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ABSTRACT

A review of the literature on speech prosody suggests that the right
hemisphere may be crucial in expressing and perceiving prosodic information,
although hypotheses concerning the underlying nature of this specialization
remain disparate (e.g., Behrens, 1988: Ross, 1981; Van Lancker & Sidtis, 1992).
To illuminate the right hemisphere’s role in prosodic processing, and to explore
the interaction between linguistic and emotional suprasegmental cues in speech
production and perception, two experiments were conducted. In Experiment 1,
utterances conveying three prosodic distinctions (emphatic stress, sentence
modality, emotional tone) were elicited from normal (NC) and right-hemisphere-
damaged (RHD) adults and then subjected to acoustic analysis. Results indicated
that the intonation patterns produced by RHD patients were relatively normal in
overall shape, but significantly restncted in fundamental frequency (F,) variation
relative to those produced by normal subjects. The RHD speakers also supplied
fewer duration and F, cues to emphatic stress, and demonstrated aberrant control
of speech rate and mean F, in expressing discrete emotions relative to the NC
speakers. In Experiment 2, six receptive tasks in which the F, or duration
parameters of prosodic stimuli were systematically altered, were presented to NC,
RHD, and left-hemisphere-damaged (LHD) adults for linguistic or emotional
identification. Results obtained for this experiment revealed that both the RHD
and LHD patients were impaired in the recognition of emotional prosody, but

that only the LHD patients were disturbed in perceiving linguistic specifications
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via prosodic cues. The outcome of both experiments is discussed with respect to

current theories of the lateralization of prosodic processing.
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RESUME

Une recension de la littérature consacrée a la prosodie linguistique incite a
croire que I’hémisphére droit joue un role crucial dans I’expression et la
perception de I'information prosodique, bien que les hypothéses relatives au
caractére sous-jacent de cette spécialisation restent disparates (voir Behrens, 1988;
Ross, 1981; Van Lancker & Sidtis, 1992). Pour élucider le role que I'hémisphére
droit joue dans le traitement de I'information prosodique et analyser I'interaction
des signaux suprasegmentaux linguistiques et émotifs dans la production et la
perception de la parole, nous avons réalisé deux expériences. Dans I'expérience
n’ 1, nous avons demandé a des sujets adultes normaux (SN) et des sujets adultes
cérébrolésés droits (CLD) différents énoncés comportant trois distinctions
prosodiques (accent d’insistance, modalité de la phrase, ton) qui ont ensuite été
soumis a une analyse acoustique. Les résultats révélent que, par rapport a celles
produites par les sujets normaux, les structures d’intonation produites par les
patients CLD sont relativement normales quant a leur forme générale, mais
considérablement limitées quant a la variation de la fréquence fondamentale (F,).
Par rapport aux sujets témoins normaux, les locuteurs CLD produisent également
moins de signaux (durée et F,) contribuant a I'accent d’insistance et présentent
des aberrations du contrdle du débit et de la F, moyenne lorsqu’ils doivent
exprimer des émotions discrétes. Dans I'expérience n* 2, nous avons soumis des
sujets adultes normaux et des sujets cérébrolésés droits (CLD) et gauches (CLG)

a six tiches de perception consistant a identifier, sur les plans linguistique ou
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émotif, des énoncés dont on avait systématiquement modifié les paramétres de
fréquence fondamentale (F,) ou de durée des stimuli prosodiques. Les résultats
de ces expériences indiquent que les patients CLD et CLG présentent une
atteinte sur le plan de la reconnaissance de la prosodie émotive, mais que seuls
les patients CLG ont de la difficulté a percevoir les particularités linguistiques a
partir des signaux prosodiques. Les résultats des deux expériences sont analysés a
la lumiére des théories actuelles de la latéralisation du traitement de I'information

prosodique.
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INTRODUCTION

Humans are thought to possess a unique, perhaps innate, capacity to utilize
abstract sign systems to relay their physiological needs and internal psychological
processes to conspecifics. This apparent predisposition for humans to acquire
language may constitute a phylogenetic adaptation that has accorded selective
advantage to our species; the priority given to language learning in early infancy
would seem to exemplify the importance of attaining communicative proficiency
for humans. Despite an aptitude to acquire linguistic forms early in life, the
ability to establish effective (i.e.. native-like) communicative systems declines
during ontogeny, possibly as the result of brain-maturational constraints (Bever,
1981; Lenneberg, 1967). Understanding the biological mechanisms that regulate
(and perhaps limit) our ability to acquire and use language has evoked
considerable curiosity, as this endeavour promises to illuminate one of the primary
features of human nature.

Scientific approaches to the study of human language have focused
predominantly on how segmental aspects of the speech code are supported in
verbal behaviour. Thus, human languages have been analyzed with respect to
their phonological, syntactic, and semantic components, and the biological
foundation of these operations has been explored. However, the expression of
communicative intent in natural discourse is not confined to segmental features.

Rather, obligatory alterations in suprasegmental parameters of the voice (i.e., the
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melodic structure of speech, or speech prosody) constantly serve to enhance,
elaborate, or even contradict the meaning of segmental information.

In fact, although prosody has at times been conceived of as an ancillary
construct in the study of language structure, the import of speech prosody may be
more central to human communicative abilities than that of segmental features.
Prosody is the first component of speech that is recognized and produced
purposively by the human infant (Fernald, 1989; Kaplan & Kaplan, 1971:
Lenneberg, 1967). The acquisition of "higher-order” abilities such as phonology
and syntax proceeds due to the facilitative effect of the child’s understanding of
prosodic representations (Fernald & Simon, 1984; Morgan, Meier & Newport,
1987). Phylogenetically, the similarity of prosodic structures in human speech to
the vocal signals of nonhuman primates (Cosmides, 1983; Hauser & Fowler, 1992.
Ohala, 1984) suggests that prosody may constitute a more primitive commun-
icative system that has given rise to (more recent) segmental forms over the
course of our behavioural evolution (Cosmides, 1983). The very basic nature of
prosody, both ontogenetically and phylogenetically, invites inquiry into the nature
of its functions and its disorders, if we are to fully appreciate our biological
propensity for verbal communication.

But precisely how is prosody characterized? What are its functions and
units, its physical and perceptual dimensions? Cross-linguistic investigations have
established the universality of prosody to human languages, identifying universal

tendencies in the functions encoded by prosodic specifications, and in the physical
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manifestation of certain prosodic structures (Bolinger, 1978). However, other
aspects of prosody are more subject to the linguistic conventions of different
language communities and are not, therefore, definable in terms of specific,
universal acoustic forms. These issues and their supportive scientific literature are

elaborated in the proceeding discourse.

Prosody

Speech prosody is characterized by vocal alterations in fundamental
frequency (F;), duration, and intensity that extend beyond the domain of a single
segment (Fry, 1970; Lehiste, 1970). Perceptually, modulation of these acoustic
cues represents changes in the pitch, length, and loudness of the speech stream
(Fry, 1958). Although the same parameters contribute to both the production and
perception of prosodic events and are therefore highly related, the relative
importance of individual cues in the physical stimulus and its auditory processing
do not establish a direct one-to-one correspondence (e.g., Fry, 1958). Moreover,
the weight accorded to individual prosodic cues in both receptive and expressive
modalities has been shown to differ somewhat both inter-personally (Behrens,
1988; Denes & Milton-Williams, 1962; Lieberman & Michaels, 1962) and cross-
linguistically (Beckman & Pierrehumbert. 1986: Bolinger, 1978; Fry, 1970;
Hadding-Koch & Studdert-Kennedy, 1964; Halle & Vihman, 1991; Majewski &

Blasdell, 1968). These data suggest that the acoustic parameters underlying
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prosody may each operate independently at times to mark specific communicative
events.

Despite the potentially independent contribution of multiple features,
fluctuations in F; are generally considered of utmost importance in the detection
and transmission of prosodic information (Bolinger, 1955; 1958; Denes, 1959: Fry,
1955: 1958: Lieberman, 1960; Morton & Jassem, 1965; O’Shaughnessy, 1979:
Swerts & Geluykens, 1993). Alterations in the temporal flow of an utterance also
provide essential cues to prosodic meaning (Cooper, Eady & Mueller, 1985; Eady
& Cooper, 1986; Klatt, 1976; Scherer. 1986), although some view temporal
changes as perhaps secondary to F, change in prosodic marking (Lyberg, 1979).
Changes in the amplitude or perceived intensity of speech are now deemed of
relatively minimal prosodic significance (Behrens, 1988; Bolinger, 1958; Brown &
McGlone, 1974; Morton & Jassem. 1965; Ross, 1988; Streeter, 1978; Turk &
Sawusch, 1996). Despite hierarchical tendencies in cue use, the manner in which
F,; and other prosodic features combine to convey discrete messages varies
according to the speaker’s intentions and occasionally results in a "trading-off” in
the relevance assigned to specific prosodic parameters (Beach, 1991: Brown &
McGlone, 1974; McRoberts, Studdert-Kennedy & Shankweiler, 1995).
Accordingly, the production and perception of prosody should be viewed as a
dynamic process involving a complex of potentially independent vocal cues, of
which changes in fundamental frequency may constitute the dominant feature in

many cases.
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One factor that exerts a strong influence on the composition of prosodic
structures is the "functional role" encoded by suprasegmental information.
Researchers differ in the number of functional levels they attribute to prosody
(e.g., Monrad-Krohn, 1947, delineated four distinct communicative purposes
subserved by prosody). Nonetheless, two major roles are commonly accepted: a
propositional or /inguistic function, and an affective or emotional function.
Linguistic prosody serves to enhance or elaborate the propositional content of an
utterance (e.g., highlighting the semantic value of elements within a sentence); as
such, linguistic prosody constitutes part of a speaker’s conventionalized knowledge
about his or her language system (Bolinger, 1978). In contrast, emotional prosody
represents the vehicle by which internal fluctuations in a speaker’s affective state
are conveyed vocally. Emotional signals are encoded with the propositional
message in tandem, but are more tied to the speaker’s internal psychological
environment and therefore lie outside the domain of linguistic competence (Frick,
1985; Fry, 1970; Murray & Armott, 1993).

The vocal correlates of emotional states are generally present and
identifiable throughout the propositional message; indeed. normal listeners have
recognized emotional content in speech segments as short as 60 milliseconds
(Pollack, Rubenstein & Horowitz, 1960). However, consensus has not been
reached as to what dimensions of emotional contours are psychologically relevant
in the transmission and reception of vocal affect. One factor that likely serves as

a strong indicator of emotional content is the activation level of the speaker
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(Davitz, 1964b; Huttar, 1968:; Ladd, Silverman, Tolkmitt, Bergmann & Scherer,
1985: Murray & Amott, 1993; Pakosz, 1983: Scherer, 1986; Siegman, Dembroski
& Crump, 1992). This hypothesis would predict that alterations in vocal
parameters convey information regarding the degree of physiological arousal being
experienced by the speaker, from very little (e.g., sorrow, depression) to
considerable (e.g., anger).

Other potentially relevant dimensions of emotional meaning encoded by
vocal features include the valence of the emotion represented (positive-negative),
and whether the emotion was initiated by the speaker (e.g., contempt) or evoked
by changes in the environment (e.g.. surprise), a dimension variably referred to as
control or strength. (For a more comprehensive discussion of this topic, the reader
is referred to Murray and Amott. 1993). Despite our rudimentary understanding
of the units specified by emotional prosody. the vocal sequelae of the "primary”
emotional states (e.g., sorrow, anger. happiness) are believed to show universal
tendencies in production and perception (Frick, 1985; Scherer, 1986). This being
said, the specific phonetic form of emotional contours in different languages, and
the extent to which the expression of particular emotional content is permitted in
discrete linguistic communities, differ somewhat cross-linguistically due to
sociolinguistic conventions or "vocal display rules" (Kramer, 1964; Scherer, 1986).

Like emotional vocal cues, linguistic-prosodic features span segmental units
of various lengths, such as the word or sentence. However, unlike emotional

features which convey a relatively uniform message throughout an utterance, the
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communicative distinctions specified by linguistic prosody are closely linked to
linguistic units of a specific size (e.g., emphasis is marked on only the word to be
highlighted within a discourse). Thus, the domain of linguistic representation over
which prosodic cues operate yields further distinctions that affect prosody use.
The most highly localized domain over which linguistic-prosodic features are
considered communicatively relevant is the paAonemic level. Here, the articulatory
influence of contiguous phonemes gives rise to highly localized changes in
prosodic parameters (e.g., an emphasized vowel tends to be longer and exhibit a
lower F, peak following a voiced rather than a voiceless consonant (Haggard,
Ambler & Callow, 1970; Klatt, 1976)). These fine alterations in the phonetic
form of adjacent phonemes remain outside the purview of the present discussion.
At the lexical or word level, prosodic cues lend prominence to select
syllables or words within an utterance. These cues may be specified in the
lexicon, contributing distinctive information about otherwise identical segmental
strings (e.g., phonemic stress or tone). Alternatively, prosodic highlighting of a
specific word within an utterance may indicate that the speaker accords increased
semantic value to the selected item (e.g.. emphatic stress or focus). The marking
of prosody for emphatic or contrastive purposes has been shown to be highly
related to the "givenness" or "newness” of the selected material; information that is
assumed by the speaker to be "given" or known by the listener (or derivable from
preceding contextual information) tends to be "de-emphasized" prosodically by the

speaker, whereas "new" information is more likely to receive focus via prosodic
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highlighting (Eefting, 1990; Ferreira, 1993: MacWhinney & Bates, 1978:
Nooteboom & Kruyt, 1987; O’Shaughnessy, 1979; Vande Kopple, 1982). Thus, in
contrast to phonemic stress which is lexically-entrenched, emphatic stress reflects
the conscious attempt of the speaker to lend saliency to items of relative
importance within a distribution of intonational features. Accordingly, emphatic
stress assumes intact pragmatic awareness on the part of the speaker of prior
contextual cues and of the listener’s knowledge.

Other suprasegmental parameters gain relevance at higher levels of
linguistic representation. At the phrase level, prosodic discontinuities mark the
presence of a syntactic break or juncture, an operation believed essential to
efficient syntactic processing and the intelligibility of speech (Beckman, 1996:
Bolinger, 1978; Lehiste, Olive & Streeter, 1976; Price, Ostendorf, Shattuck-
Hufnagel & Fong, 1991; Wingfield, Lombardi & Sokol, 1984). At the sentence or
utterance level, differences in the overall shape of the intonation contour signal the
pragmatic intent of the utterance with respect to the listener (i.e., whether
information is being requested, reported, etc.). This modal function of intonation
contours may be linked to basic properties of speech production, such as the
tendency of a speaker’s fundamental frequency to decline over the course of an
utterance (Cohen, Collier & 't Hart, 1982; Cohen & 't Hart, 1967; O’Shaughnessy,
1979; Pierrehumbert, 1979; Pike, 1945: cf. Lieberman, Katz, Jongman,
Zimmerman & Miller, 1985; Umeda, 1982). This construct, alternately labelled

"downdrift" or "declination", may constitute the "default” category by which the
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finality of utterances is signaled in human languages (Bolinger, 1978). Departures
from this tendency (i.e., the absence of declination or a terminal rise in
fundamental frequency) are often interpreted by the listener as an indication of
something to follow, or a request to continue communicating (Bolinger, 1978:
Ohala, 1984; Studdert-Kennedy & Hadding, 1973). Although some researchers
stress the importance of only the terminal aspect of the intonation contour in
distinguishing the modality of an utterance (Lieberman et al., 1985), it is more
probable that further (albeit less relevant) modifications occur at other points of
the intonation contour as well (Hadding-Koch & Studdert-Kennedy, 1964:
Majewski & Blasdell, 1968; O’Shaughnessy, 1979; Studdert-Kennedy & Hadding,
1973).

As noted earlier, a fixed set of acoustic cues underlies linguistic and
emotional prosody irrespective of the domain over which they are transmitted.
Moreover, it is clear that the various propositional functions of prosody (e.g..
contrastive highlighting, marking utterance modality) may be operative
simultaneously in speech, as well as in conjunction with emotional signaling. As
such, the need to relate information at one level of prosodic structure necessarily
influences the parameters that cue information at other levels of representation
(Fry, 1970; Lea, 1977, Ross, Edmondson & Seibert, 1986). With respect to the
modulation of F, cues, for example. this "functional hierarchy" would appear to
accord greatest weight to preserving local patterns of fluctuation at the phonemic

and word levels (O’Shaughnessy & Allen. 1983). Locally-assigned features are
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then thought to be "superimposed” upon more global prosodic phenomena
encompassing larger domains in speech planning, such as the phrase or sentence
(O’Shaughnessy & Allen, 1983). The need for emotional expression exerts an
additional influence on the prosodic parameters used to convey linguistic content
(Fry, 1970; Gandour, Larsen, Dechongkit, Ponglorpisit & Khunadorn, 1995: Ross
et al., 1986; Scherer, 1986). In fact, if sufficiently intense, the vocal correlates of
emotional signals may impede any attempt to transmit propositional content
simultaneously (Scherer, 1986).

Thus, the superposition of effects of sentence intonation, stress placement,
and emotional content are of considerable theoretical interest if we are to
understand how prosody is normally produced and perceived. Regrettably,
theoretical accounts of how the various levels of prosodic structure interact in
verbal behaviour have not been corroborated by appropriate acoustic descriptions.
Although acoustic studies have explored the physical and perceptual correlates of
individual prosodic functions, few have attempted to delineate the acoustic-
perceptual underpinnings of prosodic messages when multiple constructs are
present in the speech signal simultaneously. Indeed, preliminary work in this area
constitutes one of the prime motivations of the present report. First, however, an
overview of our current knowledge of the acoustic basis of discrete prosodic

functions is presented, commencing with a discussion of emotional prosody.



b

11

Acoustic Investigations of Emotional Prosody

As stated above, F,, duration, and intensity cues encode information about
the affective state of the speaker or about the speaker’s attitude towards the
linguistic content of the utterance being spoken. For emotional communication,
differences in voice quality (e.g., period-to-period fluctuations in F, or intensity)
are believed to act as an additional defining feature (Bachorowski & Owren, 1995:
Cummings & Clements, 1995; Ladd et al., 1985: Lieberman & Michaels, 1962:
Murray & Amott, 1993; Scherer, 1986). Unfortunately, little agreement currently
exists as to how voice quality is defined or measured, limiting our understanding
of the contribution of voice quality to affective speech.

In fact, despite numerous attempts to establish the acoustic underpinnings
to discrete emotional meanings. the literature on vocal affect communication
remains fragmentary, and acoustic descriptions of specific emotions remain
elusive. This inability to identify the acoustic landmarks of basic emotions may
arise from divergent views of what dimensions (and therefore measures) of
emotional signals are communicatively relevant (see above). The lack of
concordance in the acoustic literature on emotions may additionally reflect, at
least in part, inter-personal differences in how emotional messages are normally
transmitted and perceived (Ladd et al.. 1985. Lieberman & Michaels, 1962:
Pakosz, 1983).

What is generally agreed upon is that discrete emotions are not reflected in

circumscribed emotional "contours” per se. but rather, that "global" modifications
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in the acoustic form of utterances contribute to distinctions in emotional content.
The effects of global acoustic modifications occurring throughout the utterance
may be particularly important in specifying emotions that differ as a function of
the speaker’s level of "activation”. More precisely, acoustic investigations have
illustrated that increased emotional tension is correlated with an increase in F,
height and/or range, an increase in amplitude, and a faster rate of speech (Davitz,
1964a; Huttar, 1968; Scherer, 1974; Scherer, 1986). Increased pitch range over
the course of an utterance is probably the most salient auditory determinant of a
speaker’s level of emotional involvement (Huttar, 1968; Ladd et al., 1985). The
observation that emotions related in activation level (and not valence, for
example) tend to be confused most frequently on perceptual tasks (Pakosz, 1983)
demonstrates the importance of this psychological dimension for judging affect in
speech, and suggests that emotions similar in activation correspond with
systematic changes in the sound spectrum.

For example, the speaker’s state of physiological arousal (or perceived
involvement) may underlie some of the vocal differences between such emotions
as "joy" and "anger" (both [+active|) and "sorrow" ([-active]): the former two
emotions are expressed with a relatively high mean F, and high F, variability,
whereas the latter is conveyed with a relatively low F, and little F, variation
(Huttar, 1968; Pell & Baum, 1997b:; Scherer, 1986; Van Lancker & Sidtis, 1992
Williams & Stevens, 1972). According to Huttar (1968) and others (Scherer,

1986), the tendency for F, and amplitude cues to be elevated in situations of
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increased emotional arousal stems from increased tension in the laryngeal and
respiratory musculature. Certainly, it is recognized that increased muscular
tension throughout the body is a concomitant of emotional activity (Ekman,
Levenson & Friesen, 1983; Scherer, 1986).

Differences in emotional valence, or the perceived "pleasantness" or
"unpleasantness” of prosodic attributes, also determine the acoustic manifestation
of affective signals. In general, it has been shown that the adoption of a relatively
high vocal pitch height, in addition to indicating involvement, contributes to the
impression that a speaker is "pleasant” or "non-aggressive" (Davitz, 1964a; Huttar,
1968; Ohala, 1984; Uldall, 1960). In fact, the significance of this signal would
appear to hold true for a large number of bird and mammalian species, suggesting
that it may be biologically specified (Ohala, 1984). The increase in mean F,and
F, variability described for "joy" or "happiness" may therefore encode distinct
information about both the speaker’s activity level and the valence of his or her
emotional disposition (Fonagy, 1978: Huttar, 1968; Lieberman, 1961; Scherer,
1974). Emotions differing in one dimension but similar in another (e.g., joy and
anger are similar in activation but not in valence) must be distinguished by other
prosodic means; given the present example, it is likely that differences in the rate
of F, change play a role, with anger demonstrating rapid F; excursions on stressed
syllables and joy demonstrating gradual, "smoother" transitions across syllables
(Fairbanks & Pronovost, 1939; Fonagy, 1978: Williams & Stevens, 1972).

Alterations in voice quality have also been offered as highly pertinent to the
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attribution of positive and negative emotional states (Johnson, Emde, Scherer &
Klinnert, 1986; Ladd et al., 1985: Scherer, 1986), although, as noted above, these
parameters remain poorly specified.

From the foregoing discussion, it seems likely that vocal cues representing
several independent psychological dimensions interact in a rather complex fashion
to transmit discrete emotional messages. Although it is clear that changes in each
of the three primary acoustic cues (F,, duration, amplitude) normally facilitate the
communication of emotional distinctions (for a hypothetical account of how each
variable is modulated to convey various emotions, see Scherer, 1986), it is
similarly obvious that fundamental frequency change throughout the utterance
constitutes the dominant cue (Bolinger, 1978; Lieberman & Michaels, 1962).
Further inquiry may help reconcile some of the uncertainties currently
characterizing this body of literature. First, however, our discussion of the
acoustic basis of prosody examines how linguistic functions are represented in

speech production and perception.

Acoustic Investigations of Linguistic Prosodv

A greater number of investigations have explored the acoustic basis of
linguistic prosody in normal speakers (e.g.. Cooper et al., 1985; Eady & Cooper,
1986; Farnetani, Taylor Torsello & Cosi. 1988; Lieberman, 1960; McRoberts,
Studdert-Kennedy & Shankweiler. 1995. O'Shaughnessy & Allen, 1983; Ryalls, Le

Dorze, Lever, Ouellet & Larfeuil, 1994. Weismer & Ingrisano, 1979).
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Accordingly, much is now understood about the manner in which word and
sentence level prosodic phenomena convey linguistic distinctions. Syllable or word
stress, as outlined above, assumes a dual role in propositional communication:
one role defined by linguistic conventions (phonemic stress), and another more
pragmatic role reflecting the speaker’s on-line attempt to enhance the semantic
value of elements within an utterance (emphatic stress). Acoustically, these two
communicative functions are manifested in the speech signal in a highly similar,
albeit distinct manner.

Specifically, numerous studies have illustrated that the F, of a word is
significantly higher when "stressed” than "unstressed" (Brown, Strong & Rencher,
1974; Cooper, Soares, Ham & Damon. 1983; Eady & Cooper, 1986; Fry, 1958:
Lieberman, 1960; McRoberts et al.. 1995: Morton & Jassem, 1965; Ohala, 1977,
O’Shaughnessy, 1979). The tendency to elevate the F, of stressed syllables in
most languages may be important in facilitating the more basic feature of word
stress, F, excursions around the marked syllable (Bolinger, 1958; Cohen & 't Hart,
1967; Lea, 1977, Morton & Jassem, 1965: O'Shaughnessy, 1979). These "pitch
accents" may be encoded as either rises or sharp falls in F,, indicating that the
extent of F,change, and not the direction of change, is central to cueing the stress
feature (Bolinger, 1958; O’Shaughnessy. 1979). The relative magnitude of local F,
excursions would appear to be the parameter that determines whether stress cues

are being used emphatically in speech: emphatic stress tends to be associated with
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much larger F, obtrusions than those encoded by phonemic stress (Cooper et al.,
1985; Eady & Cooper, 1986; O’Shaughnessy, 1979).

In addition to pitch accents, temporal modifications are also utilized to
highlight linguistic prominence on select syllables or words. In general, stressed
syllables tend to be longer in duration than unstressed syllables (Klatt, 1976).
Furthermore, emphasized words are generally longer than the same word without
emphasis (Eady & Cooper, 1986: Eefting, 1990; Ferreira, 1993; Fry, 1955; Klatt,
1976, McClean, 1973 #227. Morton & Jassem, 1965. Weismer & Ingrisano, 1979),
although not invariably (Cohen & "t Hart, 1967). Lyberg (1979) has argued that
increased vowel durations on focused elements represent a secondary effect to
accomodate (more relevant) alterations in F, events. However, contextual factors
such as sentence position have been shown to bring about a "trading relationship”
between F, and duration, for which temporal parameters become the primary cue
to emphasis at different points in the utterance (Brown & McGlone, 1974). Thus,
the durational features of linguistic focus can not be described as wholly
redundant with F; cues under all conditions in normal speech.

The acoustic underpinnings of intonational distinctions, as described earlier,
rely strongly on the direction of the terminal portion of the F, contour, a terminal
fall signifying finality (declaration) and a terminal rise indicating lack of finality
(or interrogation). Although a terminal rise in F; is the most common device
used to mark interrogation in human languages (Bolinger, 1978; Hermann, 1942,

cited in Bolinger, 1978), this pattern is not invaniably present in utterances
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recognized as interrogatives. Rather, a comparatively high F, throughout the
utterance or at strategic points in the utterance may be sufficient to indicate that
a question is intended (Hadding-Koch & Studdert-Kennedy, 1964; Majewski &
Blasdell, 1968; O’Shaughnessy, 1979: Studdert-Kennedy & Hadding, 1973).

In fact, several researchers have stressed the importance of a "turning
point” in the F, contour which may be crucial in distinguishing declarative and
interrogative utterances; their evidence suggests that when the turning point
(which may differ from subject to subject) is perceived by the listener as relatively
high in pitch, the effect of the rising or falling terminal is "overriden" and the
utterance is recognized as a question (Hadding-Koch & Studdert-Kennedy, 1964
Majewski & Blasdell, 1968; Studdert-Kennedy & Hadding, 1973). Thus, the
acoustic-auditory determinants of speech mode distinctions are present in the
entire F, contour, despite the paramount importance of the terminal. Ethologists
have surmised that the use of a rising F; pattern to signal questions is consistent
with the perceived "pleasantness” and "submissiveness" of rising contours (see
above); by requesting information, the speaker seeks the cooperation and goodwill
of the listener, an act best facilitated through the adoption of a pleasant,
submissive speaking tone (Ohala, 1984). Although only speculative, this
suggestion underlines the potential insights to be gained from a better
understanding of how linguistic and emotional representations interact in vocal

behaviour.
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Relatively few studies have explored how acoustic modifications in the
speech stream accomodate linguistic meanings at multiple levels of prosodic
structure concurrently. Preliminary work in this area was accomplished in a series
of inter-related studies conducted by Cooper, Eady, and their colleagues (Cooper
et al., 1985; Eady & Cooper, 1986; Eady, Cooper, Klouda, Mueller & Lotts,
1986). In an initial investigation, the authors utilized an elicitation paradigm to
explore how changes in two parameters--F, and duration--were influenced by the
position of emphatic stress within declarative utterances (Cooper et al., 1985). In
a subsequent study, the same procedure was employed to assess changes in the F,
and duration parameters underlying emphasis in both declarative and interrogative
sentences (Eady & Cooper, 1986). Through these data, the authors were
attempting to establish a preliminary understanding of how word- and utterance-
level (linguistic) prosodic features interact in the speech signal.

In their initial investigation, Cooper et al. (1985) required six normal male
subjects to produce declarative sentences in which emphatic stress was placed at
one of four distinct "keyword" positions within the utterance: sentence-initial,
sentence-medial (two positions), and sentence-final (e.g., The ship is departing
from France on Sunday). Measures of duration and peak F; were determined for
each keyword of each utterance (keywords were those content words that could
plausibly receive focus). Subsequently, the four versions of each utterance were
compared with respect to the acoustic features. In this manner, the authors

hoped to define the acoustic correlates of linguistic focus as a function of sentence
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position, and additionally, determine the effects of localized prosodic phenomena
at remote points in the utterance (i.e., their effect on the duration values and F,
“topline” of the intonation contour).

The results demonstrated that for duration, emphatic stress was always
expressed by means of a significant increase on the focused item, when compared
to the same item in the same position without focus (Fry, 1955; Klatt, 1976,
McClean & Tiffany, 1973; Morton & Jassem, 1965; Weismer & Ingrisano, 1979).
This increase in the duration of focused elements was significant in all four
sentence locations, albeit much smaller in sentence-final position (16% increase
sentence-finally vs. 40% increase in first three positions). The duration of
unfocused words was unaltered by the location of focused information in the
utterance. This latter finding was interpreted by the authors as evidence that the
temporal correlates to sentence focus are likely confined strictly to the item that
receives emphasis in speech production (Cooper et al., 1985: cf. Weismer &
[ngrisano, 1979).

With respect to concomitant changes in fundamental frequency, the data
revealed that emphasis was not marked by higher F, on focused words, but rather,
by a sharp decline in F, on subsequent items. In sentence-final position where a
post-focus drop in F,was not possible, the final word was shown to be (non-
significantly) higher in the focused condition than in the other three renditions of
the utterance when the item was unfocused. Unlike duration, therefore, the

effects of emphatic stress on F, were not strictly localized to the emphasized item,
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but were evident on post-focus items as well. Indeed, normal speakers appeared
to "deemphasize” all material that occurred subsequent to the focused word by
means of substantially lowered F, values. The fact that large F, excursions were
not evident on focused words in sentence-final position, and that lengthening due
to focus is diminished in this position as well, led the authors to conclude that
speakers do not typically mark focus in sentence-final position as distinctively as in
other locations within the utterance (Cooper et al., 1985).

To elaborate upon these findings, Eady and Cooper (1986) extended their
paradigm to include both declarative and interrogative sentences, employing a
subset of the stimuli analyzed by Cooper et al. (1985). Six additional normal
speakers were asked to produce the test stimuli (n=4) as both a statement and a
question, and by placing emphatic stress at one of three separate locations within
the utterance for each sentence type. The authors further elicited "neutral”
versions of each utterance (i.e., sentences without a focused word) to better
characterize the acoustic attributes of emphatic stress relative to sentences without
linguistic focus. As conducted previously, duration and peak F, measures were
calculated at each keyword position for each utterance.

The results confirmed those of Cooper et al. (1985) with respect to the
acoustic cues to emphatic stress in declarative sentences: focus was marked
through increased duration of the emphasized word followed by a rapid post-focus
decrement in F,. Again, these cues were diminished in sentence-final position

where the increase in syllable lengthening was reduced and a post-focus F, fall
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could not occur. In fact, for fundamental frequency, utterances with sentence-
final focus did not significantly differ from neutral sentences without focus (Eady
& Cooper, 1986). This outcome is in accordance with previous data indicating
that the acoustic attributes of emphasis are context-dependent, varying as a
function of the serial position of the focused item within the utterance (Brown &
McGlone, 1974).

Finally, in comparing corresponding declarative and interrogative
utterances, no differences were noted with respect to the duration of either
focused or unfocused words. The only exception was observed for sentence-final
words in neutral questions (without focus) which tended to be 11% longer than
the same words in neutral statements. For fundamental frequency, however,
sentence-initial focus in questions resulted in elevated F, peaks on all subsequent
words in the utterance in contrast to the greatly lowered F, values for the same
words in statements with sentence-initial focus (Eady & Cooper, 1986). These
data reiterate the importance of F, in marking the declarative/interrogative
distinction in spoken English (Bolinger. 1978: O’Shaughnessy, 1979). More
importantly, they reveal that the cues underlying the sentence modality distinction
are markedly (and systematically) influenced by other suprasegmental processes
such as sentence focus (Eady & Cooper. 1986).

Based on their collective findings (Cooper et al., 1985; Eady & Cooper,
1986; Eady et al., 1986), it is suggested that both highly localized (for duration)

and more global (for F,) prosodic features contribute simultaneously and
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independently in communicating emphasis in speech. These data are generally
corroborated by the literature on linguistic focus when F, cues are considered (see
Behrens, 1988; McRoberts et al., 1995: O’Shaughnessy, 1979; Ryalls et al., 1994).
As noted previously, Cooper and Eady's data are not always consistent with
descriptions of the temporal aspects of focus, as duration changes have been
noted in nonemphasized segments by other researchers (Weismer & Ingrisano.
1979). However, as argued by Eady & Cooper (1986), utterance length may
constitute an additional factor affecting the extent to which acoustic modifications
are utilized to signal emphasis in speech; they argued that only long utterances
(i.e., more than 8 syllables, ressembling those presented by Eady & Cooper, 1986)
may demonstrate temporal changes isolated to the focused element, whereas short
utterances (i.e., approximately 5 syllables, ressembling those presented by
Weismer & Ingrisano, 1979) show less localized effects. Thus, the potential
influence of utterance length on the cues to focus constitutes an additional factor
meriting more in-depth study.

Eady & Cooper’s (1986) observation that the cues to emphatic stress
influence those that convey the sentence modality of utterances
(declarative/interrogative) is in accord with recently published data (McRoberts et
al., 1995). In that study, the ability to modulate F, to signal both emphatic stress
and interrogation on the final syllable of short utterances (e.g., November) led to a
trading relationship, whereby an increase in prominence due to empbhasis resulted

in a decrease in F, rise due to interrogation. The same utterances spoken in a
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"positive” or "negative" affect did not affect the size of the terminal F, glide,
suggesting to the authors that the control of F, for linguistic-prosodic distinctions
may be functionally separate from that of affective distinctions (McRoberts et al.,
1995).

