts have demonstrated an
association of production de®cits with damage to the left hemisphere; impairments
in tone production subsequent to right hemisphere damage are uncommon,
suggesting left hemisphere control (Behrens 1988, Emmorey 1987, Gandour et al.
1992, Ouellette and Baum 1994, Packard 1986, Ryalls and Reinvang 1986). At the
other levels of the functional hierarchy, the ®ndings have been much more
equivocal, prompting the development of alternative theories (Behrens 1989, Pell
1998a, Van Lancker and Sidtis 1992). As we have seen, one possibility that has
received some support in the literature posits that the size or domain of the
utterance planned is a variable of importance in lateralization ; segmental and word-
level prosody may be controlled by the left hemisphere whereas sentence-level
prosody, whether aåective or linguistic, may require participation of both
hemispheres (Baum and Pell 1997, Behrens 1989). The hypothesis that individual
acoustic parameters are diåerentially lateralized has also received limited support in
production studies (mainly with respect to duration) (Baum and Pell 1997, Baum
et al. 1997, Ouellette and Baum 1994). Although, at present, no incontrovertible
evidence is available to support or refute any one of the theories on the basis of
production data, a more compelling case may be made following an in-depth
consideration of the perception of prosody.

Perception/comprehension of prosody

Perceptual investigations of prosody, like the production studies described in the
foregoing discussion, have tended to concentrate on either the aåective or
linguistic role of prosodic cues in speech (i.e. their assumed functional signi®cance)
or their operational domain (e.g. word vs utterance). Perhaps distinct from the
production literature, a greater proportion of the evidence for the perceptual
lateralization of prosody has been derived from studies of non-pathological
performance using the dichotic listening technique (Kimura 1961). However, as
will become evident from our review, analysis of prosodic abilities in brain-
damaged individuals has remained the primary vehicle of inquiry into the
neurological substrates of prosody in the receptive as well as the expressive mode.

Aåective prosody

Studies of the perception and recognition of emotional attributes of speech have
contributed greatly to the hypothesis that right hemisphere mechanisms are
selectively engaged in the processing of aåective prosody. In an early report that
focused on the comprehension of aåective speech Heilman et al. (1975) presented
auditory stimuli to 6 left hemisphere-damaged and 6 right hemisphere-damaged
subjects with temporoparietal lesions in two tasks : one in which subjects labelled
the emotional mood of the speaker (happy, sad, angry, indiåerent) and one in
which subjects identi®ed the semantic content of the same utterances. Judgments
were indicated by pointing to line drawings of emotional facial expressions
(emotion condition) or a graphic depiction of the semantic interpretation of the
utterance (content condition) and the accuracy of each response was recorded.
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The neural bases of prosody 593

Although both patient groups performed without error in interpreting the
semantic meaning of the stimuli, results obtained in the emotion condition
indicated that right hemisphere-damaged patients (who also presented with
behavioural neglect) were signi®cantly impaired relative to left hemisphere-
damaged aphasic patients in the ability to categorize the aåective meaning of
prosodic cues, performing at near chance level. In a replication and extension of
Heilman et al.’s (1975) study, Tucker et al. (1977) obtained a similar pattern
of results, reporting poorer comprehension of emotional prosody in right
hemisphere-damaged patients with neglect than in left hemisphere-damaged
aphasic patients (again, right hemisphere-damaged patients identi®ed the four
emotions at chance level). A disturbance in the ability to discriminate diåerences in
prosodic patterns (i.e. make same } diåerent judgments about paired stimuli
diåering in prosodic content) was also manifest in the right hemisphere-damaged
but not the left hemisphere-damaged subjects (Tucker et al. 1977). Based on these
data, both groups of investigators concluded that temporoparietal lesions of the
non-dominant hemisphere in conjunction with behavioural neglect may lead to a
selective impairment in the comprehension of aåective prosody (Heilman et al.
1975, Tucker et al. 1977). However, the strength of these assertions is mitigated by
the observation that left hemisphere-damaged patients were not error-free in their
comprehension of aåective meanings in either study, coupled with the absence of
a non-neurologically-impaired control group in both paradigms.

The results of more recent experiments have also been interpreted in light of
a privileged right hemisphere role in the comprehension of aåective prosody.
For example, Bowers et al. (1987) required 9 right hemisphere-damaged, 8 left
hemisphere-damaged and 8 healthy control subjects to identify emotional-prosodic
meanings from several diåerent types of stimuli. These included utterances in
which the semantic and prosodic message were either congruent or incongruent
(e.g. ` the couple beamed at their new grandson’ spoken in a happy or sad tone), as
well as utterances that had been low-pass ®ltered of all identi®able linguistic
content, preserving only the prosodic contour (i.e. ` speech ®ltered ’ stimuli). For all
the conditions tested, the right hemisphere-damaged group exhibited signi®cant
de®cits relative to both the left hemisphere-damaged and normal control groups in
the recognition of the emotional tone of the stimuli, suggestive of right hemisphere
control of these processes. Similarly, Blonder et al. (1991) reported a global decline
in the ability of their right hemisphere-damaged patients to process the emotional
signi®cance of prosodic, facial and gestural communicative signals when compared
to left hemisphere-damaged and non-neurologically-impaired control subjects ;
this outcome was interpreted as indication of the primacy of the right hemisphere
in the modulation of perhaps all (nonverbal) aspects of emotional communication
(see also Borod 1993).

