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Past studies have shown that, while vowels can be produced with static vocal tract configurations, the
resulting steady-state tokens are misidentified frequently by naive listeners. The first experiment compared
the perception of isolated vowels with vowels spoken in a fixed consonantal frame by the same set of 15
talkers. Vowels in /p-p/ syllables were identified with far greater accuracy than were comparable isolated
vowels in both single and multiple-talker conditions. Acoustical analyses of the test tokens showed that the -
poor intelligibility of isolated vowels could not be attributed to talkers’ failure to produce these vowels
correctly. In a second expériment, vowels in syllables in which the initial and final stop consonant varied
unpredictably from item to item were still identified with greater accuracy than were isolated vowels. These
results offer strong evidence that dynamic acoustic information distributed over the temporal course of the

syllable is utilized regularly by the listener to identify vowels.
Subject Classifications: [43]70.30, [43]70.40, [43) 70.70.

INTRODUCTION _

Vowels, unlike consonants, can be produced and iden-
tified in isolation.” This possibility was exploited early
in the investigation of vowel quality, as witnessed by
studies of the cardinal vowels (Jones, 1956). ‘Sustained,
“steady-state” vowels can be classified by frequencies
of the first two or three formants (Potter and Steinberg,
1950), So successful were the efforts to locate the
acoustic information sufficient for the perception of
sustained vowels that the main focus of research on
speech perception shifted to the search for the conso-
nantal cues. But the supposition that the sound pattern
is simpler in the case of the vowels than the consonants
is unsupportable if a distinction is made between the °
sustained, isolated vowel and the vowel as it occurs in
natural speech.

Although they can be produced in a quasi-steady-state
manner and in isolation, vowels so produced must be
regarded as laboratory artifacts. Ordinarily, vowels
occur in coarticulation with consonants in the context
of the syllable. The acoustic information in coarticu~
lated vowels is fused and carried in parallel with the
consonantal information (see Liberman, Cooper, Shank-
weiler, and Studdert-Kennedy, 1967; Liberman, 1970),
It was discovered long ago in tape-cutting experiments
of Schatz (1954) and Harris (1953) that vowel quality
cannot be discretely localized in any single portion of
the syllable, but is distributed throughout the period
during which voicing is present.

Studies of perturbations of formant frequencies
brought about by uttering vowels in the context of syl-
lables were carried out by Stevens and House (1963),
Lindblom (1963), Ohman (1966), and Shearme and
Holmes (1962). These investigations demonstrated
that steady-state values of the formants are rarely at-
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tained because articulatory movement is more or less
continuous. Thus, the acoustic description of vowels

_in ordinary épee'ph is a good deal more complex and

the acoustic basis of vowel quality. _ 1
If the acoustic structure of the isolated vowel often
differs greatly from the “same vowel” in context, it
might be inferred that different cues are employed in
vowel perception when the vowel is in consonantal con-

problematic than is revealed by the classic studies of

-text and when it occurs in isolation. It is all the more

interesting, therefore, to find indications in the phonetic
literature that isolated vowels are difficult to perceive,
For example, Fairbanks and Grubb(1961)presented nine
isolated vowels produced by phonetically trained talkers
to experienced listeners. The overall identification rate
was only 74%, which contrasts strikingly with a rate of
94% obtained by Peterson and Barney (1952) for per-
ception of vowels in /h~d/ context. Somewhat better
identification of isolated vowels was obtained by Lehiste
and Meltzer (1973), with only three talkers producing

" the tokens. Fujimura and Ochiai (1963) directly com-

pared the identifiability of vowels in consonantal con-
text and in isolation. They found that the center por-
tions of vowels, which had been gated out of CVC syl-
lables, were less intelligible in isolation than in syl-
labic context, These findings suggest that isolated vow-
els are misidentified with significantly higher frequency
than vowels spokenin at least some consonantal environ-
ments. Could itbe that theacoustic complexities intro-
duced by syllabic structure better serve the requirements

- of the perceptual apparatus thando quasi-steady-state

formants? If so, then it is surely inappropriate to char-
acterize the cues for vowel identity interms of static
points in a space defined by the first two formants.

It seemed important, therefore, to attempt to demon-~
strate under carefully controlled experimental condi-
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tions that vowels in consonantal contexts are perceived
with fewer errors than “the same vowels” presented in
isolation. A further purpose of the research reported
here was to investigate the sources of information with-
in the CVC syllable that specify the vowel and to explore
how that information is utilized by the perceiver in the
process of perception. If it is true that consonantal
environment generally aids in’identification of a vowel,
we recognize that there is more than one way the en-
vironment might play a facilitating role. One possibil-
ity is that portions of the signal that are commonly
regarded as consonantal, such as transitions, might

aid in normalization for vocal tract differences. Ex-
periments by Fourcin (1968) and Rand (1971) have found
that perceptual boundaries between stop consonants vary
depending on the vocal tract presumed to have produced
a syllable. The phonemic identity of the consonants
was fixed and known in advance in the Peterson and
Barney (1952) study-and in our own investigations (Ver-
brugge, Strange, Shankweiler, and Edman, 1976). I
these cases, the transitions may have allowed listeners
to scale the formant frequencies of the medial vowel
according to the vocal tract characterishcs of the talker
and thus reduce vowel ambiguity R