Thus, preliminary acoustic evidence that a "trade-off" of some sort may
occur when the cues to word- and sentence-level linguistic contrasts are used
simultaneously has begun to surface (Eady & Cooper, 1986; McRoberts et al.,
1995). Overall, this line of research is valuable in elucidating how multiple
prosodic cues may be simultaneously realized in speech production. In a related
manner, it suggests what auditory dimensions may be important in the perception
of prosodic content in natural discourse. Unfortunately, the data reported by
Cooper, Eady and their colleagues are inadequate as a model of how
suprasegmentals are utilized in natural speech production, as they fail to consider
how vocal affect is integrated with propositional content in the speech signal.
McRoberts et al.’s (1995) findings begin to address this question, but remain
highly speculative at this time and await corroboration using a larger range of test
stimuli and acoustic measures.

Finally, none of these investigations sought to address how the production
and perception of prosodic messages are subserved or lateralized in the brain.
Much may be learned by studying disorders of speech prosody and their potential

association with aspects of prosodic structure. This topic--the neural mechanisms
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underlying our capacity for emotional and linguistic prosody--is explored in detail

in the following chapter.

NEURAL SUBSTRATES OF PROSODY

The observation that acquired damage to the central nervous system may
culminate in a specific disorder affecting the "prosodic quality of speech” is
credited largely to the Norwegian neurologist Monrad-Krohn. He described a
patient who was rendered 'dysprosodic’ following a shrapnel wound to the left
fronto-temporo-parietal region of her brain: as a result of this injury, alterations in
the woman'’s speech led her to be perceived as having a foreign (possibly German)
accent, despite her Norwegian heritage (Monrad-Krohn, 1947). Since that time,
considerable interest in the effects of acquired disease of the brain on the ability
to produce and comprehend speech prosody has been generated (see Baum &
Pell, In press, for a review). Through the association of specific regions of
neurological dysfunction and the failure to modulate aspects of prosody, this line
of inquiry has sought to illuminate the neural mechanisms underlying our
"prosodic faculty" with greater precision. Ultimately, refining our knowledge of
how the brain regulates suprasegmental aspects of communication may inform
current theories on the neurological basis of linguistic communicative abilities, and

lead to a more complete account of the human propensity for verbal behaviour.
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However, investigations that attempt to correlate behavioural deficits with
circumscribed areas of brain damage must be approached with some caution. For
example, deficits seemingly ascribable to focal neuroanatomical lesions may in
some cases reflect functional damage to brain structures or pathways only
indirectly related to the focal neuroanatomical site. This possibility may yield
incorrect assumptions about the role of discrete brain regions in the modulation
of behavioural functions, such as prosody. When viewed across studies, variability
in the clinical attributes of patients (e.g., differences in lesion site or size,
acuteness of injury) and in the assessment procedure utilized are frequently
present; these methodological irregularities may render the comparison of
otherwise complementary studies problematic, if not inappropriate. Collectively,
these issues present a challenge to those who wish to gain insight into the neural
representation of prosodic functions via lesion analysis.

Despite these caveats to interpreting the neurolinguistic literature on
prosody, controlled examination of the relative sparing and loss of prosodic
functions in brain-damaged individuals constitutes a viable means of exploring
brain-prosody relationships. Indeed, this methodology has permitted considerable
advancement in our knowledge in this area over the past couple of decades. This
being said, much remains uncertain or ill-specified about how prosodic
phenomena are represented in the brain. A review of the relevant literature

begins with research exploring the production of prosody in neurologically-
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impaired subjects, followed by reports addressing receptive-prosodic capabilities in

brain-damaged individuals.

Production of Prosody

It has been recognized for some time that disorders affecting the motor
control of the speech musculature routinely lead to articulatory defects, including
various alterations in the prosodic quality of speech (Darley, Aronson & Brown,
1969:; Kent & Rosenbek, 1982). However, the association of focal brain-damage
and expressive disturbances of prosody in the absence of motor speech
impediments was borne largely by clinical impressions of flattened or restricted
prosodic variation in the speech of right-hemisphere-damaged (RHD) patients.
Although clinical reports initially focused exclusively on the failure of RHD
patients to impart appropriate affective features to their speech, more recent
research suggests that expressive-prosodic abnormalities may not always be tied to
an affective context, and may become manifest in both RHD and LHD
populations. These issues are considered in the ensuing discussion, commencing

with investigations of emotional prosody production in brain-injured adults.

Emotional Prosody
As cited above, a number of investigators have explored the effects of
unilateral right hemisphere dysfunction on the ability to intone speech for

emotional purposes. In an early study. Tucker. Watson, and Heilman (1977)
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required 8 RHD patients with parietal disease and neglect and 8 neurologically-
intact control subjects to repeat emotionally-neutral sentences (e.g., The boy went
to the store) in various affective tones (happy, sad, angry, indifferent). Recordings
of the utterances were then presented in random order to three raters, who
judged the accuracy of each subject in conveying the target emotions. Results of
the perceptual ratings demonstrated that non-brain-damaged control subjects were
significantly better able to signal emotional meanings through prosody than RHD
patients, who performed at chance level overall. The authors concluded from
these findings that patients with right temporoparietal lesions and neglect exhibit
a defect in the production of affective prosody (Tucker, Watson & Heilman,
1977). However, the authors cautioned that the evocative task they employed may
not have fully characterized the ability of RHD patients to impart emotions in
natural, spontaneous speech.

In a number of case reports. Ross and his colleagues (Gorelick & Ross,
1987; Ross, 1981; Ross, Harney, deLacoste-Utamsing & Purdy, 1981; Ross &
Mesulam, 1979) have pursued the hypothesis that right hemisphere dysfunction is
critical in producing expressive disturbances of emotional prosody. Initially, Ross
and Mesulam (1979) supplied anecdotal evidence of two patients with right-
hemisphere lesions and "flat affect" (i.e.. restricted prosodic variation), but
conducted no formal testing to substantiate their impressions. In two subsequent
studies (Ross, 1981; Ross et al., 1981), additional cases of RHD patients with

putative difficulties in producing or comprehending emotional prosody were
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described. In these latter investigations, perceptual impressions of each RHD
patient’s speech were garnered by one of the authors following a brief bedside
evaluation, establishing the presence or absence of a prosodic defect (or
aprosodia, as coined by Ross, 1981).

Despite the relatively uncontrolled manner in which their data were
collected, the authors viewed the cases reported in this series of studies as
powerful evidence of the right hemisphere’s superiority in the modulation of
affective language, including emotional prosody and gesture (Ross, 1981; Ross et
al., 1981: Ross & Mesulam, 1979). Ross (1981) further postulated--again, based
on this rather small number of case reports-- that the affective components of
language dissociate in a manner analogous to the aphasias (e.g., motor aprosodia,
conduction aprosodia). Furthermore, he posited that the neural organization of
the aprosodias in cortical regions of the right hemisphere mirrors that of the
aphasias in the left hemisphere (e.g., an anterior, fronto-parietal lesion would lead
to motor aprosodia, or specific expressive deficits for affective prosody, akin to
Broca’s aphasia). The reported failure of Ross and his colleagues to encounter a
"negative"” case of a RHD patient whose aprosodia did not conform to the lesion
site predicted by Ross (1981) was cited as validation of this hypothesis. However,
it is noteworthy that two RHD individuals without the anticipated deficits were
classified as "crossed aprosodics" due to their incompatibility with this scheme

(Gorelick & Ross, 1987).
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In fact, there is sufficient cause to view many of the conclusions arrived at
by Ross and his associates as tentative, at least in their strong form (see Ryalls,
1988). As intimated above, the failure of these researchers to supply sufficiently
controlled measures of their patients’ prosodic deficits (data were based on the
subjective intuitions of one of the authors) poses a general concern about the
reliability of their diagnoses. Indeed, perceptual judgements of prosody have been
shown susceptible to bias even in trained speech professionals (Alexander &
Bakchine, 1994; Lieberman, 1965). With regard to Ross’ (1981) "mirror
hypothesis", numerous production studies have now reported patients with
prosodic disturbances that clearly do not conform to this hypothetical model
(Borod, Koff, Perlman Lorch & Nicholas, 1985; Bradvik et al., 1990; Bridvik et
al., 1991; Cancelliere & Keftesz, 1990; Lebrun, Lessinnes, De Vresse & Leleux,
1985; Tucker et al., 1977; Weintraub, Mesulam & Kramer, 1981). Finally, the
more general claim that right hemisphere structures are dominant for emotional
prosody production, although plausible, was founded on analyses that ignored the
potential contribution of left-hemisphere mechanisms on such tasks (Ross, 1981;
Ross et al., 1981; Ross & Mesulam, 1979; also Tucker et al., 1977). Certainly, the
lateralization of a behavioural function cannot be ascertained until the role of
both cerebral hemispheres is clearly defined, an obvious shortcoming of these
investigations.

In an investigation of emotional prosody production in both RHD and

LHD patients (and healthy control subjects), Borod, Koff, Lorch, and Nicholas
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(1985) elicited samples of emotional speech from subjects by requiring them to
comment on pleasant or unpleasant images (e.g., a beautiful sunset or a victim of
starvation). Two raters then graded the extent to which each group utilized
intonation and other nonverbal cues in their responses, based on a four-point
scale. The results indicated that the RHD patients were perceived to use
emotional prosody significantly "less often” than the LHD patients in these
emotionally-laden situations; curiously, however, neither clinical group differed
significantly from the normal group on this measure. Weak evidence that the
right hemisphere is relatively more involved than the left hemisphere in the ability
to produce emotional prosody may therefore be inferred from these data (Borod
et al., 1985; Ross et al., 1981). It is additionally noteworthy that the performance
of the RHD patients was not shown to differ as a function of lesion site
(prerolandic vs. postrolandic), inconsistent with Ross’ (1981) assertion that only
anterior (i.e., prerolandic) right hemisphere lesions disturb the production of
affective prosody.

More recent studies have benefited from acoustic analyses of patients’
speech--a less subjective measure than perceptual ratings--to explore the nature of
prosodic_abnormalities following brain injury. For instance, Edmondson, Chan,
Seibert, and Ross (1987) required 8 RHD Taiwanese speakers with fronto-parietal
lesions and 8 healthy control subjects to repeat sentences spoken in various
emotional tones. Each group’s productions were then analyzed both perceptually

and acoustically. Perceptual ratings indicated that the RHD patients were
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significantly less accurate than the control subjects in utilizing prosodic features to
signal discrete emotions (the RHD patients’ speech was described as emotionally
"flat" relative to that of the control subjects). Interestingly, significant between-
group differences in the modulation of several acoustic measures, in particular, an
attenuation of F, variation in the RHD subjects, appeared to corroborate the
perceptual data. These findings were interpreted as cross-linguistic evidence that
emotional prosody may be modulated dominantly by the right hemisphere
(Edmondson, Chan, Seibert & Ross, 1987). More ambitiously, the authors
conjectured that their evidence of acoustic abnormalities in RHD Taiwanese
speakers served to support previously-documented, anecdotal reports of RHD
English-speaking aprosodics (Ross. 1981: Ross et al., 1981; Ross & Mesulam,
1979; but cf. Borod et al., 1985. Cancelliere & Kertesz, 1990: Tucker et al., 1977).
In a related but more recent study. Gandour and his colleagues (Gandour
et al., 1995) conducted perceptual and acoustic analyses of emotional speech
elicited from RHD Thai speakers. Based on perceptual indices, the ability of the
RHD patients to convey affective qualities in their speech was again shown to be
deficient relative to that of non-neurological control subjects (Edmondson et al.,
1987). However, contrary to Edmondson et al's (1987) findings, few substantial
differences emerged between the RHD and control subjects in the ability to
modulate the acoustic underpinnings to emotional messages, including no
between-group differences in how F,cues were manifested (Gandour et al., 1995).

The observation that both groups patterned similarly in producing the acoustic
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correlates to discrete emotions suggested that impairments of emotional prosody
production subsequent to right-brain-damage may be gquantitative, rather than
qualitative, in nature (Gandour et al., 1995). Coupled with previous data
(Behrens, 1988; Gandour et al., 1992), the authors intimated that the domain over
which prosodic cues operate, and not simply their linguistic or affective function,
may be a critical determinant of prosody lateralization, with larger prosodic units
(such as sentence intonation) showing a stronger right hemisphere bias than
smaller units (e.g., phonemic stress or tone).

To further illustrate the RH'’s role in the production of emotional prosody,
Ross, Edmondson, Seibert, and Homan (1988) examined the ability of 5 right-
handed normal subjects to convey affective prosody before, during, and after a
Wada (sodium amytal) test, administered to the subjects’ right hemisphere.
Recordings of each subject’s speech were made at each stage of the experiment
and then subjected to acoustic analysis. Results demonstrated that during the
Wada procedure (i.e., while the right hemisphere was temporarily "deactivated"),
subjects were unable to appropriately intone their voices for affective purposes.
Although subjects displayed affectively "flat" speech during the test, no acoustic
differences were noted pre- or post-Wada (Ross, Edmondson, Seibert & Homan,
1988). These findings speak persuasively to an important role for the right
hemisphere in the production of emotional prosody. However, contrary to the

authors’ contentions, these data fail to reconcile the exclusivity of right hemisphere
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participation with emotional prosody, as similar analyses were not undertaken
during a left-sided Wada test.

In a much cited study (Shapiro & Danly, 1985), RHD, LHD, and non-
brain-damaged control subjects read target sentences (e.g., He will be here
tomorrow) within contexts designed to bias both emotional and /inguistic-prosodic
interpretations at the sentence level (happy vs. sad; declarative vs. interrogative,
respectively). Acoustic measures of each target utterance were then extracted to
characterize the ability of each clinical group to inflect the voice for specific
affective and linguistic purposes. Results indicated that the RHD patients
exhibited significantly less pitch variation and intonational range in both affective
and linguistic contexts relative to the LHD and healthy subjects. Moreover, the
"type" of dysprosody observed in RHD patients was shown to vary as a function of
lesion site; specifically, anterior and central RHD resuited in restricted intonational
range, whereas posterior (postrolandic) RHD led to exaggerated pitch variation
and range (Shapiro & Danly, 1985). Based on these findings, the authors
concluded that right hemisphere insult alone results in a "primary disturbance" of
speech prosody that is not tied to its affective components.

However, the validity of many of Shapiro and Danly’s (1985) conclusions is
suspect on several fronts. Their proposal that anterior and posterior right
hemisphere lesions yield "opposing" types of dysprosody was based on a very
limited subject sample (6 anterior/central and S posterior RHD patients) and the

authors themselves remarked on considerable individual variability within each of
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these (already small) groups. Furthermore, the failure of Shapiro and Danly to
normalize their acoustic data (particularly F, range and variability measures) for
differences in speaker mean F, prior to analysis may have led to an incorrect
attribution of "hypermelodicity” in some of their RHD patients (Colsher, Cooper
& Graff-Radford, 1987, Ryalls, 1986). Finally, as pointed out by Ryalls (1986),
Shapiro and Danly’s (1985) assertion that RHD alone leads to an "intrinsic deficit
in the modulation of speech prosody” is incompatible with the same authors’
previous work demonstrating qualitatively similar impairments in the production
of prosody by LHD aphasic patients (Danly, Cooper & Shapiro, 1983: Danly &
Shapiro, 1982). These discrepancies and methodological shortcomings diminish
the strength of many of Shapiro and Danly’s (1985) conclusions. Nonetheless,
their proposal that prosodic impairments following RHD may extend to both
affective and non-affective stimuli remains an intriguing prospect for further
study.

To more precisely explore the relationship between intrahemispheric lesion
location and disturbances of emotional prosody production and comprehension,
Cancelliere and Kertesz (1990) assessed 46 patients with unilateral infarcts (28
RHD, 18 LHD) and 20 neurologically-intact control subjects on a standardized
battery of emotional prosody tests. In their study of production abilities, one task
required subjects to intone "neutral” sentences in various affective tones and a
second task required subjects to simply repeat utterances that were already

emotionally-charged (three raters judged the accuracy of the emotions conveyed).
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The performance of each patient was subsequently classified according to the
aprosodic syndromes outlined by Ross (1981) and the CT scans for patients with
corresponding aprosodias were superimposed in an attempt to correlate their
aprosodia with lesion site information.

Perhaps surprisingly, the resuits of the CT overlap technique (based on
both production and comprehension subtests) revealed that a proportionate
number of RHD (75%) and LHD (78%) patients were classified as aprosodic
overall (4 RHD and 2 LHD patients manifested a specific "motor" aprosodia).
These data, therefore, fail to substantiate claims that only RHD disturbs the
production and comprehension of emotional speech (e.g., Ross, 1981: Tucker et
al., 1977). Further analyses undertaken by the authors involved reclassifying the
patients into broadly-defined groups according to lesion site (e.g., right or left
anterior, central, posterior, etc.) and comparing their performance on specific
prosody subtests. Interestingly, these analyses again revealed no significant
differences for any subtest as a function of either intra- or inter-hemispheric lesion
site. These data, derived from more stringent, objective measures than those of
previous reports (Ross, 1981; Ross et al.. 1981; Ross & Mesulam, 1979), argue
compellingly that both hemispheres may be engaged in the production and
comprehension of emotional aspects of speech (Cancelliere & Kertesz, 1990).
The involvement of basal ganglian dysfunction in producing aprosodic syndromes
was specifically highlighted by their data. suggesting that subcortical structures

may be of considerable import in the neural control of emotional prosody.
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Not all research has demonstrated an association between focal right-
hemisphere lesions and defects in the production of emotional prosody. Hird and
Kirsner (1993) found no significant acoustic differences between RHD and
healthy control speakers in the ability to produce four distinct emotions (happy,
sad, angry, neutral), but their measures were limited to temporal aspects of the
subjects’ speech. Relatedly, a RHD patient described by Lebrun et al. (Lebrun et
al., 1985) demonstrated intact expression of emotional prosody following a right
temporoparietal excision. However, standardized tests were not used in this
assessment.

Finally, two inter-related studies conducted by Brddvik and his colleagues
(1990; 1991) failed to uncover deficits in the production of emotional prosody in
relatively sizable groups of RHD Swedish-speaking individuals. Curiously, Bradvik
et al. (1991) did observe difficulties in their RHD patients’ ability to mark certain
linguistic-prosodic distinctions. such as the ability to signal differences in "speech
acts" (e.g., statements, questions. commands). Although it is not immediately
clear why their RHD patients exhibited expressive impairments for linguistic but
not emotional intonation (the RHD patients’ comprehension of both emotional
and linguistic prosody was impaired). Brddvik et al.’s data again question whether
right hemisphere participation in prosody encoding is confined to affective cues
(Shapiro & Danly, 1985).

Most recently, Baum & Pell (1997) employed acoustic analysis to study the

production of emotional and linguistic prosody by RHD and non-brain-damaged
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adults, as well as a small control group of LHD patients. Both repetition and
reading tasks were utilized to elicit sentences differing in emotional and linguistic
content. For both repetition and reading tasks, subjects were further required to
model stimuli varying in the amount of linguistic structure provided (stimuli were
semantically well-formed and emotionally-biased, composed of nonsense syllables,
or filtered of the phonetic content).

In general, results indicated that both the RHD and LHD patients were
able to manipulate the acoustic underpinnings of emotional- and linguistic-
prosodic messages in a manner similar to that of normal speakers (Baum & Pell,
1997: see also Gandour et al., 1995; Shapiro & Danly, 1985). This finding
suggests that RHD patients may have largely retained the ability to impart
affective (and linguistic) features to their speech via prosody, contrary to previous
contentions (e.g., Ross, 1981; Tucker et al., 1977). However, the authors did note
some irregularities in the global control of F, in their clinical subjects (e.g., the
RHD group exhibited a somewhat restricted F, range relative to the control group
in some conditions). These abnormalities may indicate a right hemisphere bias
for the control of F, in prosodic signaling, irrespective of the functional attributes
of F, cues in speech (Baum & Pell, 1997).

As illustrated in the foregoing discussion, despite significant attention to
investigating the capacity of the right cerebral hemisphere in the production of
emotional prosody, little consensus has been reached in this literature. Although

considerable data advocate a substantial role for the right hemisphere in this
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function, the failure of investigators to adequately address the potential of left
hemisphere mechanisms for emotional prosody production impedes strong
conclusions about the dominance of the right hemisphere for this function.
Moreover, reports indicating that RHD patients may be disturbed in the
production of non-affective prosody as well (Baum & Pell, 1997, Brédvik et al.,
1991: Shapiro & Danly, 1985) exemplify the need for further definition of the
RH’s role in prosodic encoding. To this end, a thorcugh examination of how
linguistic-prosodic contrasts are lateralized in production is presented. Such a
discussion may prove useful in testing hypotheses formulated exclusively on the
observation of emotional-prosodic defects in RHD patients (e.g., Ross, 1981;

Tucker et al., 1977).

Linguistic Prosody

As noted earlier, the modulation of temporal and spectral parameters of
the speech stream mark emotional attributes of the speaker and additionally serve
various linguistic operations: signaling the modal function of speech acts (e.g.,
whether a statement or question is intended), lending prominence to material of
specific importance within an utterance (emphasis), or preserving phonemic
distinctions between lexical items of identical segmental structure. In response to
claims that the right hemisphere may play a privileged role in the processing of
affective prosody, Weintraub, Mesulam, and Kramer (1981) explored the ability of

9 RHD and 10 control subjects to express and discriminate non-emotional aspects
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of prosody. Production tasks required subjects to repeat sentences differing in
intonation contour (statement-question) or in location of emphatic stress (e.g.,
Steve drove the car vs. Steve drove the car). Additionally, subjects were required to
produce emphasis in sentences following an elicitation paradigm (e.g., "The boy
ran down the alley"; "The girl walked down the street"; Who walked down the street?).
A single rater judged the accuracy of stress placement or the similarity of each
recording to the model (where applicable).

Results indicated that the RHD patients were significantly impaired
relative to the control subjects on a// linguistic prosody tasks, including the
production of emphatic stress and intonational contrasts. Coupled with previous
data on affective prosody (Ross & Mesulam, 1979; Tucker et al., 1977), the
authors hypothesized that the prosodic defect following right hemisphere insuit
may be more widespread than previously believed, extending to both its affective
and linguistic components (Weintraub et al., 1981; also Shapiro & Danly, 1985).
However, the generalizability of Weintraub et al.’s findings is restricted by the
small number of test stimuli used and a potentially biased rating procedure.

Subsequent investigations of non-affective prosody in RHD patients also
question the hypothesis that only emotional attributes of prosody are the province
of the right hemisphere. As described in the preceding section, several studies
have noted prosodic abnormalities in RHD patients when they were required to
differentiate emotional as well as linguistic sentence types (Baum & Pell, 1997;

Bradvik et al., 1991; Shapiro & Danly. 1985). Furthermore, in a recent acoustic
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comparison of prosody pre- and post-right CVA, Blonder and his colleagues
(Blonder, Pickering, Heath, Smith & Butler, 1995) illustrated abberant prosodic
patterning for non-affective stimuli in a RHD patient. Declarative utterances
produced by the patient 6 months following her stroke demonstrated significantly
"flattened” contours (i.e., little F, variation and lower F; peaks) relative to similar
utterances recorded by the patient 6 months preceding the event. Collectively,
these findings suggest that the RH's role in the production of prosody may be less
tied to the domain of emotional expression than previously assumed (Baum &
Pell, 1997; Blonder et al., 1995 Bradvik et al., 1991; Shapiro & Danly, 1985).

Cooper and his associates examined the production of non-affective
intonation in small groups of RHD. LHD, and healthy adults using a reading task
(Cooper, Soares, Nicol, Michelow & Goloskie, 1984). Sentences of varying
lengths (e.g., Al wants peaches:. Al wants to buy some peaches) were elicited from
the subjects and the recordings were examined for differences in F;and timing
attributes. Although statistical analyses were omitted from this investigation,
trends in the acoustic data demonstrated abnormal use of speech timing and F in
the productions of the RHD patients relative to the control group, providing
further evidence of right hemisphere involvement in the production of linguistic
prosody (Cooper et al., 1984). Perhaps more importantly, the LHD aphasic
patients in this study appeared to deviate from normalcy to a far greater extent
than the RHD patients in the manipulation of both spectral and temporal

parameters of sentence intonation. The possibility of left hemisphere involvement
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in the programming of non-affective prosody, at least at the sentence level, can
therefore be inferred from these data (Cooper et al., 1984). This pattern of
results, if corroborated, would be suggestive of incomplete lateralization or
bilateral control of linguistic-prosodic functions.

Findings consistent with bilateral control of linguistic intonation have
emerged elsewhere in the production literature. Ryalls, Joanette, and Feldman
(1987) extracted acoustic measures of nonaffective speech elicited from 19 RHD
and 9 control speakers of French: their analyses failed to uncover significant
between-group differences in the use of F, or duration cues, prompting the
authors to propose that linguistic prosody is not strongly lateralized in the brain
(Ryalls et al., 1987). Moreover. timing or F;-related acoustic anomalies for
linguistic prosody have been reported in LHD aphasic patients in addition to
RHD patients (Danly et al., 1983. Danly & Shapiro, 1982; Gandour, Holasuit
Petty & Dardarananda, 1989). These data (indirectly) point to an allocation of
resources between the two hemispheres for the production of linguistic prosody.

The production of non-affective intonation by RHD patients has also been
investigated by Behrens (1989). To examine whether right hemisphere
dysfunction affects the ability to manipulate specific F, properties of prosodic
stimuli, she elicited utterances of different syntactic types (declaratives,
imperatives, yes/no and WH-questions) from 8 RHD and 7 control subjects using
a story completion task. Results indicated that the RHD patients produced

contours that were generally normal in direction and rate of F, decline. Further,
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patients utilized changes in F, variance to distinguish three of the four sentence
types in a manner ressembling that of the normal subjects (Behrens, 1989). These
findings indicate that the RHD patients may have largely retained the ability to
mark basic distinctions in propositional content.

| Irregularities in the patterning of other aspects of intonation contours were
evident in Behrens’ RHD patients, however (e.g., the RHD patients produced a
less linear declination slope than the normal subjects). The RHD patients may,
therefore, have experienced difficulty in the "global" regulation of F, throughout
the sentence (see also Baum & Pell, 1997). As the same RHD group proved
capable of producing the F,correlates to local linguistic-prosodic forms such as
contrastive and phonemic stress in a previous study (Behrens, 1988), the author
hypothesized that the domain of prosodic expression, and not the communicative
role of F, cues, may be central to the question of prosody lateralization (Behrens,
1989). Within such a framework, the right hemisphere may demonstrate
superiority in encoding /arge domains of prosody such as the sentence or phrase,
but is minimally involved in encoding smaller prosodic units at the word level
(Behrens, 1989; see also Gandour et al., 1995).

Certainly, the study of how prosodic cues occupying relatively small
domains (e.g., phonemic stress) are lateralized in production has resulted in far
less disparity than the study of sentence-level prosodic phenomena. For instance,
numerous studies have required unilaterally RHD subjects to disambiguate

phonemic word pairs such as "greenhouse” (house to grow plants) and "green
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house" (house that is green) in production; the results of these investigations have
almost unanimously pointed to a sparing of this function in RHD patients, as
determined by either perceptual ratings (Emmorey, 1987; Lebrun et al., 1985) or
objective acoustic measures (Behrens, 1988; Emmorey, 1987. Hird & Kirsner,
1993; Ouellette & Baum, 1993).!

In one of the few studies to compare the production of phonemic stress by
RHD and LHD aphasic patients, Emmorey (1987) reported that LHD nonfluent
aphasics, but not RHD patients, were disturbed in the ability to distinguish noun
compounds and noun phrases relative to matched control subjects. Taken
together with the data indicating intact production of phonemic stress in RHD
patients, Emmorey’s (1987) findings argue strongly for a left hemisphere role in
this linguistic function. Her acoustic measurements further revealed that none of
the nonfluent aphasics used pitch to differentiate noun compounds from phrases,
and only two nonfluent aphasics used duration. In contrast, all but one of the
RHD and normal subjects employed pitch and/or duration cues in producing these
distinctions. Based on this outcome, Emmorey (1987) postulated that the ability
to produce pitch and duration cues may be dissociated at the lexical level, with
duration cues showing greater resilience than pitch cues to left-hemisphere
damage. However, this pattern of differential cue sensitivity was not observed in

a follow-up study conducted by Ouellette and Baum (1993), as those authors were

‘In the only exception to this pattern, Bryan (1989) reported impaired production
of phonemic stress in RHD patients relative to LHD and normal patients. However, this
assessment was based on a single rater’s intuitions and may have been prone to error.
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unable to detect significant differences between LHD, RHD and normal subjects
in the production of phonemic stress, despite employing a highly comparable
paradigm.

Support for the notion that lexically-assigned suprasegmental parameters
are mediated by left hemisphere mechanisms is further garnered from
investigations of tone production in brain-injured subjects. Independent studies of
aphasic speakers of Norwegian (Ryalls & Reinvang, 1986), Mandarin (Packard,
1986), and Thai (Gandour et al., 1992) indicate that focal LHD often yields
defects in the production of tonal contrasts when compared to matched control
speakers. It is noteworthy that two of these investigations demonstrated a
preservation of tonal production in comparable RHD groups when compared to
the normal group (Gandour et al.. 1992; Ryalls & Reinvang, 1986). Finally, the
group of RHD Mandarin subjects reported to display difficulties in producing
emotional-prosodic stimuli by Edmondson et al. (1987) were concurrently shown
to exhibit intact production of phonemic tone. When considered collectively, the
production data on phonemic tone present as relatively uniform, pointing to a left
hemisphere superiority and minimal right hemisphere involvement in this function
(Edmondson et al., 1987; Gandour et al., 1992; Packard, 1986; Ryalls & Reinvang,
1986). These data are also not inconsistent with the hypothesis that the size of
prosodic units determine their lateralization in the brain (Behrens, 1989).

Far fewer researchers have examined the ability of brain-damaged subjects

to produce emphatic stress, a skill requiring local manipulation of prosodic cues to
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highlight elements of value within a phrasal context. As outlined earlier,
Weintraub et al.’s (1981) findings suggested that RHD patients may be impaired
in repeating and spontaneously producing emphasis in short utterances. Similarly,
Bryan’s (1989) results indicated that both RHD and LHD patients produce less
reliable cues to emphatic stress than normal subjects, and that RHD patients may
be significantly more impaired than LHD patients. Unfortunately, the conclusions
of both of these studies (Bryan, 1989; Weintraub et al., 1981) are weakened by a
highly subjective rating procedure. In an acoustic investigation, Hird & Kirsner
(1993) revealed temporal abnormalities in the production of contrastive items by
RHD patients when compared to normal subjects. Interestingly, those authors
attributed their findings to the possible pragmatic function of contrastive stress
cues (i.e., marking the "givenness” or "newness" of information within a context),
in light of the right hemisphere’'s recognized role in pragmatic functioning (e.g.,
Kaplan, Brownell, Jacobs & Gardner, 1990).

However, discordant findings have also emerged in the production
literature on emphatic stress. Neither Behrens (1988) nor Ouellette and Baum
(1993) uncovered acoustic evidence that RHD patients are disturbed in the
production of emphatic stress, despite performing analyses on a far greater
number of tokens than those examined in related studies (Bryan, 1989; Weintraub
et al., 1981). Furthermore, Ouellette and Baum (1993) demonstrated that the
capacity to encode emphasis would appear to be intact in LHD aphasic patients as

well. These discrepancies in the literature. coupled with the relatively low number
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of investigations to address this issue, do not lead to definitive conclusions about
the functional lateralization of emphatic stress production. This topic awaits

further elucidation.

Summary of Production Data

As may be evident from the preceding review, much remains unclear about
the neural representation of expressive prosodic functions. Although considerable
research advocates a dominant (if not exclusive) role for the right hemisphere in
the production of emotional-prosodic stimuli (Borod et al., 1985; Edmondson et
al., 1987; Gandour et al,, 1995: Hughes et al., 1983; Ross, 1981; Ross & Mesulam,
1979: Ross et al., 1981; Ross et al.. 1988. Tucker et al., 1977), other reports
suggest that the neural mechanisms underlying emotional prosody are not strongly
lateralized or are distributed between the two hemispheres (Baum & Pell, 1997:
Cancelliere & Kertesz, 1990). For the production of linguistic prosody, there is
now considerable evidence that lexically-assigned prosodic cues of phonemic
relevance are likely subserved by the intact left-hemisphere (Behrens, 1988:
Edmondson et al., 1987; Emmorey. 1987. Gandour et al., 1992; Gandour et al.,
1995; Hird & Kirsner, 1993; Lebrun et al.. 1985; QOuellette & Baum, 1993; Ryalls
& Reinvang, 1986). The neural substrates of our ability to encode prosodic
features that occur over larger domains, such as contrastive stress or linguistic

intonation, are poorly localized at present and await further inquiry.
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Perception/Comprehension of Prosody

Perceptual investigations of prosody, like the production studies described
in the foregoing discussion, have been largely concerned with how the functional
significance of prosodic cues and/or their domain of processing influence the
lateralization of prosodic stimuli in brain-injured adults. 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). The relevant

data arising from these studies are reviewed below.

Emotional 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 affective prosody. In an early report that
focused on the comprehension of affective speech, Heilman, Scholes, and Watson
(1975) presented auditory stimuli to 6 LHD and 6 RHD subjects with
temporoparietal lesions in two conditions: one in which subjects labelled the
emotional mood of the speaker (happy, sad, angry, indifferent) and one in which
subjects identified the semantic content of the same utterances. Judgments were

indicated by pointing to line drawings of emotional facial expressions (emotion
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condition) or a graphic depiction of the semantic interpretation of the utterance
(content condition) and the accuracy of each response was recorded.

Although both patient groups performed without error in interpreting the
semantic meaning of the stimuli, results obtained in the emotion condition
indicated that the RHD patients (who also presented with neglect) were
significantly impaired relative to the LHD aphasic patients in the ability to
categorize the affective meaning of prosodic cues, performing at near chance level.
In a replication and extension of Heilman et al.’s (1975) study, Tucker, Watson,
and Heilman (1977) obtained a similar pattern of results, reporting poorer
comprehension of emotional prosody in RHD patients with neglect than in LHD
aphasic patients (again, RHD patients identified the four emotions at chance
level) . A disturbance in the ability to discriminate differences in prosodic
patterns (i.e., make same/different judgements about paired stimuli differing in
prosodic content) was also revealed by the RHD but not the LHD 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
neglect may lead to a selective impairment in the comprehension of affective
prosody (Heilman, Scholes & Watson, 1975: Tucker et al., 1977). However, the
strength of these assertions is limited by the observation that LHD patients were
not error-free in their comprehension of affective meanings in either study,

coupled with the absence of a non-neurological control group in both paradigms.
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The results of more recent experiments have also been interpreted as
supporting a privileged role for the right hemisphere in the receptive control of
affective prosody. For example, Bowers, Coslett, Bauer, Speedie, and Heilman
(1987) required 9 RHD, 8 LHD, and 8 healthy control subjects to identify
emotional-prosodic meanings from several different types of stimuli, including
utterances in which the semantic and prosodic message were either congruent or
incongruent, and utterances that had been low-pass fiitered of all identifiable
linguistic content, preserving only the prosodic contour (i.e., "speech filtered"
stimuli). For all the conditions tested, the RHD group exhibited significant
deficits relative to both the LHD and control groups in the recognition of the
emotional tone of the stimuli. suggestive of right hemisphere control of these
processes. Similarly, Blonder, Bowers, and Heilman (1991) reported a global
decline in the ability of their RHD patients to process the emotional significance
of prosodic, facial, and gestural communicative signals when compared to LHD
and non-neurological 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.