To test the eåects of ` associational-cognitive ’ demands on the processing of
emotional prosody, Tompkins and Flowers (1985) presented emotionally-intoned,
semantically-neutral phrases to 11 right hemisphere-damaged, 11 left hemisphere-
damaged and 11 control subjects in three tasks of presumably increasing cognitive
complexity : a same } diåerent discrimination task, an identi®cation task in which
subjects chose one of two possible emotional interpretations and an identi®cation
task in which subjects judged the emotion from four possible alternatives.
Consistent with other ®ndings (Blonder et al. 1991, Bowers et al. 1987, Heilman
et al. 1975, Tucker et al. 1977), the authors found that their right hemisphere-
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594 S. R. Baum and Marc D. Pell

damaged patients performed at a signi®cantly inferior level to matched normal
subjects on all emotional prosody tasks. However, the left hemisphere-damaged
patients’ performance also broke down on the task in which the cognitive load was
greatest (four-choice emotional identi®cation). Thus, although their data appeared
to supply further evidence that the right hemisphere subserves emotional-prosodic
processing, the authors postulated that the left hemisphere becomes engaged in
such tasks as cognitive demands increase, possibly due to greater need for
comparative processes or short-term memory (Tompkins and Flowers 1985).

Evidence for right hemisphere superiority in recognizing emotional stimuli has
also emerged from studies of prosody perception in normals. Employing the
dichotic listening paradigm, Ley and Bryden (1982) paired emotionally intoned
(happy, sad, angry, neutral) and monotone sentences of similar grammatical
construction (e.g. ` the boy went to the store’) for presentation to 32 young adults.
Subjects were asked to attend to a speci®ed ear and identify both the emotional tone
and the verbal content of each sentence from a ®xed set of alternatives. Analysis of
subjects’ accuracy for each type of stimuli yielded a signi®cant left-ear (right
hemisphere) advantage for judging emotions and a signi®cant right-ear (left
hemisphere) advantage for judging the verbal content, with the majority of
subjects (n 5 21} 32) showing both trends simultaneously. Thus, normative data
indicating diåerential lateralization of emotional and verbal processing in young
normal subjects (consistent with a right hemisphere superiority in the com-
prehension of aåective prosody) have come to light.

As noted earlier, Ross (1981) has not only advocated right hemisphere control of
emotional prosody and gesture, but has elaborated a hypothetical model that places
emotional-prosodic functionsÐboth expressive and receptiveÐin circumscribed
regions of the right cerebral cortex of the brain. In the receptive as well as the
expressive mode, the work of Ross and his colleagues (Gorelick and Ross 1987,
Ross 1981, Ross et al. 1981, Ross and Mesulam 1979) has relied to a large extent on
bedside assessment of patients with acute right hemisphere lesions and suspected
` aprosodia’. To evaluate aåective comprehension, the patient is asked to identify
(either verbally or by means of a set list of alternatives) the emotion projected by
the examiner who is positioned out of the patient’s view (Ross 1981, 1993). This
(rather uncontrolled) technique has been instrumental in rendering several case
descriptions of right hemisphere-damaged patients with posterior (temporo-
parietal) lesions and ` receptive aprosodia’ (i.e. impaired aåective comprehension in
the face of spared aåective production and repetition), cases which have been cited
as key in validating Ross’ functional-anatomic organization of the aprosodias in the
right hemisphere (Gorelick and Ross 1987, Hughes et al. 1983, Ross 1981, Ross et
al. 1981).

Despite the valuable contribution of these clinical reports, there are now
su¬cient data derived from several diåerent paradigms to warrant the aban-
donment of Ross’ putative classi®cation system for the aprosodias. Individual cases
of receptive aprosodia reported by several investigators (Bra/ dvik et al. 1991, Darby
1993, Heilman et al. 1984, Lebrun et al. 1985) clearly diverge from Ross’
hypothetical model. For example, Cancelliere and Kertesz’ (1990) study of the
relationship between acute vascular lesions and disturbances of emotional
expression and comprehension uncovered no evidence that aprosodic de®cits in
right hemisphere-damaged patients adhere to the anterior-posterior pattern
described by Ross (1981) ; the authors attributed this discrepancy to their use of
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The neural bases of prosody 595

standardized stimuli and a less biased assessment procedure. Of perhaps greater
importance, Cancelliere and Kertesz reported emotional comprehension de®cits of
comparable frequency in both the right- and left-hemisphere-damaged adults they
examined, calling into question the very notion that the right hemisphere is
uniquely engaged in the processing of aåective speech (but cf. Ross et al. 1997).
Indeed, as noted previously (Van Lancker and Sidtis 1992), evidence that left
hemisphere mechanisms possess some capacity to process emotional-prosodic
stimuli would serve to explain purported cases of ` crossed aprosodia’ or right
hemisphere-damaged patients without the anticipated prosodic di¬culties accord-
ing to Ross’ scheme (Gorelick and Ross 1987).

