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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 discrimination 
function might nonetheless be unable to label the stimuli reliably. These results were interpreted 
m 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. It 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 discriminating 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 taken 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 subjects produce two 
distinct non-overlapping ranges of VOT responses for voiced and voiceless stops sharing 
the same place of articulation, e.g. /d/-/t/ [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' 
---*/d~ek/, and the second in which the aphasic's production is a phonetic distortion of 
the target phoneme, e.g. [phi1] ---, [p-I l l  [11, 13]. Voice-onset time measurements 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 categories. 
Our 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 voiceless 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. Of 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 examination 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 normal hearing in both ears for frequencies in the human speech range. 

Stimuli. A total of 11 stimuli signalling the phonetic categories Ida] 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 stimulu~ pairs in which the members 
of each pair were either the same or differed from each 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 tr ials--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 +30,  +20  and +40,  and + 3 0  and +50.  As a consequence, 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. Each subject was tested individually in a quiet room. The test-tapes were played on a high 
quality tape recorder and 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 e i t h e r / d a / o r / t a / .  When the examiner felt that the subject understood the task and could appropriately 
respond to the written letters, the subject was then presented with at least 6 test items taken from the actual 
test series which were unambiguously labelled by normals a s / d / o r / t / .  If the subject responded correctly 
in 4 of the 6 trials, he was included in the study. 

In the discrimination test, subjects were required 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 to 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 8 aphasic 
patients, including 3 Broca's, 1 Mixed 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. 

Stimuli. 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 × 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. 

R E S U L T S  A N D  D I S C U S S I O N  
Perception o f  V O T  

L a b e l l i n g  a n d  d i s c r i m i n a t i o n  f u n c t i o n s  were  p l o t t e d  fo r  e a c h  sub jec t .  T h e  s u b j e c t ' s  

ab i l i ty  to  p e r f o r m  t h e  t w o  t a s k s  w as  assessed  b y  ( I )  n o t i n g  t he  locus  o f  t h e  V O T  b o u n d a r y  
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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 7.1 ~ ,  and 98 ~ for the right-brain 
damaged group with a SD of 3-7 ~ .  For the aphasic group, the mean percent correct 'yes' 
trials was 82 ~ with a SD of 14. l O//o. Only one subject (a Broca's aphasic) with 52 o/~ o 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 o1" below the 
mean.* 

The performance of the control group replicated the results reported in the literature 
literature [8, 9]. The identification and discrimination functions of a typical subject can be 
seen in Fig. 2. Note that he labels stimuli rangitlg from a VOT of --20 to 4 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 +20  (labelled by him as a [d]) from +40  msee (labelled 
by him as a [t]), and stimuli with a VOT of +30  (labelled by him as a It]), from +50  (labelled 
by him as a [d]). Comparisons between stimuli lying within the [d] range, e.g. VOT of 
0 and +20  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, 1 Mixed Anterior, 1 Wernicke, 1 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. 3c 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 +20,  -+-60, and 
+ 7 0  as a /t/, he nonetheless did not consistently label the stimuli comprising the con- 
tinuum, nor was there a sharp category boundary be tween /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 patients is attributable to 
left brain-damage, as it is sometimes the case that normals are also unable to respond to 

*In addition to measuring the overall accuracy of each patient's performance,'a corrcction 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 [15]. On the 
whole, the pattern of results obtained for the aphasic patients based on this analysis remained the same. How- 
ever, for those Ss whose 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 mcasure of the S's dis- 
crimination capacity.Tor example,'on the basis ofanalysis',ofthe raw data,'a normal subject with 100 ~ accuracy 
in 'same'judgmentsshoweddiscriminationpeaksbetweenthestimuluspairs-F20and +40,and-~ 30and I 50. 
After the application of the signal detection analysis, the same subject showed peaks of discrimination at 
+10 and +30, +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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FIG. 2. The identification function (a) and discrimination function (b) for a VOT continuum 
for a normal control subject. In (a) the abscissa represents the stimulus values of the con- 
tinuum ranging from --20 to 4-80 VOT. The ordinate represents the total number of d- 
responses (maximum is 10). In (b), the abscissa represents the 'different' stimulus pairs; each 
pair was distinguished by a VOT of 20 msec. The ordinate represents the percent correct 

different responses. 

synthetic stinmli 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- 
tification and discrimination functions of  an aphasic of  this type are presented in Fig. 3e 
and 3t". Note that although he tended to label more stimuli as a / d / a t  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 + 5 0  
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. No 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 
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FIG. 3. The three patterns of  labelling and discrimination of  VOT shown by the aphasic 
patients. Each pattern (a,b), (c,d), (e,f) is represented by the performance of one aphasic 

patient. 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 to a z-score ratio, was computed for each 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 either labelling or both labelling and discrimination. Perhapsmore 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 tc 
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 value., 

Type of Aphasia Discrimination Labelling 

Broca 
1 + ~- 
2 + 
3 t- -I 
4 ~ -- 

Mixed Anterior 
I I 
2 . . . .  