On the’ other hand isolated vowels may be dlfﬁcult
to perceive for a more fundamental reason, It is pos- ’
sible that listeners ordinarily rely upon information
distributed throughout the whole synable for identifica-
tion of the vowel. This seems likely in view of parallel
transmission of the consonants and the vowel, If it is
the case that syllable-initial and syllable-final transi-
tions specify the vowel as well as the consonants, we
could assert that the vowel is inseparable from the syl-
lable, that it is not specified by formant frequencies at
any particular cross section in time, but rather is car-
ried in the dynamic configuration of the whole syllable.
In this case the presence of transitions should aid iden~
tification of the intended vowel whatever additional dif- .
ficulties may be posed by contronting the listener with
xnultiple vocal tracts. T L E
L EXPERIMENT I PERCEPTION OF ISOLATED
AND MEDIAL VOWELS . :

If consonantal environment aids in specifying vowel
identity in either of the two ways postulated above, we
would expect that the perception of isolated vowels
would be less accurate than the perception of medial
vowels in listening tests where the tokens on a test were
produced by different talkers. Previous studies on the
identification of steady-state vowel stimuli support this
hypothesis (Fairbanks and Grubb, 1961; Lehiste and Melt-
zer, 1973). However, these investigations do not di-
rectly compare isolated vowels with vowels in syllable
frames with the number and type of talkers, number of
response alternatives, and other factors held constant,
Millar and Ainsworth (1972) report that listeners were
able to identify synthetically generated vowels more
reliably and uniformly when the vowels were embedded
in /h—d/ words than when the acoustically identical
segments were presented in isolation. We are not
aware of any studies which directly compare the per-’
ception of naturally produced isolated vowels with
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vowels in context,

The present study compares the identifiability of
vowels produced in a fixed consonantal frame with iso-
lated vowels when (a) a single talker produced all tokens
on a particular listening test (“segregated talker” con-
dition) and (b) when tokens produced by several different
talkers are presented in random order (“mixed talker”
condition). By independently varying these two factors
(consonantal context and talker variation) we can assess
the relative contribution of each to the accuracy of vow-

_ el identification. Further, the design allows us to test

the two hypotheses regarding the way in which conso-
nantal information may be utilized. If consonantal en-
vironment aids in vowel identification by serving as a
calibration signal for vocal tract normalization, we
expect an interaction between the two major variables.
That is, we expect that the loss in identifiability of
vowels due to the absence of consonantal transitions
will be more severe on those tests where talker iden~
tity changes, since recalibration is necessary on each
trial, - We expect no significant disadvantage of the ab-
sence of consonantal transitions for those tests in which
talker identity is unchanged. Alternatively, if.conso-.
nantal transitions provide information that specifies *~
vowel identity independent of talker normalization, we
expect no such interaction, The identification of iso-
lated vowels should be less accurate than of vowels in"
consonantal context both for tests on which the talker
remainsg constant and for tests on which talkers are
mixed,

This study compares listeners’ performance on iso-
lated vowel tests with the results reported previously .
for medial vowels spoken in /p-p/ environment (Ver-
brugge et al., 1976). The tests were directly compa-
rableon all factors, such as identity of talkers, order of
presentation of alternatives, response alternatives, and
recording and reproduction conditions.

A. Method
1. Stimulus materials

The panel of talkers described in our previous re-
search was also utilized for this study. Five men, five
women, and five children, none of whom were trained
speakers, were selected to represent a wide variety of
vocal tract sizes and characteristic fundamental fre-
quencies. According to the judgment of the experi-
menters, the talkers represented a fairly homogeneous
dialect group, that of the upper midwest region from
which the listeners were also drawn.

The materials for the /p~p/ tests (mixed and segre-
gated talker) were those described in Verbrugge ef al.
(1976, Expt. II). Talkers read the test syllables, which
were printed individually on cards. The /p-p/ words
were also used to represent the isolated vowels; talkers
were instructed to pronounce the vowels as they would
be pronounced in these key words. They were given one
practice trial and were instructed to produce the tokens
quite rapidly. Each talker produced one token of each
of nine isolated vowels: /i/, /1/, /e /, /=/, la/, /2/,
/nly [0/, T/,
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“For the mixed-talker isolated-vowel test (mixed:-.,
‘#=4#) three of the nine vowels were selected for each '
‘talker, corresponding to the three vowels he or she .. .
produced for the /p~p/ test. :As in the earlier test, -
vowels were assigned to talkers randomly with the con-
straint that each talker contributed only one of the point
vowels.. Thus, the mixed #-# test consisted of five .;
tokens of each of nine vowels .each.of the five. tokens
‘was. spoken by a different tallcer.:w, v BEL

‘b:'-'(' RR

29" ng segregated-taikes 1solated-vowel teits (segre-"
gated #~#) were comparable to the segregated-talker
~/p~p/-tests described in Verbrugge et al,. (1976, Expt.

~~II)..One man,:one woman,: and one child each produced
a 45-item test that contsined five different tokens of .