Cancelliere and Kertesz’ (1990) observations that both the right and left cerebral
hemispheres contribute to the processing of aåective vocal cues obtain support
from several additional investigations (Darby 1993, Pell 1998a, Schlanger et al.
1976, Starkstein et al. 1994, Van Lancker and Sidtis 1992). Schlanger et al. (1976)
found no signi®cant diåerences in the accuracy of right hemisphere-damaged
(n 5 20) and left hemisphere-damaged (n 5 40) subjects in recognizing seman-
tically neutral (e.g. He will come soon) or semantically anomalous (He will tuv roop)
stimuli, indicative of bilateral control of emotional prosody. Similarly, in their
examination of the prevalence of receptive prosodic de®cits in 59 consecutively-
admitted patients with cerebrovascular lesions, Starkstein and his co-workers
(1994) reported that disturbed comprehension of aåective prosody was a relatively
frequent feature in both left hemisphere-damaged and right hemisphere-damaged
acute stroke patients ( C 45% of their subject pool). Interestingly, the authors did
note that right hemisphere-damaged patients with basal ganglian or temp-
oroparietal lesions exhibited a signi®cantly greater incidence of such de®cits in their
sample. Thus, bilateral involvement in aåective prosody comprehension is once
again indicated, although Starkstein et al.’s (1994) ®ndings intimate the possibility
that right hemisphere mechanisms may play a more predominant role.

A recent investigation conducted by Pell (1998a) provides additional evidence of
a bilateral substrate for emotional prosody comprehension, while simultaneously
bolstering claims that the right hemisphere is somehow `special ’ or dominant for
speci®c (as yet undetermined) subcomponents of emotional prosody recognition.
Short utterances distinguished solely by their prosodic features (stimuli diåered
with respect to emphasis assignment, linguistic modality, and emotional tone) were
presented over headphones to 11 left hemisphere-damaged, 9 right hemisphere-
damaged and 10 normal individuals. Subjects listened to this common set of
utterances over several conditions which manipulated the strength of particular
acoustic parameters of the stimuli, and were required to independently judge either
the location of emphatic stress within the sentence (initial, ®nal, none) or the
emotional tone (happy, angry, sad, neutral). Results indicated that although
emphasis perception was uniquely disturbed in the left hemisphere-damaged
sample, accuracy in recognizing emotional attributes of the same stimuli was
signi®cantly impaired in both right hemisphere-damaged and left hemisphere-
damaged subjects relative to age-matched controls. For emotional prosody, this
pattern advances the position that distributed mechanisms in both hemispheres of
the brain may be necessary for such processing. However, the observation that
right hemisphere-damaged patients were selectively impaired in the emotion
condition relative to the linguistic (emphasis) condition (the accuracy of the left
hemisphere-damaged patients did not diåer across conditions) implies that the
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596 S. R. Baum and Marc D. Pell

locus of certain operations inherent to emotional perception and evaluation may
stem from a unique right hemisphere mechanism (Pell 1998a). Delineating the
components within this functional system that favour right versus left hemisphere
processing mechanisms remains a considerable challenge for future research.

A diåerent perspective on the contributions of left and right hemisphere
mechanisms in the comprehension of aåective-prosodic stimuli has been formu-
lated by Van Lancker and Sidtis (1992). They tested left hemisphere-damaged,
right hemisphere-damaged, and healthy control subjects on an emotional prosody
identi®cation task, observing a similar level of impairment in the accuracy of both
clinical groups. To further explore whether the comprehension errors of left
hemisphere-damaged and right hemisphere-damaged patients could be predicted in
terms of one or a combination of the acoustic parameters underlying emotional-
prosodic meanings, the authors determined mean and variability measures of F

!
,

amplitude, and duration for the stimuli they had presented to patients for
perceptual recognition. Discrimination function analyses were then performed to
ascertain which of the acoustic cues served to signal the intended emotional
meanings of the stimuli initially presented, and which cues predicted the
comprehension errors made by each clinical group on the identi®cation task; this
procedure involved recoding each emotional stimulus according to the most
frequent error response observed for that stimulus, independently for each group.
In this way, the authors sought to determine the extent to which the left
hemisphere-damaged and right hemisphere-damaged subjects’ emotional com-
prehension de®cits were related to impaired perception of speci®c acoustic features
of the stimuli.

