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NATURALLY OCCURRING VOT CONTINUA IN APHASIC SPEECH: PERCEPTUAL CORRELATES

WOLFRAM ZIEGLER

ABSTRACT

Using plosive-vowel stimuli spliced out of aphasic

speech VOT-continua were prepared and prgsented to
experienced listeners for identification of the
voicing of the initial consonant. Possible range
effects on listeners' judgments were studied.
Stimuli with unexpected response rates are dis-
cussed.

INTRODUCTION

Errors of consonant voicing are considered to play
an important role in the categorization of aphasic
production deficits. They have often been reported
in transcription studies (e.g. /1/) and have, at
least with respect to certain aphasic syndromes,
been interpreted as reflecting a deficit in the
temporal coordination of articulatory-and laryn-
geal gestures.
A major shortcoming of the perceptual assessment
of consonant voicing is that it leads to a des-
cription based on discrete entities where conti-
nuous measures would probably be more adequate.
Therefore, disturbances of plosive voicing have
been adressed in voice-onset time studies of
various aphasic syndromes, revealing that aphasic
speakers can vary considerably in their VOT /2/.
Yet, to our knowledge there has not yet been any
attempt to systematically examine a particular
corpus of aphasic speech material both from the
point of view of judgments of discrete categories
and measurements of a continuous variable such as
VOT. Such an inquiry, however, would be of great
interest since it cross-relates the results obtai-
ned on different methodological bases. One would
predict that the perception of stop consonants
produced by aphasic patients is largely conditio-
ned by the measured VOT and that only productions
with voice onset times near the category boundary
are ambivalent 1in perception. Yet, other cues to
stop voicing may be present in aphasic speech
which override the perceptual significance of
voice onset time.
The fact that VOT in some aphasic patients covers
a broad range of considerable density was used in
this study to construct sets of plosive-vowel
stimuli along VOT continua. On the basis of such
continua, category boundaries were estimated for
the productions of three aphasic patients in
identification experiments, asking whether these
boundaries are invariant over the different sub-
jects. The possible influence of different VOT
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ranges covered by a stimulus set /3/ was also
investigated. Stimuli which did not attract the
responses expected from their VOT are discussed
with regard to possible acoustic features that
override the VOT cue.

EXPERIMENT 1

Method, subjects and material °

The material for the perception experiments was
taken from speech utterances of 3 female patients
(aged 46, 55 and 64) suffering from apraxia of
speech following occlusion of the 1left middle
cerebral artery. In a production experiment repor-
ted in detail elsewhere the patients had been re-
quired to produce 20 repetitions of the nonsense
words /dabo/, /dapo/, /tabo/ and /tapo/. For these
words the length of the segment from release Quf“
of the initial consonant to onset of periodicity
(VOT) was determined by obtaining a consensus of
opinion from three examiners (/d/ generally has 10
voicing lead in South German). The initial conso-
nant and 20 periods of the vowel /a/ were then
digitally spliced out, after eliminating those
words showing gross deviations in place of artic-
lation for the consonant, or in loudness or fundﬁ
mental frequency for the vowel. The vowel lengt
of 20 periods was chosen so that the vowel woul
be as long as possible, but without including tre
transition to the following plosive. These sghce
segments represent the actual stimuli used in
experiments; a total of 68 stimuli spanning the
VOT continuum were obtained for patient Al, 56 for
A2 and 70 for A3. In contrast to classical synﬂﬁ'
tic continua the stimuli were not absolutey
equidistant along the VOT axis. : ance
A panel of listeners with considerable eXPerTeE;
in perception experiments took part in the ]15've
ning tests; six listeners for Patient Al a"df%
listeners for A2 and A3. Each listener was t%sii
separately. In each session the randomized st1m%
of one patient were presented to the 11stenq&n
with 4 repetitions of each stimulus. Each_Pat’nt
was presented in 3 sessions with & d1ffm?M
randomization each time; thus each listenerbea.
each stimulus of each patient 12 times. The ]ﬁdd
ners were required to identify the stimuli as-uH
or /ta/ (forced-choice). Presentation of stil
was performed by a laboratory computer q51"98km
kHz sample rate for D/A conversion with a]iw
low-pass filter prior to output over high-qua
loudspeakers.
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VOT [ms] —» Fig. 1: Percentage of /d/-responses given by
experienced listeners to /da/, /ta/ stimuli
;211ced out from utterances of patients Al and
Résu]ts
In Fig. 1 the ' .
1 percentage of /d/-responses i onti

displayed ver resp is in the continuum; only three producti i
2. The f; us measured VOT for patients Al and 100% /d/-responses, It is glso no%?gzag?geéxgg