" “.each’of the nine: vowels o rHeE .:3:}‘93.* § oy x‘._uv :

bgig e A ¥

LAl test stimuli were recorded ina sound-attenuated :

experimental room with 3 ReVox AT7 stereo tape re~
¢ corder and Spher-o-dyne microphone. The 45 tokens :

_ withi the Testrictions that the same intended vowel did
not appear more than twice consecutively, ‘and tokens'
produced by the same talker. .were separated by -not less

. ~tthan eight tokens (in the mimed tests). Identical proce- -
- dures were used to construct _each of the four tests so '

" that presentation order, timing, and peak intensity of
L test tokens_were identical Jor all tests, BT

. TOF e famrov bwrlca B ;
‘ cedur et -.wzss & alguoy. gadl el

Listening tests were presented to small groups ot
subjects in a quiet experimental room via a.Crown cx
822 tape recorder, MacIntosh MC40 amiplifier;”and AR
.acoustic Suspension loudspeaker.- Listeners responded
on:score, ;8heets which ¢ contained nine response alter-,

. natives written out in | ull in each row: ,.,tpip, pup, . pap,
- Peep,; pOp, ;pep,. poop, .pawp, Puup, % Before the tests, i
-.gthe experimenter pronounced each of the nine key words
,drawmg special attention to the last word, Fpuup, taris -
.:which stood for the syllable /pvp/,: For the #—# tests,
- the experimenter pronounced each key word followed by
the .vowel in isolation,’ again with special attention to.,
the./u/ alternative. Subjects in the mixed-talker con-
- ditions were told they would hear “several different
; tallers”; subjectsin the segregated-talker conditions
knew they would hear only one voice on each 45-token
test. ... .

Independent groups of subjects responded to the /p—p/
and the #—# mixed-talker tests. Each group of sub- *
" jects completed two repetitions of the 45-token test for
a total of 90 judgments per subject, 10 on each intended
vowel.’ In the segregated-talker conditions, *three °
groups ‘of subjects heard the /p~p/ tests and another
three groups heard the #-# tests., The order of pre-
sentationof the man (M), woman (W), and child (C) tests
was counterbalanced across the groups in the orders;
MwcC, ‘WCM, CMW. Data for only the first two tests
were analyzed (i.e.; "MW, WC, and CM, respectively).
Thus, ‘the total number of judgments by the segregated
test subjects was equivalent to that for the mixed test
subjects (90 judgments) and any effects of fatigue or -
familiarity were equally distributed across the three
talkers for the segregated tests.., ,;,m v

i ‘;ﬁ
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3 Sub/ects

The data presented here' for the /p—p/ condxtions are
those obtained in the’ previous study (Verbrugge ef al.,
1976, -Expt, -II). :-Thirty~three subjects served in the
segregated /p-p/ tests (11 in each condition) and 19
subjects were tested on the mixed /p-p/ test. ‘For the
tests on isolated vowels, 30 Subjects were tested in the
segregated #-—# test (10 per condition) and 16 subjects
heard the mixed #-# test. All subjects were paid vol-
unteers from undergraduate psychology classes at the
University of Minnesota. All were native speakers of
English and most were natives of the upper midwest re-
gion. i o
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e

o B Results .
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i } foaig%4 )
-wErrors in vowel identiﬁcation were tabulated for each
condition; an error was defined as the selection of a
response other than that intended by, the talker. " The
overall error rate tor the four experimental conditions
.is shown in Flg. 1 The main comparison of interest
,is between performance reported earlier for vowels in
/p-p/ nvironment and performanc on the}s olatec .,.
vowels._ .On the average,- there wer 1‘7 6% errors"on
the mixed /p-p/ test and 9 5% errors_i )
/p-p/ test. For the isolated vowels C

The main effects for talket'variation (mixed vs Segre-
gated) nd consonantal’ context (/p-p/ Vs i-#) were 03"
~both sigmﬁcant,* r(1 '94)=21.18"and 125,117, ‘Tespec=" "

‘tively ~;p< . owever, no signiﬁcant interaction o

ls aoiIrviissqR dt SerloTnrgiitbn itk mxzwis ok i
“These results indicate that while talker variaﬁon does

. contribute signi!icantly to vowel identiticatio

““for_both mediai Vowels ‘and isolated vowels; , 'tie‘resence .

or absence of .consonantal context is byfar the imo.
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_ FIG. 1, Overall percent errors Ior vowels ln /p-p/ syllablas
¥ and 1solated vowels, Open bars show errors for segregated
talker conditions; ghaded bars show errors for rnl.xed talker
conditions 'az », t4 e amardod, 4 ; i I
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 TABLE 1. ExperimentI: Identification errors (percent) for
each intended vowel in four experimental conditions. Error
rates excluding /a/—/3/ confusions are given in parentheses.
{See Ref, 1.) < .

Segregated talkers.  Mixed talkers

Intended vowel  #-# /o=p/ = /p-p/

1 16 <1 26 1 .

1 14 4 23 - 2

¢ 46 12 62 B 4

= 26 2 48 19

e 84 (19) 23 (4) - 61 (32) 20 (10)

? 29 (14) 18 (2) 30 (10) - 27 (3)

a 42 8 63 15

v 29 18 49 39

u 14 . <1 23 3 ,
Overall errors 31% (25) 9% (6) 43% (38) 17% (13)

important variable. Listeners misidentified approxi-
mately three times as many isolated vowel tokens as
they did the corresponding medial vowels. Thus, it ap-
pears that the presence of a consonantal environment is
much more critical for accurate vowel indentification
than is familiarity with the characﬁeristics of the talk-
ers’ vocal tracts.

The hypothesis that consonantal environment contnb-
utes to perception of the vowel by providing cues for
talker normalization was not supported. There was no
interaction between the two major variables; the in-
creased error rate due to the absence of consonantal
context was almost as great when the talker was con-
stant (an increase of 22%) as it was when talkers varied
from token to token (an increase of 26%). We can con-
clude that the efficacy of the /p—p/ contextin aiding vow-
el identification is dlrectly involved with specmcation of
vowel 1dentity Sl .