Despite the similar level of impairment of left hemisphere-damaged and right
hemisphere-damaged patients on the emotional identi®cation task, analyses
performed on each group’s recognition errors suggested that left hemisphere-
damaged and right hemisphere-damaged patients were using the acoustic cues to
prosody diåerently in judging aåective meanings (Van Lancker and Sidtis 1992).
Interestingly, the discriminant analysis of the left hemisphere-damaged subjects’
errors revealed that these patients may have been basing their decisions on
fundamental frequency information (particularly F

!
variability), whereas an analysis

of the right hemisphere-damaged subjects’ aåective misclassi®cations indicated a
reliance on durational cues in identifying the stimuli. This pattern of results
suggested to the authors that receptive disturbances of emotional prosody may be
perceptual in nature, possibly re¯ecting the superiority of each hemisphere in
processing diåerent acoustic parameters that signal prosodic meaning (Van
Lancker and Sidtis 1992). More generally, the authors concluded that the
comprehension of prosody is best described as a multifaceted process subserved by
distributed (i.e. bilateral) mechanisms that are not strictly localizable to the right
hemisphere, contrary to previous assertions (e.g. Ross 1981).

The notion that brain-damaged patients are characterized by a basic disturbance
in analyzing the acoustic structure of prosody complements reports that these
patients often show de®cits in using the same auditory cues in nonlinguistic tasks.
More speci®cally (and as previously noted), right hemisphere-damaged individuals
frequently appear to make errors on nonlinguistic tasks that require the processing
of complex pitch information, indicating that this skill may rely predominantly on
right-hemisphere auditory mechanisms (Robin et al. 1990, Sidtis and Feldmann
1990, Zatorre 1988, Zatorre et al. 1994). Interestingly, a left-hemisphere bias has
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The neural bases of prosody 597

been proposed for the processing of temporal cues on similar nonlinguistic tasks
(Carmon and Nachshon 1971, Robin et al. 1990). Collectively, these data are
consistent with the interpretation that each hemisphere may contribute in-
dependent auditory processing capabilities to the task of decoding emotional
stimuli (Van Lancker and Sidtis 1992). However, in an attempt to replicate Van
Lancker and Sidtis’ preliminary ®ndings, Pell and Baum (1997b) found no evidence
that the emotional comprehension errors committed by their left hemisphere-
damaged and right hemisphere-damaged patients were biased by speci®c acoustic
features of the stimuli, despite careful adherence to Van Lancker and Sidtis’
original methods. Thus, although intriguing, the hypothesis that individual
acoustic cues to prosody are independently lateralized (Van Lancker and Sidtis
1992) remains speculative and awaits future elucidation.

Linguistic prosody

Thus far, our consideration of theories of receptive prosodic lateralization has
concentrated on aåective prosody, but the discussion may bene®t from a review of
the linguistic functions of prosodic cues as well. As noted in the section on
production, prosodic features expressed over various domains signal diåerences in
the illocutionary intent of an utterance (e.g. whether information is stated or
requested), highlight items of relative importance in a spoken message (emphasis),
or disambiguate the meaning of words with similar segmental structure (phonemic
stress). Several investigators have explored the neural basis for comprehension of
locally de®ned linguistic-prosodic features such as phonemic or emphatic stress. In
response to contentions in the literature that right hemisphere lesions selectively
disrupt aåective prosody, Weintraub et al. (1981) tested 9 right hemisphere-
damaged and 10 normal control subjects for the comprehension, production, and
repetition of linguistic prosody. One receptive task measured subjects’ accuracy in
discriminating phonemic stress contrasts (e.g. greenhouse vs green house) using
a picture-identi®cation paradigm and another measured their accuracy in making
same} diåerent judgments about sentence pairs diåering in emphatic stress location
(e.g. Steve drives the car vs Steve drives the car) or intonation contour (statement
vs yes } no question).

Results obtained for each linguistic prosody task revealed signi®cant impair-
ments in the right hemisphere-damaged group relative to the control subjects, a
pattern interpreted as evidence that the right hemisphere’s role in prosody may
extend beyond its aåective components to the linguistic domain (Weintraub et al.
1981). More recently, Bra/ dvik et al. (1991) compared the performance of 20
Swedish-speaking patients with stable right hemisphere lesions and 18 normal
controls on tasks of both linguistic and aåective prosody (e.g. emphatic stress
perception, identi®cation of linguistic and emotional intonation) and arrived at a
similar conclusion: the inferior performance of their right hemisphere-damaged
patients on both linguistic and emotional tasks pointed to an essential role for the
right hemisphere in the processing of both (linguistic and aåective) prosody,
irrespective of the domain over which prosodic cues were perceived. The potential
relationship between subcortical infarcts and a lasting disturbance of speech
prosody, alluded to in the discussion of production, was also highlighted by their
data (Bra/ dvik et al. 1991).