Conduction 
1 + t 
2 - - - 

Wernicke 
1 ~ + 

4 ~- -- 
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Fla. 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), Anomic (A), and Wernicke (W) 
aphasics. The abscissa represents performance on the discrimination and labelling tasks. 
A plus ( + )  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). 

c ep t i on  tasks  ranges  f r o m  n o r m a l  p e r f o r m a n c e  on  labe l l ing  and  d i s c r imina t i on  to  an 

inab i l i ty  to p e r f o r m  e i ther  task.  In  fact ,  the  W e r n i c k e  aphas ic  w i th  the m o s t  severe  c o m -  
p r ehens ion  defici t  p e r f o r m e d  n o r m a l l y  on  the  pe r cep t i on  o f  V O T .  
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The production of VOT 
Each utterance produced by the patient was measured for VOT oscillographically using 

a computer-controlled program developed by A. W. F. Huggins at the M.I.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. In this way, we could compare the distribution of VOT 
responses for both voiced and voiceless targets. 

The frequency distribution of the VOT responses was plotted individually for each subject. 
Figure 5 shows the distribution of VOT productions for a normal control. Like the findings 

I I I i I t  I I I 
I J i _ _ ~ J L L  f I I , ! _ _ . L _ _ _ _  

0 ! CI £ d" :5 C 4 0  ~, ~ ~ ) / O t i  

FiG. 5. Distribution of VOT production responses for alveolar stop consonants in init ial 
pre-stressed position for a normal control. The abscissa represents the VOT values for each 
stimulus, and the ordinate the total number of responses. The solid lines indicate the voiced- 

target/d/, and dashed lines the voiceless-target/t/. 

oll normal subjects reported by LISKER and ABRAMSON [7], the subject's voiced and voiceless 
productions are distributed into two areas of  V O T - - a  short VOT ranging between --10 
and + 2 7  msec, representing the voiced targets, and a long VOT, ranging between + 5 5  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 one 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 s top /d /were  produced 
with VOT values clearly in the voiceless range. These words were perceptually clear-cut 

I I I l l  " l ' : I II II ,~I I  J , ,~ 
~) q 0 2 0  3 0  4 0  5 0  6 0  7 0  8 Q  

I ,  

I' [ I 1 I I  t I 
0 ~ O 2 0  5 0  4 0  5 0  CO 7 0  

(b) 

8O 

FIG. 6. Distribution of VOT production responses for alveolar stop consonants in initial 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] ~ [than]. Nevertheless, the VOT productions of this patient in- 
dicated no overlap between the VOT values for the two phonetic categories [d] and It]. 
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 -t-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. t a rge t / t /wi th  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. 
The 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 VOT values spanned 
the area between the normal voiced and voiceless categories. 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 VOT 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 continuum relates in no way to the ability to produce voiced 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 suggest 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 subject on the production of a VOT continuum in relation to the 

perception of a VOT continuum. Production performance is divided into 3 categories: [ -~ Phonetic] [ H Phonemic] repres- 
[ - Phonetic] 

enting the presence of both phonetically and phonemically based errors, [-F Phonemic] representing the pres- 

. . . .  [--Phonetic] 
ence only of phonemic sut~stimtions, ano [_ Phonemic] representing normal performance, i.e. the absence 

of both phonetic and phonemic errors. Perception of VOT is divided into 3 categories: [~ D] I+L] indica- 

ting normal perfornmnce, i.e. normal discrimination and labelling functions; [÷D] signifies normal dis- [ - E l  

crimination and impaired labelling, and [--D] indicates impaired performance on bolh discrimination I--L] 
and labelling tasks (see also Table I and Text) 

Production of VOT 
Perception t Phonetic -Phonetic -Phonetic 

of VOT i Phonemic ! Phonemic Phonemic 
-~-D 2 Broca 2 Anomics 
t L 1 Mixed Anterior 

-F D 1 Broca 
--L 1 Wernicke 
--D 
--L 1 Conduction 

percept ion,  and  that  the use of  l inguistic categories as discrete phonemic  entit ies is based 
upon  the sensitivity of  aud i to ry  p rope r ty  detectors  to a l imited range o f  acoust ic  stimuli.* 
I t  m a y  well be that  it is this l imited set of  proper t ies  to which the perceptua l  system is 
sensitive that  defines the l inguist ical ly significant categories used in na tura l  language.  
Recent  research f rom infant  speech percept ion  suppor ts  such an in terpre ta t ion  [16]. 

F o r  the aphasic  pat ient ,  d iscr iminat ion  abi l i ty  need only reflect the capaci ty  to perceive 
differences between acoust ic  parameters .  The abi l i ty  to use these sounds in a l inguist ically 
relevant  way  seems to be the basis for  the perceptual  difficulties o f  many  o f  these patients .  