: gure also indicates whether the produc-
;Sgg 68¥get had been /t/ or /d/. For patli)ent Al
ded /¢ values.lle between 5 ms and 50ms. Inten-°
25 /-productions mainly occupy the range above
o Responses are unanimously /d/ below about
would and /t/ above 30 ms. The category boundary
oo asggm to Tie between 20 and 25 ms, but with
e 1_m ivalent stimuli in the region below this
. geng widely in the number of /d/-responses.
the aciponses were obviously not conditioned by
product'ua] production target, since intended /t/
quous | ons, in particular, were often unambi-
intendgd perceived as /d/. There are also several
nonethe | / productqus with Tow VOT that are
Product_ess almost unanimously identified as /t/.
range ;?nsvogf Patient A2 covered a much wider
higher “vaus values, with a general shift to

s. There are unfortunately some gaps

I

stimulus-no,

————

several stimuli with a VOT of about 4 i

received ambiva]ent responses while for ga??eiEIAI
/t/:responses in this range had already risen to
100%. Thus the category boundary seems to be
further to the right for A2. The question of
whether this might be due to the different VOT

ranges was addressed in the s i
outlined below. econd exper iment

- The results of the first twenty stimuli of the

continuum from Patient A3 are given in Tab.I wi
the corresponding VOT value. A1l further stimag?
i.e. nos. 21-70, with VOTs up to almost 200 ms
gave 100% /t/-percepts. Perhaps the most surpri-
sing aspect of the response pattern is that even
at very low VOT values very high numbers of /t/-
responses were obtained for some stimuli. The
possible ,acoustical reasons for this will be
examined in the discussion. :

ab} . »
Zable I: VOT and percent /d/ responses for the first 20 stimuli from the continuum of Patient A3.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

VOT (ms)