A vowel-by-vowel analysis of the identification errors
for the four experimental conditions is presented in
Table I. (Confusion matrices for the /p-p/ and #—#
tests are presented in Tables A-I, A<M, A-II and A-
IV.) It is readily apparent that for every vowel cate-
gory, in both mixed- and segregated-talker conditions,
there were more errors for the isolated vowel than for
the corresponding vowel in the /p-p/ frame. This is
strong evidence that the lack of familiarity with a talk-
er’s vocal tract is far less detrimental to accurate per
ception of vowels than is the absence of information
provided by a consonantai environment.,

The data reveal differences in the identifiability of
particular isolated vowels. The pattern of errors is
quite similar to that found for medial vowels; the vow-
els /i/, /1/, and /u/ are most accurately identified
while the more central vowels yield relatively more
errors in identification, It should be noted, however,
that even the former show error rates from 14% to 26%
when they are presented without consonantal context,
compared to less than 4% errors obtained for these vow-
els in the /p-p/ context.?

A more detailed analysis was undertaken to evaluate
the consistency of these results. The percent errors
obtained for each of the 45 tokens on the mixed # —#
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test was compared to the percent errors obtained for
the comparable token on the mixed /p~p/ test. Isolated
vowel tokens were misidentified more often than medial
vowels in 39 out of 45 cases while two pairs produced
an equal proportion of errors. Inonly 4 cases did the
/p~p/ token produce more errors than the comparable
isolated vowel. Thus, we can conclude that the differ-
ence in error rates found between performance on me~
dial and isolated vowels is consistent across individual
tokens of the vowels as well as across vowel categories.

The overall results of the segregated tests show that
isolated vowels were identified far less accurately than
were medial vowels, even when talker variation was ab-
sent. Error rates for the maid, woman, and child on
the segregated #-# tests were 33%, 26%, and 32%, re-
spectively. Comparable error rates for the segregated
/p-p/ tests, reported in Verbrugge et al. (1976), were
9%, 6%, and 11%, respectively. The differences show a
relatively constant advantage of consonantal environ-
ment for all three talkers, despite some variability in
overall intelligibility of the talkers.

In summary, it is clear that consonantal environ-
ment contributes in a major way to the identification of
vowels. We reach this conclusion whether we regard
the data in terms of overall results, the results for
particular vowel categories, for individual tokens or -
for individual talkers. - Isolated vowels are much more
poorly identified than vowels embedded in the /p-p/
context.

C. Acoustical analysis

The results of this experiment indicate that isolated,
steady-state vowels are poor stimuli from the stand-
point of the perceiver. The possibility remains, how-
ever, that the perceptual problem in identifying iso-
lated vowels is a result of the way the talkers produced

"them. Phonetically untrained talkers may be unable to

produce specified tokens of vowels reliably in isolation.
Acoustical analysis of the vowel utterances by our pan-
el of talkers was undertaken to investigate this possi-
bility.

Center frequencies of the first three speech formants
and the duration of the vocalic portion of each syllable
were determined from spectrograms and spectral sec~
tions produced on a Voiceprint Sound Spectrograph.
Recordings of tokens produced by women and children
were reproduced at half speed for spectrographic analy-
gis; obtained frequency values were doubled to deter-
mine the actual formant frequencies of these tokens,
Spectral sections were made at the point of nearest ap-
proach to the steady state. (If the vowel was diphthong-
ized by the talker, measurements were obtained from
the initial part of the vocalic portion of the syllables. )
Two judges, working independently, determined the
center frequency values for the speech formants to the
nearest 25 Hz. Frequencies reported represent an
average of the values obtained by the two judges. In
addition, measurements of the duration of the first-
formant periodic energy were made.?

Measurements were obtained for the 45 tokens of
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TABLE I ‘Average frequency values {Hz) for the first three
. "speech formants of the nine isolated vowels, averaged over
+.five talkers in each group. .::: Gy edE ranm
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i the mixed #-# test. Thus, one|token of each of nine

* For t the segregated tests, one token of each of the nine

- by the full panel of talkers, .we can ask whi
" :wthe oo identiﬂcation (43% errors) was due to t
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e yrapyatd

., ol first and second |
speech formants

RaTyen

~»m:>(

 1;0f the Yowels in isolation were systematic In distribu-
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‘The formant frequéncies showed systematic elevations
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FIG 2 Average formant 1/formant 2 values lor isolated
-vowels spoken by men, women, and children. (Flve tallésrs
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ted vowels was measured tor each ol mteen talkers.

? solated vowels was selected randomly Irom each ‘of the

‘ni Table n,presents the average values of tlm ﬂrst three s
: speech lormants tor the  men, .women, and children. ‘In

are plotted in a two-dimensional byow- “e!’?, a woni
e el Space, j_wOn the . average, our talkers’ productlons

SECOND FORMANT (Hz)

——P.p
500 . \ SEm——a-e .
Y i A 1 M 1 2 i :
“00

| 2 |
300 400 500 600 700 €00 900 1000 1100
" FIRST FORMANT (Hz) -~
,FIG. 3. .Average formant 1/formant 2 values for vowels in
+::/p-p/ syllables (solid lines) and yowels in lsolation (dashed
231 lines)., . Values were computed over the five tokens ot,each
vowel in each mlxed talksr test. zdyiis f '

losely to values reported inprevio

~ofor tokens of the vowel /3/. by:all talkers, tokens of
“/e/ spoken by the men and women,uthree tokens of -
/a/ spoken by children, and one token of /u/ spoken :

kl— VU

93.. T}ll..-ev.fdemn;h}){ v dP 24 ey, 313 presents
0 a dialectal diffe erence bet'vi'e;‘en’ Ealk*; g)i}'\d Eh.pse re
ot COFded by _Peterson and Bariey,(1052)."/Stavens and
‘j;nouse (1963) di not r*'é“port*ém f "'tﬁg YoweL 44
onich 4t ign Fifiknn A 5L AHRIN, '