The omission of a comparable left hemisphere-damaged patient group in the
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598 S. R. Baum and Marc D. Pell

latter two studies (Weintraub et al. 1981, Bra/ dvik et al. 1991) again impedes an
appropriate understanding of each hemisphere’s potential involvement in prosodic
perception. In a study that considered right hemisphere-damaged, left hemisphere-
damaged, and non-neurological control subjects simultaneously (n 5 30 } group),
Bryan (1989) presented a battery of 13 linguistic prosody tests that incorporated
stimuli of various perceptual domains (e.g., phonemic} emphatic stress discrimi-
nation, identi®cation of declarative vs interrogative intonation). Bryan dem-
onstrated that the right hemisphere-damaged patients were impaired on all 13 tasks
of linguistic prosody relative to the normal group and on 8 tasks relative to the left
hemisphere-damaged group, again favouring a right hemisphere basis for this
processing. However, it is noteworthy that the left hemisphere-damaged group
reported by Bryan (1989) was signi®cantly impaired relative to the control group
on 10 of the 13 tests as well, a ®nding the author conceded may be suggestive of
bilateral control for at least some aspects of linguistic prosody. This pattern of
results may be indicative of a superior (albeit not exclusive) role for the right
hemisphere in the comprehension of linguistic prosody, along the lines suggested
earlier for the comprehension of emotional prosody (Starkstein et al. 1994).

However, still more research has placed the receptive control of linguistic
prosodyÐat least, the perception of locally-assigned stress cuesÐ®rmly in the left
hemisphere of the brain. For instance, Baum et al. (1982), following Blumstein and
Goodglass (1972), presented three tasks of stress comprehension to 8 left
hemisphere-damaged non¯uent aphasics and 8 normal control subjects and
reported a signi®cantly reduced capacity to comprehend phonemic and emphatic
stress in their left hemisphere-damaged patients, ®ndings inconsistent with the
notion that linguistic prosody is processed solely by the right hemisphere.
Emmorey (1987) presented phonemic stress pairs (e.g. hotdog, hot dog) to 7 right
hemisphere-damaged, 15 left hemisphere-damaged and 22 control subjects for
perceptual recognition and observed a signi®cant decrement in the performance of
the left hemisphere-damaged subjects (both ¯uent and non¯uent aphasics) relative
to control subjects on this task, but intact comprehension of the stimuli by right
hemisphere-damaged patients. These data corroborate and extend those of Baum
et al. (1982), indicating a left hemisphere substrate for the perception of linguistic
stress.

Related ®ndings are derived from Behrens (1985) in which the dichotic listening
technique was used; she required 15 normal subjects to identify stress placement in
phonemic stress pairs (e.g. hotdog, hot dog, as above) and demonstrated a
signi®cant right-ear (left hemisphere) advantage on this task. Filtering the same
stimuli at 200 Hz for presentation or reducing the semantic content of the stimuli
(e.g. botgog) did not lead to a right-ear advantage, however, suggesting to the
author that left hemisphere mechanisms process stress contrasts except when those
cues are of minimal linguistic import (as in the low-pass-®ltered stimuli). Taken
together, the results of these studies (Baum et al. 1982, Behrens 1985, Emmorey
1987) may be viewed as support for the `functional load ’ hypothesis of prosodic
lateralization, or the notion that the linguistic or emotional role of prosodic cues in
speech determines the laterality of processing (Van Lancker 1980).

A recent study also tested the hypothesis that individual acoustic cues are
diåerentially lateralized in the processing of phonemic and emphatic stress.
Utilizing stimuli in which F

!
and duration cues were independently neutralized,

Baum (1998) found that individuals with left hemisphere damage were most
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The neural bases of prosody 599

severely impaired on these recognition tasks, particularly when deprived of F
!

information. However, right hemisphere-damaged patients also exhibited de®cits
compared to normal controls when not all acoustic cues were available in the
stimuli. The ®ndings are, in part, consistent with both the diåerential cue
lateralization hypothesis (Van Lancker and Sidtis 1992) and the functional
lateralization hypothesis (Van Lancker 1980), but suggest that both hypotheses
require re®nement or revision.

Further evidence of a left hemisphere substrate for the ability to perceive local,
linguistically-assigned prosodic features is gleaned from perceptual investigations
of languages in which pitch contrasts serve as a phonemic marker (e.g. Mandarin,
Thai). The outcome of dichotic listening studies with normals (Van Lancker and
Fromkin 1973) and of lesion investigations (Gandour and Dardarananda 1983,
Hughes et al. 1983) are in general agreement, demonstrating a left hemisphere bias
for the ability to discriminate tonal distinctions by native tone-language speakers.
These reports, in conjunction with the English data reviewed above (Baum et al.
1982, Behrens 1985, Emmorey 1987), provide substantial evidence to suggest a
privileged role for the left hemisphere in the processing of linguistically-assigned
prosodic cues expressed at the syllabic level.