The percept ion of  speech sounds then seems to be based upon  the integrat ion o f  two 
dist inct  levels o f  processing.  The first and more  basic is a pre-l inguist ic level in which 
selective differences between aud i to ry  stimuli may  be discr iminated.  The second level may  
be p roper ly  termed linguistic as the acoust ic  categories derived from the pre-l inguist ic 
level are used to dist inguish funct ional ly  different speech sounds within the linguistic 
system. I t  is only  when these two levels are in tegra ted  that  the fundamenta l  re lat ion between 
sound  and meaning  requisite for  the comprehens ion  o f  l inguistic labels and ul t imate ly  the 

l inguistic system may  be fully realized. 
The relat ion between sound and meaning may  well be the basis for the comprehens ion  

deficit o f  the Wern icke ' s  aphasics.  Al though  it is difficult to a t t r ibute  a selective deficit in 
the percept ion  o f  VOT to any one clinical g roup  on the basis of  the findings in this study,  
the Wernicke  aphasics did  show the mos t  consistent  pa t te rn  of  deficit; namely,  an in- 
abi l i ty  to rel iably label  the stimuli,  despite the abi l i ty  to discr iminate  them. These results 
suppor t  recent findings that  suggest that  the Wernicke ' s  aphasics do not  have a selective 

*It 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. Our 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. In 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.e. 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 
languag.e 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. Second, 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 (of. [12, 21]). In addition to the presence of so-called phonetic errors in VOT, 
the measurements of VOT productions in the anterior aphasics also 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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R6sum~ : 

on a examine dans cette 6tudc la ~ap~clte du:~ ~alddcs 

aphasiques et des malades non aphasiques avec: ]~sions dro~tes [~ 

@tiqueter verbalement ct dJscriminer un c<,nt inuum de parole synthd- 

tique- diff6rant selon le moment du d6but d<s vibrations vocales 

(voice-onset time : VOT). Nous avons examin6 ces capacit@s dans 

leur relation avec le type d'aphlsie et ]a compr@hension du langage 

ct nous avons explor6 la rc]atiorl entre la f,~rc~pt i o n  et ]a produc- 

tion des dlstinctJons de VOT. Les rL, sultats oh", t~<'he'~ de perceptJ,n~ 

indiquakent que si un sujet nc pouvait p]~ d]f;criiLiner des stimu- 

lus, il nc pouva~t pas de manJ@re fiable !~s 61 ]queter; mais un 

sujet avec une fonction de discriminatLon normal< pouvait n,~ann~oin:~ 

~tre incapable de les 6tiqueter. On interpr6te cos [@suJtots ei~ 

admettant 2 nlveaux de traitement ; ] 'un Ion<h9 sur ia fonctlol7 des 

s~ries de d6tecteurs de propri6t@, ]'autrc utilisant ces propr16t6s 

pour un traitement iinguistique. C'est ce dernier niveau qui semble 

~tre s61ectivement troub]@ dans ['aphasic. [,'analyse de ]a produc- 

tiOll de VOT [ndJql]c que Its aphdt'Jque~, arlt(:ri(tlFs o:~t ii~ ddfJcit 

de la programmation articulatoire <~e.:3 :onu vc~:baux t,ndis que le~ 

malades avec l~sions pcst~rieures ont un d6ficit dc [a sdlectiol~ 

du phon6me appropri@. Enfin, les performances de pmrceptio~) eft de 

production de VOT peuvent ~tre partiellement dissoci@es de ]'inca-. 

pacit@ de compr6hension du langage. 
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Deutschsprachige Zusammenfassun~: 

In dieser Unte~suchun~ ~a~rde die FZhi6keit yon aphaslscheD ur, d 

nichtaphasisehen rechtsh~rnig gesch~digten Kranken erfaBt, ein 

Kontinuum synthetischer Sprache zu kennzeie~hnen und zu diskri- 

minieren, Das sprachliche Angebot wies Unterschiede bezHglich 

der Stimmeinsatzz~it (VOT) auf. Wir untersuchten die FShigkei- 

ten in Bezu6 auf Aphasietvp und vorhandenes Sprachverst~ndnis 

und prt[ften die Beziehung zwiachen Perception und Produktion 

yon Stimme]nsatzzeitunterschieden. Die Ergebnisse der Percep- 

tionsaufgaben zeigten, dag, wenn ein Patient die Reize nicht 

zu diskriminieren vermochte, er sie such nicht zuverl~dssig kenn- 

zeichnen konnte; dagegen mochte ein Proband mit normaler Diskri- 

minationsleistun~ nichis destoweniger unf[hij s~in, die P~eize 

muverlMssig zu kennzeichnen. Diese Er~ebnisse wurden in Bezug 

auf 2 Ebene!J l]~s Prozessing interpretiei~t. Eine betraf die 

Funkt~on eines Analysatorensatzes f~J~ Eige~:schafte~, die andere 

benHtzte diese (igenschaften fqr das weitere snrach]iche Prozes- 

s~ng'. Es ist dtese zweite Ebene, die bei der Aphasic besondere 

~estMrt zu sein scheint. Die Analyse der VOT-Produktion weist 

darauf bin, dab die pr[~centralen Aphasiker ein Defizit im arti- 

kul~torischen Prngrammieren ~ron Sprachlauten haben, w~hrend die 

postzentralen Patienten elm Defizit im Selektieren der re!evanten 

Pbonomene aufweise~. SchlieSlich kann die Le]stung im der Per- 

ception nnd Produktion der V0T teilwelse unabhHngig vonder 

Sprachver st Mndni s f[hi gke it ~e]n. 
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