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Communication involves an exchange of different kinds of information.
Besides linguistic content (structured into phonological, gyntactic, and
gemantic systems), there is the important realm of paralinguistic informa-
tion, which includees attitudes, affect, mood, and personal traite (sex, age,
personality). Paralinguistic information, carried mainly in the prosodic
material of speech (pitch, duration, loudnesg, voice quality) is not wade up
of discrete unite as the linguistic system (phonemee and words) ie, but
instead, involves different characteristice altogether. Gradations and
degrees occur in the case of emotions and attitudes, and unique patterns make
up speaker identity.

As left hemisphere specialization for language is presumably accounted
for and dependent upon the structural properties of linguistic systems, an
interesting question arises about the hemispheric specialization for para-
linguistic information in communication. Recent studies suggest that hemis-
pheric specialization ie related to the structural properties of the
stimulus. For example, vhen prosodic contraste constitute a linguistic tonal
gystem, they are processed in the left hemisphere (Van Lancker and Fromkin,
1973, 1978; Gandour and Dardaranda, 1983). On the other hand, a right
hemisphere specialization has been found for prosodic waterial signalling
emotional content (Heilman, Scholes and Watson, 1575; Ross, 1981) and
personal voice identity (Van Lancker and Canter, 1582) (Table 1)}.
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Phonological (tones)
Grammatical (vord stress)
HEMIS- Grammatical (sentence intonation) LINGUISTIC
PHERE Attitudinal (disapproval, irony) STRUCTURE
Emotional (happy, sad)
Voice information (sex, age, identity
RIGHT NO

Thus although all this acoustic material is carried in speech, only part--
the linguistic content--is processed in the left cerebral hemigphere, wvwhereas
paralinguistic information may be procesesed in the right.
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To further investigate the hypothesis that the right hemisphere 1is
gpecialized for processing paralinguistic inforwmation in gpeech, we studied
the abilities of left-brain damaged (LBD) and right-brain damaged (RBD)
subjecte to perceive personal voice identity in the speech signal. Qur goal
vags to ascertain hov vell aphasic and RBD individuals could recognize
familiar voices and q;scriminate betwveen unfamiliar voices.

Although recognition of the speaking voicee of family and friends is =a
common ability utilized daily, little research on neural substrates under-
lying this ebility and its disturbance in brain damage has been done. Most
experimentation in voice perception in normal subjects, in fact, hes utilized
unfamiliar voices in digscrimination (same/different) tasks.

Information about personal identity is carried in speech, and hence it
might be thought to be specialized in the left hemisphere in norwmal, right-
handed persons. But as mentioned above, this information has none of the
properties of speech and language (such as discrete, sequential unite
organized by rules); instead, recognizing a voice involves apperception of an
overall pattern. Thus speaker recognition is analogous to face recognition,
vhich has been demonstrated in normal subjects (Levine and Koch-Weser, 1982)
and in brain-damaged patients (Benton, 1980) to crucially involve the right
hemisphere.

Data from our previous studies of normal subjects support this viev of
familiar voice recognition as essentially a pattern recognition process (Van
Lancker, Kreiman and Emmorey, 1985; Van Lancker, Kreiman, and Wickens, 1983).
In those studies, listeners shoved only emall decrements in performance vhen
recognizing voicee presented backvards or with eltered rates (compared to

normal presentation). Secondly, rather than having & uniform effect, these
acoustic alterations affected the recognizability of some voices but not
others. In the backvarde condition, for example, sowme voices vere as easily

recognized backvards as forvards, vhereas others vere rendered unrecognizable
by the alteration (Figure 1i).
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This indicated that since a given parameter is irrelevant to the charac-
teristic "quality" of one voice but central to others, each voice is per-

-235~



ceived as a unique pattern, wmade up of an integrated constellation of
parameterg leading to correct recognition. Thie notion of the individual

Two s8uch studies suggested that aepeaker recognition is indeed mediated
by the right hemisphere. One, using famous voices in a recognition task (Van
Lancker and Center, 1982), found 8 significant difference in the performance
of LBD and RBD eubjects, vith LBD preservation of familiar speaker
recognition. The other, ueing unfamiliar voice stimuli in a discrimination
paradigm, found a nonsignificant trend for RBD subjects to be worse in dis-
criminating betveen speakerg (Assal, Zander, Kreimin, and Buttet, 1976).

The questions posed in the present study vere these: (1) Ie familiar
speaker recognition mediated primarily by the right hemisphere, such that the
aphasic patient would retain the ability to recognize the voicee of family
and friends despite a severe deficit in speech and language function? (2)
Are recognition and diecrimination abilities, with regard to voice
perception, mediated by the same, or by different neural substrates?