However, aåective prosodic features are typically expressed and perceived over
domains larger than the word, usually the phrase or utterance. It is at this level of
linguistic structureÐthe sentenceÐthat receptive studies of aåective prosody have
largely focused and accordingly, that we are best able to compare the perception of
prosodic cues as an index of their linguistic or aåective ` load ’ in speech.
Regrettably, the perceptual literature on linguistic intonation is relatively small
when compared to that on emotional intonation. In an early study to consider
linguistic sentence prosody, Blumstein and Cooper (1974) presented dichotically
paired utterances diåering in intonational content to 40 young adults. In two
separate experiments, subjects identi®ed low-pass-®ltered exemplars of the dichotic
stimuli by their intonational meaning (declarative, interrogative, imperative,
conditional) or matched the intonation pattern of ®ltered or nonsense (e.g. padaka)
dichotic stimuli with a successively-presented foil. The accuracy of the subjects
was then analyzed to determine the presence of an ear advantage on each task.

In general, the results revealed a ` small but consistent’ left ear (right hemisphere)
advantage for all tasks of perceiving and identifying linguistic intonation. The
authors concluded from their ®ndings that linguistic prosody, in the absence of
meaningful segmental (i.e. semantic) structure, may be processed more e¬ciently
by the right hemisphere, and that even when recognizable segmental information
is present in the stimuli (as was the case for the nonsense stimuli), left hemisphere
mechanisms are likely minimally implicated at best (Blumstein and Cooper 1974).
These ®ndings were contrary to the authors’ original expectations that linguistic
intonation may be processed by the left hemisphere in a way similar to other
linguistic systems; the results provide tentative support to those investigators who
have posited superior right hemisphere processing of sentence prosody generally,
regardless of its function (Bra/ dvik et al. 1991, Weintraub et al. 1981, but review
Cancelliere and Kertesz 1990, Darby 1993, Schlanger et al. 1976, Starkstein et al.
1994, Van Lancker and Sidtis 1992 for data indicating left hemisphere control of
emotional sentence prosody).

Few studies have attempted to explore how each hemisphere is specialized to
process sentence prosody in both linguistic and aåective contexts concurrently. In

D
ow

nl
oa

de
d 

by
 [

M
cG

ill
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
7:

24
 1

0 
N

ov
em

be
r 

20
17

 



600 S. R. Baum and Marc D. Pell

one such study, Heilman and colleagues (1984) presented auditory stimuli to 8 right
hemisphere-damaged, 9 left hemisphere-damaged, and 15 control subjects in two
identi®cation tasks, one in which intonation conveyed the linguistic modality of the
utterance (declarative, interrogative, imperative) and another in which prosodic
cues signalled various aåective meanings (angry, sad, happy). Stimuli in both
conditions were low-pass-®ltered before presentation, rendering the segmental
content, but not the prosodic contour, unintelligible to the listener. Subjects
indicated their response either verbally or by matching the prosodic meaning with
an appropriate graphic representation (facial expression or punctuation mark for
the aåective and linguistic stimuli, respectively) and the accuracy of each response
was measured.

Right hemisphere-damaged patients made signi®cantly more errors than both
the left hemisphere-damaged and control subjects (who also diåered signi®cantly)
in identifying the emotional meaning of low-pass-®ltered utterances, whereas the
right hemisphere-damaged and left hemisphere-damaged patients were equally
impaired relative to normals in identifying the linguistic intent of the stimuli.
Moreover, only the left hemisphere-damaged subjects’ comprehension of prosodic
meanings was aåected by the type of prosody tested ; speci®cally, the left
hemisphere-damaged subjects performed at a signi®cantly inferior level on the
linguistic task when compared to the emotional task, a pattern not observed for
either the right hemisphere-damaged or control groups. To account for these
results, two hypothetical explanations were oåered (Heilman et al. 1984). First, the
processing of aåective prosody may be lateralized to the right hemisphere of the
brain (right hemisphere-damaged patients were most impaired on this task)
whereas the processing of linguistic intonation may be achieved bilaterally (both
patient groups were impaired relative to normals). Second, the right hemisphere
may dominate all processing of sentence intonation (both linguistic and aåective),
but the left hemisphere becomes engaged on tasks as the need for linguistic
processing increases (i.e. on non-aåective tasks). The authors acknowledged that
their data allowed for either interpretation ; however, it is noteworthy that both
proposals are inconsistent with previous assertions that the right hemisphere is
specialized to decode only the aåective features of prosodic stimuli (Blonder et al.
1991, Bowers et al. 1987, Ehlers and Dalby 1987, Heilman et al. 1975, Ley and
Bryden 1982, Ross 1981, Tucker et al. 1977).