~u1i The uext questlon of interest is whether, the panel’
“24. productions of isolated vowels dlfiered greatly from"™
* #their corresponding productions of yowels in the /p—p/
~ consonantal frame.# To answer this- question we com-
{4 pared the tokens actuallyusedinthe two mixed-talker
" tests, “Figure 3 presents the average values‘of F1 and
- «»Fz for the medial vowels and isolated vowels; ‘pooled
I across men, women,' and children.>The vowels on the
- two tests occupied almost the same area in F1/F2
- space. " The second formant of the medial vowels
- showed a slight migration toward the center of the space.
. *This is an expected result of coarticulation (where for-
-mants fail to reach a steady-state target) and is in ac-

" cord with results reported by Stevens and House (1963)

" for vowels produced between consonants with labial and
labiodental place of articulation. -As Tiffany (1959)
noted, this reduces the acoustic contrast among vowels
spoken in a consonantal frame in comparison to iso--
lated vowels, However, the perceptual data demon-
strate that identifiability cannot be predicted from the

...spread of steady-state formant measurements' ‘Inedial

" vowels were perceptually much mm distinct than

2 vowels in isolation (83% Vs 57% correct , identifications).

5 _The two sets of vowels ‘were very similar in formant-
-7+ {requencies, - in both the central tendency and the vari-
B abil'ity of values for each vowel.iCEven 80, there " were
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FIG. 4. Formant 1/formant 2 values for the nine pairs of
vowels on the mixed talker tests that contributed most to the
difference in identification errors. Vowels In /p-p/ syllables
are indicated by the subscript p. ’

a few individual tokens that deviated markedly from the
central tendencies, Itis of interest whether the con-
giderably greater error rate for isolated vowels over
that obtained for medial vowels can be attributed pri-
marily to misidentification of tokens which were pro-
duced in a deviant manner. :

One way to answer this question isto look at those
pairs of tokens which contributed most to the difference
obtained in the perceptual tests. For nine comparison
pairs, errors for the isolated vowel exceeded those for
the medial vowel by more than 50% of the opportunities
for error. It might be supposed that the formant fre~
quencies of these isolated vowel tokens would show the
greatest deviation from the average values and from
values for the comparable medial vowel, This is not

the case, however, as may be seen from Fig. 4, which ’

shows the nine vowel pairs. For some of these pairs,
. thefirst- and second-formant values for both the isolated
and medial vowels fell within the range of variation for
the appropriate vowel category. For the vowels /=],
|a /and /1] both isolated and medial vowels were dis-
placed from their typical positions. Finally, for the
vowels /v, /¢/, and one pair of /A], the isolated vowel
might be considered less confusable acoustically than
its counterpart in medial position, Thus, there seems
to be no close correspondence between perceptual con-
fusability and acoustic deviation from some expected
(target) value.

This does not mean, of course, that variations in for-
mant frequency positions have no effect on perception.
There were a few pairs of tokens which were “mis-
articulated” on both the /p—p/ and #—4#tests, and which
contributed relatively greater sumbers of errors in
identification. (For instance, one woman’s production
of /u/ was quite deviant on the medial vowel test, as
well as on the isolated vowel test. Listeners made 38%

"and 100% errors on the isolated and medial tokens, re-
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spectively. ) However, with respect to the present
comparison, the salient point is that deviation in for-

mant structure cannot account for the large and consis-
tent differences between perceptual tests of isolated

. vowels and vowels in a fixed consonantal frame.

Measurements of formant frequencies of tokens from
the segregated talker tests corroborate the results for
the mixed-talker tests. Since measurements were made
for only a sample of the total set of items, we cannot be .
sure that deviations in the production of isolated vowels
were not responsible for their inferiority as perceptual

_ targets. However, the tokens that were measured gave

no indication that the three talkers produced the isolated
vowels less consistently than they did the medial vow-
els, A comparison of pairs of tokens showed that iso-
lated and medial vowels were similar in all but a few
cases. Deviations from the normal range of formant
values were as likely to be obtained for a randomly
selected medial vowel as they were for a randomly se-
lected isolated vowel. Thus, the consistent advantage
found in perceptual tests for medial vowels over iso-
Jated vowels, for all three talkers and a1l nine vowel
categories, cannot be attributed to deviant formant fre-
quencies of isolated vowels. ) :

While there was no indication of large differences in
the formant structure of the vowels in isolation and
those in syllables spoken in citation form, ‘these two
sets of tokens did differ considerably in terms of over-
all duration. Table IN gives the average duration of the
voiced first formants of isolated and medial vowels in
segregated- and mixed-talker tests, The isolated
vowels were much longer on the average than were the
medial vowels. However, a more important considera-
tion is the relative durations of the vowels in the two
sets. More specifically, are the relative durations of
isolated vowels different from those typically found for
vowels in consonantal context? ’ :

The relative durations of vowels in /) p~p/ frames
were similar to the values reported by Peterson and

TABLE II. Experiment I: Average durations {(msec) of the
vocalic portion of tokens in four experimental conditions. As-
terisks indicate deviant lengths (see text).