To test the effects of "associational-cognitive” demands on the processing of
emotional prosody, Tompkins and Flowers (1985) presented emotionally-intoned,
semantically-neutral phrases to 11 RHD, 11 LHD, and 11 control subjects in three
tasks of presumably increasing cognitive complexity: a discrimination task, an

identification task in which subjects chose one of two possible emotional
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interpretations, and an identification task in which subjects judged the emotion
from four possible alternatives. Consistent with other findings (Blonder et al.,
1991: Bowers et al., 1987; Heilman et al., 1975: Tucker et al., 1977), the authors
found that their RHD patients performed at an inferior level relative to the
normal subjects on all emotional prosody tasks. However, the LHD patients’
performance also broke down on the task in which the cognitive load was greatest
(four-choice emotional identification). Thus, although their data were interpreted
as further indication that the right hemisphere subserves emotional-prosodic
processing, the authors postulated that the left hemisphere may become engaged
as the cognitive demands of such tasks increase, as in tasks involving greater need
for comparative processes or short-term memory (Tompkins & Flowers, 1985).
Evidence for right hemisphere superiority in recognizing emotional stimuli
has also emerged from studies of normal prosody perception. Employing the
dichotic listening paradigm, Ley and Bryden (1982) paired emotionally intoned
(happy, sad, angry, neutral) and monotone sentences of similar grammatical
construction for dichotic presentation to 32 young adults. Subjects were asked to
attend to a specified ear and identify both the emotional tone and the verbal
content of each sentence (independently for each ear) from a fixed set of
alternatives. Analysis of the subjects’ accuracy for each type of stimuli yielded a
significant left-ear (right hemisphere) advantage for judging emotions and a
significant right-ear (left hemisphere) advantage for judging the verbal content,

with the majority of subjects (n=21/32) showing both trends simultaneously.
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Thus, normative data indicating differential lateralization of emotional and verbal
processing in the same subjects, consistent with a right hemisphere superiority in
the comprehension of affective 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 functions--both expressive and receptive--in
circumscribed regions of the right hemisphere of the brain. In the receptive as
well as the expressive mode, the work of Ross and his colleagues (Gorelick &
Ross, 1987; Ross, 1981; Ross et al., 1981; Ross & Mesulam, 1979) has relied on
bedside assessment of patients with acute right hemisphere lesions and suspected
"aprosodia’. To test affective comprehension, the examiner typically stands behind
the patient and intones utterances with various affects (Ross, 1993; Ross et al.,
1981). The patient is then asked to identify, either verbally or by means of a set
list of alternatives, the emotion portrayed; in some cases, fewer than four out of
five correct identifications has been considered impaired performance on this task
(Gorelick & Ross, 1987). Employing this bedside technique, several case
descriptions of RHD patients with posterior (temporoparietal) lesions and
'receptive aprosodia’ (i.e., impaired affective comprehension in the face of spared
affective production and repetition) have been described, each interpreted as
validating Ross’ proposed functional-anatomic organization of the aprosodias in
the right hemisphere (Gorelick & Ross, 1987; Hughes, Chan & Su, 1983; Ross,

1981; Ross et al., 1981).
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However, not all data are consistent with such a view. Individual cases of
receptive aprosodia reported by several investigators (Brddvik et al., 1991; Darby,
1993: Heilman et al., 1984; Lebrun et al., 1985) clearly diverge from Ross’
hypothetical model. Moreover, as described earlier, Cancelliere and Kertesz
(1990) explored the relationship between acute vascular lesions and disturbances
of emotional expression and comprehension and found no evidence that aprosodic
deficits in RHD patients adhere to the anterior-posterior pattern described by
Ross (1981); the authors attributed this discrepancy to their use of standardized
stimuli and a less biased assessment procedure. Of even greater importance,
Cancelliere and Kertesz reported emotional comprehension deficits 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 affective speech. Indeed, evidence that left hemisphere
mechanisms also have some capacity to process emotional-prosodic stimuli would
serve to explain purported cases of ‘crossed aprosodia’, or RHD patients without
the predicted prosodic difficulties according to Ross’ scheme (Gorelick & Ross,
1987).

Several investigations serve to corroborate Cancelliere and Kertesz’ (1990)
observations, providing evidence that both the right and left cerebral hemispheres
contribute to the processing of affective vocal cues (Darby, 1993; Schlanger,
Schlanger & Gerstman, 1976; Starkstein. Federoff, Price, Leiguarda & Robinson,

1994; Van Lancker & Sidtis, 1992). Using a picture-matching task, Schlanger,
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Schlanger, and Gerstman (1976) presented emotionally-intoned utterances that
were semantically neutral but meaningful (e.g., He will come soon) or semantically
anomalous (He will tuv roop) to 20 RHD and 40 LHD aphasic patients for
identification; these researchers found no significant differences in the accuracy of
the two groups on this task, indicative of bilateral control of emotional prosody.
Starkstein and his co-workers (1994) examined 59 consecutively-admitted patients
with cerebrovascular lesions for the prevalence of receptive prosodic defects,
conducting both neuropsychological and neuroradiologic analyses of these
patients. Findings obtained for this study indicated that disturbed comprehension
of affective prosody was a relatively frequent feature in both LHD and RHD
acute stroke patients (45% of their sample), although RHD patients with basal
ganglian or temporoparietal lesions exhibited a significantly greater incidence of
such deficits. Thus, bilateral involvement in affective prosody comprehension is
once again indicated, although Starkstein et al.’s (1994) findings further intimate
the possibility that right hemisphere mechanisms may play a more predominant
role.

A different perspective on the contributions of left and right hemisphere
mechanisms in the comprehension of affective-prosodic stimuli was explored
recently by Van Lancker and Sidtis (1992). They tested LHD, RHD, and healthy
control subjects on an emotional prosody identification task and demonstrated no
significant differences in the accuracy of the two clinical groups (which were both

impaired relative to control subjects). To further explore whether the
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comprehension errors of LHD and RHD patients were predictable in terms of
one or a combination of the acoustic parameters underlying emotional-prosodic
meanings (i.e., to determine the extent to which either diagnostic group
demonstrated impaired perception of the acoustic cues), the authors determined
mean and variability measures of F,, amplitude, and duration for the original
stimuli. Discriminant 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 identification task: this was accomplished by recoding
each emotional stimulus according to each group’s most frequent error response
for that stimulus. In this way, the authors sought to determine the extent to
which the LHD and/or RHD subjects’ emotional comprehension deficits were
related to impaired perception of specific acoustic features of the stimuli.

Despite the similar level of impairment of LHD and RHD patients in
identifying affective-prosodic meanings. analyses performed on each group’s
identification errors suggested that LHD and RHD patients were using the
acoustic cues to prosody differently in judging affective meanings (Van Lancker &
Sidtis, 1992). Interestingly, the discmminant analysis of the LHD subjects’ errors
revealed that these patients may have been basing their decisions on fundamental
frequency information (particularly F, variability), whereas an analysis of the RHD
subjects’ affective misclassifications indicated a reliance on durational cues in

identifying the stimuli. This pattern of results suggested to the authors that
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receptive disturbances of emotional prosody may be perceptual in nature, possibly
reflecting the superiority of each hemisphere for the processing of different
acoustic cues to prosodic meanings (Van Lancker & Sidtis, 1992). More
generally, the authors concluded that, in contrast to previous proposals (e.g., Ross,
1981), the comprehension of prosody is a multifaceted process subserved by
distributed (i.e., bilateral) mechanisms that are not strictly localizable to the right
hemisphere.

The notion that brain-damaged patients may have a more basic disturbance
in analyzing the acoustic structure of prosody is consonant with reports that these
patients often show deficits in using the same auditory cues in nonlinguistic tasks.
More specifically, RHD individuals have frequently been noted 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, Tranel & Damasio, 1990; Sidtis & Feldmann, 1990; Zatorre,
1988; Zatorre, Evans & Meyer, 1994). Interestingly, a left-hemisphere bias has
been proposed for the processing of temporal cues on similar nonlinguistic tasks
(Carmon & Nachshon, 1971; Robin et al., 1990). Collectively, these data are
consistent with the interpretation that each hemisphere may contribute
independent auditory processing capabilities to the task of decoding emotional
stimuli (Van Lancker & Sidtis, 1992). However, in an attempt to replicate Van
Lancker and Sidtis’ preliminary findings, Pell and Baum (1997b) found no

evidence that the emotional comprehension crrors committed by their LHD and
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RHD patients were biased by specific acoustic features of the stimuli, despite
careful adherence to the authors’ original methods. Thus, although intriguing, the
hypothesis that individual acoustic cues to prosody are independently lateralized

(Van Lancker & Sidtis, 1992) remains speculative and awaits future elucidation.

Linguistic Prosody

Thus far, our consideration of theories of receptive prosodic lateralization
has concentrated on affective prosody, but the discussion may benefit from a
review of the /inguistic functions of prosodic cues as well. As noted in the
preceding section, prosodic features expressed over various domains signal
differences 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 defined linguistic-prosodic features such as phonemic
or emphatic stress. In response to contentions in the literature that right
hemisphere lesions selectively disrupt affective prosody, Weintraub, Mesulam, and
Kramer (1981) tested 9 RHD and 10 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-identification paradigm and another measured their

accuracy in making same/different judgments about sentence pairs differing in
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emphatic stress location (e.g., Steve drives the car vs. Steve drives the car) or
intonation contour (statement vs. question).

Results obtained for each linguistic prosody task revealed significant
impairments in the RHD group relative to the control subjects, a pattern
interpreted as evidence that the RH’s role in prosody may extend beyond its
affective components to the linguistic domain (Weintraub et al., 1981). More
recently, Brédvik, Dravins, Holtds, Rosén, Ryding, and Ingvar (1991) compared
the performance of 20 Swedish-speaking patients with stable right hemisphere
lesions and 18 normal controls on tasks of both linguistic and affective prosody
(e.g., emphatic stress perception. identification of linguistic and emotional
intonation) and arrived at a quite similar conclusion: the inferior performance of
their RHD patients on both linguistic and emotional tasks pointed to an essential
role for the right hemisphere in the processing of both (linguistic and affective)
prosodic "functions”, 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 expressive prosodic
deficits (Cancelliere & Kertesz, 1990), was also highlighted by their data (Bradvik
et al., 1991).

The omission of a comparable LHD patient group in the latter two studies
(Weintraub et al., 1981; Bridvik et al.. 1991) again unfortunately impedes an
appropriate understanding of each hemisphere’s potential involvement in prosodic

perception. In a study that considered RHD, LHD, and non-neurological control
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subjects simultaneously (n=30/group), Bryan (1989) presented a battery of
linguistic prosody tests that incorporated stimuli of various perceptual domains
(e.g., phonemic/emphatic stress discrimination, identification of declarative vs.
interrogative intonation). Bryan demonstrated that the RHD patients were
impaired on receptive tasks of linguistic prosody relative to both normal (13/13
tasks) and LHD (8/13 tasks) subjects, again favouring a right hemisphere basis for
this processing. However, it is noteworthy that the LHD group reported by Bryan
(1989) was significantly impaired relative to the control group on 10 of the 13
tests as well, a finding the author conceded may be suggestive cf bilateral control
for at least some aspects of linguistic prosody. This pattern of results may be
conducive to 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
prosody--at least, the perception of locally-assigned stress cues--firmly in the left
hemisphere of the brain. For instance, Baum, Daniloff, Daniloff, and Lewis
(1982), following Blumstein and Goodglass (1972), presented three tasks of stress
comprehension to 8 LHD nonfluent aphasics and 8 control subjects and reported
a significantly reduced capacity to comprehend phonemic and emphatic stress in
their LHD patients, findings 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 RHD. 15 LHD, and 22 control subjects
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for perceptual recognition and observed a significant decrement in the
performance of the LHD subjects (both fluent and nonfluent aphasics) relative to
control subjects on this task, but intact comprehension of the stimuli by RHD
patients. These data corroborate and extend those of Baum et al. (1982),
indicating a left hemisphere substrate for the perception of linguistic stress.

Related findings 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 and demonstrated a significant 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 speech-filtered stimuli). 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 emotion role of prosodic cues in speech determines
the laterality of processing (Van Lancker, 1980).

Further evidence that the left hemisphere may underlie our 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 studies with normals (Van

Lancker & Fromkin, 1973) and lesion investigations (Gandour & Dardarananda,
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1983; Hughes et al., 1983) is 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 segmental or syllabic level.
However, affective prosodic features are typically expressed and perceived
over domains /arger than the word, usually the phrase or utterance. It is at this
level of segmental structure--the sentence--that receptive studies of affective
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 affective)
"functional 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 differing in intonational content to
40 young adults. In two separate experiments, subjects identified speech-filtered
exemplars of the dichotic stimuli by their intonational meaning (declarative,
interrogative, imperative, conditional) or matched the intonation pattern of
filtered 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.
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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 findings that linguistic prosody, in
the absence of meaningful segmental (i.e., semantic) structure, may be processed
more efficiently 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 & Cooper, 1974). These findings 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
(Bradvik et al., 1991; Weintraub et al., 1981; but review Cancelliere & Kertesz,
1990; Darby, 1993; Schlanger et al., 1976; Starkstein et al., 1994; Van Lancker &
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 affective contexts concurrently.
In one such study, Heilman, Bowers, Speedie, and Coslett (1984) presented
auditory stimuli to 8 RHD, 9 LHD, and 15 control subjects in two identification
tasks, one in which intonation conveyed the linguistic modality of the utterance

(declarative, interrogative, imperative) and another in which prosodic cues
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signaled various affective meanings (angry, sad, happy). Stimuli in both conditions
were speech-filtered 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 affective and
linguistic stimuli, respectively) and the accuracy of each response was measured.

Results obtained for this investigation revealed that the RHD patients
made significantly more errors than both the LHD and control subjects (who also
differed significantly) in identifying the emotional meaning of speech-filtered
utterances, whereas the RHD and LHD patients were equally impaired relative to
normals in identifying the linguistic intent of the stimuli. Moreover, only the
LHD subjects’ comprehension of prosodic meanings was affected by the ype of
prosody tested; specifically, the LHD subjects performed at a significantly inferior
level on the linguistic task when compared to the emotional task, a pattern not
observed for either the RHD or control groups. To account for these results, two
hypothetical explanations were proffered (Heilman et al., 1984). Firstly, the
processing of affective prosody may be lateralized to the right hemisphere of the
brain (RHD 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). Alternatively, the right hemisphere may dominate
all processing of sentence intonation (both linguistic and affective), but the left

hemisphere becomes engaged on tasks as the need for linguistic processing
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increases (i.e., on non-affective 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 affective features of prosodic stimuli (Blonder et al., 1991; Bowers
et al., 1987; Ehlers & Dalby, 1987; Heilman et al., 1975: Ley & Bryden, 1982;
Ross et al., 1981; Tucker et al., 1977).

In a recent investigation, Pell & Baum (1997a) administered identification
tasks for both affective- and linguistic-prosodic stimuli to 9 RHD, 10 LHD, 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., filtered, natural),
linguistic and emotional stimuli were each presented in three distinct identification
tasks: a semantically "well-formed” condition, in which both prosodic and
semantic information cued the (linguistic or affective) 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 "filtered” condition, in which the well-formed
utterances were low-pass filtered to obscure the linguistic content but retain
prosodic cues. A task requiring subjects to make same/different judgments about
pairs of speech-filtered utterances was also presented to test for an underlying
perceptual deficit in the subjects’ ability to process prosodic information (Van

Lancker & Sidtis, 1992). Both accuracy and response time data were collected.
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Although all three groups were shown to perform comparably in
discriminating prosodic patterns, results of the identification tasks revealed that
neither the LHD nor RHD subjects were impaired relative to normals in
recognizing the emotional meaning of prosodic patterns (angry, sad, happy), but
that both clinical groups exhibited deficient comprehension of linguistic-prosodic
meanings (declarative, interrogative, imperative). Interestingly, comparing the
performance of each group across linguistic and affective domains revealed a
pattern qualitatively similar to that reported by Heilman et al. (1984); RHD and
control subjects each demonstrated similar capabilities on corresponding linguistic
and affective tasks (reflected in both their accuracy and response times), whereas
LHD aphasic subjects always responded significantly slower and with less precision
on the linguistic relative to the affective task (even though no semantic
comprehension of the stimuli was required).

Thus, a specific susceptibility to the linguistic load of prosodic stimuli was
again noted in LHD but not RHD adults (Heilman et al., 1984; Tompkins &
Flowers, 1985), although it is important to bear in mind that RHD 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 differences between Pell & Baum'’s 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
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et al., 1994; Tucker et al., 1977). Overall, the resuits of this study highlight the

possibility that receptive prosodic functions, both linguistic and affective, 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 & 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 (Bradvik et al., 1991; Cancelliere & Kertesz,
1990; Ross & Mesulam, 1979; Starkstein et al., 1994). These findings 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
(Blonder, Gur & Gur, 1989; Borod et al., 1990; Cancelliere & Hausdorf, 1988;
Pell, 1996; Scott, Caird & Williams, 1984; Speedie, Brake, Folstein, Bowers &
Heilman, 1990). For example, Blonder, Gur, Gur (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,
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1996). The issue of subcortical representation of prosody in both receptive and

expressive behaviour is therefore worthy of pursual in future investigations.

Summary of Perception Data

Our review of receptive investigations of prosody converges with that of
production studies in its (weak) support of differential lateralization of prosodic
cues as an index of their (linguistic or affective) 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 effects 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 affective
attributes of prosody are not processed uniquely by the right hemisphere
(Cancelliere & Kertesz, 1990; Darby, 1993; Dykstra, Gandour, & Stark, 1995;
Heilman et al., 1984; Pell & Baum, 1997a; Schlanger et al., 1976; Seron et al.,
1982; Tompkins & Flowers, 1985; Van Lancker & 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 & Cooper, 1974,

Heilman et al., 1984; Starkstein et al., 1994) or whether emotional and linguistic
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prosody functions are distributed bilaterally (Bryans, 1989; Cancelliere & Kertesz,
1990; Dykstra, Gandour & Stark, 1995; Pell & Baum, 1997a; Van Lancker &
Sidtis, 1992. Finally, subcortical structures may be critical in the regulation of
prosodic functions in receptive and expressive modalities (Bridvik et al., 1991;

Blonder et al., 1989; Cancelliere & Kertesz, 1990; Pell, 1996).

Present Objectives

As may be gleaned from the foregoing review, right hemisphere
participation in prosodic functions is suggested by certain trends in the production
and perception literatures on prosody. Most notably, emotional-prosodic features
are impaired most commonly in patients with right hemisphere insult, whereas
locally-assigned linguistic-prosodic features (e.g., phonemic stress and tone) tend
to be disturbed relatively infrequently in RHD populations. Unfortunately, this
general pattern in the prosody data fails to exemplify what communcative
parameters specify the right hemisphere’s role in modulating prosodic stimuli; for
example, such a pattern does not illuminate the extent to which functional
attributes, the domain of processing. or specific acoustic properties of prosodic
stimuli are related to right hemisphere specialization for prosodic functions.
Methodological protocols implemented to date have been largely unsuccessful in
delineating the contribution of these various factors to right hemisphere

involvement in prosodic processing.
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Investigating the manner in which focal right-brain injury affects prosody
when multiple cues--both linguistic and affective in nature, and encompassing
different processing domains--are manipulated concurrently by the same subjects
may begin to serve this utility. Such an approach could yield considerable insight
into the biological basis of prosodic functions, and help reconcile some of the
factors underlying the cerebral lateralization of prosody encoding and decoding.

To explore the interaction of linguistic and emotional cues to prosody in
normal speech production and perception, and to illuminate the underlying
acoustic basis of prosodic deficits in right-brain-damaged adults, two experiments
were designed. In Experiment 1. utterances of two distinct lengths ("short" and
"long") are elicited from RHD and normal control (NC) subjects to investigate the
concomitant effects of sentence focus, sentence modality, and emotional intent on
various acoustic properties of the stimuli. In Experiment 2, the RHD and control
subjects tested in Experiment 1, as well as a control group of unilaterally left-
hemisphere-damaged subjects, are presented six receptive tasks; three tasks
require subjects to locate the position of emphatic stress within an utterance, and
three tasks require subjects to identify a speaker’s emotional state from the
prosody. Perceptual tasks employ stimuli ressembling those generated in
Experiment 1, but in which either the F, or duration parameters of the stimuli are
"neutralized" by means of acoustic manipulation prior to the experiment. This
process allows the contribution of each acoustic parameter in the perception of

focus and emotion to be investigated, for each of the three subject groups.
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Through these experiments, a number of hypotheses advanced previously in
the literature on prosody may be scrutinized. First, by requiring RHD patients to
encode and decode the linguistic and emotional features of prosodic stimuli in
tandem, the hypothesis that only emotional aspects of prosody are modulated by
the right cerebral hemisphere may be tested (e.g., Blonder et al., 1991; Heilman et
al., 1975; Ross, 1981; Tucker et al., 1977). In production (Experiment 1), this
hypothesis would predict acoustic anomalies in the speech of RHD patients, but
not controls, for those parameters important in signaling emotional distinctions
(e.g., mean F,, F, range, speech rate). However, no between-group differences
should emerge in the patterning of linguistically-relevant acoustic contrasts (e.g.,
keyword F; and duration, utterance terminal, focus accent).

In perception (Experiment 2). corroboration of the "functional role
hypothesis" would be indicated by a significant decrement in recognition
performance across the three emotion tasks relative to the three focus (linguistic)
tasks for the RHD group. In addition. the RHD patients should demonstrate
significantly reduced accuracy on the emotion tasks, overall, relative to both the
LHD and normal subjects. Failure to uncover a significant group effect may be
interpreted as evidence that less lateralized processes underlie emotional prosody
decoding (Cancelliere & Kertesz, 1990 Pell & Baum, 1997a; Van Lancker &
Sidtis, 1992).

The current protocol simultaneously explores how prosodic constituents of

different domains influence right hemisphere processing of the stimuli. This
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follows suggestions that "global" prosodic features, occurring over relatively large
domains (such as the sentence), may be more conducive to right hemisphere
processing mechanisms than locally-defined prosodic features (Behrens, 1989;
Emmorey, 1987; Gandour et al., 1992). In Experiment 1 (Prosody Production),
the manner in which this hypothesis was tested was two-fold: subjects were
required to transmit prosodic messages associated with different levels of linguistic
structure (focus is assigned to individual words, whereas linguistic modality and
emotion are planned over the utterance as a whole); and, subjects were required
to modulate prosodic features in utterances varying in overall length (6 or 10
syliables).

According to the "domain hypothesis”, the RHD patients should present
with difficulties regulating the acoustic attributes to both linguistic and emotional
intonation, demonstrating aberrant production of (for example) mean F,, F, range,
speech rate, and/or utterance terminal measures. By contrast, the acoustic
underpinnings to emphatic stress (focus accent, keyword F, and duration) should
demonstrate a relatively normal distribution in the RHD patients. Furthermore,
acoustic irregularities may prove more abundant in the RHD patients’ production
of "long" versus "short" utterances, although such an effect has not previously been
established in the production literature on prosody.

In Experiment 2 (Prosody Perception), the domain hypothesis should yield
the same pattern of performance as that predicted by the functional role

hypothesis: impaired recognition of emotional cues relative to emphatic cues for
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the RHD patients, but the opposite pattern (impaired focus but not emotion
perception) for the LHD patients. The effects of overall sentence length on
receptive prosody performance is not investigated.

Hemispheric specialization for the modulation of specific acoustic
parameters of prosodic stimuli has also been proposed (Dykstra et al., 1995;
Emmorey, 1987; Robin et al., 1990; Van Lancker & Sidtis, 1992). In particular,
the right hemisphere may assume a privileged role in controlling F, attributes of
prosodic stimuli (Robin et al., 1990; Van Lancker & Sidtis, 1992; cf. Pell & Baum,
1997b). In Experiment, 1, this possibility is investigated by examining what types
of acoustic measures (if any) demonstrate a significant departure from normalcy
in the RHD patients’ productions: a defect in the implementation of F,, but not
duration, at all levels of prosodic structure (focus, modality, emotion) may be
interpreted in light of the "cue lateralization hypothesis". Such a pattern would
indicate substantial (although not necessarily exclusive) right-hemisphere
involvement in the regulation of F,, and point to a dissociation of the neural
mechanisms underlying F, and duration encoding for prosody.

For receptive abilities, the manipulation of specific F, or duration
characteristics of the stimuli presented in Experiment 2 permits a direct test of the
cue lateralization hypothesis. Since stimuli were modified in such a way as to
"neutralize” the influence of either F, or duration relative to a baseline task, the
strength of each cue in recognizing focus and emotion could be established for

each of the three subject groups. Given the hypothesis that RHD patients are
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disturbed in the perception of F, attributes of prosodic stimuli (Robin et al., 1990;
Van Lancker & Sidtis, 1992), one would anticipate inferior performance on the
part of the RHD group on tasks in which only F, cues suggest a possible response
(i.e., focus and emotion tasks in which duration cues were neutralized). The LHD
patients may exhibit the opposite pattern, whereby the removal of F; cues leads to
differential impairment in prosody recognition (Robin et al., 1990; Van Lancker &
Sidtis, 1992). Such deficits, if observed, should occur irrespective of the linguistic
or emotional nature of the stimuli, or the size of the prosodic unit being
processed.

Thus, more directly and comprehensively than in previous investigations,
the experiments reported herein seek to assess how RHD patients produce and
identify various aspects of prosodic stimuli. In this manner, it may become
apparent which elements of prosodic structure (if any) pose specific difficulties for
RHD patients to produce, and which cues inhibit or foster the patients’
comprehension of the stimuli. Illuminating some of the demands involved in
expressing and perceiving multiple prosodic distinctions in RHD individuals may
facilitate a clearer definition of the right hemisphere’s role in regulating prosodic
functions, and prove useful in informing current theories of prosody lateralization
(Behrens, 1989; Ross, 1981; Van Lancker & Sidtis, 1992).

Finally, invaluable normative acoustic data reflecting the superimposing of
influences of linguistic and emotional prosody may be garnered from this inquiry.

These data will be useful in corroborating previous acoustic descriptions of the
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interaction between emphatic stress and sentence-type contrasts (Cooper et al.,
1985; Eady & Cooper, 1986; Ryalls et al., 1994), and more importantly, will extend
this knowledge to various emotional contexts. This preliminary work may prove
constructive in refining our current understanding of the vocal correlates to
discrete emotions, and suggest how emotional parameters are systematically
altered in sentences where linguistic-prosodic contrasts must simultaneously be
preserved. Ultimately, it is hoped that through the present data, an acoustic
description of the prosodic modifications that take place in natural discourse may

begin to emerge.
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EXPERIMENT 1

To explore how linguistic and emotional prosody interact in the acoustic
signal, and to reconcile the extent to which various aspects of prosodic structure
implicate right hemisphere encoding mechanisms, the production of prosody was
studied in unilateral RHD patients and matched subjects without neurological
dysfunction. Experiment 1 sought to provide preliminary acoustic data reflecting
the ability of RHD patients, relative to that of age-matched control subjects, to
express prosodic distinctions in utterances where the underlying acoustic
parameters varied in function (linguistic vs. affective), domain (word vs. utterance;
short vs. long utterances), and/or degree (i.e., the number of distinctions necessary

to manipulate at one time).

METHODS

Subjects

Ten (10) subjects with unilateral nght-hemisphere-damage (X=64.3,
range=29-87), and 10 healthy control subjects without neurological dysfunction
(X=66.1, range =59-72) volunteered to take part in the study. Clinical subjects
were recruited from hospitals in the Montreal (Quebec) and Cornwall (Ontario)
regions. Control subjects represented members of an active database of

individuals in the greater Montreal region willing to participate in language and



)

e

75

memory studies at the School of Communication Sciences and Disorders at
McGill University.

All subjects were native English speakers and all but one (R8) were right-
handed. Apart from the single-event CVA suffered by RHD patients, no subject
evidenced signs of neurological or psychiatric illness prior to the study, as
determined from medical records (RHD patients) or by questionnaire (NC
subjects). Puretone air conduction screenings of both ears at 0.5, 1, and 2 kHz
ensured that all subjects had acceptable hearing levels before participating in the
experiment; inclusion criteria were set at 30 dB HL at each frequency, for the
better ear. The RHD and NC groups were closely balanced for gender. Basic
demographic and clinical attributes of the RHD patients are furnished in Table
L

For each RHD subject, CT scan confirmed the presence and location of
the offending lesion within the right-hemisphere. None of the clinical subjects
presented with aphasic deficits subsequent to right hemisphere CVA. Hemispatial
visual neglect was identified in four (4) RHD patients, as assessed using the Bells
Test (Gauthier, Dehaut & Joanette, 1989). Other behavioural measures included
an evaluation of discourse inferencing abilities, figurative language
comprehension, and emotional prosody discrimination and recognition; deficits on
these subtests are reported in Table I, where observed. Finally, it should be

noted that patients were tested at least three months post-onset of stroke (X=36
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Table 1. Basic demographic and clinical characteristics of the RHD subjects
participating in Experiment 1.

Post-

Sbj | Sex | Age Onset | Lesion Site Major Clinical Signs VN
R1 F 54 66 | (R) posterior T(L) hemiparesis, flat affect -
R2Z | M| 59 31 {(R) temporo- | (L) hemiparesis,
parietal inappropriate mood,
LS : +
impaired inferencing/ comp.
of figurative language
R3 | M| 74 48 | (R) parietal (L) hemiparesis, impaired _
comp. of figurative language
R4 | F | 61 8 (R) basal (L) hemiparesis, flat affect _
ganglia
R5 | F 29 7 (R) MCA (L) hemiplegia -
R6 | F | 82 40 | (R) temporal | (L) hemiplegia, impaired
recognition of emotional +
prosody
R7 | M | 69 59 | (R) temporo- | (L) hemiparesis, impaired
parietal recognition of emotional _
prosody
R8 | F | 87 83 | (R) MCA (L) hemiparesis, impaired
inferencing/comp. of -
figurative language
RO | F | 62 10 | (R) external (L) hemiparesis, flat affect,
capsule impaired inferencing/comp.
of figurative +
language/emotional prosody
recognition
RI10 | F | 66 12 | (R) fronto- (L) hemiparesis, impaired
parietal comp. of figurative language +

Note: ng=years, Fost-mset=montﬂs, Uﬂ=wsual neglect !or tﬂe lel!t Eemlspace.
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months, range="7-83 months) and therefore exhibited a relatively stable clinical

profile at the time of testing.

Stimudi

Four sentences, two of which were 6 syllables in length ("short") and two of
which were 10 syllables in length ("long"), served as the test stimuli. Each
sentence was constructed so that it could be read without emphasis, or with

emphasis in one of two "keyword" positions: sentence-initial or sentence-final.

Short Long
Barry took the sailboat Barry took the sailboat for the weekend
Mary sold the teapot Mary sold the teapot for a dollar

As may be seen, keywords (italicized) constituted frequently observed
content words matched across the stimuli for syllable length and stress location at
each keyword position. All stimuli followed the canonical subject-verb-object
syntactic ordering of English utterances. "Long" items were distinguished from
"short” items by a terminal prepositional phrase.

In addition to varying the location of focus within each sentence, care was
taken in stimulus preparation that each utterance could be intoned as both a
statement and a yes-no question (without subject-auxillary inversion). Moreover,

the content of each sentence was conducive to four different affective readings
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(sorrow, joy, anger, and neutral). Thus, 24 versions of each of the four test
stimuli--each utterance representing a unique combination of the three prosodic
variables (focus, sentence modality, emotion)--were elicited, for a total of 96
productions per speaker (4 items X 3 focus locations X 2 modalities X 4
emotions). To facilitate the manipulation of prosodic cues without altering the
influence of segmental structure between conditions, "neutral” semantic content
that did not suggest a particular linguistic or affective interpretation was adopted.
The content of a pre-recorded priming stimulus preceding each trial served as the
vehicle by which specific combinations of prosodic attributes were elicited (Cooper
et al., 1985; Eady & Cooper, 1986).

To systematically bias the subjects’ reading of the stimuli to obtain specific
constellations of prosodic features differing in focus location, sentence modality,
and emotion, short passages or "scenarios" were constructed. For example, the
scenario preceding a nonemotional. declarative reading of Mary sold the teapot
lacking sentence focus (i.e., [no focus, declarative, neutral]) was the following:

You are holding a garage sale at your house with the help of some friends.

After the sale, someone tells vou that Mary sold the teapot. When another

friend asks you what happened, you say:

To elicit focus at one of the two keyword positions, the scenarios were
modified to ensure that the information to be used contrastively was not "given" in
the prime. When emotional readings of the stimuli were sought, scenarios

provided an explicit context in which the speaker was described as being happy,
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sad, or angry before listening to a prompt similar to that used in "neutral”
contexts. Cues cards containing the target utterance and information reinforcing
how the sentence was supposed to be read (e.g., for focus, the target word was
indicated in bold italics) further facilitated the desired reading for each trial.
Priming scenarios were recorded in a sound-proof chamber by a male
speaker using a high-quality Sony tape recorder and a Sony ECM-909 directional
microphone. The speaker was encouraged to produce the passages in a relatively
neutral, "reporting” tone that did not lend undue prominence to particular lexical
items within the passage. The 96 scenarios were subsequently randomized for
order of presentation and the tape was edited to reflect this random order. A five
second interstimulus pause was inserted between passages to allow subjects

appropriate time to produce a response during the experiment.

Procedure

Subjects were tested individually in a quiet room, in the subject’s home for
the RHD patients and in a laboratory setting for the control subjects. To ensure
that subjects were attending closely to the content of the priming scenarios, testing
was completed during two separate 30 minute sessions, half of the trials (n=48)
being presented during each visit.

Subjects were seated comfortably at a table with a directional microphone
(Sony ECM-909) placed 20 centimeters in front of their mouths. A small binder

containing the stimulus cards corresponding to each trial was placed on the table
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in front of each subject. Prior to testing, subjects were encouraged to listen
closely to the priming "stories” and then read what was written on the card in
front of them; priming contexts were presented free-field to each subject using a
Sony portable radio-cassette recorder. When reading errors or dysfluencies
occurred during the experiment, subjects were requested to repeat the sentence.
As well, subjects were informed that they were free to repeat their responses at
any time during the experiment if they were not completely satisfied with their
performance, although it is noteworthy that such "corrections" were observed
infrequently.

Whenever multiple productions occurred for the same trial, the final token
produced was always considered in subsequent analyses. Five practice trials
preceding the experiment helped subjects become acquainted with the procedure,
and although subjects occasionally commented that priming scenarios were
somewhat repetitious, they demonstrated little difficulty in performing the task.
All responses were recorded by a Sony (TCD-D3) digital audio tape recorder for

later analysis.