METHOD

Two test protocols were used to assese and compare speaker recognition
and discrimination abilities in brain-damaged subjects. From our previous
gtudies of voice recognition in normal subjects (Van Lancker et al., 1985a)
the voices of 25 male entertainere and politiciane (e.g., Johnny Carson and
John F. Kennedy) familiar to most Americane vere selected. The voice samples
vere lov-pass filtered at 4 kHz and sampled at 10 Hz on a PDP-11/23 computer,
and then edited to create 4-second stimuli free of pauses, background noises,
and didentifying content. A written preteet ensured that the correct anawer
vas not available from the linguistic content of the sample. Response sheets
consisted of vertically aligned photographs of the target speaker and three
foils, randomly ordered, with the typed names next to each photograph. Foils
vere carefully selected to challenge the listener to recognize the target
voice.

The examiner presented subjects with the 4-choice response sheet; next
gshe read the four names aloud and then played the voice. In this fashion,
response alternatives wvere made available in vigual, written, and spoken
forme, compensating for specific neurological deficits. Subjects responded
by pointing. Little or no verbal instruction was necessary. Three practice
items, repeated until the subject understood the task, preceded the testing.

The wunfamiliar voice etimuli wvere prepared using the voices of 10 male
Southern Californians, 20-31 years of age, free of vocal pathology, who were
recorded using a high-quality dynamic microphone (attached to the mouthpiece
of the telephone) making telephone survey calls (Kreiman and Papcun, 1985).
Sentences vwere excerpted from each call and a stimulus tape wvas constructed
congisting of 26 paire of voices. Subjects listened to a pair of voice
gamples, and were asked to indicate whether the samples were said by the same
person or by two different people.

Experimental esubjects were 45 normal and 26 unilaterally brain-damaged
listeners, all vere right-handed, native speakersg of English and raised in
the United States. Most had normal hearing. For the few with wmild to
moderate high frequency hearing losses, audiograms were examined, and no
relation betveen performance on either listening task and patterns of hearing
lose vae observed. In the fev patients with neglect syndrome, the tendency
to ignore the left or right side was compensated for by vertical display on
the response cards. Clinical subjects ranged in age from 45-82, vith a mean
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age of 61.5. Normal listeners, all native Americans reporting normal hearing
and vision, ranged in age from 50-85 with a mean age of 64.1.

RESULTS

The measure used for the familiar voice recognition task was the
percentage of those voices Kknown to a given subject (established by a

questionnaire after the test) which were correctly recognized. For the
unfamiliar voice discrimination task, the measure was the probability of a
correct response. Because of listeners’ varying familiarity with the foils

in the recognition tasks, chance was set at 50¥% for both taske. Results are
gignificant at p < ,01.

A two-vay (group by task) repeated measures analysis of variance
comparing the three groups on the two experimental taske produced significant
main effects of task (F(1,71) = 1558.88), and group (F(2,71) = 12,98) as well
ag a significant task by group interaction (F(2,71) = 12.78). The task by
group interaction reflects the fact that both brain-damaged groups showed
impaired discrimination abilities relative to normal performance, while only
gsubjects with RBD vere significantly impaired in recognizing familiar voices.
On the discrimination task, the normal group performed significantly better
than either the LBD or the RBD group (LBD: F(1,61) = 11.09; RBD: F(1,57) =
20.85); the LBD and RBD groups did not differ significantly on this task. 1In
contrast, an effect of hemispheric side of lesion was observed for the
familiar voice recognition test: vhle LBD subjects did not differ from
normals on the familiar voice recognition task, RBD subjects performed
significantly less well than either LBD (F(1,24) = 11.14) or normal subjects
(F(1,57) = 21.53) (Figure 2). This outcome was further supported by a second
one-vay ANOVA, which also shoved a significant main effect of group (F(1,37)
= 12.66) for a larger group (n = 39) of LBD and RBD subjects who performed
the recognition task.
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Figure 2. Mean performance scores of left-brain damaged, right-brain
damaged, and normal-control groupe on volice recognition and voice
discrimination.
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DISCUSSION

Both LBD and RBD subjects wvere impaired in unfamiliar voice
discrimination, vwhereas only patiente with RBD were impaired in familia
voice recognition. In individual subjects, the dissociation of these twc
abilitiee occurred in both directione--preservation of recognition wit}
discrimination impairment, and preserved ability to discriminate alongside =
deficit 1in recognition. This observation indicatee that these two are
independent and unordered abilities with different neuroanatomic substrates.