Segregated Talkers® Mixed talkers®

Jatended vowel Py /p=p/ #—t /p=p/

i 315 128 326* 148

1 228 108 198 138

e 226 111 245* * 136

= 328 194 256 204

a 313* 179 237 177

2 303* 186 251 186

'S 246 116 184 138

] 242 124 259* 131

u 311 109* 237 159
Overall errors 279.1 139.4 243.7 157.4

spverages based on three randomly selected tokens of each
vowel, one from each of the three talkers.

pverages based on five tokens, each spokenby a different
talker.
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: i:Lehiste (1960) and House and Fairbanks (1953). ‘The

vowels /1/, /e/, /a/;-and /u/ were the shortest in -

“duration, "/i/ and /u/ were intermediate, and /a/,: /3/,”

““and /®/ were the longest vowels. The only exception

* to this in our data was the vowel /4/ in the segregated
/p~p/ test, for which the average duration was con-
siderably shorter tham that reported by other research-
ers,

‘As Table II indicates, relative durations lor the lso-
lated vowels were similar to those for medial vowels
with the following exceptions: for the mixed F—# test,
the vowels /i/, /e/, and /U/ showed longer relat'ive ¢

p— duralions than they did in consonantal context For the -

*  relative durations than their counterparts in ‘consonan-
o tal trames. . . o

The atypical durations of these isolated vowels can-

w3z hot account for the consistent advantage of medial vow-

:y els over isolated vowels for every vowel category in

-.;the perceptual tests. Even { Ior the deviant vowels, the
¢ confusion patterns showed no consistent trend toward

. ~responses that would be predicted on the basis o! th

TR

. consonantal environment were identified with much

1, greater accuracy than’ , were comparable steady-stnte

i .cvowels: prodnced in isolation. ; This was_ true  both when "
variation due to l:ilker diiferences was present and when_

enabling t.he listener to }ecalibrate Kor each“ W )alker. ;
oz, Coarticulated consonants are integral to the _Specifica-
‘s, tion of vowels whether a talker. is familiar or not.? /-
Azl . > o T p o iy S g e i
S Neoustisal ﬁiiée‘é"&?;‘é"éﬁae?t&eﬁ Tavestigate
the possibility that untrained talkers fail to adopt con-
..sistent targets for vowels in isolation resulting ina
" “highly unreliablé’signal for perception.’ .Although there
were systematic acoustic differencés between yowels
.. - produced in consonantal environment and those pro-
~ duced in isolation, the large and cousistent increases in
con!usability among isolated vowels over those obtained
. for medial vowels could not be’ explained by increases
. .in the acoustic similarity of vowel categories when da-
... fined by formant frequencies. Nor could these differ- .
" ences be attributed to differences in the relative dura-
tions of the vowels in isolation and in context. It is
interesting to note that medial vowels tend to be more
. similar to each other than comparable isolated vowels
.. in terms of the cross-sectional acoustic parameters
that have traditionally been used to differentiate vowel
classes. This is additional support for the view that

*n

. static descriptions of voweis are inadequate for captur- . ..

. ing perceptually relevant aspects of the acoustic sig-

* nals, Our results lead us to conclude that the acoustic
.. information for vowel identity, like that for consonants J
is gpecified in the dynamic conﬁguration of the syllabic

’_pattern asa whole. Lo :

W. Strange ot al.: Consonant environment specifies vowel identity

s In this study we “tound ‘that vowels prodiced in ; fixed ‘

—""“syllables."vzitbinm s sach ‘
%% ‘gight times and each ixiitiai“a'.nd nnaf‘f:'o‘ﬂs‘oada‘nft'dc‘cnrred
j- twelve.tn_nes ol Consonants
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e -am;--“&. el B

In this study, the consonantal environment in which .
o the vowels were produced was ‘constant across all to- :
- kens. Thus, the listeners knew beforehand the identity
of two of the three phonemes in each test token. .It is
possible that this knowledge. (rather than the presence
-.of formant contours) was the source of superior iden-

-~ tification for medial vowels.. It would be of limited

interest if consonantal environment .aided in vowei iden- ".
tification only in this: circumslance, since it is not
generally the case that listeners have advance knowledge
of consonantal identity in natural listening conditions,
We therefore undertook an additional experiment to test

- segregated test, the vowels /a/ and /5/ showed shorter . .it i :s

.EXPEmMEN'r n. PERCEP’I’IOJM FVOWE'sm

v o e s WRERL Pl Sy oLt _
.GVC SYLLABLES '~ "o Foifa rend ot v

b We wanted to determine whether a consonantal con~
3¢ text which varies from trial to trial (and is therefore ..

2runpredictable by the listener) provides important in-
formation for vowel identlﬂcat‘io "l

w wll toke
1 order“to investi
&ll o R IA T Y

¢ t'ween‘talker 'variation”

tes bles ‘were composed,trom’six stop
consonants“ ’/p, t, k,b d, g/,’”and the n’h?e'” "”"'ls tised in

Pt DcEy

3, “and | fonr children (a-

‘i vowels Were paired such
Si* gonant at least Giice. ™ (Both | synitietrical and honsym-"

~metrical pairings were used;- foir example, syllables e
such as /t~t/ and /d~t/ both ‘appeared in the test ‘series),
The assignment of syllables to talkers was random with
the constraint that a talker did not produce the same
vowel more than once, nor the same initial consonant
-more than twice. sy re s s g b