In a recent investigation, Pell and Baum (1997a) administered identi®cation tasks
for both aåective- and linguistic-prosodic stimuli to 9 right hemisphere-damaged,
10 left hemisphere-damaged and 10 control subjects, testing the same target
meanings employed by Heilman and colleagues (1984). To additionally address
inconsistencies in the literature on prosody with respect to the type of stimuli
presented (e.g. ®ltered, natural), linguistic and emotional stimuli were each
presented in three distinct identi®cation tasks : a semantically `well-formed’
condition, in which both prosodic and semantic information cued the (linguistic or
aåective) intonational target meaning ; a `nonsense’ condition, in which
phonetically-plausible but meaningless utterances were intoned to convey prosodic
meanings corresponding to those presented in the well-formed stimuli ; and, a
`®ltered ’ condition, in which the well-formed utterances were low-pass ®ltered to
obscure the linguistic content but retain prosodic cues. A task requiring subjects to
make same} diåerent judgments about pairs of low-pass-®ltered utterances was
also presented to test for an underlying perceptual de®cit in the subjects’ ability to
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The neural bases of prosody 601

process prosodic information (Van Lancker and Sidtis 1992). Both accuracy and
response time data were collected.

Although all three groups were shown to perform comparably in discriminating
prosodic patterns, results of the identi®cation tasks revealed that neither the left
hemisphere-damaged nor right hemisphere-damaged subjects were impaired
relative to normals in recognizing the emotional meaning of prosodic patterns
(angry, sad, happy), but that both clinical groupsexhibited de®cient comprehension
of linguistic-prosodic meanings (declarative, interrogative, imperative). Interest-
ingly, comparing the performance of each group across linguistic and aåective
domains revealed a pattern qualitatively similar to that reported by Heilman et al.
(1984) ; right hemisphere-damaged and control subjects each demonstrated similar
capabilities on corresponding linguistic and aåective tasks (re¯ected in both their
accuracy and response times), whereas left hemisphere-damaged aphasic subjects
always responded signi®cantly slower and with less precision on the linguistic
relative to the aåective task (even though no semantic comprehension of the
stimuli was required).

Thus, consistent with other studies (Heilman et al. 1984, Tompkins and Flowers
1985), a speci®c susceptibility to the linguistic load of prosodic stimuli was again
noted in left hemisphere-damaged but not right hemisphere-damaged adults,
although it is important to bear in mind that right hemisphere-damaged patients
were also impaired for the linguistic stimuli. The perhaps surprising observation
that neither clinical group was impaired in the comprehension of emotional
prosody may have been due to clinical diåerences between Pell and Baum’s (1997a)
patients, who had been screened for behavioural neglect, and those tested
elsewhere ; indeed, the coincidence of lasting aprosodias and severe neurologic
signs such as neglect have been noted previously on several occasions (Heilman et
al. 1975, Starkstein et al. 1994, Tucker et al. 1977). Overall, the results of this study
highlight the possibility that receptive prosodic functions, both linguistic and
aåective, may not be subserved by mechanisms lateralized to a single hemisphere
of the brain, at least not when this processing occurs over larger domains such as
the sentence (Pell and Baum 1997a).

Finally, other perceptual research suggests that the locus of mechanisms
subserving prosody may not be limited to cortical regions, but rather, may be
organized subcortically. In particular, the basal ganglia have been implicated as a
structure of potential importance in several investigations of vascular patients with
receptive aprosodias reviewed above (Bra/ dvik et al. 1991, Cancelliere and Kertesz
1990, Ross and Mesulam 1979, Starkstein et al. 1994). These ®ndings obtain further
support from studies that have examined receptive prosody in patients with basal
ganglia dysfunction as a result of Parkinson’s or Huntington’s disease (Borod et
al. 1990, Blonder et al. 1989, Breitenstein et al. 1998, Cancelliere and Hausdorf
1988, Pell 1996, Scott et al. 1984, Speedie et al. 1990). For example, Blonder and
colleagues (1989) and more recently Pell (1996), each demonstrated impaired
comprehension of linguistic and emotional intonation in idiopathic Parkinsonian
patients relative to healthy control subjects. Coupled with the cortical data on
receptive prosody, the outcome of each of these investigations would appear to
advocate a functional network dedicated to prosody consisting of both cortical and
subcortical components (Blonder et al. 1989, Pell 1996, see also Breitenstein
1998). The issue of subcortical representation of prosody in both receptive and
expressive behaviour is therefore worthy of pursual in future investigations.
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602 S. R. Baum and Marc D. Pell