Acoustic Analyses

Subjects’ productions were digitized using the BLISS speech analysis system
(Mertus, 1989) at a sampling rate of 20 kHz, with a 9 kHz low-pass filter setting
and 12-bit quantization. The 96 utterances generated for each speaker were then

acoustically analyzed using the BLISS waveform editor. To appropriately
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characterize the linguistic- and emotional-prosodic distinctions of interest herein,
F, and duration measures were extracted at a number of points in each utterance.
As different aspects of prosodic structure tend to be associated with acoustic
alterations over various domains (e.g., the acoustic manifestation of focus tends to
be more localized within the speech stream than that of emotional content), both
"local" and "global" fluctuations in F, and duration were determined for each
utterance. In all cases, acoustic measures were determined on the vowel segment
at the point of interest, as consonants have been shown to be relatively unaffected
by prosodic highlighting (Brown & McGlone, 1974; Fry, 1955; Klatt, 1976).
Amplitude measures were omitted from the present analyses, in light of the
minimal significance accorded to these cues in several previous reports (Behrens,
1988; Bolinger, 1958; Morton & Jassem, 1965; Ross et al., 1988; Turk & Sawusch,
1996). For each utterance produced. the following acoustic measures were

derived:

"Local" Measures

1) Keyword Duration - to characterize temporal changes throughout the utterance,
the duration of the full vowel (transition and steady state) was determined on the
stressed syllable of each content word. Through both visual and auditory analysis
of the oscillographic display, boundaries were demarcated by placing cursors at
zero crossings at the onset and offset of periodicity corresponding to the vowel,

and the duration (in milliseconds) between the cursors was computed.
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2) Keyword F, - to characterize changes in F, throughout the utterance, the
fundamental frequency of the stressed vowel of each content word was computed.
In addition, the terminal portion of the F, contour (believed critical in signaling
distinctions in linguistic modality) was calculated within the final 150 msec of each
utterance. By means of visual inspection of the waveform, five contiguous pulses
were isolated at the centre of the vowel or within the final 150 msec of the
utterance by placing cursors at zero crossings. The inverted period of the five
pulses was then averaged to derive the mean F, (Behrens, 1988; Ouellette &

Baum, 1993).

3) Focus Accent - the extent of local fundamental frequency change associated
with sentence focus was determined at the two locations where items could
receive emphasis in Experiment 1: sentence-initially and sentence-finally. As
focused words were always bisyllabic, focus accent was calculated as the difference
between the mean F, of the initial stressed vowel (determined in (2) above) and

the mean F of the terminal portion of the second vowel (e.g., Ma-ry).

"Global" Measures
1) Speech Rate - as discrete emotions may be distinguished by differences in
speaking rate, speech rate was calculated as the number of syllables present

divided by the total sentence duration.
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2) Mean F, - the mean F, of each utterance was calculated as the average of all
F, values derived at keyword locations within the utterance including the
utterance terminal. Thus, four values contributed to the utterance mean for

short utterances, whereas five values contributed to the mean for long utterances.

3) F, Range - as F, range may be a particularly important feature in the
expression of emotion, the F, range of each utterance was computed as the
difference between the highest and the lowest F,values derived at all keyword

locations within the utterance including the utterance terminal.

Statistical Analyses

Acoustic measures were normalized prior to statistical analysis. To adjust
for inter-speaker differences in speaking rate, keyword duration values were
divided by the corresponding utterance duration for each speaker. To normalize
for differences in F, range between subjects, F; values (keyword F, utterance
terminal, utterance mean F,) were transformed to z scores within speakers using
the following formula: F, . = (F, - Fone.n)/ 5, Wwhere Fy; is the observed F, value,
Fomesa 1S the mean F; across all utterances produced by the speaker (both short
and long), and s is the standard deviation (Colsher et al., 1987; Gandour et al.,
1995). Measures of F, range (focus accent, utterance range) were normalized for
inter-subject differences in mean F, by dividing the range values by the mean F,

of the corresponding utterance for each speaker.
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RESULTS

The normalized data from Experiment 1 were examined statistically by
means of analysis of variance (ANOVA) techniques, independently for each
utterance length (short, long). Data derived for the two "short" items and the two
"long" items were collapsed within each condition prior to statistical inspection. In
reporting statistically significant effects, findings representative of the short and
long stimuli are presented concurrently, followed by exceptional patterns of
performance, where observed. Statistically significant effects were explored post

hoc using Tukey’s HSD procedure (p<.05), wherever appropriate.

1) Local "Keyword" Measures

Following Cooper, Eady and their associates (Cooper et al., 1985; Eady &
Cooper, 1986; Eady et al., 1986). measures of keyword duration and keyword F,
were computed to arrive at a comprehensive profile of acoustic change occurring
throughout the utterances elicited in Experiment 1. In addition, a measure of the
magnitude of F, change associated with focused items ("F, accent") was
determined at assigned keyword locations. By these means, the RHD patients’
proficiency at modulating prosody locally in sentences differing in affective mode
and overall length may be illuminated. As well, these data may prove insightful of
the acoustic interaction between highly localized and more gradual changes in

prosodic content in normal speech production.
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Data obtained for the keyword duration and keyword F; analyses were
explored using mixed ANOVAs in a full factorial design, performed separately on
utterances varying in length (short, long) and affect type (neutral, sad, happy,
angry) for a total of 8 distinct analyses per measure. For keyword duration, four
2X2X3X3and four 2 X 2 X 3 X 4 analyses were conducted for the short and
long stimuli, respectively. For keyword F,, four 2 X 2 X 3 X 4 and four 2 X2 X
3 X 5 ANOVAs were performed for the short and long stimuli, respectively. For
all 16 analyses, GROUP (NC, RHD) served as the between-subjects factor, and
MODALITY (declarative, interrogative), FOCUS (none, initial, final), and
KEYWORD position (defined below for each acoustic measure) served as the
repeated factors. Only the number of levels assigned to the KEYWORD factor
distinguished the analyses conducted on the keyword duration and keyword F,
data, depending on the leﬁgth of the stimulus and whether "terminal” measures
were extracted (these were computed only for keyword F,).

The results of keyword analyses are reported together for both sentence
lengths but individually according to affect type, to underscore potential
differences in each group’s ability to modulate local linguistic parameters as a
function of affective speaking mode. However, as many patterns in the stimuli
displayed properties independent of affective mode or sentence length for both
groups, effects characteristic of a/l stimuli are described in an initial section within

the discussion of each keyword measure.
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(1) Keyword Duration

Temporal Features Characteristic of All Stimuli

Keywords for which vowel durations were determined in short (three
keywords) and long (four keywords) utterances are reviewed in Table 2. The
outcome of the eight four-way (GROUP X MODALITY X FOCUS X
KEYWORD) ANOVAs performed on the keyword duration data pointed to
temporal distinctions common to all stimuli, irrespective of emotion type or
sentence length. Namely, all eight analyses produced significant main effects for
FOCUS? and KEYWORD, and a significant interactive effect of FOCUS X
KEYWORD (p<.05 in all cases--see Appendix A for individual F values). A
graphic display of the two-way interaction is presented in Figure 1 (a-b),

independently by sentence length (collapsed across the four emotions).

Table 2. Position of keywords in short and long utterances where vowel durations
were computed.

Kl K2 K3
"ShOl’t"
e.g., Mary sold the teapot
Kl K2 K3 K4
"Ipng"

e.g., Mary sold the teaeot for a dollar

’A main effect for FOCUS was marginally significant for short stimuli when angry

prosody was elicited (p=.055).
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Post hoc inspection of these interactions initially considered how
differences in focus location influenced vowel durations at each keyword position.
For sentence-initial position (K1), focused vowels were always significantly longer
than unfocused vowels (i.e., utterances with either no focus or sentence-final
focus). For the neutral stimuli (and short, sad stimuli), sentence-initial vowels
were also longer in tokens with no focus than those with focus located sentence-
terminally, indicating that focus produced toward the end of these stimuli was
anticipated through reduction in initial vowel duration.

In sentence-final position (K3 for short, K4 for long), focused items were
significantly longer than corresponding items in utterances with sentence-initial
focus for all eight analyses. Focused vowels in sentence-final position were also
significantly greater in duration than corresponding vowels in utterances without
focus, although again, this was only true for the neutral stimuli (short and long).
This pattern suggests that, despite similar overall patterns, focus expressed in a
neutral tone may have resulted in greater temporal distinctions in both sentence-
initial and sentence-final position than focus expressed in various affective tones.
Vowel durations at "intervening" keyword positions (i.e., those between sentence-
initial and sentence-final position) were invariably unaffected by differences in
focus placement.

Further exploration of these interactions looked at differences in keyword
durations within each level of focus. For all focus versions, adjacent keywords

always differed significantly in duration for both short and long utterances: Kl
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and K3 always exceeded K2 (which displayed the shortest durations overall): for
the long stimuli, K3 was always shorter than K4. However, as expected,
comparison of the two keyword positions in which focus was typically expressed
(sentence-initial and sentence-final) revealed different patterns of duration as a
function of focus location. This relationship is expressed in Figure 2 for both the
short and long stimuli.

For the short stimuli, sentence-initial vowels were significantly longer than
sentence-final vowels for utterances with initial or no focus. However, durations
in these two positions did not significantly differ when focus was produced
sentence-finally, suggesting that the absence of vowel elongation at the beginning
of utterances may have been important in signaling final focus for the short
stimuli. For the long stimuli, 2 somewhat different pattern emerged: the presence
of focus in either sentence-initial or sentence-final position always led to a
significant duration increase in that position relative to the unfocused position.
However, when utterances lacked focus. no consistent relationship was observed
between these two keyword durations (K1 did not differ from K4 for neutral and
sad prosody, and K4 exceeded K! for happy and angry prosody). These data
suggest that local changes in duration marked directly on focused items occurred
more frequently as utterances increased in length (review Figure 2 and see further
discussion below).

Other significant effects proved common only to the four analyses

performed on either the short or the long data. For short utterances but not long



Figure 2. Comparison of sentence-initial and sentence-final keyword durations for

the short and long stimuli.
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utterances, a significant interactive effect of MODALITY X FOCUS X

KEYWORD was always observed (p<.05 in all cases--see Appendix A). This
finding suggests that the interaction of focus location and keyword duration
(described above for both short and long stimuli) was further dependent on the
linguistic modality of utterances when sentences were relatively short. The three-
way interaction is depicted graphically in Figure 3.

Investigation of the interaction assessed how differences in sentence
modality influenced the relationship between keyword duration and focus location.
For declarative intonation, focused items were always significantly longer than
unfocused items (with sentence-final or no focus) when produced sentence-
initially. Moreover, sentence-initial vowels displayed reduced durations in
utterances with final emphasis relative to those without emphasis for three of the
four affect types (neutral, sad, angrv). On sentence-final keywords in declaratives,
vowels were always significantly longer when emphasized than when emphasis was
located in sentence-initial position. In general, the pattern described for short
declarative utterances reflects the overall relationship between focus and keyword
duration described for both short and long stimuli above.

Analysis of short utterances spoken with interrogative intonation yielded a
somewhat different outcome. Initial focused items were again signficantly longer
than unfocused items (with sentence-final or no focus) when produced at the
beginning of the sentence. However, differences in vowel length did not serve to

distinguish items with or without focus in sentence-final position when
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interrogative intonation was produced. These data suggest that the presence of
interrogative intonation may have constrained the subjects’ ability to modulate
temporal properties of sentence-final items when relatively short utterances were

produced (review Figure 3).

Neuwtral (Non-affective) Stimudi

The subjects’ ability to produce neutral prosody was of considerable
theoretical interest in the present study: these data served to demonstrate the
RHD patients’ capacity to modulate prosodic patterns in a non-affective context,
and permitted a re-examination of how differences in sentence modality and focus
location influence the acoustic form of neutral utterances for normal subjects
(Cooper et al., 1985; Eady & Cooper. 1986: Ryalls et al., 1994). Table 3 supplies
the mean normalized keyword durations computed for the neutral stimuli for each
group, as a function of sentence modality and focus location (by sentence length).

As may be seen, vowel durations tended to be greater in short utterances
than in long utterances for both groups irrespective of stimulus type. In addition
to significant effects common to all stimuli (described above), separate four-way
(GROUP X MODALITY X FOCUS X KEYWORD) ANOVAs performed on
the short and long data yielded a significant interaction of GROUP X
MODALITY X KEYWORD for the neutral stimuli [Fgyorr(2,36) = 4.22, p<.05:
Fiong(3,54) = 6.58, p=.001]. This interaction is illustrated in Figure 4,

independently for the short and long utterances.
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Table 3. Neutral Stimuli - Mean normalized keyword durations for the NC and
RHD groups as a function of sentence modality and focus location (by sentence
length).

K1 K2 K4

MARY  SOLD TEAPOT DOLLAR

Lengh  Group O D0 MO0 MO0 O

Initial 157 | 76 74J 94 | 101 T -

NC  Final "113 120 : 76 | 74 : 116 | 109 :r I

Short None u 133 114;r 80 | 79 1 106 104; - | -

Initial lbss 130 1 83 | 85 1100 [ 1121 — | -

RHD  Final [ 120 | 119 T87 81 1 128 | 120 f -
None | 138 | 127 Lﬁ_ 88 1 107 | 111 1 -- B

Initial [ 108 [104 1 48 [ 49 1 57 [ 62 1 69 | 79

NC  Final || 77 | 77 Ile 51 : 60 | 61 ; 88 | 85

None | 86 | 81 : 56 | 48 L 62 | 60 i 80 | 81

Long “Initial || 96 | 95 1 56 | 61 1 69 | 66 o1 [ o1
RHD  Final | 74 | 73 : 55 59j 63 | 62 J- 103 | 98

None | 84 | 82 E ss | 64 E 72 | 66 E o1 | 92

! !

1
Note: :.;=aeclaranve, : ! ;=mterrogat|ve. Calues were norma'tzea !01’ intra-

speaker differences in speaking rate and then multiplied by 1000 for ease of
presentation.

Comparison of each group’s performance as a function of keyword position
and sentence type indicated that for the short tokens, RHD patients produced
significantly longer vowel durations than normal subjects for all keyword items in

both modalities, except for sentence-initial items in interrogatives (which did not
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Figure 4. Interaction of group, sentence modality, and keyword position for the

(a) short and (b) long stimuli spoken in a neutral context.
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significantly differ between groups). Fewer group differences were noted for the
long tokens, although RHD subjects produced significantly longer durations than
normal subjects on sentence-final keywords (both declaratives and interrogatives)
and on items at two intervening positions (K3 for declaratives, K2 for
interrogatives). Keyword durations produced by the NC subjects did not exceed
those of the RHD patients for any comparison for either stimulus length.

Comparison of keyword durations at sentence-initial versus sentence-final
position within each group indicated that sentence-initial items were always
significantly longer than sentence-final items for the normal subjects, and for the
RHD subjects when producing short sentences. For long sentences, however, this
pattern was reversed for the RHD subjects, with vowels in sentence-final position
proving significantly longer than those in sentence-initial position. Items in
intervening positions always displayed significantly reduced vowel durations
relative to items in sentence-initial and sentence-final position for both groups.
Generally, differences in sentence modality were not reflected in significant vowel
duration differences at any keyword position for either group.’

Significant effects related specifically to the production of short or long
utterances also emerged. For short utterances, interactions of MODALITY X
KEYWORD [F(2,36)=6.84, p<.01] and MODALITY X FOCUS X KEYWORD

(reported in Appendix A) were observed: as described earlier, the three-way

‘Exceptionally, the RHD patients produced significantly longer vowels in sentence-

initial position for declarative as opposed to interrogative utterances, only for the short
stimuli.
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interaction constituted a temporal effect common to all short stimuli. As well,
interactions of GROUP X FOCUS [F(2,36)=5.2, p=.01], GROUP X FOCUS X
KEYWORD [F(4,72)=2.80, p<.05], and a four-way interaction of GROUP X
MODALITY X FOCUS X KEYWORD [F(4,72)=3.02, p<.05] emerged from the
analysis of the short stimuli. Figure 5 (a-b) depicts the four-way interaction,
independently by sentence modality.

Follow-up tests performed on the interaction indicated that for each group,
focused items were significantly longer than unfocused items in both sentence-
initial and sentence-final position when declarative intonation was produced.
However, for interrogative intonation (where focus is generally less distinctive in
short utterances based on vowel duration--see above), the NC subjects used
duration to distinguish focused and unfocused items only in sentence-initial
position. Right-brain-damaged patients failed altogether to produce significant
temporal distinctions to focus in either sentence-initial or sentence-final position
when producing interrogative intonation.

Finally, when long utterances were examined, significant effects of GROUP
[F(1,18)=6.63, p<.05] and GROUP X KEYWORD [F(3,54)=4.60, p<.01] were
produced. As described earlier (and as shown in Figure 2), this interaction
represented the RHD patients’ tendency to produce longer vowel durations in

sentence-final position than the NC subjects. overall.
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Figure 5. Interaction of group, sentence modality, focus, and keyword position for

short (a) declaratives and (b) interrogatives spoken in a neutral context.

s\\\m\\\\\ VORI 2 m

S S S S S s m
|

]

| L

g ¢ 8 8 8
(DEIN) NOLIVMNA TAMOA THZITVIHON NVIAN

so [ SO,

g

-4 - -t
(JESK) NOLILVHNA TAMOA THAZITVIHON NYIW

)
(b) INTERROGATIVE

>4

SN R




[ )

94
Sad Stimuli

Eliciting the experimental stimuli from subjects in various affective modes
was necessary to explore how emotional and non-emotional prosody are produced
in tandem by NC and RHD subjects; this design represents a departure from
previous studies in which keyword values were determined only for non-affective
stimuli (Cooper et al., 1985; Eady & Cooper, 1986: Ryalls et al., 1994). Keyword
durations computed for the NC and RHD subjects when utterances were spoken
in a sad context are provided in Table 4, as a function of sentence modality and
focus location (by sentence length).

In addition to "common” temporal patterns in the keyword data, analysis of
the sad stimuli produced a main effect for GROUP [F(1,18)=10.00, p<.01] and a
significant GROUP X FOCUS X KEYWORD interaction [F(6,108)=2.42, p<.05]
for the long utterances. Closer inspection of the interaction, displayed in Figure
6, indicated that the RHD patients signaled focus in sentence-initial position with
significantly shorter vowels than the NC subjects. Moreover, keywords
immediately following sentence-initial position (i.e., K2) were significantly
elongated by the RHD patients relative to the NC subjects when producing long
sentences, rendering initial focused items far less distinctive in the RHD subjects’

speech relative to that of the NC subjects.

“The RHD patients also produced significantly greater durations than the NC
subjects on penultimate keywords (K3) for utterances with final focus, and on sentence-
final keywords (K4) for utterances without focus.
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Table 4. Sad Stimuli - Mean normalized keyword durations for the NC and RHD
groups as a function of sentence modality and focus location (by sentence length).

K1 K2 K3 K4
MARY SOLD TEAPOT DOLLAR
Lengh Group Focus () 1) M1 () D10 O
__J._____L__.__._J_______L
Initial [ 152 | 154 | 76 | 73 | 89 | 96 | -- | --
] ]
NC Final 115|117+ 79 | 68 + 111 | 101 + - | --
—~+— + +
None 125 | 123 + 82 79 1+ 97 102 + -- -
Short - + + +
Initial N 149 | 133« 77 | 81 + 99 {112+ - | -
- —+ +
RHD Final [114 [ 118+ 8 | 82 1115|1181 - | --
None [[130 | 129+ 91 | 92 1109 [ 108 + - | --
L L 1
Initial [[104 | 108 + 48 | 43 | 59 | 59 | 74 | 78
1 i L
NC Final || 78 | 75 + 46 | 42 1+ 55 | 55 1 88 | 91
] 1 Ji
None | 8 | 8 149 [ 47 « 62 | 61 1 81 | 84
+ + +
Long Initial || 8 | 91 + S8 | 56 « 65 | 68 « 88 | 82
. 1 1
RHD Final || 8 | 80 157 | 57 166 | 67 1+ 96 | 95
None |83 |8 ! 56 |60 ! 69 [ 69 | 94 | 94
] I i
i

| |
NOICZ :.;=aeclarat1ve, “ ;=mterrogat1ve. ealues were normallzea !OI' intra-

speaker differences in speaking rate and then multiplied by 1000 for ease of
presentation.

Comparison of sentence-initial and sentence-final keyword durations for
the sad stimuli indicated that the NC subjects always lengthened vowels in the
position receiving focus relative to the alternate position, consistent with the
general pattern described for all long stimuli. In contrast, the RHD patients

produced this distinction only for items receiving focus sentence-terminally, thus
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failing to provide the normal cues to sentence-initial focus. It should be noted
that no group interactions were found in the analysis of sad stimuli when short

utterances were examined.

Happy Stimuli

Keyword durations calculated for the short and long utterances elicited in a
happy context are presented in Table 5, as a function of linguistic modality and
focus distribution. In addition to common effects (reported in Appendix A),
significant effects of GROUP [F(1.18)=8.14, p<.05] and GROUP X MODALITY
X FOCUS [F(2,36)=4.40, p<.05] were observed when long sentences were
elicited in a happy tone. Comparison of group performance as a function of
modality and focus location indicated that RHD patients produced significantly
greater vowel durations than normal subjects, overall, for four of the six
modality/focus combinations (declaratives with initial and final focus,
interrogatives with final and no focus). For only the RHD patients, keyword
durations averaged across the utterance tended to be greater in declaratives with
initial focus than in other declarative versions, or in interrogatives with final focus.
For only the NC group, long interrogatives with initial focus exhibited significantly
greater keyword durations than interrogatives with final focus, overall. Keyword
durations in utterances matched for focus location did not significantly differ as a
function of sentence modality for either group. Again, no group interactions

emerged from the analysis of happy stimuli when shorr utterances were elicited.
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Table 5. Happy Stimuli - Mean normalized keyword durations for the NC and
RHD groups as a function of sentence modality and focus location (by sentence
length).

K1 K2 K3 K4
MARY SOLD TEAPOT DOLLAR
Lengh Group Focus | () D1 (0 @1 () @10 O
—— 1
Initial | 151 | 142 | 81 | 68 + 97 | 98  -- --
1 [
NC Final [ 116 | 113« 72 | 69 : 119 | 115 1 - | -
— } %
None J121 | 12418 [ 8 (113 {1091 - | -
Short + + +
Initial || 142 | 134 + 90 | 83 1107 [ 108 1 - | -
— + —
RHD  Final | 118 [ 116 1 8 | 85 1117 [ 1151 ~ | -
Nome [122 122187 |8 117 )14 - | -
Initial || 103 | 101 1 49 | 49 | 59 | 63 | 78 | 84
+— } %
NC Final | 75 | 75 + 49 | 45 160 | 57 1+ 92 | 90
i H {
None || 81 | 8 155 | 48 1 66 | 65 1+ 8 | 86
-- + + -+
Long Initial || 94 | 96 + 64 | 58 + 74 | 67 1 95 | o4
L § 1
RHD Final || 77 | 79 1 62 | 59 + 67 | 66 1+ 98 | 99
None |80 | 84 ! 62|61 166 | 72! 94 | 97
1 ] i
| |

)
hote: z.;=3eclaratwe, EI.’;=mterrogat1ve. Ualues were normallzea !or Intra-

speaker differences in speaking rate and then multiplied by 1000 for ease of
presentation.

Angry Stimuli
Keyword durations computed for the short and long stimuli elicited in an
angry context are supplied for the two subject groups in Table 6, by sentence

modality and focus location. The (GROUP X MODALITY X FOCUS X
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KEYWORD) ANOVAs performed on the short and long utterances elicited in an
angry tone yielded interactions of MODALITY X KEYWORD [F(2,36)=7.14,
p<.01] and GROUP X FOCUS X KEYWORD [F(4,72)=2.98, p<.05] for the
short stimuli. The interaction of modality and keyword was discussed within the
consideration of the three-way (MODALITY X FOCUS X KEYWORD)
interaction described for all stimuli (reported in Appendix A). The interaction of
group, focus, and keyword is depicted in Figure 7.

Comparison of group performance as a function of keyword and focus
location established that the RHD patients produced significantly reduced vowel
durations relative to the NC subjects on focused sentence-initial items. No further
between-groups comparisons proved significant. The ability of each group to
employ duration to signal focus location at designated keyword positions revealed
further differences of note: although the NC group produced temporal distinctions
conforming to the pattern descnbed for short stimuli in general (i.e., initial
focused items were significantly longer than all corresponding unfocused items,
and final focused items were significantly longer than corresponding items in
utterances with initial focus), the RHD group produced relatively few distinctions.
Only focused items in initial position differed significantly from sentence-initial

items in utterances with final focus (see Figure 7).
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Table 6. Angry Stimuli - Mean normalized keyword durations for the NC and
RHD groups as a function of sentence modality and focus location (by sentence
length).

*

K1 K2 K3 K4
MARY SOLD TEAPOT DOLLAR
Length Group  Focus G O : G O E GO O : O E)
Initial {155 | 148 | 69 | 70 : 90 102§ - | -
NC  Final [112|117¢ 73 |68 + 117 [ 1131 - | -
b +— :
Short None 119 | 113 ; 73 79 —:r 108 | 107 i - --
Initial 141 | 128 + 79 80 + 98 113: -- --
RHD  Final [[ 112 | 109 i 83 | 77 tlzs 114 . - | -
None [ 129 | 1171 89 | 85 E 114 | 111 E - | -
Initial | 103 | 109 ;F 45 | 44 J. 57 | 60 T 77 | 77
NC Final | 77 | 77 « 44 | 44 : s4 | 57 IL90 84
None | 84 | 81 Er46 44j 59 | 61 T: 8s | 88
Long Initial || 95 | 95 T: 59 | s4 :r 68 | 66 T: 91 | 89
RHD  Final | 81 | 79 . 58 | 61 : 62 637101 101
None | 83 | 83 § 60 | 59 ; 73 | 68 5 95 | 93
! .

|
NOICI : ;=aeclaratxve, E ! ;=1nten'ogat1ve. Ua'ues were normahzeg !Ol' intra-

speaker differences in speaking rate and then multiplied by 1000 for ease of
presentation.

Effects arising solely from the analysis of long utterances included a
significant main effect for GROUP [F(1.18)=16.50, p=.001] and a significant
GROUP X KEYWORD interaction [F(3.54)=3.34, p<.05]. Inspection of the

interaction (presented in Figure 8) revealed that the RHD subjects failed to
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reduce vowels occurring immediately following sentence-initial position (i.e.. K2)
as much as did the normal subjects. This resulted in significantly greater
durations in this position for the RHD patients relative to the NC subjects. As
well, in contrast to the NC subjects, there were no significant duration differences

between intervening keyword items (i.e., K2 and K3) for the RHD group.

Summary of Keyword Duration Data

To summarize the major findings of the keyword duration data,
irregularities were noted in the production of prosodic stimuli by RHD patients
relative to non-neurological control subjects. In general, these abnormalities
could be characterized by the tendency of RHD patients to provide fewer (or
smaller) duration cues to emphasis contrasts than NC subjects. This pattern was
particularly (but not exclusively) true for long utterances, for which group effects
emerged for all four affect types (group interactions were evident only in the
neutral and angry contexts for short stimuli). Temporal irregularities were not
confined to the production of affective speech by the RHD adults, as difficulties
were consistently prevalent in the neutral context as well. More generally, it was
shown that short and long utterances place somewhat different demands on the
normal speaker vis-g-vis the temporal marking of linguistic focus, short utterances

involving temporal dependencies not necessarily localized to the focused item.
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(ii) Keyword F,

A point-by-point analysis of mean F, at designated keyword positions was
conducted to further explore each group’s capacity to produce prosodic
distinctions in various contexts. In addition to the keywords identified for
duration measures, the terminal F, of all utterances was additionally computed
(measured within the final 150 msec of the utterance). Table 7 summarizes the
location at which mean F, measures were extracted in the short and long stimuli.

The eight (GROUP X MODALITY X FOCUS X KEYWORD) ANOVAs,
performed separately for each affect type and for the short and long stimuli,
yielded a number of common effects. As before, F, patterns characteristic of all
stimuli are described initially, followed by patterns in the data that were uniquely

related to the production of prosody in specific affective modes.

Table 7. Position of keywords in short and long utterances where mean F, was
computed.

Kl K2 K3 K4
e.g., Mary sold the tea-pot

"Short"

K1 K2 K3 K4 K5
"Longl!

e.ﬁ., Mary sold the teaeot ior a dol-lar
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F, Features Characteristic of All Stimuli

The eight analyses performed on the keyword F; data each yielded the
following significant effectss MODALITY, MODALITY X KEYWORD, FOCUS
X KEYWORD, MODALITY X FOCUS, and MODALITY X FOCUS X
KEYWORD (p<.05 in all cases--F values are listed in Appendix x). The three-
way interaction is displayed graphically in Figure 9 (a-h) for the neutral (a-b), sad
(c-d), happy (e-f), and angry (g-h) stimuli, independently by sentence length.

Inspection of the three-way interaction first examined differences in mean
F, at adjacent keyword positions for specific combinations of focus and sentence
modality. For both short and long utterances, focus in sentence-initial position
led to a significant decrement in F, on all subsequent items when declarative
intonation was produced. When interrogatives were produced, however, focus in
sentence-initial position was marked for only one stimulus type (short utterances
with neutral prosody), in which case a significant rise was noted on all subsequent
items (Eady & Cooper, 1986; see Figure 9a). For utterances with sentence-final
emphasis, a significant rise in F, was observed on the focused item (K3 for short,
K4 for long) only in the case of short. declarative utterances (all four emotions). In
long utterances, sentence-final items were not marked by a significant rise in F,
while interrogative utterances (short and long) were marked in sentence-final
position for only one of the eight stimulus types (again, short neutral stimuli

displayed a significant rise in F, on the focused item--see Figure 9a).
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Figure 9. Interaction of sentence modality, focus, and keyword position for short
and long stimuli spoken in a neutral (a-b), sad (c-d), happy (e-f), and angry (g-h)
context.
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Finally, sentence terminals (K4 for short, KS for long) exhibited a
significant decrement in F; for declaratives and a significant increment in F, for
interrogatives, across stimulus types. Declarative intonation with sentence-initial
focus occasionally served as an exception to this pattern; for these contours, F,
was already relatively low preceding the terminal, resulting in non-significant
terminal drop in F; for certain stimulus types (i.e., neutral and sad stimuli, both
short and long--see Figures 9a-d).

Further exploration of the MODALITY X FOCUS X KEYWORD
interaction considered how differences in focus location were reflected in F,
differences at assigned keyword positions within declarative and interrogative
contours. For declarative intonation. subjects tended to set initial keywords (i.e..
K1) at a comparable F, level irrespective of focus position. Exceptionally, a
significantly higher F, was observed on initial focused items relative to matched
unfocused items when neutral declaratives were produced (short and long) and
when short, happy declaratives were elicited (cf. Eady & Cooper, 1986, for data
on neutral prosody). At intervening positions in declarative contours (K2 for
short, K2 and K3 for long), inter-stimulus differences reflected the low F, of
tokens with sentence-initial focus relative to the other two focus versions; by
sentence-final position (K3 for short, K4 for long), this tendency for sentences
with initial focus to exhibit lower F, than matched sentences without initial focus
was significant for all affect types and for both sentence lengths. In the case of

short neutral contours (which tended to exhibit the greatest number of distinctions
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in general), utterances without focus were also significantly lower in F; in
sentence-final position than utterances with focus in this position. Terminal
values did not differ as a function of focus placement for the declarative
utterances.

For interrogative contours, with one exception, significant differences in
mean F; did not distinguish the three focus versions at any keyword position, for
either the short or long utterances. The sole exception to this pattern was again
present in the data for short, neutral utterances; for this data set. interrogatives
with sentence-initial emphasis demonstrated a significant post-focus rise in F,
rendering these utterances higher in F, at the second keyword position (K2) when
compared to utterances with sentence-final emphasis. Otherwise, interrogative
contours elicited for the three focus types were very similar in F, characteristics.

Finally, declaratives and interrogatives matched for location of emphasis
placement were differentiated primarily at the utterance terminal, where
interrogatives were always significantly higher in F, than declaratives. Declarative
and interrogative sentences with sentence-initial focus were further differentiated
at each keyword position following emphasis production (interrogatives were

always higher in F; throughout), rendering these contours highly distinct.

Neutral (Non-affective) Stimuli
Mean F, values derived at each keyword position within short and long

utterances spoken in a non-affective context are provided in Table 8, by group,
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Table 8. Neutral Stimuli - Mean normalized F, values for the NC and RHD
groups as a function of sentence modality and focus location (by sentence length).

roup,

.)=ae

clarative, (-

=Interrogative.

| ]
[ I
i1 POT --
| l
Q)
—————
Initial 096 ; -1.81 | 0.85 | -2.59 -
_ | z <+ -
NC  Final {072 |-044 1073 | 044, 180 [042 y 222298, - | -
| 1 3 i
None I-086 | -063-1.03 |-017,-010 002 |-1.84 |297 , - | -
Initial || 058 | -0.13 | -153 | 040 | -1.80 | 0.83 | -246 | 2.77 | R
1 1 1 i
RHD Final [|-037 | 028 -061 [-042, 147 [ 082 ,-218 | 189 | - | -
1 1 L i
None [[-0.14 | 006 | -0xs | 042 | 065 | 140 ,-186 | 223 |, - | -
LONG SOLD 1 TEAPOT «+ DOL- '+ LAR
G  Focus (?) E () (M ! ¢ O ! G ; O ¢)
Initial || 1.09 | 058 | -1.30 | 0.60 | -149 | 0.79 | -1.84 | 036 | -2.31 | 248
1 i | ]
NC  Final |[-054 |-056, 0 | .033,-063] 042 021 |-058 ,-2.12 | 254
)i | | L
None ||-056 | 074 « -0ax | 002 | -06% | 0.17 | -043 | 097 | -1.87 | 2.69
——--—J -——-— -— - e - —.— - —————— —— e el - —— —— e —— ——
Initial 11037 ] 013 1 0%0 | 0.25 1 -1.00 | 0.43 | -1.24 | 0.06 1 -1.89 | 1.94
', ! + :
RHD Final [|-016 | 035 { 035 | .004 , -0.08 [ -001 | 038 [ 024 | -223 | 191
" A L L
1
None [-044 {025 1.049 [ 0011016 | 026 1059|0021 202 | 117
] | | |
i | I

F, range were normalized by subtracting the mean F, of all utterances produced
by the speaker from each keyword value. divided by the standard deviation.

sentence modality, and focus location. Separate (GROUP X MODALITY X

FOCUS X KEYWORD) ANOVAsperformed on the short and long stimuli each

produced the "common" effects described for all stimuli above (and reported in



>y

106

Appendix B) as well as effects unique to the neutral stimuli, but contributing to
these previously-described effects (main effects: FOCUS [Fgyorr(2,36) = 3.89,
p<.05; KEYWORD [F0r1(3.54) = 5.70, p<.01]. In addition, when long
utterances were elicited in a non-affective context, significant interactions of
GROUP X MODALITY X KEYWORD [F(4,72)=3.55, p<.05] and GROUP X
MODALITY X FOCUS X KEYWORD ([F(8,144)=3.61, p=.001] were uncovered.

