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Abstract—This study assessed aphasic and right brain-damaged non-aphasic patients’ ability
to label and discriminate a synthetic speech continuum differing in voice-onset time (VOT).
We investigated these abilities in relation to type of aphasia and language comprehension
facility, and explored the relation between perception and production of voice-onset time
distinctions. Results of the perception tasks indicated that if a subject could not discriminate
the stimuli, he could not reliably label them; however, a subject with a normal discriminaticn
function might nonetheless be unable to label the stimuli reliably. These results were interpreted
i relation to two levels of processing; one based upon the function of a set of property
detectors, the other making use of these properties for linguistic processing. Tt is this latter
level which seems to be selectively impaired in aphasia. Analysis of VOT production indicated
that anterior aphasics have a deficit in the articulatory programming of speech sounds,
whereas posterior patients have a deficit in selecting the appropriate phoneme. Finally,
performance on the perception and production of VOT may be partially dissociated from
language comprehension ability.

IN RECENT years, studies in the perception of speech have been concerned with determining
the properties of the acoustic signal used by the listener in discriminating and identifying
the phonetic dimensions of speech sounds. Results of these studies have shown that such
phonetic dimensions as place of articulation and voicing can be defined quasi-independently
by changes in specific parameters of the acoustic signal.

Granting that gaining the meaning of an utterance depends, at least in part, on an ability
to perceive speech, the perception of acoustic parameters is critical for normal auditory
language comprehension. Yet, with respect to aphasia, the issue remains whether the
perception of the phonetic and ultimately the phonological form of a word can be disrupted
by left brain-damage. That is, to what extent do language comprehension deficits reflect
speech perception deficits?

Research on aphasics’ ability to process auditory input has focused both on their
capacity to make auditory discriminations of non-linguistic stimuli and to discriminate
acoustic parameters critical to the speech signal. With respect to the former, aphasic
patients have been found to be impaired in temporal order judgments [1] and auditory
intensity discriminations [2]. With respect to discriminations based on parameters of the
speech signal, aphasics show difficulty discriminating temporal cues [3], formant tran-
sition cues [4], and in categorically judging segmental duration cues [5]. However, it has
not been determined whether aphasics who have impairments in diseriminating such acoustic
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parameters may nonetheless be able to categorize these stimuli linguistically or whether
these impairments relate in any way to language comprehension ability.

In this study, we have attempted to answer these questions. We have focused upon the
acoustic parameter of voice-onset time* (VOT), as it has been carefully investigated in
normals both in terms of perception and production, and it is a parameter that is found in
nearly all languages of the world and as a consequence seems to be a fundamental attribute
in human speech perception.

The perception of voice-onset time as a cue to voiced-voiceless contrasts has been in-
vestigated in normals by synthesizing acoustic continua ranging systematically along this
dimension. When asked to label the stimuli, subjects perceive the VOT continuum in
terms of two discrete phonetic categories, i.e. either voiced or voiceless consonants. When
asked to discriminate differences between stimuli taker from the same continuum, they
can only discriminate reliably those stimuli which belong to different phonetic categories;
those stimuli which are labelled as the same phonetic category cannot be discriminated
reliably. This relation between the peaks of discrimination functions and category boun-
daries has been called categorical perception [8, 9).

A subsidiary question of concern to us was the extent to which speech perception abilities
relate to speech production abilities. Specifically, do patients who manifest deficits in the
perception of voice-onset time have similar deficits in producing these distinctions? Studies
on VOT production in normals have revealed that English-speaking subjccts produce two
distinct non-overlapping ranges of VOT responses for voiced and voiceless stops sharing
the same place of articulation, e.g. /d/—it/ [7, 10]. In aphasia, patients commonly make
phonological substitutions in their speech. These substitutions seem to be of two types, the
first in which subjects make clear-cut substitutions of one phoneme for another, e.g. ‘tack’
—s/dxk/, and the second in which the aphasic’s production is a phonetic distortion of
the target phoneme, e.g. [p"I1] — [p-11] [11, 13]. Voice-onset time measurcments can
serve as an index of the two types of paraphasia described here. A phonemic substitution
error would be reflected by a VOT value lying within the normal VOT range of the category
opposite the target. A phonetic distortion error, on the other hand, would be reflected by a
VOT value lying between the normal range of VOT for the voiced and voiceless categorics.
Qur intention, therefore, was to determine whether such production deficits would coincide
with the perception data in any meaningful way.