 The talkers read the test syllables from cards on

satweny R P 7Y

- which they were printed in standard English orthog-

raphy, except in cases where no unambiguous English

~ spelling existed. 'For these items, key words were
provided beneath the test syllables to indicate the
pronunciation of the vowel. All test stimuli were re-
corded using the equipment and procedures described
in Experirnent I. -

‘The 72 test syllables were arranged inan order of

- presentation with the following restrictions: (a) the
same intended vowel did not occur more than twice
consecutively, (b) there was an equal number of tokens
oi each intended vowel in the first and second half of the

.
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than twice consecutively, (d) tokens produced by the
same talker were separated by not less than six tokens,
and (e) each talker occurred equally often in the first
and second half of the series. For the segregated
talker tests, the same three talkers were recorded as
in the segregated tests in Experiment I. Each talker
recorded the entire list of 72 syllables in the same or-
der as for the mixed-talker test.

- 2. Procedure

'Listening tests were administered to small groups of
subjects using the equipment and procedures described
in Experiment I. Listeners responded on score sheets
printed with columns of key letters representing each
of the nine vowels. Above each column, key words
containing these letters were printed as follows: “sin
sum sand seen shop sent soon saw should.” The key
-letters in the columns were preceded and followed by

blank lines.. Before the listening test, the experimenter

pronounced each key word followed by its vowel in iso-~
. lation. Special attention was drawn to the key letters
that represented the vowel /u/.

Subjects in the mixed-talker condition were req\ured .
to identify only the vowel in each syllable. They did
this by circling, for each syllable, the key.letter(s) that
symbolized the perceived vowel. Listeners heard the
- entire test series twice for a total of 144 judgments per
subject.

Three groups of subjects were tested in the segre-
gated talker condition. All three groups were required
to identify only the vowel in the syllables, and they did
so in the same way as the subjects in the mixed-talker

condition. As in Experiment I, each group of subjects .

heard the three talkers in one of three orders: MWC,
WCM, or CMW,. Again, data for only the first two

tests were analyzed, making the number of judgments

. per subject equal to that for the mixed-talker tests (i.e.,
. 144 judgments per subject). Subjects in all conditions
were told that some of the test syllables were real
words and that some were nonsense syllables, but that
they were to ignore meaning and respond only on the
basis of the sound of the syllables.

3. Subjects

All subjects were paid volunteers obtained from
undergraduate psychology courses at the University of
Minnesota. All were native speakers of English and
most were natives of the upper midwest region. Twenty-
two subjects served in the mixed-talker condition.
Twenty-four subjects were tested in the segregated-.
talker condition, eight with each of the three counter-.
balanced orders.

TABLE IV,

Overall identification errors (percent) for Experi-
ments I and II.
Test Segregated talkers_ Mixed talkers
Experimentl  /p-p/ 9.5 17.0
: #—# 31.2 42,8
Experimeat C-C  22.9 21.7

oo tePoPS———— L e e A T TP e
e —— e e e e S
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"TABLE V. Ex'pei‘l;x}ent I: Identification errors (percent) for
each intended vowel in two experimeatal conditions.

Intended vowel Segregated talkers Mixed talkers
i 8 6
1 12 17
e .14 24
= 13 15
. e 41 (185) 31 (7
s 44 (10)° 37 (11)
Iy 1 - 18
v 46 -39
u 17 8
Overall errors 238% 17) 22% (16)

B. Results and discussion

Table IV presents the overall error rates for the two
conditions of this experiment along with the results of
Experiment I for comparison. There was no signifi-
cant difference between the error rates for the segre-
gated-talker condition (22.9%) and the mxxed-talker

""condition (21.7%), #(44 df)=0.43.

The major question of interest was whether conso-
nantal context aids vowel identification even when the
context is unpredictable.. The results for thé C-C test
syllables may be compared with those found in Experi~
ment I for /p—p/ syllables and isolated vowels (cf.
Table IV). .For the mixéd-~talker condition, vowels in
C-C syllables were identified with significantly great-
er accuracy than were comparable isolated vowels, as
tested by a median test:. x2(1 df) =18,24, p<0.01. The
overall error rate of 21.7% for C-C syllables was not
significantly greater than the 17% errors found for
vowels in /p-p/ syllables, x*(1df)=0.23. Thus, the
results for the mixed-talker condition are clear; both
fixed and variable consonantal frames produced a dra-
matic improvement in vowel identifiability in contrast
to isolated vowels. The advantage of a consonantal en-
vironment obtains even when the identity of the conso-
nants is not known in advance by the listeners. ¢

The overall results for the segregated-talker condi-
tion were less conclusive. Vowels in C~C syllables
were, on the average, better identified than isolated
vowels: )@ (1 df)=6.08, »<0.02. However, unlike the
mixed-talker results, listeners did not identify vowels
in C~C syllables as accurately as vowels in /p-p/ syl-
lables, x*(1 df)=25.6, p<0,01. The error rate for
the segregated C-C test appears to be idiosyncratic in
that there was no advantage over the comparable mixed-
talker condition. (For the /p-p/ and #~+# tests, the ad-
vantage of segregated test over mixed test was 8% and
12%, respectively.)