Post hoc comparisons performed on the four-way interaction (displayed in
Figure 10 (a-d), independently by group and modality type) looked at group
differences in modulating emphasis and modality distinctions in long neutral
utterances as a function of keyword position. It was revealed that, contrary to the
NC subjects, the RHD patients failed to use F, in sentence-initial position to
differentiate among declarative utterances varying in focus location: normal
subjects set focused items at a significantly higher F in initial position for the
neutral stimuli, whereas RHD patients set all three focus versions at a uniform F,
level. (Note, however, that both groups displayed a significant post-focus drop in
Fy--compare Figures 10a and 10b).

Relatedly, in producing interrogative contours (Figures 10c-d), the RHD
patients did not mark sentence-initial focus with a significant F, rise following the
focused item, contrary to the NC subjects. Moreover, in sentence-final position,
interrogative contours produced by the NC subjects demonstrated distinct patterns
as a function of focus position (F, was significantly higher following initial focus

than when focus was lacking), whereas interrogatives elicited from the RHD
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Figure 10. Interaction of group, sentence modality, focus, and keyword position
for long stimuli spoken by the NC and RHD subjects as declaratives (a-b) and
interrogatives (c-d).
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patients displayed comparable F, characteristics across focus versions in sentence-
final position. These differences may have reduced the contrastiveness of the
stimuli elicited from the RHD subjects as a function of mean F,, particularly when
focus was located sentence-initially. Overall, mean F, did not vary significantly

between the two groups at a given keyword position, across stimulus types.

Sad Stimudi

The keyword F, data for the short and long utterances spoken in a sad
context are presented in Table 9. by group, sentence modality, and focus location.
Unique to the production of sad prosody, interactive effects of GROUP X
FOCUS [F(2,36) = 5.73, p<.01] and GROUP X MODALITY X KEYWORD
[F(3,54) = 3.95, p<.05] were found in the analysis of the short stimuli only. No
significant effects unique to the production of long stimuli in a sad context
emerged from this analysis.

Examination of the interaction between group and focus location indicated
that when producing short utterances in a sad tone, the mean (overall) F, of RHD
patients was significantly higher than that of NC subjects when sentence-final
emphasis was present. Moreover. the RHD group produced sad sentences with
final focus with a significantly higher overall F; than the other two focus versions,
although the NC group did not differentiate the three focus types as a function of

mean F,.
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Table 9. Sad Stimuli - Mean normalized F, values for the NC and RHD groups
as a function of sentence modality and focus location (by sentence length).

K1 ] K2 ' K3 ] K4 ] KS§S
SHORT MARY ! SOLD ! TEA- E POT ! --
G Fas () MO M0 M0 O
Initial ||-047 [-068 [ -1.60 | 030 | -1.67 | 049 | -2.07 | 2.68 E, - -
NC  Final [-042 [-073 082 | 087 Y om Jome an i - ] -
None |-0.40 070 {085 |08 | o |08 2 |2 - | -
niial |01 |05 T50 Joz0 Tam Tosz T 230 Jose T2 7277
RHD Final 1021 [ 021 057 |12 o3 |0 ;'.150 1.23} - -
None [l-050 o1t o | 0az 080 | 050 T207 |00 T - | -
[ LONG | MARY 1 SOLD T TEAPOT @ DOL T LAR
¢ Fas |0 10 A0 O i_(l_ e O
Initial || 0.13 [ 057 | -129 | 002 -1.27 | 0.15 | -1.57 | 042 | -2.05 | 1.52
NC  Final |04z |09 Tros [ 0se F g |01 050 | 069 1oz | 139
None 1056 |03 T 1m oo 076 | 056 o7 094 {oiss [ 170
Initial || 0.15 Ton T e Ton 11s o191 a0 | 205 | 154 |
RHD Final ||-035 | -0.38 {IFY™S VTRV FYYREPYTY prew j-zm 114
None |[-0.32 [ -0.29 Er.n,as 2.09 EL 0.16 | 034 gmo 012 [ -1.26 | 183
| | ' '
Note: roup, (. eclarative, ( =lnterr0gatlve. 1trerences in

F, range were normalized by subtracting the mean F; of a// utterances produced
by the speaker from each keyword value. divided by the standard deviation.

Exploration of the interaction among group, modality, and keyword F,,

displayed in Figure 11, indicated that the RHD group marked interrogation with a

significantly lower F, on the utterance terminal (K4) than the NC subjects when
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Figure 11. Interaction of group, sentence modality, and keyword position for
short stimuli spoken in a sad context.
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speaking in a sad tone. In addition, the F, of the RHD patients was significantly
higher in sentence-final position (K3) for interrogatives than declaratives, contrary
to the normal pattern, for which declarative/ interrogative distinctions were

produced only at the utterance terminal.

Happy Stimuli

Table 10 summarizes the keyword F, data collected for short and long
utterances spoken in a happy context for each subject group, as a function of
sentence modality and focus distribution. Significant effects specific to the
production of happy prosody did not emerge for the long utterances. However,
for short utterances, significant main effects were found for GROUP [F(1.18) =
7.96, p=.01] and KEYWORD [F(3,54) = 6.67, p=.001], and significant
interactions were found for GROUP X MODALITY X KEYWORD [F(3,54) =
5.79, p<.01] and GROUP X MODALITY X FOCUS X KEYWORD [F(6,108) =
2.45, p<.05]. Figure 12 (a-b) illustrates the four-way interaction graphically, by
sentence modality.

Inspection of these data indicated that when producing declarative
utterances in a happy tone, RHD patients again did not differentiate among the
three focus versions in sentence-initial position (NC subjects produced significantly
higher values on focused items). Moreover, the RHD patients did not raise F,
significantly to signal focus on sentence-final items, contrary to the NC subjects

(see Figure 12a). When producing interrogative intonation in a happy tone, RHD
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Table 10. Happy Stimuli - Mean normalized F, values for the NC and RHD
groups as a function of sentence modality and focus location (by sentence length).

K1 ! K2 K3 K4 KS

SHORT MARY E SOLD E TEA- E POT
G Fas|() 10 D10 10 O

Initial || 241 | -0.14 inss 0.70 | -052 | 1.37 | -2.06 | 3.05

l I

e = e — - — -

NC  Final H054 | 025 013 ]-024, 338 | 083 ,-1.78 | 421 | -- -
— + —
None 1051 | 023 1-046 | 056 , 220 [ 110 179 (375 + - | -
e e
Initial 105 | 012 -093 1034 ,-094 155 (-227 ] 18 | - -
+— + — 4
RHD Final 023 [-0031-003[-0.14, 156 | 098 |-142 {035 | - | -
1 1 1 . i
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F, range were normalized by subtracting the mean F, of a// utterances produced
by the speaker from each keyword value, divided by the standard deviation.

patients exhibited a significantly lower terminal F, than NC subjects for two of the
three focus types (no focus and sentence-final focus). Group differences in

terminal measures appeared to emerge as a result of the RHD patients’ failure to
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produce a significant rise in F, in this position for any of the three focus versions,

as measured between K3 and K4 (see Figure 12b).

Angry Stimuldi

Keyword F, values computed for the short and long sentences elicited in an
angry tone are supplied in Table 11, by group, sentence modality, and focus type.
Unique to the production of angry prosody, significant main effects of
KEYWORD [F(3,54) = 4.15, p=.01] and FOCUS [F(2,36) = 12.05, p<.001}, and
a significant interaction of GROUP X FOCUS [F(2,36) = 4.08, p<.05] emerged
for the short utterances. Exploration of the interaction revealed that the RHD
group produced angry utterances with sentence-initial focus with a significantly
lower F,, overall, than utterances with sentence-final or no focus. The NC group
did not differentiate the three focus types as a function of mean F,, when
considered overall. No differences in mean F, were present between-groups for
utterances matched in focus location.

For only the long stimuli. a significant GROUP X MODALITY interaction
emerged [F(1,18)=8.82, p<.01]. Comparison of the marginal means indicated
that both groups produced declaratives with a significantly lower mean F, than
interrogatives, overall, but that declaratives produced by the RHD patients
exhibited a significantly higher F, than those produced by the NC subjects

(interrogatives did not differ significantly for the two groups).
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Table 11. Angry Stimuli - Mean normalized F, values for the NC and RHD
groups as a function of sentence modality and focus location (by sentence length).

K1 K2 ; K3 ) K4 i
MARY 1 SOLD i TEA- + POT I -
i
) )

l !
G ) O OO
008 [-1.39 [ 055 | -1.06 [ 0.94 | -2.12 | 2.85
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- + 4 -
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1 | 1 ]
|
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] I I
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roup, (. ’
F, range were normalized by subtracting the mean F, of a// utterances produced
by the speaker from each keyword value, divided by the standard deviation.

Summary of the Keyword F, Data
In brief, analysis of each group’s ability to modulate mean F, on designated

keywords within short and long sentences uncovered prosodic irregularities in the
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utterances produced by the RHD patients. Generally, both RHD and NC
subjects produced patterns that resembled each other in overall shape; however,
the RHD patients tended to mark focus and (at times) modality distinctions less
consistently and with smaller F, excursions than the NC subjects. Moreover, the
RHD group produced fewer F, distinctions among contours differing in focus
location than the normal group when viewed across stimulus types. Generally, the
modulation of mean F, throughout an utterance was shown to depend highly on
the interaction between sentence position, focus location, and sentence modality

in speech production, irrespective of affective tone or sentence length.

(iii) E, Accent

To characterize the relative magnitude of F, change associated with content
words with and without focus (i.e., to identify the presence of a local "F, accent"),
F, range values within sentence-initial and sentence-final keywords (i.e., the range
in F, from first to second syllable within the keyword) were computed in both
short and long sentences. Table 12 presents the normalized data for the two
diagnostic groups as a function of emotional prosody, sentence modality, and

emphasis location within the utterance.
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Table 12. Extent of F, change ("F, Accent") associated with emphasis on
sentence-initial (K1) and sentence-final (K3/K4) keywords produced by the NC
and RHD subjects, as a function of emotional tone, sentence modality, and focus
location (by sentence length).
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Separate five-way (GROUP X EMOTION X MODALITY X FOCUS X

KEYWORD) ANOVAs performed on the short and long data each yielded a
main effect for GROUP [Fu0r1(1,18) = 5.97, p<.05: Fioyg(1,18) = 5.44, p<.05].
Closer inspection of these data indicated that the RHD patients produced
significantly less F, variation than the NC subjects on content words associated
with emphatic stress in the present expeniment; this finding suggests that the RHD
patients were restricted in the capacity to modulate short-term F,parameters for
prosodic signaling. Interactions with the group factor were not observed for the
short stimuli, but did emerge for the long stimuli (see below).

For both the short and long stimuli, significant three-way interactions of
EMOTION X FOCUS X KEYWORD [Fgqrt(6.108) = 5.35, p<.001;
Fiong(6,108) = 3.33, p<.01], MODALITY X FOCUS X KEYWORD
[Fsuort(2,36)=25.17, p<.001: F|,\;(2.36)=5.72, p<.01], and EMOTION X
MODALITY X FOCUS [Fgy0r7(6.108)=2.49, p<.0S; F 5y5(6,108) = 2.21, p<.05]
were witnessed. These effects are represented graphically in Figures 13, 14, and
15, respectively. Other statistically significant effects observed for the short and/or
long stimuli which contributed to the three-way interactions are reported in
Appendix C.

Follow-up tests performed on the EMOTION X FOCUS X KEYWORD
interaction (presented in Figure 13 (a-b) by sentence length) first compared the
magnitude of F, excursions produced on sentence-initial (K1) versus sentence-final

(K3 for short, K4 for long) keywords as a function of emotion and emphasis
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placement. For utterances without emphasis or with sentence-terminal emphasis,
sentence-final items (K3/K4) displayed significantly larger F, excursions than
sentence-initial items (K1) for all emotion types, in both short and long sentences.
In contrast, utterances characterized by sentence-initial emphasis displayed
comparable F, change at both K1 and K3/K4 for all emotion types. (This pattern
contrasts with that reported in the keyword duration data, where sentence-final/
emphasis appeared to be marked by an absence of acoustic differences between
sentence-initial and sentence-final items.)

Examination of differences in F, range at designated keyword positions
indicated that sentence-initial items (K1) displayed greater variation when focused
than when unfocused (i.e., than tokens with terminal or no focus) irrespective of
the emotional tone of the speaker, as expected. Exceptionally, short sentences
spoken in a sad tone were undifferentiated at K1 by F, range for utterances
varying in emphasis placement. The magnitude of F, accents produced at K1 did
not significantly differ as a function of the emotional tone of the utterance for any
of the three focus versions. On sentence-final keywords (K3, K4), F, range was
significantly reduced when focus was produced sentence-initially than when focus
was absent or produced sentence-terminally, for all four emotion types. For short
sentences elicited in a neutral and happy context, K3 range values were also
significantly larger when focus was present in this position than when focus was
absent in the utterance altogether. In contrast to sentence-initial items, the

magnitude of F, excursions associated with sentence-final items was shown to be
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influenced by the emotional mode of the utterance, happy sentences displaying
consistently larger range values sentence-finally than sad sentences (short and
long) and neutral sentences (long only) irrespective of focus location. Angry
stimuli also exhibited significantly larger F, excursions sentence-finally than sad
stimuli when sentences were long, and when short sentences were produced with
terminal emphasis. Finally, neutral stimuli displayed significantly larger F, ranges
in sentence-final position than sad stimuli only when short and long utterances
were produced with sentence-final emphasis (review Figure 13a-b).

The MODALITY X FOCUS X KEYWORD interaction is presented
visually in Figure 14 (a-b), independently for the short and long stimuli. Post hoc
exploration of this interaction indicated that the magnitude of F, variation
associated with sentence-initial and sentence-final keywords was strongly
influenced by sentence modality only when emphasis was produced sentence-
initially; for these tokens, K1 displayed significantly larger F, excursions than K3
or K4 when declaratives were elicited, but the opposite pattern was evident
(K3/K4>K1) when interrogatives were elicited. Similarly, interrogatives with
initial emphasis and sentences with final or no emphasis demonstrated
qualitatively similar patterns when the relative magnitude of F, change on select
keywords was considered (see Figure 14).

For both declarative and interrogative contours, focus at K1 was again
signaled by means of larger F, excursions than those produced in utterances

without focus in that position (which did not differ). At K3 or K4, however,
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focused items only demonstrated consistently larger F, excursions than matched
items contained in sentences with sentence-initial emphasis (which demonstrated
severely restricted F, ranges at K3/K4). The amount of F, change associated with
focus on sentence-final items could not be differentiated from that contained in
sentences without focus when interrogatives were produced (review Figure 14a-b).
The interaction of EMOTION, MODALITY, and FOCUS is conveyed in
Figure 15 (a-b), by sentence length. Closer inspection of these data suggested
that local F; accents were of significantly greater magnitude in happy utterances
than in sad utterances for the majority of stimulus types (4/6 versions for short
stimuli, 5/6 versions for long stimuli). Utterances elicited in an angry tone also
tended to be associated with greater F, change on content words than those
elicited in a sad tone, a pattern true for half of the short and long tokens.
Further differences among the stimuli did not point to systematic tendencies,
although it is noteworthy that differences (where noted) always reflected the
general relationship among the four affect types inasmuch as long-term measures
of F, variation are concerned (reported in detail below). These findings suggest
that the magnitude of F, accents underlying linguistic focus are often influenced
by the emotional mode of the speaker. larger F, accents being associated with
emotions characterized by greater long-term variation in F, (e.g., happy, angry).
The emergence of a significant four-way interaction (EMOTION X
MODALITY X FOCUS X KEYWORD [F(6,108)=2.38, p<.05]) for only the

short stimuli reinforces earlier observations (in the keyword duration and F, data)
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that short intonation contours tend to display greater acoustic interaction among
the independent prosodic forms when encoded concurrently. Investigation of the
relationship among these four variables suggested qualitatively similar patterns to
those described in detail in the discussion of three-way interactions and do not
merit further comment (review Figures 13, 14, 15).

For only the long stimuli, interactive effects of GROUP X FOCUS X
KEYWORD [F(2,36)=4.26, p<.05] and GROUP X EMOTION X FOCUS X
KEYWORD [F(6,108)=2.34, p<.05] reached statistical significance. Inspection of
the four-way interaction revealed that the proportion of F, change associated with
K1 relative to K4 did not differ in the productions elicited from the RHD and NC
subjects across stimulus types. However, for all three focus versions, the RHD
patients produced smaller F; excursions than the normal subjects on content
words contained in happy sentences (as well as one version of neutral sentences).
This finding suggests that happy prosody may have posed a particular challenge to
the RHD speakers, affecting the normal extent to which F; variation could be
employed to signal emphasis at the word level for these stimuli. Finally, at
designated keyword positions, the RHD patients again demonstrated a tendency
to produce fewer distinctions among stimuli differing in focus location than the
normal subjects. This trend was especially pronounced at K1, where the RHD
patients failed to produce the normal pattern of increased F, variation when focus
occurred in this position as compared to when focus was absent or placed

sentence-terminally (review Figure 14 for the overall pattern).
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2) Global Measures

In Experiment 1, three measures were derived to characterize acoustic
change occurring throughout short and long utterances as a whole: speech rate,
mean F;, and F, range. These features are believed to be especially pertinent to
the expression of emotional prosody (e.g., Bolinger, 1978; Scherer, 1986).
Accordingly, emotion type was considered directly within the analyses performed
on the three "global” acoustic measures: for each (speech rate, mean F,, F, range),
separate 2 X 4 X 2 X 3 mixed ANOVAs in a full factorial design were performed
on the data derived for short and long utterances. Group membership (NC,
RHD) constituted the between-groups factor, and EMOTION (neutral. sad,
happy, angry), MODALITY (declarative, interrogative), and FOCUS (none,
initial, final) served as the within-subjects variables for each analysis. As before,
effects common to both the short and long stimuli are reported first for each of
the three measures, followed by a description of effects attributable to only the

short or long stimuli in each case.

(i) Speech Rate

To establish whether differences in rate of articulation were consistent with
distinctions in prosodic content, the number of syllables contained in each short
and long utterance was divided by the total utterance duration to arrive at an

indication of syllables spoken per second. These data are illustrated in Table 13
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for each sentence length, as a function of emotion type, sentence modality, and

focus location (by group).

Table 13. Mean speech rate (syllables/second) for the NC and RHD groups as a
function of emotion type, sentence modality, and focus location (by sentence
length).

Initial [/ 4.80 | 3.89 | 454 | 4.33 1 4.64 | 4.06 | 433 | 4.27
l

Declar Final [[4.85 [3.57 | 4.40 | 4.06 1 468 | 3.99 | 4.28 | 4.15
— 1

None [[497 (393 | 468 [ 401 1445|407 438|424
|

Short +
Initial [ 4.50 {3.93 [4.27 [ 4.36 1 4.10 | 4.13 | 4.23 | 4.10
I
Inter Final 4431362 143514191434 1409|441 ] 4.25
None | 443|394 | 455 420 1 436 | 4.16 | 4.46 | 4.24
1
Initial || 555 | 4.44 | 5.02 | 4.79 1 5.36 | 482 | 5.29 | 5.05
{
Declar  Final |[5.17 | 4.25 | 5.03 4.71?5.19 4385 | 5.11 | 5.04
Nome (546|457 (502 (4731500487 (513|492
Long +

Initial ||5.16 | 4.54 | S.08 | 5.00 1 492 {457 | 496 | 4.78
}

Inter Final |5.15 | 4.46 | 495 | 4.69 1 5.06 | 4.86 | 5.17 | 4.99
4

None 4.52 :r 5.32

The ANOVAs performed on the speech rate data for short and long

sentences yielded several common effects. Namely, a significant main effect of

EMOTION [Fgorr(3:54)=44.92, p<.001: F, ona(3.54)=41.12, p<.001] and a
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significant interactive effect of EMOTION X FOCUS [Fg,orr(6,108)=3.05, p<.01;

Fong(6,108)=2.66, p<.05] emerged in both analyses. Post hoc inspection of the
interaction (presented in Figure 16) indicated that for both the short and long
stimuli, neutral and happy prosody (which did not significantly differ) were
produced at a significantly faster rate than sad prosody, and neutral prosody was
spoken significantly faster than angry prosody, irrespective of focus location within
the utterance. Happy sentences were also significantly faster than angry sentences
when utterances lacked focus, and angry sentences were faster than sad sentences
for two of the three focus conditions (sentence-initial and sentence-final focus).
Speaking rate of utterances spoken in a given affective mode did not differ
significantly as a function of emphasis location in any case.

A further interaction between GROUP and EMOTION
[Fsuort(3,54)=7.80, p<.001; Fo\(3.54)=6.64, p=.001] is illustrated in Figure 17.
Follow-up tests established that the RHD patients produced sad prosody at a
significantly higher rate than the NC subjects, for both short and long sentences.
No other group differences emerged as a function of emotion type. Examination
of each group’s ability to use speech rate to differentiate the four emotions
suggested that for the NC group, neutral and happy prosody were both produced
significantly faster than angry prosody. which in turn was produced significantly
faster than sad prosody. For the RHD group, however, fewer distinctions were

evident; neutral and happy prosody were produced significantly faster than sad



Figure 16. Interaction of emotion and focus for the short and long stimuli.
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Figure 17. Interaction of group and emotion for the short and long stimuli.
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prosody, but angry prosody did not significantly differ in rate from either neutral,
happy, or sad prosody.

For only the short stimuli, an EMOTION X MODALITY interaction was
further observed [F(3,54)=12.42, p<.001]. Post hoc comparisons indicated that
for declaratives collapsed across groups, all four emotions could be distinguished
in terms of speech rate; neutral was produced significantly faster than happy,
happy exceeded angry in rate, and angry exceeded sad in rate. For interrogatives.
significant rate differences were evident only between sad prosody (slowest) and
neutr !, happy, and angry prosody (which did not significantly differ). Only
neutral prosody differed in rate as a function of linguistic modality, neutral
declaratives being produced significantly faster than neutral interrogatives.

Finally, for only the long stimuli, significant interactions of MODALITY X
FOCUS [F(2,36)=4.54, p<.05] and GROUP X MODALITY X FOCUS
[F(2,36)=4.57, p<.05] were noted. Inspection of the three-way interaction yielded
few significant comparisons of note; RHD patients produced declarative
utterances with sentence-final focus significantly faster than NC subjects, and for
the RHD patients only, sentences with initial focus were spoken significantly

faster as declaratives than as interrogatives.

(ii)) Mean F,
Mean (normalized) F, values computed for the short and long utterances

elicited from each subject group are presented in Table 14, as a function of
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Table 14. Mean F, of short and long utterances produced by the NC and RHD
groups as a function of emotion type, sentence modality, and focus location.

_1
Declar  Final " 046 | 089 | 052 |-023  -042 |-042 | 0.

i

0.14 | -051 | -087 |-1.06 | -0.16 | 0.13
-

125 | 1.11 , 097 | 0.44 | 1.00 | 0.38

—
1.14 | 068 ; 058 | 041 0.29 | 0.65
/]

. 141 | 098 ; 1.04 | 031 | 049 | 086

C315 1 1 1ok Lnea ' oot 1111 |
Initial -1.17 | -1.26 |-0.26 | -083 | -091 }-1.11 }-042 | -0.36

Initial |[-1.42 | -145 [ 018 | -1.06 | -1.30 | -1.39 | -0.77 | -1.05
09

-0.15

Declar Final -0.76 |-096 { 0.11 |-034 ;-051 |-0.73 | 0.21 -0.11

None 084 1-093 | 029 | -052

-0.74 | -0.58 | 0.01 0.11

Initial 073 | 0.09 | 1.09 I.

8

056 | 031 0.79 | 0.90

Inter Final 0.13 | -0.18 0.54 0.57

None

nter= nterrogatlve appy.
A=Angry. Inter-subject differences in F, range were normallzed by subtracting
the mean F, of a/l utterances produced by the speaker from each value, divided by
the standard deviation.

emotion type, sentence modality, and emphatic stress location. Four-way
(GROUP X EMOTION X MODALITY X FOCUS) ANOVAs, performed
separately on the short and long data. each yielded significant main effects for
EMOTION [Fi0r1(3:54)=13.82, p<.001: F|oy5(3,54)=17.48, p<.001] and

MODALITY [Feorr(1.18)=188.68, p<.001: F,ous(1,18)=165.61, p<.001], and a
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significant EMOTION X MODALITY interaction [Feyorr(3.54)=8.57, p=.001;

Frong(3.54)= 12.79, p<.001].

Follow-up tests performed on the interaction established that for
declarative intonation, happy prosody was produced significantly higher in F,than
neutral, sad, and angry prosody, and angry prosody was significantly higher than
neutral and sad prosody. For interrogative intonation, fewer distinctions were
present as a function of mean F,, although sad prosody consistently exhibited a
significantly lower F, than happy, angry, and neutral prosody (which did not differ
significantly). Neutral prosody was also significantly lower in F, than happy and
angry prosody for interrogatives. Interrogatives were always shown to be
significantly higher in mean F, than declaratives for all emotion types.

A significant MODALITY X FOCUS interaction was also found for both
the short and long stimuli [Fgyor(2.36)=45.47, p<.001; F| ong(2,36)= 20.49,
p<.001]. This interaction, for declaratives, was explained by a significantly lower
F, in utterances containing sentence-initial focus relative to the other two focus
versions (sentences with sentence-initial focus displayed uniformly low F, values
on all keywords following the focused item). For short stimuli, utterances without
focus were also significantly lower in F, than utterances with sentence-final focus.
In comparison, interrogative sentences with sentence-initial focus were always
significantly higher in mean F, than sentences with terminal focus; (for long
stimuli, sentences with initial focus were also higher than sentences without focus).

Generally, these results reflect the diverging contours described for declaratives
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and interrogatives when sentence-initial focus is present, described earlier in the
discussion of keyword F,,.

Several interactions reached statistical significance only for the production
of short sentences. These were: GROUP X EMOTION [F(3,54) = 3.19, p<.05],
GROUP X FOCUS [F(2,36) = 3.75, p<.05]), EMOTION X FOCUS [F(6,108) =
2.23, p<.05}], and GROUP X EMOTION X FOCUS [F(6,108) = 2.79, p<.05].
Closer inspection of the three-way interaction (displayed in Figure 18a) indicated
that the RHD patients produced happy prosody with a significantly lower mean F,
than the NC subjects for two of the three focus versions (sentence-final and no
focus). No between-group differences were observed in the production of neutral,
sad, or angry prosody as a function of emphasis placement.

The ability of each group to differentiate discrete emotions based on mean
F, was additionally shown to vary: although normal subjects always expressed
happy prosody with a significantly elevated mean F, relative to that of neutral and
sad prosody, the RHD patients elevated the F; of happy sentences only when
compared to sad sentences, and then only in one context (when sentence-initial
focus was present)’. These findings suggest that the RHD patients may have been

disturbed in setting F, at a level appropnate to happy prosody when producing

The NC subjects also produced significantly higher mean F, values for the
following emotions: happy relative to angry (final focus). angry relative to sad (final and
no focus), and neutral relative to sad (final focus). The RHD patients also produced
angry prosody with significantly higher F, than sad prosody in one context (utterances
without focus).
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Figure 18. Interaction of (a) group, emotion, and focus for short stimuli, and (®)
group, emotion, and sentence modality for long stimuli.
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short sentences, leading to a reduction in the contrastiveness of the four emotions
in terms of mean F,,.

Finally, analysis of mean F, for only the long stimuli revealed a significant
interaction of GROUP X EMOTION X MODALITY [F(3,54)=3.30, p<.05],
shown graphically in Figure 18b. Between-groups, this interaction was explained
by the significantly higher F; at which angry prosody was produced by the RHD
group relative to the NC group for declarative utterances. Perhaps more
importantly, the capacity of each group to express F, distinctions among the four
emotions varied considerably as a function of sentence modality for the long
utterances. Although both groups were relatively successful at differentiating the
four emotions when produced in conjunction with declarative intonation (happy
and angry prosody were both significantly higher in F, than sad and neutral
prosody for both groups, and happy was higher than angry for the NC group),
almost no emotional distinctions were produced by the RHD group in conjunction
with interrogative intonation. Only mean F, for angry prosody exceeded sad
prosody for the RHD patients when interrogatives were produced, whereas the
NC subjects distinguished significantly among three of the emotions (i.e., happy,
angry, and neutral were elevated in F, relative to sad, and happy was elevated in

F, relative to neutral).
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(i1i) F, Range

Normalized F, range values produced by each group for the short and long
stimuli are supplied in Table 15, as a function of emotional mode, sentence
modality, and focus location. Separate (GROUP X EMOTION X MODALITY
X FOCUS) ANOVAs performed on the short and long data each produced
significant main effects for GROUP [Fg,0r(1.18)=5.33, p<.05; F|ong(1.18)=5.00,
p<.05] and EMOTION [Fg0rr(3.54)=17.14, p<.001; F o\s(3.54) = 18.02,
p<.001]. The group main effect was explained by the significantly smaller F,
range produced by the RHD patients across stimulus types relative to the NC
subjects. The emotion factor interacted with other variables in both the short and
long analyses and is described below.

Both analyses additionally yielded a significant MODALITY X FOCUS
interaction [Fgyorr(2,36)=7.80, p<.001: F{ys(2,36)= 11.46, p=.001]. For both
the short and long sentences, F, range was shown to be significantly larger in
declaratives with initial focus relative to those without focus. By comparison, F,
range was significantly smaller in interrogatives with initial focus relative to those
with final focus. These data suggest that emphasis produced at the beginning of
utterances exerts a substantial influence on the amount of F, modulation

permitted after the focused item.
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Table 15. Mean F, range of short and long utterances produced by the NC and
RHD groups as a function of emotion type, sentence modality, and focus location.

NC . RHD
s|ula ' N|s|ula
Toaar |08 |01 098 [ 073 | 068 [045 069 [058
Declar  Final [0.84 [0.53 | 095 | 0.75 Eo.ss 0.49 |0.69 |0.63
Nome [0.53 {0.55 [0.83 [0.65 1051 [0.38 |0.68 [0.50
Initial [|0.63 | 0.58 [0.77 | 0.58 1 0.56 |0.43 | 0.64 | 0.46
Inter  Final {0.75 [0.66 {091 |0.82 1064 |0.45 |0.61 |058
None 081|061 [0.80 0.74 10.58 | 0.44 | 0.56 | 0.61
" Initial |0.87 | 0.51 | 1.01 |0.73 1051 [ 0.48 | 0.60 | 0.60
Declar  Final [[0.61 | 0.53 [0.77 | 0.66 50.55 0.51 |0.62 | 0.59
Nome [[0.48 |0.43 [0.83 [0.70 1 0.50 [ 0.42 | 0.59 {0.56
Long Initial =Iro.m 0.58 | 0.77 0.64T0.56 0.47 [ 0.57 [ 0.48
Inter Final ||0.81 0.59 | 0.91 0.79T0.65 0.42 | 0.64 |0.64

L
0.81 | 0.84 | 0.57

clarative, Inter=Interrogative, ad, appy.
A=Angry. Range values were normalized for inter-subject dlfferences in mean F,
by dividing the F, range of each utterance by its mean F,, for each speaker.

Short

+

+

+

For only the short stimuli. a significant main effect of FOCUS
[F(2,36)=5.00, p=.01](described above within the interaction of focus and
modality) and a significant interaction of EMOTION X MODALITY
[F(3,54)=3.45, p<.05] were noted. Post hoc exploration of the interaction
(presented in Figure 19) indicated that for both declaratives and interrogatives,

sad prosody was distinct in its significantly restricted F, range relative to the other



Figure 19. Interaction of emotion and sentence modality for short stimuli.
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three emotions. Happy prosody also exhibited a significantly larger range relative
to angry prosody for both modality types, and relative to neutral prosody for
declaratives. Comparison of range values in matched declarative and interrogative
sentences suggested that only happy prosody differed as a function of sentence
modality, range values proving significantly constrained when spoken as an
interrogative as compared to a declarative (see Figure 19). No interactions with
the group factor were noted for the production of the short stimuli.

Finally, for only the long stimuli, the following significant effects were
observed: EMOTION X FOCUS [F(6,108)=2.80, p<.05], EMOTION X
MODALITY X FOCUS [F(6.108)=3.83, p<.01], GROUP X MODALITY X
FOCUS [F(2,36)=3.84, p<.05], and GROUP X EMOTION X MODALITY X
FOCUS [F(6,108)=2.82, p<.05]. Inspection of the four-way interaction
(presented in Figure 20 (a-d), by emotion) revealed that the RHD patients
produced significantly restricted F, ranges for four of the six versions of happy
prosody (declaratives with initial and no focus, interrogatives with initial and final
focus--see Figure 20c) when compared to the normal subjects. As well, the RHD
group produced less F, variation than the NC group in one version of neutral
prosody (declaratives with initial emphasis--Figure 20a) and one version of angry
prosody (interrogatives without focus--Figure 20d). The RHD patients did not
surpass the NC subjects with respect to F, range for any comparison in these data.

These findings complement those reported for F, accent and mean F; measures,
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demonstrating that RHD speakers exhibited a select deficit in modulating the F,

correlates of happy prosody relative to normal speakers.
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AN [l R

(=] [ = ] o
(ZH) ADNVY OA QAZTIVIVION



~d

5
1Y U E——
03

*
«Q 7. 3
kg a

v S
(ZH) IONVY 04 QAZITVIRION

qQ r~ P :_u
[~ Py = Q
(zH) ADNVH 04 QAZITVIRION

(c) BAPPY
1
0.9

0.4 +
0.3
(d) ANGRY
1
0.9



()

132
DISCUSSION

Disparate conclusions in the literature about the right hemisphere’s role in
encoding speech prosody may reflect, in part, myriad experimental approaches
undertaken to investigate this question. When viewed across studies, differences
in the length, complexity, and functional attributes of prosodic patterns elicited
from RHD patients have led to conflicting views about the right hemisphere’s role
in prosodic processing (e.g., Behrens. 1989: Ross, 1981; Shapiro & Danly, 198S:
Van Lancker & Sidtis, 1992). This uncertainty is compounded by the suggestion
that different structural properties of tone and non-tone languages may further
determine right hemisphere participation on prosodic tasks (Ross et al., 1988:
Gandour et al., 1995). Delineating the capacity of RHD native English speakers
to modulate prosody when multiple distinctions--both linguistic and emotional,
and those encompassing both "local” and "global" acoustic domains--are present
concurrently represents an initial attempt to understand the interactive influence of
these prosodic dimensions on right hemisphere function. These data may
illuminate elements of prosodic structure sensitive to right hemisphere
compromise in speech production. shedding light on previous hypotheses of
prosody lateralization (Behrens, 1989: Ross, 1981: Van Lancker & Sidtis, 1992).