A final concern was to determine whether any deficits in the perception and production
of the VOT continuum would reflect a general brain-damage effect or whether they could
be attributable specifically to pathology in the language dominant hemisphere. Accordingly,
we investigated both left brain-damaged aphasic subjects and non-aphasic right brain-
damaged subjects.

METHOD
Perception experiment . .
Subjects. A total of 24 subjects participated in the perception experiment. These included: 4 non-brain-
damaged control subjects taken from the medical and orthopedic services of the Boston V.A. Hospital;

*Voice-onset time is defined as the timing relation between release of the burst in a stop consonant and
and onset of glottal pulsing. Simultaneous burst release and glottal pulsing is perceived as a voiced consonant,
whereas a delay of glottal pulsing on the order of 30 or 35 msec in relation to the release of the burst is
perceived as a voiccless consonant. Although voice-onset time generally refers to this timing relation, it in
fact represents a constellation of acoustic attributes including the intensity and duration of the burst release,
cutback and starting frequency of the first formant, and the presence or absence of friction noise upon
consonantal release (cf. [6], [7]).
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4 right brain-damaged non-aphasic patients; and 16 left brain-damaged aphasic patients. Cf the aphasic
patients, 8 had anterior brain-damage and 8 had posterior brain-damage. These patients represented several
diagnostic categories—including among the anterior aphasics, 6 Broca's, 2 Mixed Anteriors, and among the
posterior aphasics, 4 Wernicke’s, 2 Conduction, and 2 Anomics. The diagnostic category to which each
patient was assigned was based upon a composite aphasia examinaticn including psychological, language,
and neurological tests presented and discussed at the Aphasia Rounds of the Boston V.A. Hospital. The
auditory language comprehension ability for all aphasic patients was assessed by performance on 4 sub-tests
of the Boston Diagnostic Aphasia Battery [14]. All patients participating in this experiment were pre-
screened for norma!l hearing in both ears for frequencies in the human speech range.

Stimuli, A total of 11 stimuli signalling the phonetic categories [da] and [ta] were synthesized by means of a
computer-controlled parallel resonance synthesizer made available at Haskins Laboratories. Each stimulus
consisted of 3 formant patterns in which the F1 transition started at 200 Hz, the F2 transition at 1800 Hz,
and the F3 transition at 3200 Hz followed by a vowel with formants at frequencies of 800, 1250, and 3500 Hz
respectively. The continuum ranged in VOT from —20 to +80 msec in 10 msec steps. Spectrograms of
stimuli with VOT’s of —20, 0, and --80 are shown in Fig. 1.

Two test tapes were constructed ; an identification tape and a discrimination tape. The identification tape
consisted of the random presentation of ten occurrences of each stimulus with an interstimulus interval of
4 sec. The discrimination tape consisted of the random presentation of stimulug pairs in which the members
of cach pair were cither the same or differed from cach other by a VOT of 20 msec. The members of each
pair were separated by 1 sec of silence and the intertrial interval was 3-5 sec. The discrimination test consisted
of 6 parts; 3 separate random orders, each presented twice. In each part there were a total of 47 discrimina-
tion trials—in 36 of these the members of the stimulus pair were different and in 11 they were the same. On
the basis of results with normals, the critical discrimination pairs were between stimuli with VOT’s of +10
and 430, +20 and +40, and +30 and 4 50. As a conscquence, these were presented 8 times each. The
remaining discrimination pairs containing different members occurred twice each. All discrimination pairs
containing the same members were presented once each.

Procedure. ¥ach subject was tested individually in a quiet room. The test-tapes were played on a high
quality tape recorder und the signal was presented through Koss Pro 4-AA headphones at a comfortable
listening level.