Summary

In summary, our review of receptive investigations of prosody converges with that
of production studies in its weak support of diåerential lateralization of prosodic
cues as an index of their linguistic or aåective communicative function in speech.
To date, results emanating from studies of phonemic stress and pitch perception
have demonstrated relatively consistent involvement of the left hemisphere and
relatively infrequent involvement of the right hemisphere, signifying a left
hemisphere neural substrate for linguistically-relevant prosodic cues operating
over short domains (Behrens 1985, Emmorey 1987, Van Lancker 1980). However,
it is at the sentential level that the eåects of the functional load of prosodic cues
become more opaque, and the issue of laterality becomes less certain. Although
ample evidence has now accrued to suggest that the aåective attributes of prosody
are not processed uniquely by the right hemisphere (Cancelliere and Kertesz 1990,
Darby 1993, Dykstra et al. 1995, Heilman et al. 1984, Pell 1998a, Pell and Baum
1997a, b, Schlanger et al. 1976, Seron et al. 1982, Tompkins and Flowers 1985, Van
Lancker and Sidtis 1992), it remains unclear as to whether the right hemisphere
serves a dominant (albeit shared) role in the processing of emotional and linguistic
prosody (Blumstein and Cooper 1974, Heilman et al. 1984, Starkstein et al. 1994) or
whether emotional and linguistic prosody functions are distributed bilaterally
(Bryan 1989, Cancelliere and Kertesz 1990, Dykstra et al. 1995, Pell and Baum
1997a, b, Van Lancker and Sidtis 1992). Finally, subcortical structures may be
critical in the regulation of prosodic functions in receptive and expressive
modalities (Blonder et al. 1989, Bra/ dvik et al. 1991, Breitenstein 1998, Cancelliere
and Kertesz 1990, Pell 1996).

Concluding remarks

Summary of ®ndings

The review of the literature detailed above leads us to several main conclusions.
First and foremost is that the search for the neural bases of prosody is not a simple
or straightforward one. The complexity of this issue is illustrated by the multiplicity
of acoustic parameters that signal prosody (some of which remain undetermined),
their necessary integration in speech production and perception across aåective and
linguistic contexts and the di¬culty of examining prosody in isolation from other
aspects of communication. In addition, of course, are the complications of
interpreting evidence from brain-damaged patients, of parcelling out the eåects of
associated de®cits, and of determining what level of neural activation or
involvement constitutes dominance or control over a function.

Despite all of the interacting factors, the ®ndings gathered to date have taught
us a great deal. In terms of both production and perception of prosody, research
has provided consistent support for the functional lateralization hypothesis (Van
Lancker 1980) at the phonemic and lexical levels. The left hemisphere has been
shown to be active in the production and comprehension of tonal contrasts and
lexical stress, with minimal evidence of right hemisphere involvement. Yet, when
other levels of the language code are considered, the results become less clear-cut.
Few would argue that the right hemisphere is not implicated in the processing of
emotion in generalÐbe it language-based or otherwise (but cf. Ivry and Robertson
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The neural bases of prosody 603

1998 for a diåerent perspective on hemispheric specialization). However, the
question of whether emotional prosody, in particular, is lateralized to the right
hemisphere has not yet been resolved. What is clear is that models proposing a
strict parallelism between left hemisphere organization for language and right
hemisphere organization for prosody (e.g. Ross 1981) are not well-substantiated by
the available evidence.

Among the intriguing hypotheses that merit further investigation are theories
that posit subcortical involvement in both the production and perception of
prosody (e.g. Cancelliere and Kertesz 1990), the notion that the size or domain of
the utterance may determine which cerebral hemisphere is invoked for prosodic
processing (e.g. Behrens 1989) and the hypothesis that individual acoustic cues are
independently lateralized (e.g. Van Lancker and Sidtis 1992). All of these theories
have received at least modest experimental support and, in all likelihood, aspects of
each will need to be incorporated into a comprehensive model of the neural bases
of prosody.

Considerations for future research

In this section, we brie¯y consider some of the variables that should be taken into
account in order for research in this area to progress beyond its current state.

One critical factor in any investigation is subject selection ; this is all the more
true in studies of pathological populations. Diåerences in subject characteristics
across investigations have undoubtedly contributed signi®cantly to many of the
inconsistencies in ®ndings that we have discussed. Variables such as lesion site,
time post-onset and the presence of associated de®cits (such as depression,
behavioural neglect and dysarthria) must be carefully controlled. Stimulus
characteristics represent another important factor. It is essential that linguistically
well-motivated structures be examined in su¬cient numbers and under controlled
testing conditions to obtain an adequate data sample. Anecdotal clinical reports
must be replaced with carefully-designed experimental studies.

There is currently a dearth of cross-linguistic data concerning the neural
substrate for prosody. Future investigations should sample from a variety of
languages in which prosody serves diåerent functions. It will also be important to
explore the integration of aåective and linguistic aspects ofprosody; the dichotomy
between aåective and linguistic prosody may be an arti®cial one in spontaneous
language processing and eåorts are only beginning to be made to examine their
integration in normal speech processing (McRoberts et al. 1995, Pell 1998a,
1999a, b).

The components and functions of prosody are obviously complex. It is,
therefore, not surprising that the neural substrate subserving prosody may be
equally, if not more, complex. With the increasing availability of advanced
neuroimaging technology and meticulously-designed experimental investigations,
we are con®dent that signi®cant advances in our understanding of the neural
systems that underlie prosodic processing will soon emerge.
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Note

" There is a large literature on the lateralization of pitch in non-speech domains,
generally supporting right hemisphere involvement in discrimination and memory
for pitch (see e.g. Zatorre et al. 1994). Unfortunately, little research of this sort has
been conducted to date on pitch processing in the speech domain.
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