Emphatic stress cues, although manifest locally at the word level, are
encoded and perceived as a relative measure of acoustic change occurring

throughout a sentential unit (e.g.. Bolinger. 1961: 1978). Typically, alterations in
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both the duration and F, characteristics of focused syllabies contribute to
emphatic highlighting in speech (Behrens, 1988; Cooper et al., 1985). The success
of RHD patients in using these parameters to signal focus was investigated by
computing duration and F, measures at key sites located throughout the tokens
elicited in Experiment 1. In this manner, both the relative magnitude and
direction of acoustic change implemented by the RHD and NC subjects could be
monitored at strategic points in their utterances.

As noted on frequent occasions in the present results, the use of both
duration and F, cues in emphasis was highly dependent on differences in focus
position, sentence modality, and utterance length (discussed below). Despite this
natural variability, the production of emphatic stress by the RHD patients
patterned in a relatively similar manner to that of the normal subjects for both
duration and F; in many important respects. For example, emphasized vowels in
both sentence-initial and sentence-final words tended to be longer in duration
than matched vowels without emphasis for both groups (Behrens, 1988; Cooper et
al., 1985; Eady & Cooper, 1986: Ouellette & Baum, 1993). As well, vowels
located in "intervening" words were always reduced in duration relative to those in
sentence-initial and sentence-final positions for both the RHD and NC groups.

The use of mean F, in signaling emphasis also proved comparable for the
NC and RHD subjects in many respects: for example, both groups produced a
large post-focus drop in F, subsequent to sentence-initial words in declarative

utterances (Cooper et al., 1985; Eady & Cooper, 1986). Thus, despite certain
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irregularities in their speech (discussed below), the RHD patients’ qualitatively
normal use of duration and F, to signal focus across a wide variety of stimulus
types (a corpus of nearly 1000 utterances was scrutinized for each group) suggests
that knowledge of emphatic stress production was largely spared in the current
RHD sample (Behrens, 1988; Ouellette & Baum, 1993). This result is interpreted
as evidence of minimal right hemisphere involvement in the processes that encode
linguistic stress features at the word level, as hypothesized previously (Behrens,
1988, 1989: Emmorey, 1987: Van Lancker, 1980).

Not all research is harmonious with the conclusion that emphatic stress
production is largely spared in patients with unilateral right-hemisphere
dysfunction. However, those investigations reporting disturbed production of
emphatic stress in RHD patients are conspicuous in their analysis of relatively few
expenmental stimuli, and their reliance on auditory-perceptual ratings (rather than
acoustic analysis) to determine the presence of a prosodic deficit (Brddvik et al.,
1991; Bryan, 1989; Weintraub et al., 1981). As suggested by Behrens’ (1988) data,
the production of "normal” acoustic cues to emphasis by RHD patients may not
always be reflected in emphasis cues that are of normal perceptual saliency to the
listener; this discrepancy between the physical stimulus and its auditory percept
may have led to divergent claims in the literature from studies employing acoustic
versus perceptual evaluation procedures. Indeed, the current finding that F,
accents on focused items, although appropriate in general shape and direction

between the two groups, were significantly reduced in overall magnitude when
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produced by the RHD patients (group main effect) demonstrates that emphatic
stress cues were not enzirely normal in the clinical sample. These differences, if
subjected to perceptual evaluation, could well prove compatible with the listener’s
impression of reduced or impaired emphasis production by the RHD speakers, as
suggested previously (Bradvik et al., 1991; Bryan, 1989: Weintraub et al., 1981).

Further abnormalities in the production of emphatic stress cues by the
RHD patients were occasionally noted. In general terms, these irregularities were
characterized by inconsistent use of specific acoustic features across stimulus
types, and reduced acoustic distinctiveness within the stimulus sets produced by
the RHD patients. For example. RHD patients failed at times to lengthen initial
focused vowels or raise their F; to the extent displayed by normal subjects (see
Ouellette & Baum, 1993, for similar trends in the use of duration). Furthermore,
utterances varying in focus location tended to be less distinct with respect to
duration and F, at keyword positions where emphatic contrasts are typically most
salient (i.e., sentence-initial and sentence-final for the current study) for the RHD
speakers relative to normal speakers. Curiously, this trend was especially
prevalent when interrogatives were elicited from the RHD patients, in which case
differences in focus distribution were often completely unmarked by the two
acoustic parameters at designated positions within the stimuli.

Thus, despite resembling normal speakers in the general manner in which
duration and F, cues were manipulated to mark linguistic focus, RHD patients

tended to exploit fewer normal cues to emphasis in their productions (Behrens,
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1988; Hird & Kirsner, 1993). This pattern points to quantitative differences
between the RHD and NC groups in implementing duration and F, to signal
linguistic focus, differences potentially exacerbated by the (assumed) increased
processing demands of encoding interrogative intonation simultaneously. Again, it
is unclear whether these acoustic irregularities would reduce the normalcy of the
RHD patients’ emphatic stress tokens when examined from the listener'’s
perspective (see Behrens, 1988, for a discussion of this point). Work currently
underway seeks to correlate the acoustic data reported herein with auditory-
perceptual evaluations of the RHD patients’ speech.

In addition to emphatic stress, analysis of keyword measures provided data
on the RHD patients’ ability to produce sentence modality distinctions, that is, to
contrast declarative and interrogative utterances acoustically. Examination of the
normative data reported herein indicates that these two illocutionary modes were
distinguished reliably by the direction of F, fluctuation observed in the final 150
milliseconds of the utterance, interrogative contours exhibiting a marked rise in F,
versus a terminal decline for declarative contours (Behrens, 1989; Eady & Cooper,
1986; Ohala, 1984; Studdert-Kennedy & Hadding, 1973). However, sentence
modality markers were also prevalent at points preceding the terminal; most
notably, for sentences with sentence-initial focus, the direction of the post-focus F,
excursion corresponded to the marked (interrogative) or unmarked (declarative)
direction of the F, terminal (Eady & Cooper. 1986). When emphasis did not

occur sentence-initially, acoustic comparisons at specific points of declarative and
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interrogative contours were less instructive; however, a tendency to produce "non-
falling” contours for interrogative utterances was generally observed (Behrens,
1989). This trend frequently rendered interrogatives significantly higher in F, than
declaratives in the latter half of the utterance (Hadding-Koch & Studdert-
Kennedy, 1964; Majewski, 1968). These data reaffirm that, despite the recognized
importance of terminal F, in signaling modality distinctions, the acoustic
concomitants of modality specifications are encoded very early on in sentence
production, and are highly inter-dependent on other prosodic features in the
signal such as emphatic stress (Eady & Cooper, 1986; McRoberts et al., 1995).

In keeping with the emphatic stress data, declarative and interrogative
contours elicited from the RHD patients described herein were generally
reflective of normal patterns of cue usage, with some exceptions. Although the
RHD patients demonstrated consistent use of F; in differentiating declaratives and
interrogatives at the utterance terminal (interrogatives were always significantly
higher in F, than declaratives), their ability to encode interrogative contours in
conjunction with emotional prosody appeared to be aberrant at times when
compared to the normal subjects. For example, RHD patients marked
interrogation with a significantly smaller terminal F, rise than NC subjects when
speaking in a sad tone, and failed altogether to produce a terminal rise in F, when
speaking in a happy tone. In contrast. measures of terminal declination underlying
declarative utterances did not significantly differ for the two groups as a function

of emotional content.
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Thus, although the RHD patients were successful at marking sentence
modality distinctions in a vast number of utterances through terminal F, features
(thereby demonstrating intact knowledge of linguistic categorical features of
intonation contours), the concurrent demands of modulating F, to signal
interrogation (the "marked" intonational feature according to Lieberman, 1967)
and emotional attributes highly reliant on F, parameters may have proven difficult
for the RHD patients, yielding abnormal prosodic attributes in their speech.
Given that happy and sad prosody are normally expressed with maximal and
minimal F, modulation (respectively) within the current stimulus set, it is perhaps
not surprising that the production of these two emotional tones interfered with F,
signaling for other (linguistic) purposes by the RHD patients. Thus, the prosodic
"load" specified by individual acoustic features such as mean F, may be a factor in
the expressive performance of RHD patients. The suggestion that linguistic and
emotional sentence prosody exert an interactive influence on RHD speakers
represents the first instance of such evidence for native speakers of a non-tone
language, although several researchers have commented on the impact of
phonemic tone on affective signaling in RHD speakers of tone languages
(Edmondson et al., 1987; Gandour et al., 1995).

Based on prior research (Fairbanks & Pronovost, 1939; Scherer, 1986
Williams & Stevens, 1972), the ability of the RHD patients to produce emotional-
prosodic contrasts was investigated through long-term (i.e., "global") measures of

acoustic change averaged across the utterance as a whole. Generally, it was
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shown that the four affect types elicited in the present study separated well as a
function of speech rate, mean F;, and F, range. When compared to neutral
prosody (i.e., the "unmarked" affect within the present stimulus set), happy
prosody tended to be spoken at a relatively similar (high) rate but with an
elevated mean F, and larger F, dispersion overall. Sad prosody was always
produced much slower in rate and with a diminished F, range relative to neutral
prosody, although mean F, tended to be relatively similar between these two
forms. Finally, angry prosody resembled neutral prosody in F, range, but was
spoken at a significantly reduced rate and with a significantly elevated mean F,,.
Thus, when compared to emotionally-inflected utterances, neutral utterances were
characterized by a relatively high speech rate, low mean F,, and an intermediate
amount of F; variation. This acoustic profile conforms generally to previous
descriptions in the literature on emotional communication® (Fairbanks & Hoaglin,
1941; Fairbanks & Pronovost, 1939; Frick, 1985; Pell & Baum, 1997b;
Scherer,1986; Williams & Stevens, 1972).

The RHD subjects’ proficiency at modulating the acoustic concomitants of
discrete emotions was of prime interest in the present study, in light of multiple
claims that this skill is impaired subsequent to right hemisphere dysfunction

(Borod et al., 1990; Edmondson et al., 1987; Gandour et al., 1995; Ross, 1981

®As described for emphatic stress, it is noteworthy that the number of acoustic
distinctions observed among the four emotions was highly constrained by the shape of
the intonation contour, far fewer emotional distinctions occurring in interrogative
contours than in declarative contours. These data further illustrate how the F, features
of linguistic and affective specifications interact in the speech signal.
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Ross et al., 1988; Shapiro & Danly, 1985). Examination of the speech rate and
mean F, data indicated that general dimensions of the emotional utterances
produced by the RHD subjects were in keeping with those produced by the
normal subjects (i.e., there was no group main effect for either measure)(Baum &
Pell, 1997, Gandour et al., 1995). Interestingly, however, the RHD patients’ use
of both rate and mean F; cues departed from normalcy for specific emotion types.
In the case of speech rate, RHD adults produced sad prosody (the emotion most
distinctive in its slow rate relative to neutral prosody) significantly faster than
normal subjects. These rate abnormalities resulted in poor separation of the four
emotions as a function of speech rate for the RHD subjects when compared to
the normal subjects.

In the case of mean F,, RHD patients demonstrated abnormal production
of emotional tones that required elevating F, in relation to the baseline established
by neutral prosody (i.e., the "unmarked" affect. Gandour et al., 1995). More
precisely, RHD patients failed to raise F; to the level of normal subjects when
signaling happy prosody in short sentences. and elevated F, significantly further
than normal subjects when signaling angry prosody in long sentences. Collectively,
these findings highlight subtle difficulties in the ability of RHD patients to
regulate timing and mean F, to demarcate discrete emotional tones in a manner
paralleling normal speakers (Colsher et al., 1987; Dykstra et al., 1995. Edmondson
et al., 1987; Shapiro & Danly, 1985). Perhaps more importantly, these findings

suggest that for the RHD patients, aberrant production of emotional contours



(|

141
emerged predominantly for those forms representing extreme departures from
unmarked (i.e., neutral) contours in normal speech for each individual acoustic
parameter (i.e., speech rate for sad prosody, mean F, for happy and angry
prosody; see below for a more detailed discusssion of this point).

The RHD patients’ capacity to modulate F, variation throughout an
utterance (measured here by means of F, range) demonstrated a more pervasive
impairment than that observed for speech rate or mean F,. Analysis of F, range
measures across the full range of stimuli generated in Experiment 1 indicated that
the RHD patients displayed significantly restricted intonational variation in their
productions when compared to normal utterances (i.e., a group main effect
emerged). An attenuation of F; variation constitutes one of the most frequent
acoustic abnormalities attributed to RHD speakers in the literature on prosody
(Baum & Pell, 1997, Behrens, 1989: Blonder et al., 1995; Colsher et al., 1987;
Edmondson et al., 1987; Kent & Rosenbek, 1982; Shapiro & Danly, 1985).

However, in addition to a generalized restriction of F, range, the RHD
patients reported herein displayed an emotion-specific impairment in modulating
F, range. The production of happy prosody, an emotion characterized by
extensive F, variation relative to the other three emotions, was often significantly
reduced in F, range in the RHD patients’ productions when compared to matched
tokens produced by the normal subjects. Thus, the F, range data supply further
support for the contention that acoustic features representing extreme departures

from unmarked (i.e., non-affective) contours in emotional speech pose particular
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difficulties for RHD patients, a pattern suggested in the speech rate and mean F,
data.

The idea that intonation contours largely devoid of emotional overtones
constitute the "unmarked” affective mode in speech, and that increases or
decreases within various acoustic dimensions (such as mean F,, F, range, tempo)
serve to inflect neutral contours with emotional information, is not new (Bolinger,
1986; Gandour et al., 1995; Ladd. 1980). Evidence that RHD patients retained
the capacity to implement local (emphatic stress) and global (sentence modality)
categorical changes in linguistic contours, and produced emotional contours that
patterned in a relatively similar manner to those of normal subjects when viewed
generally, speaks to the integrity of prosodic representations for encoding
purposes in the current RHD sample.

Rather, abnormalities in the RHD patients’ speech appeared to stem from
deficient control of continuous aspects of prosodic phenomena (Blonder et al.,
1995); as discussed, F, variation. a gradient feature, was restricted in a generalized
manner as determined both locally (on emphasized keywords) and globally (the
utterance as a whole).” Moreover. long-term acoustic parameters (speech rate,
mean F,, F, range) were aberrant for the RHD speakers predominantly for those

stimuli displaying extreme inflections from the "neutral" position along a

’Although emphatic stress may be linguistically-assigned and therefore categorical
in nature, the observation that increased acoustic change associated with emphasis leads
to the perception of greater emphasis (e.g.. Bolinger. 1961) suggests that continuous
acoustic properties also contribute to emphatic stress.
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continuum of change specified for each individual cue. This apparent inability to
distinguish prosodic categories normally in terms of distinct landmarks within the
relevant acoustic dimensions culminated in fewer inter-stimulus differences for the
RHD patients overall, or a tendency for utterances varying in emotional or
emphatic content to "converge" acoustically. This apparent implementation
deficit, if evaluated by means of auditory-perceptual analyses, may lead to
subjective impressions of reduced intonation or "flat affect” in the present RHD
speakers (Borod et al., 1990; Ross, 1981; Ross & Mesulam, 1979).

If indeed gradient aspects of prosody pose specific difficulties for RHD
patients in speech production, it is not surprising that deficits in expressing
emotional distinctions (which are related to the speaker’s level of activation and
therefore inherently "continuous” in nature) have most frequently been ascribed to
this clinical group (Borod et al., 1990;: Edmondson et al., 1987, Gandour et al.,
1995:; Ross, 1981; Shapiro & Danly, 1985). Similarly, it is not unexpected that few
studies have reported differences in the capacity of RHD and normal subjects to
produce linguistic intonation contours specified by categorical modifications in
acoustic content, such as the declarative/interrogative distinction (Behrens, 1989:
Blonder et al., 1995; Cooper et al., 1984; Gandour et al., 1995; Hird & Kirsner,
1993; Lebrun et al., 1985; Ryalls et al.. 1987, but cf. Bradvik et al., 1991: Shapiro
& Danly, 1985; Weintraub et al., 1981). This pattern of performance is predicted
by the relative importance of gradient acoustic phenomena in signaling affective

versus "grammatical" prosodic meanings in verbal behaviour. Remaining conflicts
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in the literature on linguistic intonation may reflect, in part, idiosyncracies in cue
use within experimentally-defined speaking modes; in addition, the likelihood that
"neutral” utterances are seldom completely devoid of speaker affect (and thus,
emotional highlighting via continuous acoustic information) may have further
contributed to divergent conclusions in this literature. As demonstrated in the
present investigation, the very presence of emphatic information in non-affective
utterances may be sufficient to evoke expressive dysprosodies in RHD patients,
underscoring that it is the nature of the cues and not their linguistic or affective
function that is most central to the disturbance experienced by these patients.

The prospect that RHD patients experience difficulties modulating gradient
aspects of prosodic patterns is also compatible with the hypothesis that the
domain of prosody expression acts as a determinant of prosody disruption in RHD
speakers (Baum & Pell, 1997; Behrens, 1989; Emmorey, 1987. Gandour et al.,
1992). Difficulties in regulating long-term properties of intonation contours
exhibited by the RHD patients in this and prior studies contrast with the uniform
observation that RHD patients retain the ability to produce phonemically-assigned
stress and tone at the syllabic level (Behrens, 1988; Edmondson et al., 1987;
Emmorey, 1987; Gandour et al., 1992 Hird & Kirsner, 1993; Lebrun et al., 1985:
Ouellette & Baum, 1993; Ryalls & Reinvang, 1986). In light of the right
hemisphere’s hypothesized superiority for continuous aspects of vocal cues, these
differences may reflect the increased prevalence of continuous acoustic

information in relatively large prosodic units (i.e., intonational attributes) versus
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small prosodic units (i.e., categorical stress features), rather than a right
hemisphere sensitivity to the size of the prosodic unit itself.®* Such an
interpretation renders the present comparison of "short" and "long" utterances less
instructive for the RHD speakers, as both forms are realized by substantial
modulation of continuous acoustic features in production (but see the results for
interesting differences in the normative data related to sentence length). Indeed,
a systematic link between sentence length and disruptions of prosody in the RHD
patients did not generally emerge from these data, although previous reports
suggest that such an association may be true for LHD aphasic patients, if tested
(Danly et al., 1983; Gandour et al., 1989).

Finally, the hypothesis that duration and F, parameters of prosodic stimuli
are independently lateralized to the left and right hemispheres of the brain
(Robin et al., 1990; Van Lancker & Sidtis, 1992) does not obtain strong support
from the present data (see also Pell & Baum, 1997b). As discussed, RHD
subjects presented with deficits for both temporal and spectral aspects of prosody
when used continuously, indicating that more than F, properties of intonation are
disrupted subsequent to right hemisphere insult (Blonder at al., 1995; Dykstra et
al., 1995). However, given the paramount importance of F, cues in signaling

prosodic meaning in speech production (e.g., Bolinger, 1955; 1958; Lieberman,

®The "ambiguous” nature of emphatic stress, as a form composed of both
categorical and continuous features and one assigned locally but encoded in relation to
other constituents within the utterance, may require only partial involvement of the right
hemisphere based on the present hypothesis.
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1960), it is likely that the type of quantitative impairment attributed to RHD
patients in the present research emerges more frequently for F, parameters, as
suggested by the "cue hypothesis” (Robin et al., 1990; Van Lancker & Sidtis,
1992). Certainly, the idea that unilateral right-brain-damage yields a sensitivity to
select elements of the physical form of prosodic contours is corroborated by the
current results.

In interpreting the present data, it is imperative to note that matched
patients with unilateral /eft hemisphere insult and aphasia were not examined due
to the excessive demands of the elicitation procedure and the complexity of the
verbal stimuli. The absence of such a control group allows for the present
contentions regarding the right hemisphere’s role in processing gradient aspects of
prosodic contours, but constrains the ability to draw implications about
interhemispheric processes underlying prosody encoding. Examination of the
ability to modulate intonation in subjects with analogous lesions in left and nght
hemisphere regions of the brain will be necessary before firm conclusions about
the right hemisphere's dominance for continuous aspects of prosody can be

established. Research currently underway may help elucidate this issue.
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EXPERIMENT 2

To test the ability of RHD subjects to identify the communicative import of
linguistic and emotional prosody, six receptive tasks were presented in Experiment
2. Baseline tasks examined the ability of RHD patients, relative to NC and LHD
subjects, to recognize linguistic and emotional stimuli as a function of concurrent
alterations in prosodic content (related to focus, linguistic modality, and emotion,
as in Experiment 1). Two additional tasks manipulated select acoustic properties
of the same stimuli (F, or duration) to investigate the perceptual influence of each
type of acoustic cue in identifying linguistic and emotional prosody relative to the

baseline task.

METHODS

Subjects

Nine (9) RHD and 10 NC subjects who participated in Experiment | also
took part in Experiment 2 (one RHD patient, R4, was unavailable to complete
Experiment 2). In addition, a comparison group of eleven (11) unilaterally left-
hemisphere-damaged subjects (mean=65.5 vears, range =43-81) volunteered to
participate in Experiment 2; the mean age of the three diagnostic groups
(NC=66.1, RHD=64.7, LHD=65.5) did not significantly differ based on cursory

inspection of the data. All LHD patients were right-handed English speakers who
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had undergone rehabilitation for aphasic deficits (7 nonfluent, 4 fluent) but who
demonstrated good auditory comprehension of language, as determined by a
subsection of the Psycholinguistic Assessment of Language (Caplan, 1992) and an
aphasia screening. Table 16 summarizes basic clinical and demographic
characteristics of the LHD group.

Clinical attributes of the LHD patients were determined in a similar
manner to those described for the RHD patients. CT information confirmed the
site and etiology of lesion within the left hemisphere. A puretone air conduction
screening ensured that all subjects displayed acceptable hearing acuity. Only one
LHD patient (L3) showed evidence of a contralateral visual neglect following
administration of the Bells Test (Gauthier et al., 1989). Additional screening
procedures included tasks of both spoken and written (single) word recognition, as
well as auditory digit span. Again, only patients with relatively stable clinical
features (i.e., at least 3 months post-CVA) were included in the study (mean=39
months post-onset, range =6-91).

The inclusion of a left-hemisphere-damaged control group in Experiment 2
permitted a better characterization of the deficits related specifically to RHD (and
not just brain damage in general), allowing broader generalizations to be made
about the perceptual lateralization of prosodic stimuli. The absence of a LHD
control group in Experiment 1 was justified by the limitations of this group in
encoding complex linguistic material, a position that has been adopted by other

investigators in related studies (Gandour et al., 1995).
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Table 16. Basic demographic and clinical characteristics of the LHD subjects

participating in Experiment 2.

Post-

Sbj. | Sex | Age Onset

sl

Lesion Site

Major Clinical Signs

L1 M| 48 91

(L) parietal

(R) hemiparesis, mild-mod.
nonfluent aphasia

L2 F [ 43 48

(L) frontoparietal
with subcortical
extension

(R) hemiparesis, severe
nonfluent aphasia, severe
verbal and oral apraxia

(L) fronto-
temporo-parietal

(R) hemiparesis, mod.-
severe nonfluent aphasia,
(R) visual neglect

L4 M | 68 61

(L) panetal

(R) hemiplegia, severe
nonfluent aphasia

(L) frontoparietal

(R) hemiparesis, mod.-
severe nonfluent aphasia,
flat affect

(L) frontoparietal

(R) hemiparesis, severe
nonfluent aphasia

L7 F | 67 29

(L) parietal

(R) hemiparesis, nonfluent
aphasia

(L) para-
ventricular deep
parietal

(R) hemiparesis, mild fluent
aphasia

L9 F 79 31

(L) MCA

(R) hemiparesis, moderate
fluent aphasia

L10 | F [ 53 34

(L) basal ganglia

(R) hemiparesis, mild fluent
(anomic) aphasia

Lil1 { F | 77 56

(L) MCA

(R) hemiparesis, mild fluent
(anomic) aphasia

Note: age=years, post-onset=momﬂs.
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Stimudi

Five sentences, each six syllables in length and ressembling those listed as
"short” utterances in Experiment 1 (e.g., Robert read the letter) served as base
stimuli in Experiment 2. To test the interaction of focus distribution (first, last,
none), linguistic modality, (declarative, interrogative), and emotion (angry, sad,
happy, neutral) on the perception of prosody, multiple renditions of each of the
five stimuli were elicited by a normal speaker; 24 unique versions of each stimulus
exhausted the potential combinations of these three factors.

An adult female speaker recorded the 120 utterances (5 X 24) onto digital
audio tape in a soundproof chamber. The speaker was encouraged to produce
each token several times to allow the experimenter an adequate sample from
which to choose exemplars believed to be "on-target" for each of the three
dimensions. The 120 utterances selected were then sampled and digitized onto
disk using BLISS (20 kHz sampling rate, 9 kHz low-pass filter, 12-bit

quantization).

Perceptual Rating Procedure

To ensure that the perceptual stimuli successfully conveyed the prescribed
combinations of prosodic attributes. the 120 stimuli were rated independently by
five phonetically-trained listeners using a checklist. Stimuli were randomized for
order of presentation and then presented to raters over headphones by a

computer. Each trial was played two consecutive times (separated by a 3.5 second
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interstimulus interval) to allow raters adequate opportunity to judge each token
on the three dimensions of importance: location of emphasis within the sentence
(first, last, none), sentence "type” (statement, question). and emotion (happy, sad.
angry, neutral).

Inclusion criteria were set at four out of five correct responses for each of
the three dimensions, per stimulus. Productions that did not meet these criteria
upon initial presentation were re-recorded by the female speaker and judged by
the same five raters on a subsequent occasion (at least one week later). To
ensure that the entire set of 120 stimuli adequately projected the desired prosodic
meanings, three additional rating sessions were required. Upon completion of the
fourth session, 117 (98%) of the stimuli were judged "correct” on all three
prosodic dimensions by the five raters, whereas 3 of the stimuli (29%) met criterion
on two of the dimensions but failed to meet criterion on the third. However, as
the three "problematic" stimuli did not show a bias towards failure on a specific

prosodic category, they were deemed acceptable for inclusion in the experiment.

Acoustic Analyses

The 120 perceptually-validated utterances were subjected to acoustic
analyses to determine some of the physical differences underlying this set of
stimuli. More importantly, however, an acoustic characterization of the perceptual
stimuli was prerequisite to manipulating specific parameters of the stimuli

important in the decoding of linguistic and emotional prosody (outlined in
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Experimental Tasks). To illustrate both temporal and spectral changes in each
prosodic contour, measures of duration and mean F, were extracted on the
stressed vowel of each content word in a manner identical to that performed in
Experiment 1. Visual inspection of the speech waveform enabled the duration of
the target vowel (steady state and transition) to be determined by placing cursors
at zero crossings at the vowel’s onset and offset. Mean F, was calculated from the
average of five contiguous glottal pulses isolated at the centre of each vowel. The
F, of the utterance terminal (measured in the final 150 ms) and the total
utterance duration were further noted. An acoustic profile of the F, and duration
distinctions present in the perceptual stimuli is supplied in Tables 17 and 18,
respectively. As may be seen, these data generally conform to normal patterns of

cue usage in speech production as reported in detail in Experiment 1.

Experimental Tasks

The perception of prosodic cues by RHD, LHD, and NC subjects was
assessed in six independent tasks: three tasks explored the subjects’ ability to
process local prosodic markers of emphatic stress (Focus Perception); and three
tasks examined the perception of emotional vocal content by the same listeners
(Emotion Perception). For both focus and emotion perception, subjects were
presented a baseline task in which the stimuli were unaltered (i.e., those stimuli
rated by the phonetically-trained listeners) and two tasks in which either the F, or

duration parameters of the stimuli had been systematically modified (Ladd et al.,
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1985; Lieberman & Michaels, 1962). The precise manner in which the linguistic
and emotional stimuli were acoustically manipulated differed somewhat (as
described below), as did the type of judgement required of listeners on linguistic
as opposed to emotional tasks. Otherwise, focus perception and emotion

perception tasks were highly comparable.

Table 17. Mean F, of each stressed vowel and utterance terminal for the 120
perceptual stimuli, as a function of emotion, focus location, and sentence modality
(in Hz, collapsed across the 5 items).

V1 V2 V3 Terminal
e.g, Ro-bert read let- ter

Emotion Focs | () | O o [OJolololo
Neutral Nome | 225 | 229 |20t [ 221 [ 180 | 187 [ 162 | 320
Initial || 250 | 195 || 170 | 338 | 165 | 354 || 171 | 431
Final | 214 | 233 | 193 | 216 | 207 | 196 || 162 | 432
S Neme T30 Tois 1175 T3 Tiso Tios 185 T2es |
Initial || 190 | 196 | 171 | 271 | 171 | 269 || 174 | 297
Final 218 | 200 J189 | 195 182 [ 198 [ 172 | 282
Happy  Nome | 439 | 322 | 187 | 260 | 409 T [ 10a [593]
Initial || 482 | 265 | 208 | 497 | 185 | 504 || 172 | 596
Final | 425 | 314 | 255 | 287 | 476 | 343 | 229 | 611

- - - - _-—-1—-_-__,.—-— R e | o e | R ettt

Angry None || 302 | 253 || 226 | 236 | 234 | 231 || 178 | 320

Initial |} 309 | 303 }] 202 | 338 || 193 | 348 || 176 | 411
Final
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Table 18. Mean duration of each stressed vowel and total utterance duration for
the 120 perceptual stimuli, as a function of emotion, focus location, and sentence
modality (in milliseconds, collapsed across the 5 items).

A\ | V2 V3 Utterance
e.g Ro-bert read let-ter Total

Emotion _ Focus | () | ) | O ) Lo o JL(.) ?)
Neutral None " 103 [ 106 | 86 | 69 [ 110 [ 125 [1160 | 1144

Initial || 132 | 132 “ 71 | 81 || 87 | 108 [1138 | 1190

Final |93 | 93 [ 66 | 68 [ 122 | 127 1110|1180

(Sad ‘&B?.Z{l’]i& Tier [ 18 "’35"“123' T 141 1311 | 1487

Initial |[190 170 | 78 | 90 || 96 | 114 [ 1340 | 1349

Final || 118 | 112 || 81 | 73 || 148 | 137 [1408 | 1349

‘Happy  Nome | 99 | 111 _83""35"554' T70s Y1102 ] 1157]
|

mitial | 150 | 149 I 93 | 75 [ 120 | 113 [f1258 | 1217
Final | 95 | 96 | 79 | 74 [ 146 | 121 ll1253 | 1224

T B | S R —— e —— -—— - - - e - od

Angry Nome | 113 | 125 1 63 | 62 132 | 115 [[1050 | 1141

[nitial §| 165 | 143 |1 75 72§ 111 | 121 1205 | 1235

1) Focus Perception

The ability of subjects to recognize the position of contrastive stress
features within a sentence was tested in three independent tasks as a function of
linguistic modality (declarative, interrogative) and emotional tone (angry, sad,
happy, neutral). Only utterances conveying sentence-initial and sentence-final

focus were presented in linguistic tasks: combined exhaustively with the other two
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factors (modality, emotion), this resulted in a total of 80 trials per task (5 items X
2 focus locations X 2 sentence modalities X 4 emotions). Sentences rated as
lacking focus were not presented in experimental tasks, but were essential in
implementing acoustic modifications to the stimuli presented in the "D-neutral”
and "F-neutral” tasks (described below). Although experimental stimuli always
exhibited either sentence-initial or sentence-final focus (as confirmed by the
phonetically-trained raters), subjects were offered three choices from which to
form a response, including a "no focus" category. The following three tasks were

presented to each subject:

(i) Baseline - This task assessed the ability of brain-injured subjects to process
emphatic stress cues from stimuli in which all potential prosodic features (but no
semantic features) contributed to emphasis in the speech signal. This task was
designed to elucidate whether the perception of emphasis is relatively more
susceptible to focal right- or left-hemisphere insult, and reveal whether the cues to
discrete emotions or sentence modality distinctions perceptually influence those

that convey sentence focus (McRoberts et al., 1995).

(ii) Neutral Duration ("D-Neutral") - The contribution of changes in vowel

duration to the perception of focus was tested using stimuli in which the
durational correlates to focus were acoustically "neutralized" at each focus location

prior to presentation. Based on the acoustic data derived for the 120 stimuli (see
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Table 18), the vowel durations of utterances with focus were adjusted to
correspond to those of their unfocused counterparts (i.e., the same vowel in the
same position of "no focus" utterances, all other factors remaining constant).
Thus, each utterance lacking focus served as the point of comparison for two
utterances with focus (one sentence-initial, one sentence-final). Prior to this
comparison, vowel durations were corrected for differences in speaking rate
between stimuli by expressing each as a proportion of the total utterance duration.
Pitch periods were then either removed from the centre of the focused vowel or
added to it to reflect the duration of the vowel spoken in the unfocused context.
Cuts were made at zero-crossings to ensure that there was no audible evidence of
the editing. This process resulted in a set of 80 stimuli that varied naturally in F,
(and other) cues to focus, but for which durational distinctions were neutralized

with respect to the location of emphasis within the utterance.

(iii) Neutral F, (F-Neutral) - The significance of F, cues in identifying focus

location was explored by again manipulating the acoustic form of the base stimuli
to effectively "neutralize" the effect of F, cues prior to perceptual identification.
In preparing the stimuli, the F, of each utterance was extracted via an
autocorrelation algorithm and the LPC spectrum for the utterance was computed
automatically. A vocoding software programme was then utilized to replace the

F, contour of the focused syllable with that of its unfocused homologue in the

same keyword position, and the utterance was re-synthesized. In this manner,
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stimuli presented in the neutral-F, condition retained the temporal characteristics
to focus across the utterance, but F, cues were rendered neutral with respect to

the focus location.

2) Emotion Perception

To establish whether brain-damaged subjects were capable of interpreting
the emotional intent of speech, particularly as a function of differences in focus
location (initial, final, none) and sentence modality (declarative, interrogative),
three tasks of 90 trials each were presented (5 items X 3 focus locations X 2
sentence modalities X 3 emotions). Only stimuli judged to be angry, sad, and
happy by the phonetically-trained raters were presented in emotional tasks: stimuli
designated by the phonetically-trained individuals as conveying "no emotion" were
again used as landmarks for implementing various acoustic manipulations to the
experimental stimuli. However. as was the case in the focus perception tasks, a
"neutral” (i.e., no emotion) category was offered to subjects as an additional
response option in judging the stimuli. The following three tasks were presented

to each subject:

(i) Baseline - An initial task established each diagnostic group’s ability to
interpret the emotional intent of semantically-neutral sentences in which a//

potential prosodic cues signaled the emotional meaning. The potential effects of
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focus location and linguistic modality on the identification of emotional material

was additionally explored for each diagnostic group.

(i) Neutral Duration ("D-Neutral) - As changes throughout an utterance

contribute to emotional signals, the effect of temporal changes in perceiving
affective content was studied by "neutralizing” the vowel length of all content
words in emotional utterances. Based on the acoustic data collected for the 120
test stimuli (presented in Table 18). the duration of each stressed vowel in
emotional utterances was compared to the duration of the same vowel in its
"nonemotional" homologue (i.e.. each neutral utterance was compared to three
emotional utterances, all other factors remaining constant). The vowel durations
of emotional utterances were then adjusted (where necessary) to reflect the values
of the same vowels spoken in a nonemotional context. Again, this was achieved
by adding or removing pitch periods at the centre of the vowel. This process
culminated in a set of stimuli varying naturally in F, cues to the target emotion,

but for which duration cues were no longer indicative of the target emotion.