/d/-responses (%) 100 1323 100 100 28 32

14 14 17 17 ?9 20 22 22 23 23 23 24 24 24 25 25 27 30 33 36
2 12 47 22 32 .5 3100 2 10 2 o 0
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. EXPERIMENT 2 t . Turning to the results of Experiments 1 and 2 with
. . e e R ) - e T e <3 regard. .to range effects it-should first be recal-
.. ... In experiment” 2 we wanted tt!'-,l'_r_xveshgate'vghethgr_ - R nat,(~.6 ] led that for Patient A2 several stimuli stil]
: response beliavior to these Kinds of con’gmua is ) _ .g® o ) ians ) at@racted ambivalent reponses in Experiment 1 at a
susceptible to range effelts, thus-possibly ex- ' o A pay, T e T - point on the VOT continuum where responses for Al
plaining the apparent - difference in category H N.g) and A3 were already unanimous (i.e. around 40 ms).
_ boundary between Al and A2. ;; o Under the assumption that these ambivalent
. Listeners and methods remained the same, but the 2 \ . . Pat. A1 responses to some extent represent the listeners'
. range of stimuli presented from each pqtient was . full ﬁ::du:,d . reaction to the overwhelming number of clear /t/
changed in the following way: - . - - range ey stimuli it could be expected in Experiment 2 that
For Patient Al all stimult with a VOT longer than . - o . . any manipulation of the VOT range covered. in such
28 ms were discarded, i.e. the.range in which only Fig. 3: Change in /d/-respouse rate from Experi- continua should be reflected “in the response-
/t/-responses occurred in the first e>§per1ment. J_—ment 1 to Experiment 2 for one listener, re- rates, particularly near the category boundaries
a This left a total of 48 stimuli. In Patient A2, a stricted to stimuli that were ambivalent in (‘_Zf- /3/). The results are not as clear as one
similar criterion led us to discard all stimuli Experiment 1. might wish, but there was a trend in the expected .
with VOT above 55 ms, which left a total of.16 P g;rect}qnh:?.both Al and A2. It is noticeable that
timuli. . . ; € shigntly unexpected ambivalent stimuli for - -
%hese manipulations of the 7t}'mu1us contmugnrwtv%li:e VOT: 19ms 19ms z)a(;wr]t tAZ almost disappeared in the second
expected to lead to more /t/-responses, p - - pon : o eériment. .
1a£1y on the ambivalent stimuli. L. /d/-res Ses: 100% 22%
The stimuli were randomi%ed with 10 r‘gpeﬁt!g::
resented to the listeners in 2 sessi o
$g$h Aelmdaﬁd in a single sesslion 1:?' Aih Thesg : REFERENCES
i weeks after those o .
Eesswgzntt(lmk place several DISCUSSION /1/ J.E.Trost, G.J.Canter: Apraxia of speech 1in
xper1 . patients with Broca's aphasia: A study of
: From the identification results in Fig. 1 and Phg”eme production accuracy and error
Results Table I a rough estimate of tﬂe category Equn(]ig:y /2] gaEtgrl‘Sri;tein WoE.Co H.Gooda
jent. However, particular- by ' -t.Looper, -Goodglass,
Fig. 2 compares the percentage of /d{-responses %;nfg: g‘:g?ezgg X?angaﬁ}fghe numeroué Etimun not §.Statler_1der, J:Gottlieb: Production de?icits
for the full and reduced continua, with the re- falling on an ideal response curve make it clear Pat. A3 in aphasia: A voice-onset time analysis. Brain
sponses grouped into 5 ms bins for Patient Al and that VOT cannot be the only factor conditioning & Lang. 9: 153-170 (1980)
10 ms bins for A2. In both cases there is a slight listeners' responses. This ~is hardly unexpected /3/ S.A.Brady, C.J.Darwin: Range effect in the
increase in /t/ responses in the reduced conditi- hen one considers that the continua consist of a perception of voicing. J. Acoust. Soc. Am. 63:
on. But the effect, while going in the expected Yarge number of naturally-occurring stimuli rather 1556-1558 (1978)
direction, is clearly rather weak. It appears tha?\ a very restricted number of synthetic or /4/ D.H.Klatt: Voice onset time, frication and
somewhat stronger if only the ambivalent stimuli 1 ctronical){ manipulated stimuli. Nevertheless, ‘ aspiration in word-initial consonant clusters.
are regarded %i.e. those neither 100% /t/ or /d/ ?te iy e)sltin to Took closer at those stimli ! J. Speech & Hear. Res. 18: 686-706 (1975)
in the first experiment). This is displayed in ;hatmf;rlllerout gf line when ordered according to HM i
Table II averaged over all listeners and in Fig. 3 VOT. Fig. 4 gives one example for each of Patients VOT: 17'm 14
for a single listener. Al and A3 in which simﬂar/measured VOTtvgmxz S ms
° 0 A attracted widely differing /d/ response-rates. . . o 0
171 e " : the bottom of ythe figure in the example for A /d/-responses: 100% 0%
g both utterances are rather weak in harmonic energy )
$ % 90 Otk I e in the high frequencies. The obvious dlfferenc;, Fig. 4: Two examples of CV-stimulus pairs with
& . however, is that in the left-hand example the similar VOT which attracted different voicing
H . o onset of harmonic energy occurs more or less Judgments,
o o 0 0 o $ oo simultaneously at least up to the frequency rangg
T % % e ¢ » o & of the first formant while in the right-han
VOT (me) — example for about 70 ms after voicing onset t:ge: Ih ) ) )
. I te from Experi is only harmonic energy at the fundamental t:] e :xamp]e given in the top half of the figure .
Fig. 2: Change in / /'7'8520"59 ra g ;9‘“ ]).(perﬁ quency, presumably because of incomplete glo ge i u? rates a rather different phenomenon. Here it f
ment 1 to Experiment 2 (groupe stimuli, a adduction. It could be argued that it would 1S fairly safe to say that any criterion for VOT :
listeners). Left: Patient Al. Right: Patient A2. more appropriate to adopt a different criterior measurement would lead to essentially the same :
for measuring VOT, e.g. the interva]lfrgﬁeplg;};: Z?JZ%GSHOWS‘].’ZEiythengmbe‘” fc’f /d{ireip(’g??? again i
: Percentage of /d/-responses given to release to onset of harmonic energy in : : most  sajient difference :
%:%1—351%3% stimu]ig of patient p1 (N=£1;9) and of the second or higher formants %cf. Klatt /4/);| :;S(t:r]/een the two sonagrams would seem to be the
patient 2 (N=8) under two different range However, in cases such as the present one € that ggiﬁa\é{;éb]fogi }527"51“0” in t?ﬁhprodugtg?n
conditions. ) this criterion could be difficult to apply 59"5;; reflects differences — in r?ﬁ@""ﬁiiént ]gfp?i)ngua{ 2t
. stently since in the sonagram it is very d1ff1cgs anticipation of the vowel target at the moment of iqr
condition to discern harmonic energy in the higher f°r"‘agve,} Plosive release. One might speculate that a pa- o
» duced This methodological problem would probably gemain. tient 1ike Al makes active use of such a movement il
full range reduced range more acute when measuring in the time-co i pattern in order to partially compensate for her '
Beyond such technical considerations, hOWe"eq'as_ obvious deficits 1in the control of VOT. However
seems more 1important to stress that not al o the lack of a correlation between intended target
) 1 75 45 pects of disturbed glottal adduction can be 2Pty and percept in this subject speaks against this
patient red in a single parameter such as VOT, however View.
2 14 4 is defined.
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