For the identification test, subjects were required to identify each stimulus presented auditorily by pointing
to the appropriate card printed with da or ta. In order to insure that the subject could perform the task, he
was first asked to point to the appropriate card upon hearing the examiner orally produce’a good prototype
of either /da/ or fta/. When the examiner felt that the subject understoed the task and could appropriately
respond to the written letters, the subject was then presented with at Teast 6 test items taken from the actual
Lest series which were unambiguously labelled by normals as /d/ or jt/. If the subject responded correctly
in 4 of the 6 trials, he was included in the study.

In the discrimination test, subjects were requircd to determine whether the stimulus pairs were the same
or different by pointing to a card marked *yes’ if the pair members were identical and ‘no’ if they were not.
As in the identification test, subjects were pre-screened by the examiner ta insure that they could read the
cards appropriately and could understand the task demands. In this procedure, subjects were at first required
to point to the appropriate card as the examiner orally produced good prototypes of the stimulus pairs and
then to respond correctly to 4 out of 6 trials from the test series.

Production experiment

Subjects. A total of 12 of the 24 subjects who participated in the perception experiment were included in
the production experiment. These included 3 control patients, 1 right brain-damaged patient, and & aphasic
patients, including 3 Broca’s, 1 Mixced Anterior, 2 Anomics, 1 Wernicke, and 1 Conduction. Four additional
subjects participated only in the production experiment including 1 control non-brain-damaged subject,
1 Broca, 1 Anomic, and 1 Wernicke aphasic.

Stirmuli. Six real-word monosyllabic stimuli were used to evaluate the subject’s production of the VOT
parameter in initial pre-stressed position. All stimuli included alveolar stops, three with the voiceless stop [t],
‘Tom’, ‘tot’, and ‘top’, and 3, the voiced stop [d], ‘dock’, ‘Don’, and *‘dot’. In addition, 6 filler words were
included beginning with bilabial and velar stop consonants. All words were presented in large capital letters
on 3 x 5 cards for presentation to the subject. These words were presented in random order four times,
totalling 48 items in the test. Only the alveolar pairs were analyzed for VOT.

RESULTS AND DISCUSSION
Perception of VOT

Labelling and discrimination functions were plotted for each subject. The subject’s
ability to perform the two tasks was assessed by (1) noting the locus of the VOT boundary
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and steepness of the identification function in the labelling task; (2) determining if there
was a peak or several peaks in discrimination at the locus of the phonetic boundary.

As a measure of the subject’s response bias in the discrimination task, we computed the
% correct YES trials for each subject, i.e. the percent correct responses in which the dis-
crimination pair contained identical members, The mean percent correct ‘yes’ trials for
the control group was 96 %, with a standard deviation of 71 %, and 98 % for the right-brain
damaged group with a 8D of 3-7%/. For the aphasic group, the mean percent correct “yes’
trials was 829 with a SD of 14-1 9. Only one subject (a Broca’s aphasic) with 52 %, correct
‘yes’ trials was eliminated on the basis that he was performing at chance level. The per-
formance of the remaining subjects fell within two standard deviations above or below the
mean.*

The performance of the control group replicated the results reported in the literature
literature [8, 9]. The identification and diserimination functions of a typical subject can be
seen in Fig. 2. Note that he labels stimuli ranging froma VOT of —20to + 25 as a [d], and
from |40 msec to 80 msec as a [t]. Moreover, as the figure shows, this subject can only
discriminate stimuli with a VOT of +4-20 (labelled by him as a [d]) from 40 msec (labelled
by him as a [t]), and stimuli with a VOT of + 30 (labelled by him as a [t]), from + 50 (labelled
by him as a [d]). Comparisons between stimuli lying within the [d] range, e.g. YOT of
0and 420 or within the [t] range, VOT of --40 and 60, could not be reliably discriminated.

Similar results were obtained for all subjects in the right brain-damaged group. The
normal performance of the right brain-damaged group suggests that any deficits on these
tasks manifested by the left brain-damaged aphasic patients can be attributed to the effects
of damage specific to the dominant language hemisphere.