(iif) Neutral F, ("F-Neutral") - To investigate the effects of pitch change on the
perceptual recognition of emotion. emotional stimuli were manipulated in an
attempt to "neutralize" the contribution of pitch cues while preserving other
distinctions in the stimuli. To achieve this, the F, of each utterance was extracted

via an autocorrelation algorithm and the LPC spectrum for the utterance was
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computed. The utterances were then vocoded by replacing the F, contour of each
utterance (representing the topline, or peak F; values of all content words in the
utterance) with that of its non-affective homologue (all other factors remaining
constant). The utterance was then re-synthesized, maintaining the temporal
pattern of the signal but eradicating the effect of pitch cues in projecting the
speaker’s affect. This task tested the importance of the F, contour in conveying
vocal emotion, and evaluated the extent to which discrete emotions are

identifiable from their temporal characteristics.

Procedure

Subjects were tested individually on two separate occasions, three of the
perceptual tasks being presented during each visit. The order in which focus and
emotion perception tasks were presented was randomized for each subject and
counterbalanced among the three groups. with the restriction that at least one
linguistic or emotional task be presented during each session.

For all six tasks, subjects listened to auditory stimuli one at a time
(separated by a five second interval) over headphones. Auditory stimuli were fully
randomized within each task and presented by a computer, which recorded the
accuracy of each subject’s responses. Linguistic or emotional judgements were
indicated by pushing a button on a response board (aligned vertically). Buttons
were labelled both verbally (focus perception: first, last, none; emotion

perception: angry, sad, happy, neutral) and with a corresponding pictogram (e.g.,
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a facial expression). Five practice trials ensured that subjects were comfortable
with the task demands and were oriented to the positioning of response buttons.

A five minute break was set at the half-way point of each task.
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RESULTS

Accuracy data emanating from the three tasks of focus perception and the
three tasks of emotion perception were examined independently using analysis of
variance (ANOVA) techniques. Post hoc analyses, where appropriate, were

performed using Tukey's method (p<.05).°

1) Focus Perception

The accuracy of the three subject groups in locating emphatic stress cues as
a function of concurrent alterations in prosodic content (i.e., sentence modality,
emotion) was explored independently for each of the three focus perception tasks
(Baseline, D-Neutral, F-Neutral). Data from each task were examined using a 3
X 2 X 2 X 4 repeated measures ANOVA in a full factorial design: for each
analysis, GROUP (NC, RHD, LHD) constituted the between-subjects factor, and
FOCUS (initial, final), MODALITY (declarative, interrogative) and EMOTION
(angry, sad, happy, neutral) served as the within-subjects factors. A subsequent 3
X 2 X 3 ANOVA explored how the acoustic manipulation of the stimuli

influenced each group’s perception of focus irrespective of modality and emotion.

°Given the complexity of the experimental design, an exhaustive comparison of all
cell means was not always insightful for certain high-order interactions. Accordingly,
only those comparisons deemed most theoretically relevant are reported below.
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(i) Baseline

The identification of emphatic stress location in the Baseline condition
provided a measure of each group’s ability to perceive and interpret the acoustic
correlates to linguistic focus in natural (i.e., acoustically unaltered) stimuli. Table
19 supplies the mean percentage of correct responses observed for each group in
identifying focus in sentence-initial and sentence-final position, as a function of
sentence modality and emotion type.

The (GROUP X FOCUS X MODALITY X EMOTION) ANOVA
performed on these data revealed a significant main effect for GROUP [F(2,27)
= 10.94, p<.001]. Follow-up analyses revealed that both the NC and RHD
subjects were significantly better than the LHD aphasic subjects at identifying the
position of emphatic stress cues within simple (unaltered) utterances. The
accuracy of the NC and RHD groups did not significantly differ on this task. No
interactive effects with the GROUP factor were found in this analysis.

The analysis also yielded significant main effects for MODALITY [F(1,27)
= 12.83, p=.001] and EMOTION [F(3.81) = 27.1, p<.001] and significant
interactive effects of FOCUS X EMOTION [F(3,81) = 10.4, p<.001], FOCUS X
MODALITY [F(1,27) = 15.31, p=.001], MODALITY X EMOTION [F(3.81) =
5.64, p=.001], and FOCUS X MODALITY X EMOTION [F(3,81) = 9.61,
p<.001]. A graphic depiction of the three-way interaction is supplied in Figure

21.
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Table 19. Percent correct responses (by group) in identifying sentence-initial and
sentence-final focus on the Baseline task, as a function of sentence modality and
emotion type.

PERCENT CORRECT
NC . RHD LHD
|
Modality Emotion {| Initial | Final 1 Initial | Final + Initial | Final
1 I
Declar. Neutral 80 52 1 95 57 1 58 43*
— —
Sad | 28+ 68 1 S8 55 1 18* 44*
_____________ +__-___.._____+-_..__.l..___---
Happy 94 82 1 98 77 1 66 60
1 i
Angry 76 90 « 87 89 1 69 65
S S | S T ----- SR S SRS [ —
Inter. Neutral 66 92 1 78 91 . 51 74
1 |3
Sad 58 ™ o T2 77 1 31* 53
------------- s SEL TN R SRR
Happy 88 92 1 93 87 1 S2 69
Angry 62 88 1 93 87 1 S8 61
i : —
MEAN [69 [ 8 1 8 [ 78 1 50 59
SD 21 14) | (14 14) | (17 11
ote: indicates pe ormance expecte y chance for a three a ternative

forced choice paradigm based on 95% confidence limits, where chance=33% =
11 (binomial distribution).

Post hoc examination of the FOCUS X MODALITY X EMOTION
interaction considered the influence of sentence modality and emotional
distinctions on the subjects’ ability to detect focus at each sentence position
individually. For sentence-initial focus. recognition was significantly higher when
presented in conjunction with happy. angry. and neutral prosody relative to sad

prosody for declaratives. For interrogatives. sentence-initial focus was identified



>4

Figure 21. Interaction of emotion, sentence modality, and focus on the
perception of emphatic stress on the Baseline task.
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significantly better in happy sentences than sad sentences. For sentence-final
emphasis, accuracy was significantly higher for happy and angry stimuli relative to
neutral stimuli, and for angry stimuli relative to sad stimuli, when declarative
sentences were presented. However, when interrogative utterances were
presented, the recognition of sentence-terminal emphasis did not vary as a
function of emotion type, accuracy scores at this sentence position remaining

relatively high for interrogatives across emotion types (see Figure 21).

(11) Neutral Duration (D-Neutral)

It is generally accepted that increases in vowel length represent one of the
primary correlates of linguistic focus (e.g., Eady & Cooper, 1986; Klatt, 1976).
Accordingly, the D-Neutral task explored the extent to which subjects could
determine focus position in utterances in which the temporal determinants of
focus were absent (i.e., the duration of focused vowels was rendered congruent to
that of unfocused items in matched utterances). Table 20 presents the accuracy
performance of the three subject groups on the D-Neutral task, as a function of
sentence modality and emotion type.

As exemplified by Table 20, the pattern of responses observed in the D-
Neutral task closely resembled those described for the Baseline task. Statistical
inspection of these data produced a significant main effect for GROUP [F(2,27)
= 4.42, p<.05]. Post hoc examination of this effect revealed a significant

decrement in the overall performance of the LHD group relative to that of both
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the NC and RHD groups, which did not significantly differ. A significant

GROUP X FOCUS X EMOTION interaction was also found in this analysis

[F(6,81) = 3.32, p<.01]; this interaction is presented in a graphic format in Figure

22.

Table 20. Percent correct responses (by group) in identifying sentence-initial and
sentence-final focus on the D-Neutral task, as a function of sentence modality and

emotion type.
PERCENT CORRECT
NC : RHD '  LHD
I [
Modalitvy  Emotion || Initial | Final 1 Initial | Final  Initial | Final
1 1
Declar. Neutral 86 50 X 71 53 | 55 45
| |
Sad 24 62 1 44* 56 1 24* 53
------------- +----““““-l--"-----“-j
Happy 96 76 1+ 98 69 1+ 76 60
| 1
Angry 76 90 1 84 91 1 &9 65
S | S T — + ———————————— + -------------
Inter. Neutral 68 98 « 64 87 1+ 51 84
i 1
Sad 70 64 1 62 56 1 33 | 40*
------------- e R I
Happy 80 92 1+ 93 82 B 71 69
|
Angry 78 8 1 78 91 «+ T 65
——-—-—1———-—-————1——==
MEAN 72 78 1 74 73 1 59 60
SD 21 1 I (18 17) | (22 14
ote: indicates pertormance expected by chance tor a three alternative

forced choice paradigm based on 95% confidence limits, where chance=33% =

11 (binomial distribution).

Pairwise comparisons among the means examined how differences in focus

location and emotional prosody affected the performance of each subject group.
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Figure 22. Interaction of group, emotion, and focus on the perception of
emphatic stress on the D-Neutral task.
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For the NC group, accuracy in locating focus position was unaffected by the
emotional mode of utterances on the D-Neutral task. However, both the RHD
and LHD patients were less able to detect sentence-initial emphasis when sad
prosody was presented than when happy or angry prosody was presented on the
D-Neutral task, when normal temporal markers to prominence were unavailable:
(LHD subjects further differed for sad and neutral prosody). The RHD patients
were also impaired in the recognition of sentence-final emphasis for sad prosody
relative to angry prosody, although the perceptual accuracy of the LHD group for
sentence-final focus did not differ as a function of emotion or focus location on
the D-Neutral task (see Figure 22).

Significant main effects for MODALITY [F(1,27) = 7.23, p=.01] and
EMOTION [F(3,81) = 45.28, p<.001| were additionally observed, and several
interactive effects proved significant: FOCUS X MODALITY [F(1,27) = 13.02,
p=.001], FOCUS X EMOTION [F(3.81) = 7.16, p<.001], MODALITY X
EMOTION [F(3,81) = 7.87, p<.001]. and FOCUS X MODALITY X EMOTION
[F(3.81) = 27.94, p<.001]. Expioration of the three-way interaction (reported in
full in Appendix D) revealed a qualitatively similar pattern to that described on
the Baseline task. Namely, the perception of emphasis tended to be most
facilitated by happy and angry prosody. and least facilitated by sad and neutral
prosody, with one exception; when subjects were required to identify sentence-
final emphasis from interrogative stimuli, few differences were noted in subjects’

accuracy across the four emotion types. This pattern suggests a link between the
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perceptual markers of sentence-final focus and interrogation which was not
dependent upon duration parameters of the stimuli (which were neutralized on

the D-Neutral task).

(iii) Neutral F, (F-Neutral)

Previous investigations suggest that a relatively large pitch excursion on (or
around) linguistic material of communicative importance within a speech stream
constitutes the primary perceptual determinant of sentential focus (e.g., Bolinger,
1958). Through the presentation of stimuli in which changes in pitch associated
with focused items were effectively "neutralized” prior to the experiment, the F-
Neutral task sought to assess the significance of these localized pitch cues on each
group’s perception of emphasis position. The mean accuracy of each group in
identifying sentence-initial and sentence-final focus on the F-Neutral task is
displayed in Table 21, as a function of sentence modality and emotion.

As may be seen, accuracy scores on the F-Neutral task were generally low
overall; the absence of pitch excursions on focused items appeared to have a
particularly detrimental effect on the performance of the NC group, resulting in a
much smaller margin of accuracy differentiating the three groups. The ANOVA
conducted on this data set uncovered a significant main effect for GROUP
[F(2,27) = 5.71, p<.01]. A posteriori inspection of these data indicated that the
RHD patients were significantly more accurate than the LHD patients at locating

emphasis position within utterances which were devoid of the natural pitch
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excursions associated with prominence. However, neither the RHD nor the LHD
groups differed significantly from the NC group overall, a pattern possibly
reflecting the disproportionate difficulty experienced by the NC group on the F-
Neutral task.

Table 21. Percent correct responses (by group) in identifying sentence-initial and

sentence-final focus on the F-Neutral task, as a function of sentence modality and
emotion type.

PERCENT CORRECT

RHD I LHD
Initial | Final 1 Initial | Final

L

76 40* 1 51 20*
1_
|

Declar. Neutral 70 26*

Sad
Happy 56 68 ' 7 80 1+ 53 56
J
Angry 78 84 1 84 82 1« 73 65
---------- S R TE SRS S S
Inter. Neutral 12* 88 lL 29+ 73 1+ 35* 75
L
Sad 14* 54 1 40* 62 1 33* 14*

forced choice paradigm based on 95% confidence limits, where chance=33% +
11 (binomial distribution).

Significant interactions for GROUP X FOCUS X MODALITY [F(2.27) =

3.39, p<.05] and GROUP X MODALITY X EMOTION [F(6.81) = 3.09, p<.01]
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were noted. For the GROUP X FOCUS X MODALITY interaction (displayed

in Figure 23a), it was found that the RHD group was significantly better than the
LHD group in detecting emphasis (both sentence-initial and final) when
declarative intonation was presented, but no between-group differences in
accuracy emerged when interrogative intonation was presented. Furthermore, all
three groups identified sentence-final emphasis more reliably than sentence-initial
emphasis when interrogatives were presented, whereas declarative intonation did
not affect the accuracy of the three subjects groups in identifying focus position.

The GROUP X MODALITY X EMOTION interaction is displayed in
Figure 23b. Follow-up tests indicated that for declaratives, the LHD group was
significantly inferior in its recognition of sentence focus relative to the RHD
group in three of the four emotional contexts (happy, sad, neutral). However,
again no significant between-group differences in perceptual abilities were
observed when focus identification took place in conjunction with interrogative
intonation. Differences in sentence modality did not generally affect focus
recognition for specific emotional modes for any group, although the LHD
patients were significantly more accurate in locating focus in interrogatives than
declaratives when neutral prosody was presented.

Significant main effects for FOCUS [F(1,27) = 15.24, p=.001] and
EMOTION [F(3,81) = 37.38, p<.001] also emerged. The FOCUS main effect,
which did not emerge from the analyses perfonned on the Baseline or D-Neutral

data, was explained by the greater accuracy of subjects in determining focus
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Figure 23. Interaction of (a) group, sentence modality, and focus and (b) group,
emotion, and sentence modality on the perception of emphatic stress on the F-
Neutral task.
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location in sentence-final than in sentence-initial position: this finding suggests
that pitch cues may be of relatively greater perceptual importance on items
perceived sentence-initially. Other significant interactions produced by this
analysis were: FOCUS X MODALITY [F(1,27) = 71.58, p<.001}, MODALITY
X EMOTION [F(3,81) = 6.48, p=.001], and FOCUS X MODALITY X
EMOTION [F(3,81) = 30.44, p<.001].

Examination of the three-way interaction (reported in detail in Appendix
D) revealed a relatively similar pattern to that described on the Baseline and D-
Neutral tasks; recognition of emphasis was generally greatest for angry and happy
stimuli and lowest for sad stimuli. for both declaratives and interrogatives.
Exceptionally, happy prosody was not shown to facilitate recognition of sentence-
initial focus in declaratives, a finding unique to the F-Neutral task in which stimuli
lacked appropriate pitch accents on focused items. Finally, an association
between interrogative intonation and superior recognition of sentence-final

emphasis was again noted.

Summary

In summary, the recognition of emphatic stress cues by LHD aphasic
patients was shown to be impaired relative to both matched RHD patients (3/3
tasks) and non-brain-damaged control subjects (2/3 tasks). On the F-Neutral task,

the accuracy of the NC group approached that of the RHD and LHD groups and
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did not significantly differ from either group. In fact, overall accuracy measures
for the RHD and NC groups did not differ significantly for any of the three tasks.
More generally, the perception of emphasis by both brain-damaged and
non-brain-damaged subjects was shown to vary naturally as a function of the cues
prevalent in different illocutionary or affective modes: focus recognition tended
to be highest when happy and angry prosody were presented, and lowest when sad
(and sometimes neutral) prosody were presented: and, interrogative intonation
facilitated subjects’ accuracy in detecting sentence-final focus relative to sentence-
initial focus. The interaction of focus location, linguistic modality, and emotion
type on the perception of emphasis was essentially similar for all three tasks,
suggesting that the interplay of these various representations was largely
unaffected by the acoustic manipulation of the stimuli. However, the emergence
of group differences as a function of focus distribution, sentence modality and/or
emotion type on the D-Neutral and F-Neutral tasks indicates that the effect of the
acoustic manipulations on the three subjects groups was probably not entirely

uniform (see discussion below).

Effect of the Acoustic Manipulation of Emphasis Cues: TASK Factor

A direct test of the effects of manipulating individual acoustic cues to
emphasis on the perception of focus location by brain-damaged and non-brain-
damaged subjects was accomplished using a 3 X 2 X 3 ANOVA with repeated

measures. Prior to this analysis, the data were collapsed within each task level
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across the two levels of "modality” and four levels of "emotion”. GROUP (NC,
RHD, LHD) continued to serve as the between-subjects factor, and FOCUS
(initial, final) and TASK (Baseline, D-Neutral, F-Neutral) served as within-
subjects variables in this analysis. The accuracy performance of each group as a
function of focus position and task level may be viewed in Figure 24.

As depicted in Figure 24, and as described previously for individual tasks,
the ability of the LHD subjects to identify emphatic stress within simple
utterances was inferior to that of the RHD and NC groups, irrespective of the
acoustic composition of the stimuli (i.e., task level). Although minimal differences
in the performance of each group were noted when the duration of focused items
was neutralized (i.e., on the D-Neutral task relative to the Baseline), neutralizing
the extent to which pitch changes normally occurred on focused items (i.e., F-
Neutral task) led to a decrement in the performance of the three groups when
compared to Baseline performance. This difference was especially pronounced for
the NC and (to a lesser extent) RHD groups, but relatively small for the LHD
group due to their already poor performance on the Baseline task.

The ANOVA performed on these data revealed a main effect for GROUP
[F(2,27) = 10.00, p=.001]; this effect was explained by the impairment of the
LHD group, overall, relative to both the RHD and NC groups (which did not
significantly differ). Significant main effects for FOCUS [F(1,27) = 4.62, p<.05]
and TASK [F(2,54) = 15.10, p<.001] also emerged. Post hoc inspection of these

main effects suggested that sentence-final focus was identified significantly better
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Figure 24. Overall accuracy of the NC, RHD, and LHD subjects in the Focus

Perception condition as a function of focus position and task level.
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than sentence-initial focus, and that accuracy in both the Baseline and D-Neutral
conditions was superior to that observed in the F-Neutral condition, overall. No

significant interactions emerged from this analysis.

Error Analysis

To further explore the nature of the LHD subjects’ impairment in
perceiving emphatic stress cues, the data from the three Focus Perception tasks
were examined collectively for the presence of a differential response pattern
reflected in each group’s errors. Figure 25 represents the percentage of stimuli
designated by each group as exhibiting the correct location of focus, "no focus”, or
incorrect focus location (i.e., a "placement"” error), by emotion type.

As may be seen, the majority of errors committed by the NC subjects
involved misperceiving focused items as exhibiting "no focus", and very seldom
involved placement errors, whereby the location of emphasis within the utterance
was interchanged (i.e., substituting sentence-initial for sentence-final focus, or vice
versa). A similar error pattern was evident for the RHD group, although the
RHD patients tended to make a higher percentage of placement errors than the
NC group. By contrast, the LHD group was far more likely to commit placement
errors than the other two groups, frequently misidentifying the position of
emphasis cues within the utterance. Nonetheless, a response of "no focus”
remained the most frequent type of error response observed for the LHD subjects

overall. In general, it was noted that focus expressed in sad utterances was



Figure 25. Percentage of total stimuli identified by each group as correct, as a

"placement” error, or as lacking emphasis ("neutral”).
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particularly susceptible to being labelled as exhibiting "no focus" by all three
groups, consistent with the observation that accuracy tended to be lowest for this

particular sentence type.

2) Emotion Perception

As outlined above, recognition of the vocal cues to emotional distinctions
was tested in the same subject sample. employing a highly similar design, including
the same set of base stimuli presented in the focus perception tasks. The accuracy
of the three diagnostic groups in labelling the emotional meaning of verbal stimuli
was examined using three 3 X 3 X 2 X 3 mixed factorial design ANOVAs,
performed separately for each emotion perception task (Baseline, D-Neutral. F-
Neutral). Group membership (NC. RHD. LHD) was the between-groups factor
for each analysis, and EMOTION (angry. sad, happy), MODALITY (declarative,
interrogative), and FOCUS (initial. final. none) served as within-subjects factors.
As before, post hoc inspection of significant findings was accomplished using

Tukey's method (p<.05), wherever appropriate.

(i) Baseline

The Baseline task sought to establish each group’s proficiency at deriving
the emotional significance of vocal cues in simple utterances, and explored
whether the identification of emotional prosody varies as a function of concurrent

linguistic prosodic content (i.e., differences in focus distribution, sentence
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modality). Mean accuracy scores in identifying sad, happy, and angry stimuli on
the Baseline task are presented for each group in Table 22, as a function of focus
location and linguistic modality.

The ANOVA (GROUP X EMOTION X MODALITY X FOCUS)
performed on these data uncovered a significant main effect for GROUP [F(2.27)
= 7.51, p<.01]. Post hoc exploration of this effect indicated that the NC subjects
were significantly better at identifying the emotional meaning of prosodic patterns,
overall, than both the RHD and LHD subjects (who did not significantly differ).
A significant GROUP X EMOTION interaction [F(4.54) = 4.43, p<.01],
displayed in Figure 26, revealed that the performance of the LHD subjects on the
Baseline task varied as a function of emotion type, their accuracy in labelling
happy prosody surpassing that for both angry and sad prosody. The performance
of the RHD and NC subjects did not significantly differ as a function of emotion
type on this task.

Significant main effects for EMOTION [F(2,54) = 3.23, p<.05] and
MODALITY [F(1,27) = 29.35, p<.001], and significant interactions of
EMOTION X FOCUS [F(4,108) = 4.62, p<.01] and EMOTION X FOCUS X
MODALITY [F(4,108) = 2.80, p<.05] were also noted. Inspection of the three-
way interaction considered the influence of sentence modality and focus
distinctions on the perception of each emotion. For sad and happy prosody, no
differences in perceptual accuracy were observed as a function of sentential focus

or linguistic modality. By contrast, the identification of angry prosody was shown



e

Figure 26. Interaction of group and emotion on the perception of emotional
prosody on the Baseline task.
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to be influenced by concurrent alterations in prosodic content; anger was
interpreted significantly better in declarative utterances than interrogative
utterances when no focus was present, and accuracy for angry prosody was higher
in declarative utterances without focus relative to matched declarative utterances

with sentence-initial focus.

Table 22. Percent correct responses (by group) in identifying sad, happy, and
angry stimuli on the Baseline task, as a function of focus location and sentence
modality.

| I Ty Tt T T T T —— |

PERCENT CORRECT
NC : RHD : LHD
Modal. Focus S H A L S H A ! S H A
Declar. None || 78 | 66 | 92 iﬁ51 64 | 73 ;r 38 | 65 | 53
Initial | 86 | 82 | 60 r67 53 | 67 L 36 | 60 | 36
Final | 84 | 88 | 80 [ 19 | 60 | 62 E 8 | 71 | 47
‘Inter. Nome | 82 | 72 | 8 1 47 | s1 | 49 1 42 | 64 | 35
Initial | 76 | 74 | 40 J!L 58 | 44 | 42 :L 35 | 56 | 35
Final [ 64 | 72 | 68 + 49 | 47 | 60 « 35 | 56 | 40
—— e T =
MEAN 78176 T 66 1 5; 53 591) | 37 [ 62 | 41

SD 8 8 18) | 8 11y | 3 6 7
ote: S = dSad, H = Happy, A = Angry, indicates pertormance expected by

chance for a four alternative forced choice paradigm based on 95% confidence
limits, where chance=25% =+ 9 (binomial distribution).

(i1) Neutral Duration (D-Neutral)

To test the importance of temporal acoustic markers on the perception of

emotional prosody by brain-damaged and non-brain-damaged adults, the duration
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of vocalic segments of emotional stimuli were "neutralized” (i.e., rendered
equivalent to those observed in matched neutral stimuli) prior to presentation in
the D-Neutral task. Table 23 summarizes the outcome of this task, presenting the
mean identification scores for sad, happy, and angry stimuli for each of the three
diagnostic groups, as a function of sentence modality and emphasis location within
the utterance.

It is clear from Table 23 that the manipulation of temporal parameters of
emotional stimuli on the D-Neutral task exerted limited (although some) influence
on the ability of the three groups to identify vocal affective meanings relative to
their performance on the Baseline task. The ANOVA performed on these data
revealed a significant main effect for GROUP [F(2,27) = 8.25, p<.01]. Follow-up
tests established that, when emotional stimuli lacked appropriate temporal cues,
both the RHD and LHD groups (which did not significantly differ) were less able
to interpret the meaning of emotional prosody than the NC group. A significant
main effect for MODALITY [F(1.27) = 42.37, p<.001], and significant
interactions of EMOTION X FOCLUS [F(4.108) = 3.46, p=.01], EMOTION X
MODALITY X FOCUS [F(4,108) = 3.38, p=.01}, and a four-way interaction of
GROUP X EMOTION X MODALITY X FOCUS [F(8,108) = 2.40, p<.05] were
also produced. The effects of sentence modality and focus location on each
group's performance is presented for sad. happy, and angry prosody in Figures 27

(a-c), respectively.
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Table 23. Percent correct responses (by group) in identifying sad, happy, and
angry stimuli on the D-Neutral task, as a function of focus location and sentence
modality.

PERCENT CORRECT
NC : RHD : LHD
| I
Modal. Focus S H A 1+ S H A S H A
i 1
Declar. None | 76 | 70 | 76 + 47 1 60 | 62 + 47 | 62 | 56
4 +
Initial | 76 | 74 | 68 + 71 | 60 | 64 1 38 | 69 | 42
Final || 82 | 8 | 76 « 47 | s8 | 53 +27* | 71 | s6
. - - L L
Interr Nome | 74 | 54 | sS4 « 56 | s1 [ 20 1 45 | 38 | 24*
] 1
Initial “ 56 60 38 1 49 53 31* 1 22* 38 38
L L.
Final | 4 | 70 | 64 + 53 | 47 | 51 + 31« | 56 | 36
é

appy, . (*) indicates pertormance expecte
chance for a four alternative forced choice paradigm based on 95% confidence
limits, where chance=25% =+ 9 (binomial distribution).

Pairwise comparisons among the means of the four-way interaction
examined the influence of emotion type. sentence modality, and focus location on
the accuracy of each individual subject group. For both the NC and RHD groups,
it was shown that accuracy in labelling the three emotions did not differ as a
function of the other two factors (focus. modality). However, for the LHD group,
recognition of happy intonation was shown to be superior to that of the other two
emotions under certain conditions: namely. identification of happy prosody

surpassed that of sad prosody (sentence-initial and sentence-final focus) and angry
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Figure 27. Interaction of group, emotion, sentence modality, and focus on the
perception of (a) sad, (b) happy, and (c) angry prosody on the D-Neutral task.
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prosody (sentence-initial focus only) when declaratives were presented. No
differences among the three emotions were noted for the LHD group when
interrogative sentences were presented or when utterances lacked sentential focus.
This pattern suggests that the presence of emphatic stress cues in declarative
stimuli somehow facilitated recognition of happy prosody for the LHD subjects
(review Figure 27b).

Finally, for all three groups, the ability to identify angry intonation was
again shown to be systematically influenced by differences in focus location and
linguistic modality: both the NC and RHD subjects recognized anger less often in
interrogatives than declaratives when sentence-initial emphasis was present, and
both the RHD and LHD patients recognized anger less frequently in
interrogatives than declaratives when no focus was present. A similar pattern was
reported in the Baseline task, suggesting that interrogative intonation was less
conducive to effective recognition of angry prosody, except when emphasis was
located sentence-terminally (review Figure 27c). Other significant comparisons
indicated that, for the NC group, sad intonation was recognized less reliably in
interrogatives with sentence-final emphasis than matched declaratives, and for the
LHD group, happy prosody was misperceived more often in interrogatives with

initial focus than matched declaratives.
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(iii) Neutral F, (F-Neutral)

The modulation of fundamental frequency in speech is thought to be
critically associated with emotional expression and the perception of emotional
attributes. Accordingly, the F-Neutral task sought to determine the extent to
which unilaterally brain-damaged patients and healthy control subjects could
identify discrete emotional messages in utterances devoid of these natural pitch
distinctions (i.e., in utterances in which pitch contours reflected those found in
matched "neutral” utterances). Mean accuracy scores for the identification of sad,
happy, and angry prosody by each of the three subject groups are summarized in
Table 24, by modality and focus type.

As may be seen, accuracy on the F-Neutral task was generally low, and the
overall accuracy of the three subject groups in identifying emotional prosody
differed by a nctably smaller margin on this task (NC=45%. RHD=39%,
LHD=30%). Statistical inspection of these data produced a significant main
effect for GROUP [F(2,27) = 4.45, p<.05]. Follow-up analyses indicated that the
NC group identified emotional prosody significantly better than the LHD group
on the F-Neutral task overall. No significant differences were noted between the
overall accuracy of the RHD group and either the NC or LHD groups; as was
also suggested by the focus perception data, the emergence of fewer group
differences on the F-Neutral task may have reflected the greater extent to which
the NC subjects, and not the brain-damaged patients, were affected by the

manipulation of F,. No interactions with the group factor were produced by this
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analysis, contrary to the findings of the other two emotion perception tasks, where

the LHD patients alone demonstrated a bias for happy prosody over sad and

angry prosody.

Table 24. Percent correct responses (by group) in identifying sad, happy. and
angry stimuli on the F-Neutral task, as a function of focus location and sentence

modality.
PERCENT CORRECT
NC : RHD : LHD
Modal. Focus || § | H AJS Hla'!s | u| 4
Declar. Nome | 60 | 12* | 54 : 47 | 20% | 49 Tzs* 27* | 44
Initial | 58 | 18* | 40 7L36 29 | a2 1 277 | 20" | 29°
e _Final || 74 | 24* | T2 ?49 29* | 51 {31* 29+ | 35
Inter.  None “ 60 | 60 28“i 2 | st |27 :rzs* 42 | 18*
Initial |[ 38 | 34+ | 22+ rss* 44 | 29+ 7L13* 38 | 22+
______ r ©
c27* | s1 | 40
T 5
L (6

chance for a four alternative forced choice paradigm based on 95% confidence

limits, where chance=25% =* 9 (binomial distribution).

A significant FOCUS main effect [F(2.54) = 12.67, p<.001], and significant
interactive effects of EMOTION X MODALITY [F(2,54) = 12.76, p<.001},
EMOTION X FOCUS [F(4,108) = 4.21. p<.01], and EMOTION X MODALITY

X FOCUS [F(4,108) = 7.15, p<.001| emerged. Examination of the three-way
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interaction, illustrated in Figure 28, considered how differences in sentence
modality and focus location influenced the recognition of vocal cues to each
individual emotion in the absence of appropriate pitch modulation. For sad
stimuli, no differences in accuracy were observed as a function of modality or
focus location. For happy stimuli, recognition was significantly improved when
presented in conjunction with interrogative intonation rather than declarative
intonation for all focus types; this interaction was uniquely observed in the F-
Neutral task. Finally, for angry stimuli, a pattern resembling that observed in the
Baseline and D-Neutral tasks emerged: recognition of angry prosody was
significantly lower for interrogative utterances than declaratives utterances when
focus was absent; recognition of angry prosody was significantly higher for
interrogative utterances when sentence-fina/ emphasis was present than when

sentence-initial or no emphasis was present.

Summary

[n summary, the identification of emotional prosody was impaired in both
LHD (3/3 tasks) and RHD (2/3 tasks) patients relative to non-neurological control
subjects as assessed by three distinct emotion perception tasks. On the F-Neutral
task, the accuracy of the NC group fell to that of the RHD group, leading to non-
significant differences between the NC and RHD groups. Emotional recognition
scores did not significantly differ between the RHD and LHD groups for any of

the three emotion perception tasks, overall. An emotional bias was observed
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Figure 28. Interaction of emotion, sentence modality, and focus on the
perception of emotional prosody on the F-Neutral task.
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uniquely for the LHD group, who displayed superior recognition of happy prosody
on two of the three tasks (Baseline, D-Neutral).

The influence of sentence modality and sentence focus distinctions on the
perception of discrete affects was most prevalent for angry prosody. The
perceptual markers of interrogation, in the absence of sentence-final emphasis,
generally interfered with the recognition of angry prosody by all three subject
groups, irrespective of the acoustic composition of the stimuli. Systematic effects
of sentence modality and focus distribution on the other two emotions were far
less evident, although it was noted that accuracy for happy prosody was greater in
interrogative than declarative utterances subsequent to the manipulation of F,

parameters of the stimuli.

Effect of the Acoustic Manipulation of Emotional Cues: TASK Factor

The direct influence of manipulating temporal or spectral aspects of speech
on the identification of emotional prosody by the three subject groups was
examined using a 3 X 3 X 3 mixed ANOVA in a full factorial design. Group
membership (NC, RHD, LHD) served as the between-subjects factor in this
analysis, and EMOTION (sad, happy, angry) and TASK (Baseline, D-Neutral, F-
Neutral) served as the within-subjects factors. The data collected for each task
were collapsed across the two levels of "modality” and the three levels of "focus”

prior to statistical inspection.
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A significant main effect for GROUP was observed [F(2,27) = 8.27,

p<.01]; this effect reflected a significant decrement in the ability of the RHD and
LHD patients to identify emotional prosody relative to NC subjects overall. A
significant GROUP X EMOTION interaction, represented in Figure 29a, also
emerged [F(4,54) = 3.31, p<.05]. Pairwise comparisons conducted for each group
individually indicated that only the accuracy of the LHD group differed as a
function of the three emotions, with LHD subjects demonstrating significantly
better recognition of happy stimuli than sad stimuli; (accuracy for angry stimuli
did not differ from that of happy or sad stimuli for the LHD group).

Comparisons of group accuracy for each individual emotion type indicated that
the NC subjects were significantly better than the LHD subjects in identifying
both sad and angry stimuli, and the NC subjects were significantly better than the
RHD subjects in labelling sad stimuli. No significant between-group differences in
the identification of happy prosody were revealed (review Figure 29a).

The emergence of a significant main effect for TASK [F(2,54) = 60.74,
p<.001] was explained by the lower accuracy of all subjects in the F-Neutral task
relative to both the Baseline and D-Neutral tasks. A significant EMOTION X
TASK interaction, depicted graphically in Figure 29b, was further produced
[F(4,108) = 4.22, p<.01]. Examination of this interaction indicated that all three
emotions were identified more poorly in the absence of appropriate pitch

modulation (F-Neutral task) relative to both the Baseline and D-Neutral tasks.
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Figure 29. Interaction of (a) group and emotion, and (b) emotion and task in the
Emotion Perception condition overall.
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Accuracy for the three emotions did not differ significantly for any of the three

tasks, overall.