Hov 1is this dissociation between voice recognition and voice discrimi-
nation to be explained? We propose that the two taske involve different
paychological abilities. Recognizing a familiar voice engages a pattern-
recognizing mechanism, whereby a holistic Gestalt (the unique voice pattern)
ige matched to a person. This ability is epecialized in the right
hemiephere--hence the finding that RBD patients are significantly more likely
than LBD patientse to be impaired in familiar voice recognition. On the other
hand, unfamiliar voice discrimination requires featural analysis as well as
overall pattern recognition. To tell whether unfamiliar voices are the same
or different, details of the voice samples must be isolated and compared.
Since featural analysis is specialized in the left hewisphere, we would
expect voice discrimination performance to be depressed following LBD, which
did occur. However, auditory pattern-matching is doubtlese also used in the
discrimination task. Thus we would expect voice discrimination performance
to be affected by RBD, which also did occur. Anatomical studies using data
from CT s8scans have indicated that brain damage near the auditory receiving
areag 1in the temporal lobes of either hemisphere vill affect discrimination
ability, wvhereas voice recognition ability is affected only in casea of
damage to the lateral aspect of the right parietal lobe.

The preservation of familiar voice recognition abilities was observed in
LBD patients with severe language comprehension deficits, including those
with global aphasia. That a severely aphasgic patient is able to recognize
nonverbal information in speech may be of value to the patient and to his or
her family and clinician. The peresonal identity of the speaker is only one
small part of the paralinguistic information embedded in the prosodic
material of speech. Other information, such as personal identity, sex, age,
personality, mood, emotion, and background are also available as= paralinguis-
tic information. Thue the aphasic patient, who cannot produce spontaneous
gpeech and does not understand what is being said, may knov quite well wvho is
saying it and hov. Thie capacity should be identified and nurtured in these
patients. Furthermore, for RBD patients, the detection of a selective
deficit in speaker recognition and other aesociated parameters of prosody
vill be of importance in understanding the communicative problems of this
clinical group, in couneelling the patients and their families, and in
designing a course of therapy for the RBD patient.
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DISCUSSION

Do you knov if any of your RBD subjects might have had amusia?

That would certainly be the next thing to look at. Amugia is so
difficult because of the many components of wmuseic. They may have s
problem in timbre recognition, or familiar melody recognition or
unfamiliar melody recognition or in the vhole production aspect of wusic.
Mugic has so many different parameters that wve have not begun to think
about hov to begin making that kind of comparison. We do ask them
anecdotally whether they can esing a song vith ua but we have not
investigated this.

> 0

C: It geemed to me that the only comparison you vere draving (and you vere
doing that at the beginning) was with face recognition and you said that
there vere egome peocople vho did not have face recognition deficits who
did have a voice recognition deficit.

A: That’s right.

C: That may be because the voice problem ig an auditory-specific ability.

A: VWhat wve are doing is an affective-meaning recognition task, in vhich a
patient listens to sentences said with affective intonation (sad, happy,
etc.) and they are to identify the emotions; I am comparing deficite in
recognizing affective meaninge in speech vith voice perception deficits.
We algo have an environmental sound identification task. And so these
three auditory tasks--voice perception, affective information in speech,
and environmental sounds--are vhat I would like to compare in individual
subjects.

@: You mentioned the possibility that we might want to wvork with this
problem in the RBD person. How would the person present this problem?
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Would he come in and say "I can’t recognize familiar voices any mor
Hov would this problem be presented?

Ordinarily I believe the voice recognition problem would be camoufla
becaugse there are so many other strategies for recognizing people besi
by their voicee; typically the face is present for recognition of
person, except vhile talking on the telephone. The voice recognit
deficit is not really going to be a serious problem in somebody’s 1
and I think it would have to be found out in a patient by spec
testing. You may then be able to counsel them, saying that vhen some
calle on the telephone, the patient may want to ask wvho it \is,
explain that they’re having trouble recognizing their voice. There
very well-defined and organized phone behaviors, and it’s very import
to recognize an intimate’s voice, or they’ll be hurt and there will
trouble in the interaction. So there could be some avkvardness
troublee over the phone. But beyond that, my point about vo
recognition deficite implying other prosodic-recognition deficitse, tha
vhat I think it’s more important to 1look for--the affective,
attitudinal, that’s what may vell be missing in the RBD peerson,
those will affect their communicative ability in a much bigger vay.
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