The performance of the aphasic patients on these tasks was characterized by three distinct
patterns. These results are summarized in Fig. 3. In the first pattern, patients performed
normally on both identification and discrimination tasks. Eight aphasic patients comprised
this group including 3 Broca’s, ] Mixed Anterior, | Wernicke, I Conduction, and 2 Anomics.
The performance of one of these subjects can be seen in Fig. 3a and 3b. In the second group,
consisting of 1 Mixed Anterior, 1 Broca, and 1 Conduction aphasic, patients were unable
to either label or discriminate the stimuli reliably. The performance of such a patient is
represented in Fig. 3¢ and 3d. Note that, although this patient labelled consistently stimuli
with a VOT of —10, 0, and --10 msec as a /d/, and stimuli with a VOT of 4-20, 460, and
470 as a /t/, he nonetheless did not consistently label the stimuli comprising the con-
tinuum, nor was there a sharp category boundary between /d/ and /t/ normally found at
about 30 msec. Although this pattern of results differs dramatically from that found in our
control patients, we cannot be certain that the failure of these palients is attributable to
left brain-damage, as it is sometimes the case that normals are also unable to respond to

*Tnaddition to measuring the overall accuracy of each patient’s performance,a correction for guessing based
on signal detection theory analysis was also applied to the raw discrimination data, D’ for each discrimination
pairing was computed and converted to percent correct using 2-alternative forced-choice tables [13]. On the
whole, the pattern of results obtained for the aphasic patients bascd on this analysis remained the same. How-
ever, for those Ss whosc discrimination accuracy was 100% or close to 100 % for paired stimuli that were physi-
cally identical, the application of the signal detection analysis produced a heightened measure of the 5’s dis-
criminationcapacity. Forexample,’on the basis of analysisiof the raw data,'a normal subject with 100 %] accuracy
in *same’ judgments showed discrimination peaks between the stimulus pairs +20 and -+40, and -4- 30 and - 50.
After the application of the signal detection analysis, the same subject showed peaks of discrimination at
+10 and +30, 4-20 and 40, -30 and + 50, and -+ 60 and -80. The peaks of discrimination normally
found only at the phoneme boundary now occurred at several other points along the continuum. As a
consequence, the results of the discrimination task are based upon the original (raw) discrimination data.
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synthetic stimuli as speech-like and perform randomly both in discrimination and labelling
tasks. The third group, including 3 Wernicke and 1 Broca aphasics, performed normally
on the discrimination task, but were unable to identify the test stimuli reliably. The iden-
tiication and discrimination functions of an aphasic of this type are presented in Fig. 3e
and 3f. Note that although he tended to label more stimuli as a /d/ at short VOT values
and stimuli as a /t/ at longer VOT values, his identification function did not indicate a
sharp boundary function between the /d/ and /t/ categories. Nevertheless, his discrimination
function indicated peaks between stimuli with a VOT of +20 and +40 and -+30 and 430
corresponding to the phoneme boundary typically found in normal English-speaking
subjects.

In summary, the performance of the aphasic patients has demonstrated an interesting
relation between the identification and discrimination of the VOT continuum. Namely,
if a subject is able to identify reliably the stimuli along this continuum, he is also able to
make accurate discrimination judgments at the phoneme boundary. Discrimination ability
was reflected by peaks at the phoneme boundaries even’ for those subjects who were unable
to label the stimuli reliably, Na cases were found in which a patient was unable to dis-
criminate but was able to label the stimuli.

Although it is clear that some deficits in the perception of VOT are found in nearly all

J
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Fii. 3. The three patterns of labelling and discrimination of VOT shown by the aphasic
patients. Each pattern (a,b), {¢,d), (e,f) is represented by the performance of one aphasic
paticni. See also legend for Fig. 2.

aphasic groups represented, performance was analyzed in relation to clinical type in order
to determine whether there was any overall performance difference across groups. Table 1
summarizes the discrimination and labelling performance of each subject in relation to
type of aphasia. The only consistent pattern of deficit among the groups is found in the
Wernicke aphasics. Here, three of the four patients were able to perform the discrimination
task but were unable to label the stimuli consistently,