Error Analysis

Errors in the identification of sad, happy, and angry prosody were
subsequently examined to determine whether the response patterns of the three
groups could be distinguished qualitatively; Figure 30 provides these data,
collapsed across sentence modality. focus position, and task level. As may be
seen, when errors occurred, happy and angry prosody were either interchanged, or
designated as "neutral” by all subjects. very seldom being confused with "sad". Sad
prosody was typically misidentified as "neutral” by all subjects when errors were
observed: indeed, for the LHD group. a "neutral” response occurred more
frequently than correct identifications of sad prosody, overall. Finally, the RHD
and LHD patients substituted sad prosody for happy or angry prosody far more
often than the NC subjects, who almost never committed this type of error.
Despite these differences, the response patterns of the three groups were

relatively comparable, and did not suggest marked qualitative differences.
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Figure 30. Percentage of stimuli identified by each group as conveying sad,
happy, angry, or "neutral” prosody.
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DISCUSSION

Much remains unclear about how prosodic aspects of speech are translated
into affective and non-affective messages in normal speech perception. Even less
understood are the effects of unilateral brain injury, and possible compensatory
mechanisms, on these auditory-perceptual processes in particular, and
communicative competence in general. More exhaustively than in previous
studies, Experiment 2 tested the capacity of right- and left-hemisphere-damaged
patients to perceive prosodic forms of both an affective and non-affective nature.
The presentation of auditory stimuli enriched with multiple prosodic cues, and the
manipulation of specific temporal or spectral properties of the stimuli, were
viewed as an effectual means of assessing the impact of unilateral brain injury on
prosodic perception under a variety of conditions. Data from this experiment are
further important in illuminating some of the normal processes underlying the
perception of linguistic and emotional prosody, and the possible interaction of
these two "types" of representations.

As noted earlier, the perception of emphasis is often critical to recognizing
the propositional intent of speech, highlighting the semantic value accorded to
individual constituents within an utterance. In the present study, three tasks
assessed the ability of RHD, LHD, and NC subjects to locate the position of
emphatic stress within short sentences; on each task, the LHD aphasic patients

were significantly impaired relative to matched RHD patients, who performed at a
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comparable level to non-neurological control subjects in each case. The LHD
patients were also impaired relative to the normal subjects on two of the three
focus perception tasks (Baseline, D-Neutral), and exhibited defective recognition
of emphasis cues relative to both the RHD and NC subjects when the data were
collapsed across the three task levels. These findings demonstrate that patients
with left hemisphere dysfunction and aphasia are disturbed in the capacity to
perceive emphatic stress distinctions in speech (Kimelman, 1991), providing
compelling evidence of a lefr hemisphere substrate for the perceptual mechanisms
underlying these processes. This outcome is in accord with previously published
data (Baum et al., 1982) and receives support from recently-conducted research
on emphatic stress perception by aphasic adults (Baum, under review).

The observation that focus perception was spared subsequent to unilateral
right-hemiphere insult is at odds with some previously-reported findings (Brddvik
et al., 1991; Bryan, 1989; Weintraub et al., 1981). However, methodological
inconsistencies and the use of less rigorous testing paradigms in previous reports
may explain the different patterns noted. For example, two of the studies
demonstrating defective recognition of emphatic stress in RHD patients (Bradvik
et al.,, 1991; Bryan, 1989) presented no more than 12 trials to their subjects for
perceptual identification. In contrast, the overall pattern reported in the current
experiment was based on the results of three distinct tasks of 80 trials each, a far
more reliable sample. With respect to the investigation conducted by Weintraub

and her colleagues (1981), those authors assessed the success of RHD patients in
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discriminating (i.e., making a same/different judgement about) paired utterances
differing in emphatic stress location, and within a single analysis, assessed the
ability of RHD patients to differentiate statement/question intonational contrasts
as well. Thus, due to methodological considerations, the extent to which the
RHD patients reported by Weintraub et al. (1981) were receptively impaired for
emphatic stress cues or for linguistic intonation--a deficit reported elsewhere in
the literature (Brddvik et al., 1991: Heilman et al., 1984; Pell and Baum, 1997a)--
is unclear. These inconsistencies render the findings of previous investigations on
emphatic stress less certain, favouring the present conclusion that RHD patients
are largely unimpaired in the receptive processing of emphatic stress cues in
speech (Baum, under review).

The stimuli presented for focus recognition were also presented to the
same subject sample to test their recognition of emotional-prosodic attributes.
Results obtained for the three tasks of emotion perception indicated a somewhat
different pattern of group performance from that reported in the focus perception
condition. Namely, both the RHD and LHD patients performed at an inferior
level when compared to the control subjects on all emotion perception tasks
except for the F-Neutral task, where the accuracy of the RHD and NC subjects
did not significantly differ; (exceptional patterns observed in the F-Neutral data
are discussed below). Both clinical groups also exhibited disturbed overall
recognition of emotional prosody relative to the normal subjects when the data

were collapsed across the three task levels. A disruption of emotional prosody
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perception following both left- and right-hemisphere insult is in accordance with
much recently-published data (Cancelliere & Kertesz, 1990; Darby, 1993;
Starkstein et al., 1994; Van Lancker & Sidtis, 1992), arguing that both the left and
right hemispheres of the brain may normally be engaged in decoding emotional
attributes of speech.

The comparable performance of the RHD and LHD patients in the
emotion perception condition stands in sharp contrast to the performance of these
two groups in the focus perception condition, where the accuracy of the RHD
patients always exceeded that of the LHD patients. Comparison of group
performance across the focus and emotion conditions, therefore, suggests that
right hemisphere lesions may be specifically tied to a receptive disruption for
emotional, but not linguistic, aspects of prosody in speech perception (Emmorey.
1987; Heilman et al., 1984; Ross. 1981). This finding is compatible with the
notion that right hemisphere mechanisms are essential in decoding communicative
stimuli of an emotional nature (e g.. Borod, 1992), and more generally, that
hemispheric specialization for prosodv may somehow depend on the functional
(i.e., linguistic vs. affective) valence of prosodic features in speech perception
(Behrens, 1985;: Emmorey, 1987. Van Lancker. 1980).

However, as the RHD and LHD samples tested in the current study
displayed comparable deficits in the recognition of emotional prosody, the data
reported herein are discordant with accounts claiming exclusive right-hemisphere

control of emotional prosody (Blonder et al.. 1991: Bowers et al., 1987; Ehlers &
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Dalby, 1987; Heilman et al., 1975; Hughes et al., 1983: Ley & Bryden, 1982: Ross,

1981; Tucker et al., 1977). As discussed in the introduction, the absence of a
LHD subject group in many previous investigations of the identification of
emotional-prosodic meanings (Heilman et al., 1975; Hughes et al., 1983; Ross,
1981; Tucker et al., 1977) may have led to premature claims about the right
hemisphere’s exclusive role in decoding vocal affect. The present data mitigate
against those authors’ view that only right-hemisphere lesions yield deficits in the
recognition of emotional prosody, demonstrating that lesions confined to either
cerebral hemisphere may underlie such impairments (Cancelliere & Kertesz, 1990:
Darby, 1993; Starkstein et al., 1994; Van Lancker & Sidtis, 1992). This is not to
say that the precise manner in which right and left hemisphere insult disturbs
emotional prosody recognition does not differ, an issue to be addressed in future
investigations.

The fact that fewer group differences in overall accuracy emerged on the
F-Neutral task (where normally-occurring pitch cues were rendered unavailable)
within both the focus and emotion perception conditions merits some comment.
As summarized above, on the F-Neutral task, the accuracy of the normal subjects
did not significantly differ from that of the LHD and RHD patients in the focus
and emotion conditions, respectively. Although a significant group by task
interaction did not emerge in the statistical analyses (i.e., the three groups were
not differentially influenced by the acoustic manipulation of the stimuli in either

the focus or emotion condition), trends in the data suggest that the NC subjects
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may have been somewhat more affected by the absence of normal pitch
modulation on the F-Neutral task than either the LHD or RHD subjects. The
NC subjects’ accuracy on the F-Neutral task (across conditions) illustrated a
greater decrement (21%) than that of the RHD (16%) and LHD (10%) patients
when compared to accuracy on the Baseline task: this trend may have caused the
accuracy of the NC group to approximate that of the patient groups on the two F-
Neutral tasks, resulting in fewer group distinctions. Thus, although pitch
fluctuation was clearly of primary importance to all three groups. normal subjects
may have been particularly reliant on pitch change in perceiving prosodic
distinctions related to emphasis and emotional content (see also Baum, under
review).

The emergence of distinct group patterns as a function of individual
stimulus types in both perception conditions points to further differences in the
underlying perceptual mechanisms employed by brain-damaged and non-brain-
damaged subjects. These differences were especially noteworthy in the focus
perception condition. For example, requiring subjects to rely solely on pitch
fluctuation when perceiving focus (D-Neutral task) selectively disturbed the two
patient groups relative to the normal subjects, but only for those stimuli in which
pitch fluctuation was minimal (i.e., sad utterances). This finding suggests that
both the RHD and LHD patients were less efficient than normal listeners at
processing the pitch attributes of emphatic stress when pitch distinctions in the

signal were least informative of the target response. Moreover, it implies that
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both clinical groups derived benefit from the temporal correlates of emphasis
when presented with sad stimuli on the Baseline and F-Neutral tasks, where this
selective pattern of disruption was not observed.

Relatedly, requiring subjects to rely solely on temporal parameters when
perceiving emphasis (F-Neutral task) resulted in a selective deficit for the LHD
patients relative to the RHD patients, but only when declarative contours were
presented. Inspection of the acoustic data suggests that, despite neutralizing the
magnitude of pitch change associated with focused items on the F-Neutral task,
interrogative stimuli remained marked by the direction of pitch change occurring
on focused items (i.e., pitch accents displayed a rising contour on focused items
within interrogatives sentences but a falling contour within declarative sentences,
Eady & Cooper, 1986; see Experiment 1). These categorical alterations in the
direction of the pitch accent contained in interrogative contours may have proven
sufficient for the LHD patients in determining emphasis location, their deficits on
this task being confined to those stimuli in which pitch markers were completely
absent and only temporal cues to emphasis could be hamnassed (i.e., declarative
contours). This result indicates that LHD patients may demonstrate a subtle
deficit in processing temporal parameters of linguistic-prosodic stimuli, a
shortcoming largely obscured when pitch markers are salient (Van Lancker &
Sidtis, 1992). Collectively, the sensitivity of the brain-damaged patients to specific
stimulus types in the face of the acoustic manipulations affirms that RHD and

LHD patients normally require both spectral and temporal aspects of prosody
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when processing emphatic stress distinctions, redundancy not always required by
the normal system on such a task.

Finally, in the emotion perception condition, the LHD group showed a bias
towards recognition of happy prosody over sad and angry prosody on all tasks
except the F-Neutral task. Such a bias has been noted previously using a
comparable stimulus set (Pell & Baum, 19972) and may underscore the
proficiency of the aphasic patients at processing prosodic forms displaying large
excursions in continuous F, features (Pell & Baum, 1997b). Alternatively, in view
of the emotional responses permitted in the present experiment, recognition of
happy prosody may have been enhanced by a predilection for "positive" stimuli in
the LHD patients (Ahern & Schwartz, 1979: Sackeim, Putz, Vingiano, Coleman &
McElhiney, 1988). However, this latter explanation is unlikely given the weight of
evidence opposing the "valence” hypothesis (Ehlers & Dalby, 1987; Heilman et al.,
1984; Pell & Baum, 1997a; 1997b). including the failure of the present data to
produce the converse pattern (i.e.. RHD patients demonstrating a perceptual bias
for "negative" affects), also predicted by this hypothesis. The probability that the
pitch attributes of happy stimuli guided the LHD patients’ performance is
reinforced by the lack of an emotional bias on the F-Neutral task, where F,
properties of the stimuli were rendered "neutral” and therefore ineffective
determinants of emotional content.

More generally, results obtained herein demonstrate that for both brain-

damaged and non-brain-damaged subjects, the perception of linguistic prominence
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and emotional prosody varies as a function of concurrent specifications in
intonation contours. This interaction was particularly evident in the focus
perception condition, where all subjects displayed superior recognition of
emphatic stress in utterances spoken in a happy or angry tone than those spoken
in a sad tone. Emphasis detection in "neutral” utterances was generally poorer
than that in happy or angry utterances, although frequently better than in sad
utterances. These data point to a perceptual interaction between the cues that
signal linguistic prominence and those underlying different affective modes, a
finding heretofore unreported. Perhaps more significantly, these results
underscore the sensitivity of both normal subjects and unilateral left- and right-
brain-damaged patients to the perceptual attributes of specific emotional patterns
while performing a linguistic task. as measured in the focus perception condition.

As noted earlier, the focus perception stimuli differed markedly as a
function of emotion when acoustic parameters of the stimuli were examined.
Perhaps most importantly, the magnitude of F, change associated with focused
items in both sentence-initial and sentence-final position was extremely large for
happy and angry stimuli and extremely small for sad stimuli when compared to
neutral stimuli. These highly exaggerated pitch changes observed on focused
items in happy and angry stimuli may have enhanced the prosodic contrast
between emphasized and unemphasized segments within these contours, resulting
in improved perceptual acuity and higher accuracy scores for happy and angry

stimuli when compared to stimuli displaying relatively small pitch accents (i.e., sad
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stimuli). It is unlikely that temporal differences across emotional categories
facilitated emphasis perception, as focused vowels in sentence-initial and sentence-
final positions were actually longest (i.e., presumably most indicative of focus) for
the sad stimuli, for which recognition of focus was least accurate.

Evidence of a facilitative relationship between "exaggerated" prosodic
patterns and accuracy on speech perception tasks is of potential importance to
aphasic patients with auditory comprehension deficits. Based on previous
research, it has been shown that narrative comprehension may be significantly
enhanced in aphasic listeners when "exaggerated stress” is placed on key target
words within the narrative (Pashek & Brookshire, 1982; Kimelman & McNelil,
1987), and that prosodic modulation preceding stressed target words may further
improve word comprehension by aphasic adults on certain tasks (Kimelman &
McNeil, 1989). Thus, despite present indications that LHD patients are impaired
when required to perceptually isolate emphatic cues within the speech stream (see
also Baum et al.,, 1982; Kimelman, 1991), other data suggest that aphasic patients
continue to derive some benefit from emphatic specifications occurring throughout
the utterance (or on key words within a narrative) when auditory comprehension
of speech is tested.

Implications in the present data that affective modes which naturally
enhance or "exaggerate" distinctions in linguistic-prosodic content render emphatic
items more salient to all listeners, including both fluent and nonfluent aphasics,

serve to extend these previous findings (Pashek & Brookshire, 1982; Kimelman &
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McNeil, 1987; Kimelman & McNeil, 1989). As suggested by Fernald's (1984:

1989) data on motherese, the more "informative" nature of expanded contours
probably renders the communicative intent of the speaker more intelligible to the
listener, leading to the use of such forms in speech directed to infants or foreign
language speakers. Although a link between exaggerated or expanded intonation
contours and improved sentence comprehension abilities in aphasic adults remains
highly speculative at present, this line of inquiry nonetheless presents a promising
direction for future research.

In addition to emotional distinctions, differences in linguistic modality also
influenced the ability to perceive focus location, all subjects displaying superior
recognition of emphasis in sentence-final position when interrogative intonation
was presented. Examination of the acoustic data indicated that a substantial rise
in terminal F; served as the principle marker of interrogation as well as the
primary physical determinant of linguistic focus. For the present stimulus set,
therefore, the need to convey focus and interrogation coincided in sentence-final
position, resulting in utterances with relatively little pitch modulation preceding
the sentence-final item but an extremely large rise in pitch on the sentence-final
item. The coincidence of these cues in sentence-final position probably rendered
focused items especially salient to subjects for interrogative stimuli.

Finally, the perceptual identification of emotional prosody was relatively
little influenced by the presence of concurrent linguistic-prosodic cues.

Exceptionally, angry prosody was recognized poorly by subjects when presented as
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an interrogative without focus or with sentence-initial focus, across task levels.
Examination of the acoustic data for the emotional stimuli did not readily indicate
why recognition of angry prosody was uniquely dependent on changes in focus
distribution and sentence modality. However, despite a rating procedure whereby
the perceptual validity of the stimuli was established, comments from experimental
subjects following the testing session indicated that a subset of the angry stimuli
may have sounded closer to "surprise” intonation than to "angry”, leading to some
confusion for this emotional category. Possibly, the perception of a rise in pitch
occurring relatively early in angry utterances--a pattern exclusively displayed by
interrogative contours with initial or no focus--is more conducive to "surprise”
intonation, all else remaining equal. Further inquiry into the perceptual correlates
of discrete emotions may help resolve these issues.

In summary, the perception of prosodic distinctions by unilateral right- and
left-brain-damaged subjects suggests that cerebral activation for the linguistic and
emotional components of prosodic patterns may differ on several counts. Right
hemisphere dysfunction was shown to selectively disturb emotional attributes of
vocal cues in speech perception (these patients were not receptively impaired for
emphatic stress). However, a disruption of emotional prosody was not unique to
the RHD patients, as LHD aphasic patients also displayed difficulties in the
emotion recognition condition, as well as the emphatic stress perception condition.
The observation that certain emotional modes serve to enhance distinctions in

linguistic-prosodic content for the listener, and more generally, that emotional and
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linguistic specifications interact in auditory perception, provide a basis for future

research in this area.
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CONCLUDING REMARKS

Many claims have been made about the right hemisphere’s role in the
production and perception of speech prosody. Despite the fragmentary nature of
these claims, it is commonly held that right hemisphere mechanisms must
somehow subserve these psycholinguistic functions, however ill-defined at present.
The present study of both expressive and receptive abilities sought to understand
how RHD patients were influenced by specific acoustic or perceptual correlates of
prosodic patterns when engaged in verbal behaviour. Assessing the interplay of
various prosodic features, although complex, was necessary to illuminate the RHD
patients’ performance in a context simulating that of spontaneous speech in many
respects.

Certainly, the stimuli upon which the present conclusions are based were
not fully representative of naturalistic speech samples, but rather, were
constrained by the elicitation procedure utilized in both experiments. The
possibility that "acting” ability influenced the acoustic measures obtained in the
present study somewhat, especially in the production experiment (perceptual
stimuli were produced by a single subject and then submitted to a rating
procedure), cannot therefore be discounted. However, the close fit of the present
data with previous normal acoustic descriptions of both read and spontaneous
speech (e.g., Cooper et al., 1985: Eady & Cooper, 1986: Williams & Stevens,

1982) suggests that the elicitation procedure employed herein was indeed a
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suitable vehicle for investigating prosody in RHD adults. Moreover, the
likelihood that inter-subject differences in the ability to simulate emotions (as well
as other aspects of prosody) were equally prevalent in both the RHD and NC
groups diminishes the potential contribution of this factor.

An attempt to correlate clinical attributes of the RHD patients described
herein with their prosodic deficits, although potentially revealing, was beyond the
purview of the present investigation. However, following comments made by Pell
and Baum (1997a), it is noteworthy that expressive and receptive prosodic deficits
uncovered in the current RHD sample coincided with other severe neurologic
signs, such as hemispatial visual neglect in approximately half of the RHD sample.
As hypothesized earlier, evidence of a lasting behavioural neglect in RHD patients
with stable lesions may point to relatively extensive neurologic damage in these
patients, a potential determinant of prosodic disruption (Pell & Baum, 1997a). In
contrast, RHD patients with milder neurologic signs may present less frequently
with expressive or receptive disturbances of speech prosody when compared to
matched LHD or normal subjects (Pell & Baum, 1997a: Schlanger et al., 1976
Van Lancker & Sidtis, 1992). The complexity of the current experimental design
did not permit an examination of individual patterns of performance within each
subject group, preventing a test of this hypothesis within the present RHD sample.
Nonetheless, a relationship between prosodic deficits and concurrent behavioural
signs produced by unilateral right-hemisphere insult remains possible and awaits

further analysis.
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Despite examining hemispheric involvement for various prosodic functions,
an in-depth appraisal of lesion localization within the right (or left) hemisphere
was also beyond the goals of the current investigation. However, prior research
has identified neuroanatomical regions of potential importance within the cerebral
hemispheres that may be linked to disturbances of prosodic function. Specifically,
a potential association between prosodic impairment and lesions localized to right
and/or left temporoparietal regions of the cortex has been documented (Blonder
et al.,, 1991; Heilman et al., 1975: Ross, 1981; Schlanger et al., 1976; Tucker et al.,
1977; Van Lancker & Sidtis, 1992). More recently, subcortical damage involving
the basal ganglia has been strongly implicated in producing prosodic disturbances
in a number of neurogenic populations. including patients with focal right and left
basal ganglia lesions (Blonder et al.. 1989: Bradvik et al., 1991: Cancelliere &
Kertesz, 1990; Cohen et al., 1994: Pell. 1996;: Ross & Mesulam, 1979; Speedie et
al., 1990; Starkstein et al., 1994: Van Lancker & Pachana, 1995). As lesion site
varied somewhat within the clinical samples reported herein, the present data can
neither substantiate nor disconfirm these hypotheses. Future investigations which
aim to correlate circumscribed neuroanatomical regions within the right or left
hemisphere of the brain with select prosodic deficits (such as that conducted by
Cancelliere and Kertesz, 1990) are clearly necessary.

Finally, as is also true for segmental aspects of speech, hypotheses arrived
at to explain the production data on prosody do not always correspond well with

those accounting for patterns in the perceprion data on prosody. The present
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study sought to address several current hypothetical descriptions of how prosody is
lateralized in the brain (Behrens, 1988; Ross, 1981: Van Lancker & Sidtis, 1992).
With respect to the "functional load" hypothesis (e.g., Behrens, 1985: Emmorey,
1987; Ross, 1981), results obtained for the perception experiment were generally
consistent with the predicted pattern: RHD patients exhibited deficits for only
emotional attributes of speech, and of the three diagnostic groups, LHD patients
were exclusively impaired for prosodic cues of a linguistic nature.'” Although an
alternative explanation was adopted to account for patterns in the production
data, it is noteworthy that results obtained for Experiment 1 also conformed in a
general (albeit partial) manner to those anticipated by the functional role
hypothesis; namely, RHD patients exhibited greatest disturbance in producing
long-term parameters of prosody important in emotional signaling. (The absence
of a LHD group in Experiment 1--due to the difficulty of the production task--did
not permit a direct test of the left hemisphere’s role in prosody production.)

As discussed in detail in Experiment 1, expressive abnormalities in the
RHD patients’ speech were attributed to disturbed regulation of continuous, as
opposed to categorical, aspects of prosodic stimuli. Given the apparent
quantitative nature of this deficit and its hypothesized occurrence at the
implementation level, such an interpretation was preferred over a functional

account of the production data, despite the fact that a functional description was

'"Note that the LHD patients were also impaired in recognizing emotional

prosody, a pattern that cannot be explained within the functional role hypothesis.
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adopted to explain patterns in the perception data. Nonetheless, as acknowledged
earlier, the fact that continuous and categorical aspects of prosody are highly, if
not inextricably, linked to the emotional and linguistic function of these cues in
speech (e.g., Ladd et al., 1985) suggests that a functional interpretation of both
the production and perception data reported herein cannot be discounted
(Behrens, 1985; Emmorey, 1987)."! However, it is equally possible that further
investigation in this area will uncover evidence of hemispheric asymmetries for the
continuous and categorical features of prosodic stimuli in the receptive as well as
expressive mode, as suggested by previous data (Pell & Baum, 1997b).

Other current hypotheses in the literature on prosody derived limited
support from the present investigation of both production and perception skills.
For example, there were few indications in the present data that the right and left
cerebral hemispheres of the brain are specialized for F, and duration parameters
of prosodic stimuli, respectively (Robin et al., 1990: Van Lancker & Sidtis, 1992).
For production abilities, both duration and F, features of prosody were shown to
be aberrant in the RHD patients’ speech when these parameters were used
continuously. Furthermore, in perceiving emphatic stress and emotional
distinctions, neither the RHD nor LHD groups was selectively influenced by the

absence of only duration or F; cues to these meanings. The failure of the current

""Given the RHD patients’ difficulty in regulating the magnitude of F, change
underlying emphasis, the notion that emphasis is composed of both a "linguistic" and
"affective” component (the latter representing the speaker’s pragmatic decision to signal
the extent of emphatic highlighting desired) must be accepted if a functional
interpretation of the current production data is to be adopted.
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study to support the "cue hypothesis” is in keeping with much recently-published
data (Dykstra et al., 1995; Gandour et al., 1995: Pell & Baum, 1997b).

The contention that right hemisphere mechanisms contribute to the
processing of relatively large prosodic units such as intonation contours, but are
minimally implicated when processing small prosodic constituents such as
linguistic stress (Behrens, 1989; Emmorey, 1987; Gandour et al., 1992), also
receives little support from the present study. As discussed in Experiment 1,
although long-term properties of intonation contours were most frequently
impaired in the RHD speakers’ utterances (as predicted by the "domain
hypothesis"), success in producing short-term parameters of emphatic stress tokens
depended on the nature of the cue to be modulated and was not entirely normal
in the RHD group. The emergence of the pattern predicted by the "domain
hypothesis” for the RHD patients in Experiment 2 (i.e., RHD patients were
impaired in recognizing emotional prosody but not emphatic stress) is tempered
by the observation that this pattern is simultaneously predicted by the functional
role of these cues in speech perception. as noted earlier. Moreover, the
comparable level of impairment displayed by the RHD and LHD patients in the
emotion identification condition is incompatible with the notion that the right
hemisphere exclusively contributes to intonational decoding.

In fact, as noted briefly above, the LHD patients’ disturbance in identifying
emotional prosody in Experiment 2 is not easily accomodated by either the

domain hypothesis or the functional role hypothesis. Although not a novel finding
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(Cancelliere & Kertesz, 1990: Schlanger et al., 1976; Seron et al., 1982; Tompkins
& Flowers, 1985; Van Lancker & Sidtis, 1992), evidence that focal left-hemisphere
lesions sometimes produce affective-prosodic deficits of a comparable scale to
those witnessed in RHD patients has not received much attention in the prosody
literature (although see Ross, Thompson & Yenkosky, 1997, for a recent study
that attempts to address this issue). Accordingly, it remains to be determined
whether difficulties experienced by LHD aphasic patients on emotional prosody
tasks are of a similar nature to those hypothesized for RHD patients, or whether,
for example, LHD patients are more susceptibie to increased cognitive demands
on such tasks (Tompkins & Flowers, 1985). Moreover, it is recognized that the
need to elicit a verbal response or decision on most emotional tasks may
selectively affect the performance of LHD (but not RHD) patients, but the
ramifications of this verbal component on emotional recognition by aphasic
patients are poorly understood. These uncertainties suggest that close attention to
the factors underlying prosodic performance in both RHD and LHD patients may
benefit future research in this area.

Remaining discrepancies in the production and perception data on prosody
suggest the probability that prosodic abnormalities, even when co-occurring, are
not always tied to a unitary neurofunctional disturbance. Rather, it is possible
that the right hemisphere assumes an integral (albeit currently ill-defined) role
within a neural network dedicated to prosody (Blonder et al., 1989; Pell, 1996),

and that expressive and receptive difficulties for prosody often stem from
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independently-compromised mechanisms in RHD patients. Certainly, indications
in Experiment 1 that the RHD patients’ expressive deficits were mostly
quantitative in nature are inconsistent with the notion of a central deficit, or loss
of knowledge about prosodic representations affecting both expressive and
receptive channels, in the current RHD sample (see also Gandour et al., 1995:
Baum & Pell, 1997). Through increased knowledge of how the psycholinguistic
processes underlying prosody interact in both speech production and perception,
future undertakings will be better equipped to arrive at a neurofunctional
description of prosody that more closely reflects the demands inherent in natural

speech.
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APPENDIX A

For both short and long stimuli, the following effects were noted for the keyword

duration data:

KEYWORD

Neutral: [Feorr(2,36)=129.68, p<.001; F,ono(3,36)=78.31, p<.001]
Sad: [Feorr(2,36)=73.51, p<.001: F\oxo(3.36)=72.86, p<.001]
Happy: [Fsuorr(2,36)=86.37, p<.001: F,oyo(3,36)=60.10, p<.001]
Angry: [Faiorr(2.36)=72.56, p<.001: F,ong(3,36)=86.29, p<.001]

FOCUS

Neutral: [Fgopr(2.36)=12.87, p<.001: F ono(2.36)=13.99, p<.001]
Sad: [Ferorr(2,36)=6.03, p<.01: F,;ng(2.36)=3.37, p<.05]

Happy: [Feuorr(2,36)=5.04, p<.05: F,ong(2,36)=14.26, p<.001]
Angry: [Feorr(2,36)=3.14, p=_055; F,ona(2,36)=4.87, p<.05]

KEYWORD X FOCUS

Neutral: [Fgyorr(4,72)=34.63, p<.001: F ys(6,108)=30.59, p<.001]
Sad: [Fgyort(4,72)=25.97, p<.001: F| ;\(6,108)=17.06, p<.001]
Happy: [Fsuorr(4.72)=32.88, p<.001: Fox(6,108)=20.85, p<.001]
Angry: [Fgort(4,72)=30.85, p<.001: F|o\(6,108)=25.79, p<.001]

For only the short stimuli, the following three-way interaction was observed:
KEYWORD X MODALITY X FOCUS

Neutral: [F(4,72)=6.61, p<.001]
Sad: [F(4,72)=2.82, p<.05]
Happy: [F(4,72)=2.62, p<.05]
Angry: [F(4,72)=9.42, p<.001]
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APPENDIX B

For both short and long stimuli, the following effects were noted for the keyword

F, data:

MODALITY

Neutral: [Feorr(1,18)=194.62, p<.001; Fyono(1,18)=151.14, p<.001]
Sad: [Faionr(1,18)=104.98, p<.001: F,ou(1,18)=153.34, p<.001]
Happy: [Fsuorr(1,18)=68.77, p<.001: F,oxo(1,18)=59.23, p<.001]
Angry: [Faiore(1,18)=73.23, p<.001: F,on(1,18)=126.12, p<.001]

KEYWORD X MODALITY

Neutral: [Feorr(3.54)=77.28, p<.001: F ous(4.72)=124.11, p<.001]
Sad: [Faiorr(3:54)=57.33, p<.001: F, on(4,72)=78.48, p<.001]
Happy: [Feuorr(3:54)=41.47, p<.001: Fong(4.72)=62.62, p<.001]
Angry: [Faiorr(3:54)=67.95, p<.001: F,ono(4,72)=51.36, p<.001]

KEYWORD X FOCUS

Neutral: [Feorr(6,108)=12.26. p<.001: F\oxo(8,144)=7.09, p<.001]
Sad: [Fgorr(6,108)=4.05, p=.001: F, oxq(8,144)=3.18, p<.01]
Happy: [Feporr(6,108)=9.23, p< 001: F,ou(8.144)=7.62, p<.001]
Angry: [Faiorr(6,108)=7.37, p<.001: F, pus(8.144)=3.26, p<.01]

MODALITY X FOCUS

Neutral: [Forr(2:36)=26.66, p< 001: F, oxg(2,36)=12.58, p<.001]
Sad: [Fgiopr(2,36)=15.23, p<.001: F,,«(2.36)=7.77, p<.01]
Happy: [Feiorr(2:36)=11.41, p<.001: F, ;na(2.36)=10.65, p<.001]
Angry: [Feiort(2:36)=10.36, p<.001: F, 1(2.36)=7.99, p=.001]

KEYWORD X MODALITY X FOCUS

Neutral: [Fgorr(6,108)=19.76, p<.001: F, ouc(8.144)=13.29, p<.001]
Sad: [Feiorr(6,108)=5.35, p<.001: F, ni(8.144)=4.75, p<.001]
Happy: [Feorr(6,108)=11.60, p<.001: F, on(8.144)=5.48, p<.001]
Angry: [Faiont(6,108)=8.01, p<.001: F, ,u(8.144)=3.75, p=.001]
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APPENDIX C
The following effects, unreported in the text, were significant for both the short
and long stimuli in the analysis of F, accents:

EMOTION
[Fsuort(3:54) = 14.56, p<.001; F,ons(3.54) = 16.55, p<.001]

KEYWORD
[Fsyort(1,18) = 63.40, p<.001; F, ons(1,18) = 82.06, p<.001]

EMOTION X KEYWORD
[Fssorr(3:54) = 9.25, p<.001; F ono(3.54) = 9.68, p<.001]

MODALITY X KEYWORD
[Faorr(1,18) = 7.58, p<.05; F, oxo(1.18) = 14.66, p=.001]

FOCUS X KEYWORD
[Fssort(2:36) = 61.65, p<.001: F,ous(2.36) = 48.90, p<.001]

EMOTION X MODALITY
[Faorr(3.54) = 4.35, p<.01; F,ouo(3.54) = 6.45, p=.001]

The following effects, unreported in the text, were significant for the short stimuli

only in the analysis of F, accents:

FOCUS
[F(2,36) = 5.42, p<.01]

MODALITY X FOCUS
[F(2.36) = 7.91, p=.001]

The following effects, unreported in the text, were significant for the long stimuli
only in the analysis of F, accents:

MODALITY

[F(1,18)=6.03, p<.05]

EMOTION X FOCUS
[F(6,108)=2.68, p<.05]
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APPENDIX D

(i) D-Neutral task - FOCUS X MODALITY X EMOTION Interaction

For the perception of sentence-initial emphasis when duration cues had
been "neutralized”, accuracy was significantly lower for sad stimuli than for happy,
angry, and neutral stimuli, and significantly lower for neutral stimuli than for
happy stimuli, when declarative utterances were presented. When interrogative
utterances were presented, sentence-initial focus was recognized significantly
better in happy and angry stimuli than neutral stimuli, and significantly better in
angry stimuli than sad stimuli.

For the identification of sentence-final/ emphasis, accuracy was significantly
lower for neutral stimuli than for happy and angry stimuli, and lower for sad
stimuli than for angry stimuli, when declarative intonation was present. For
interrogative utterances, terminal emphasis was perceived significantly better when
presented in tandem with happy, angry, and neutral prosody than when presented

with sad prosody.

(i) F-Neutral task- FOCUS X MODALITY X EMOTION Interaction
For sentence-initial focus, it was revealed that accuracy was significantly
greater for angry and neutral stimuli than for sad stimuli, and significantly greater

for angry stimuli than happy stimuli, when declaratives were presented. When
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interrogatives were presented, accuracy was significantly greater for happy and
angry stimuli than for both sad and neutral stimuli.

For the perception of sentence-final focus, accuracy was greater for happy,
angry, and sad stimuli relative to neutral stimuli, and for happy and angry stimuli
relative to sad stimuli, when declaratives were presented. When interrogatives
were presented, accuracy was significantly greater for happy, angry, and neutral

stimuli than for sad stimuli.
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