Finally, in order to determine to what extent language comprehension facility was
correlated with performance on the perception tasks, all aphasics were given the auditory
comprehension sub-test of the Boston Diagnostic Aphasia Battery [14]. The mean per-
formance score, converted o a z-score ratio, was computed for cach subject and is plotted
in Fig. 4 in relation to performance on the perception tasks. As the figure shows, there seems
to be little relation between the patient’s auditory language comprehension and his ability
to perform the VOT perception tasks. Although most of the subjects who had good com-
prehension were able to perform both the discrimination and labelling tasks, there were
three subjects with high comprehension scores (a z-score better than 0) who demonstrated
deficits in cither labelling or both labelling and discrimination. Perhaps more revealing is the
performance of those subjects who had poor comprehension. Ability to perform the per-
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Table 1. Performance for each subject on discrimination and labelling of a VOT continuum in relation to
type of aphasia. A plus indicates normal performance, a minus impaired performance. Normal performance
for discrimination is defined by peaks of discrimination at the phoneme boundaries, and for labelling as
consistent (70%) identification of stimuli with a steep identification slope between the two category values
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Fia. 4. Performance of aphasic subjects on the discrimination and labelling of a VOT con-
tinuum in relation to level of auditory comprehension. The aphasic subjects represented
include Broca’s (B), Mixed Anterior (MA)}, Conduction (C), Anemic (A), and Wernicke (W)
aphasics. The abscissa represents performance on the discrimination and labelling tasks.
A plas () indicates normal performance, a minus (—) impaired performance (see also
legend for Table 1). The ordinate represents the aphasic’s performance on the auditory com-
prehension subtest of the Goodglass and Kaplan aphasia test battery converted to z-scores
(see text).

ception tasks ranges from normal performance on labelling and discrimination to an
inability te perform either task. In fact, the Wernicke aphasic with the most severe com-
prehension deficit performed normally on the perception of YOT,
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The production of VOT

Each utterance produced by the patient was measured for VOT oscillographically using
a computer-controlied program developed by A. W. F. Huggins at the M.L'T. Research
Laboratory of Electronics. All alveolar stop productions produced by the patient, including
repeated attempts at the target word, were measured for VOT. Note was also made of the
particular target word attempted. I this way, we could compare the distribution of VOT
responses for both voiced and voiceless targets.

The frequency distribution of the YOT responses was plotted individually for each subject.
Figure 5 shows the distribution of VOT productions for a4 normal control. Like the findings
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Fig. 5. Distribution of VOT production tesponses for alveolar stop consonants in initial
pre-stressed position for a normal control. The abscissa represents the VOT values for each
stimnlus, and the ordinate the total number of responses. The solid lines indicate the voiced-
target /d/, and dashed lines the voiceless-target /t/.

on normal subjects reported by LIsKeR and ABRAMSON [7], the subject’s voiced and voiceless
productions are distributed into two areas of VOT—a short VOT ranging between —10
and +-27 msec, representing the voiced targets, and a long VOT, ranging between +-55 and

-76 msec, representing the voiceless targets. Note also that there is no overlap between the
two phonetic categories. Similar results were found for the 3 Anomic aphasics and the one
right brain-damaged subject.

A comparison of the VOT production distributions for onc Wernicke and one Broca
aphasic can be seen in Fig, 6. Note that the Wernicke aphasic produced several paraphasic
errors; that is, several of the target words beginning with the voiced stop /d/ were produced
with VOT values clearly in the voiceless range. These words were perceptually clear-cut

|

w

N

oFr—~—
J—
B

1]

10

i
|
i |
|
oo P
I} L Ll L
il 18] 20 30 40 S0 o 70 BG

(b)

Fia. 6. Distribution of VOT production responses for alveolar stop consonants in Init}'al pre-
stressed position for a Wernicke (a) and a Broca (b) aphasic. See also legend for Fig. 5.
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substitutions, e.g. [dan] — [t"an]. Nevertheless, the VOT productions of this patient in-
dicated no overlap between the VOT values for the two phonetic categories [d] and [t].
Thus, although he produced phonological errors, they fell within the range of either the
voiced or voiceless phonetic categories, not midway between.

This distribution is in sharp contrast to the one represented by the Broca’s aphasic. Two
important characteristics of this patient’s performance are noteworthy, First, there do not
seem to be two distinct VOT regions. Rather, both voiced and voiceless productions
overlap in the VOT range between about +25 and -} 40, the range where few VOT responses
were found in the normals. Second, some target values for voiceless stops were produced
which clearly fell within the range of voiced stops, i.e. target /t/ with a VOT measurement
of +50. These productions then seemed to be clear-cut phonemic substitutions, in the
sense that they fell within the normal range of either the voiced or voiceless VOT regions.
Fhe occurrence of these so-called phonemic substitutions were found much less frequently
in the production of the anterior aphasics than those errors in which the YOT values spanned
the area between the normal voiced and voiceless categoties, The latter type of error in
which both voiced and voiceless targets occurred in the VOT range typically found between
the voiced and voiceless phonetic categories, was found in all but one of the anterior
aphasics tested.*®

A comparison of perception and production of VOT

Performance on both VOT production and perception tasks was compared for those
aphasics who participated in both parts of the study to determine the degree to which the
ability to produce normal distributions of YOT correlated with the ability to perceive
distinctions along this dimension. Results of this comparison can be seen in Table 2. It is
quite clear, at least for the anterior aphasics (Broca and Mixed Anterior), that the ability
to perceive the VOT continvum relates in no way to the ability to produce veiced and
voiceless stops. Thus, the anterior aphasics maintain the ability to perceive this distinction,
but make both phonemic as well as phonetic substitutions. For the two posterior aphasics,
there are insufficient data to make any statements concerning the relation between pro-
duction and perception of VOT.

GENERAL DISCUSSION

The results of this study provide some insights into the nature of perceptual processing
in the brain-damaged subject as well as some idea of the nature of perceptual processes in
the normally functioning individual. The aphasic’s ability to perceive the VOT continuum
appears to be based upon a particular relation between the discrimination and labelling
tasks. Thus, subjects could label the test stimuli only if they could also discriminate them,
and furthermore, discrimination ability reflected peaks at the phoneme boundaries even
for those subjects who were unable to label the stimuli reliably. The aphasics’ impairment
then seems to reflect an inability to maintain a stable configuration or category label
despite the fact that he retains the ability to discriminate phonemically distinct categories.
These results supgest that discrimination ability as tested here underlies phoneme

*The VOT responses of the patient whose pattern did not include VOT responses between the voiced and
voiceless categories nevertheless produced a pathological distribution of responses. All of this subject’s
VOT responses for both voiced and voiceless targets were in the range between 56 and 97 msec, i.e. a long
VOT lag. This may reflect the subject’s difficulty in initiating speech.
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Table 2. Performance for each aphasic subjcct on the production of a VOT continuum in relation te the
perception of a YOT continuum. Production performance is divided into 3 categories: % f gﬁggg;ﬁ]c]
{—Phonetic]

[ + Phenemic]

repres-

enting the presence of both phonetically and phonemically based errors,

--P i . i

% ng:::;?c] representing normal performance, i.e. the absence
[+D]

of both phonetic and phonemic errors. Perception of VOT is divided into 3 categories: [Jr-L} indica-

representing the pres-

ence only of phonemic substitutions, and

ting normal performance, i.¢. normal discrimination and labelling functions: {tL}] signifies normal dis-

crimination and impaired labelling, and [[7)14% indicates impaired performance on both discrimination

and labelling tasks (see also Table | and Text)

Production of YOT

Perception | Phonetic Phonetic — Phonetic
of VOT 4-Phonemic + Phonemig —-Phonemic
<D 2 Broca o 7T 2 Anomics
-L 1 Mixed Anterior
o QH') ' [ Broca
—-L 1 Wernicke
b : T T T
-L 1 Conduction

perception, and that the use of linguistic categories as discrete phonemic entities is based
upon the sensitivity of auditory property detectors to a limited range of acoustic stimuli.®
It may well be that it is this limited set of properties to which the percepiual system is
sensitive that defines the linguistically significant categories used in natural language.
Recent research from infant speech perception supports such an interpretation [16].

For the aphasic patient, discrimination ability need only reflect the capacity to perceive
differences belween acoustic parameters. The ability to use these sounds in a linguistically
relevant way seems to be the basis for the perceptual difficulties of many of these patients.

The perception of speech sounds then seems to be based upon the integration of two
distinet levels of processing. The first and more basic is a pre-linguistic level in which
selective differences between auditory stimuli may be discriminated. The sccond level may
be properly termed linguistic as the acoustic categories derived from the pre-linguistic
level are used to distinguish functionally different speech sounds within the linguistic
system. It is only when these two levels are integrated that the fundamental relation between
sound and meaning requisitc for the comprehension of linguistic labels and ultimately the
linguistic system may be fully realized.

The relation between sound and meaning may well be the basis for the comprehension
deficit of the Wernicke’s aphasics. Although it is difficult to attribute a selective deficit in
the perception of VOT to any one clinical group on the basis of the findings in this study,
the Wernicke aphasics did show the most consistent pattern of deficit; namely, an in-
ability to reliably label the stimuli, despite the ability to discriminate them. These results
support recent findings that suggest that the Wernicke’s aphasics do not have a selective

*11 should be noted that this argument runs counter to the original account of categorical perception [8]
in which a peak’of discriminability for normals is ascribed to the presence of a well-defined category boun-
dary. Qur results, showing the ability of aphasics to discriminate without the ability to identify, suggest
instead that a peak in discrimination is not due to a constraint on the listener’s ability to assign category
labels, Tn our view, categorical perception is attributed to a discrimination constraint on identification.
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deficit in phonemic hearing ([17] but cf. [18]), but rather seem to be unable to assign a stable
category label to a speech stimulus, i.c. to use phonological information in a linguistically
relevant way [19,20].

Thus, an inability to maintain the relation between sound and meaning would be re-
flected by a deficit in pointing to or naming appropriately concrete objects or assigning
a linguistic label to speech sounds, despite the fact that the ability to recognize differences
between names and sounds may be intact.

Nevertheless, it does seem surprising that ability to perform the labelling and discrimina-
tion tasks bears little relation to auditory language comprehension. If it is the case as sug-
gested here that speech perception is at the very least a necessary pre-requisite to auditory
language comprehension, then a failure to perform the tasks in this study should correlate
with low auditory language comprehension scores, It is certainly easy to reconcile a patient’s
ability to discriminate and label VOT despite poor language comprehension, This suggests
that the disorder is at some other level of linguistic processing. What is more difficult to
interpret is a patient’s inability to perform the perceptual tasks in the face of good language
comprehension. Several factors may be operative. First, the synthetic stimuli contained a
minimal number of acoustic cues normally present in natural speech. Thus, the subject is
presented with a skeletal signal stripped of the redundancies normally found in the acoustic
signal. Sccond, language is typically spoken in the context of meaningful utterances such
that the listener is provided with situational cues of both a linguistic and non-linguistic
nature, In effect, the listener may use semantic data to resolve phonetic doubt. Finally,
it is not clear to what extent a subject’s awareness of segments tested in the labelling task
is a necessary condition for normal auditory language comprehension. The comprehension
of words may be based on an ability to apprehend unique auditory patterns rather than to
recognize the identity of individual segments.

The analysis of VOT production in aphasia has provided an operational measure of the
distinction between phonetic and phonemic disintegration, with phonetic disintegration
found in the anterior aphasic. The overlap between the voiced and voiceless categories
shown by the anterior aphasics suggests that they have a deficit in the articulatory program-
ming of speech sounds. Thus, the timing relation between the release of the stop consonant
and the beginning of glottal pulsing seems to be one manifestation of this disorder. The
analysis of other articulatory parameters would presumably reveal further degrees of
impairment (cf. [12, 21]). In addition to the presence of so-called phonetic errors in VOT,
the measurements of VOT productions in the anterior aphasics alse indicated that they
may also target incorrectly a particular speech sound, resulting in a clear-cut shift in phonetic
category, at least along the VOT dimension. This type of error occurs much less frequently
and seems to be on the whole less characteristic of their articulatory pattern. In contrast,
the VOT measurements of the posterior aphasics revealed only the presence of phonemic
substitutions, i.e. clear-cut shifts in phonetic category from the target phoneme. It would
seem then that these errors reflect a deficit in selecting the appropriate phoneme or un-
derlying phonological form, and subsequently, programming correctly the articulatory
commands for the substituted phoneme.
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