Table V presents the errors for each vowel category
in the two C~-C conditions. (Confusion matrices are
given in Appendices A-V and A-VI.) Results for in~
dividual vowel categories in the mixed-talker condition
(right-hand column) verified the pattern found for over-
all errors. In comparison with the data for the mixed
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- #=-# test (Table 1), vowels of each category, with the -
exception of />/, were identified with greater accuracy

“ when they were spoken in a variable consonantal frame
‘than when they were spoken in isolation. :

Results for individual vowel categories in the segre-
gated talker tests (left-hand column) showed an unex- .
pectedly high error rate for back vowels, /a/, /5/,

- /v/, and /u/, for all three talkers. Errors on these .
vowels account for the lack of an overall advantage in
the segregated condition over the mixed condition with

..C=C ¢ syllables. ,nWe currently have no explanation for -
this result,”

The results ot this experiment support the claim that
consonantal context aids in the specification of vowel
identity by providing important acoustic information

known ins advance, “listeners are much more accurate

in 1dent1£ying medial vowels in CVC syllables than they
“are in'identifying isolated steady-state vowels.® The —
acoustic effects of coarticulation carry substantial in-
formation about a medial vowel, whick aids in vowel '
identification whether or not the listener has prior C s
knowledge of the consonants’ 'identity. i |

SUMMARY AND CONCLUSIONS —
In Experiment I perceptual tests of vowels produced N

in isolation andina iixed CVC context by the same talk-"

-ers demonstrated that providing a consonantal environ-

ment increases the likelihood of correct identification of.i

;'the thtended vowel. I This’ ii”a”s’ trug both when talkeF ==
"~ variation was present and ‘when it was not; the advanlage

.'of consonantal context was independent of talker varia- '
tion. ' Of the two Iactors investigated, consonantal con
text was much more important than talker variation in
" determining listeners’ idenﬁﬁcation of vowels.” The
increment in error Ior isolated vowels in comparison.-
“to'the medial vowels was more ‘than’ three times greater
than the increment attributable to unpredictability of

- talker.

We considered what might account for tbe diﬂerence i
. in intelligibility between vowels in /p-p/ environment .
and in isolation. We concluded that the poor intelligi- -
bility of isolated vowels could not be attributed to the -
talkers’ failure to produce these vowels in a consistent
manner or to their adoption of aberrant formant fre-"

- quencies. - Measurements showed that formant frequen-
cy values and relative durations of isolated vowels were
generally quite similar to those of vowels in the conso-
nantalframe. The relative intelligibility of a token can-
not be estimated very precisely from its position in the
space defined by the two formants, a fact also noted by
Peterson and Barney (1952)

The second experiment showed that consonantal con-
text aids vowel identification even when the consonant
frame varies unpredictably.  Vowels produced in ran-

" domly varying stop consonant environments were iden-
tified more accurately than were isolated vowels
both when' the talker was fixed within a test block

o

St i AR

and_when talkers, as well a8 context, varied un-)“ e

predlcta.bly. KR
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o the listener. Even when the consonants are not o

: adopted targets that differed little from t hC

. adequate to specify the vowels it is di ult to _nnder

T ~{i‘.ukm*'lmmm-e;~ 3

.. . perception of the vowel. ,We S8uspect | that much
““information is contained in formant transitions,' A
" Lindblom and Studdert-Kennedy (1667) suggested some ’

S sl Ly »221

These results are. surely puzzling if one makes the -
assumption that ta-rget irequencies of the torn;ants alone
could fully specify the vowels. 54 that were so, "an iso-
lated quasi-steady-state utterance ought to'be an _optimal -
signal for perception, . It is true that synthetic steady- )
state vowels based on these formant } parameters are _.'
fairly intelligible to naive listeners and may "be identi-
fied quite consistently by experienced listeners (Delat-
tre, 1951). Moreover, in the domain of automatic -
speech recognition, some ,8uccess has been achieved ’
with a statlc model of the vowel .-Gerstman (1968) de-
vised an algorithm based on irequencies oi’ tbe iirst and
second tormants of / h-d/ syllables recorded from" 78
talkers by Peterson and Barney (1952) "Gerstman’s " °
algorithm sorted 3ine owels in tbisrs'et'with only 2, 5% S
error, less than ‘was made’ by lmma s teners. From "
such a result, one'might infe; er, that target fo'rmant fres
quencies s can unambiguously Sp eis of En= "
glish as produced by a vanety

ecify.the yougs &
“of ta :
Ny Y xs?_'

However, as we have seen," this conception of the
vowel cannot be reconciled easily with certain !acts

from the. perceiver s standpoint, .even

. tent with previous di ] ratur
'which we *have referred It i's also relevant in tlxis

context,” fol mention the ' Tesuits of an “Jﬁé"ﬁiﬁ”@gb@l;
Bond (1975) on ’per“ception of ¥ vowe ‘ated ed by'ite ”""m

: txon ot a single cycle irom steady—state Yowel tokens.

pr .m.n-nn

Perceptlon of such Vowels | by’ naive liste

- isolated vowels, If target frequencies ‘alone were fully :

. stand these results. Lj

We are led to conclude that

.....

time ago. - Whatever. the nature of the“contribution - - -
consonantal environment makes to the identification of
a vowel, the data we have reviewed point to the general
conclusion that no single, temporal cross section of a
syllable conveys as much vowel information to 2 per-
ceiver as is given in the dyanmic contour of the for- "
mants. From the standpoint of perception, it would seem
that the definition of a vowel ought to include a specifi-
cation of how the relevant acoustic parameters change
over time. While listeners may be trained to identify
steady-state tokens accurately (Lehiste and Meitzer, -
1973), there is no reason to believe that the processes
involved in this activity are the same as those typi-
cally used for understanding speech in natura.l situa-
tions. e .

. Finally, these results may have implications for ~
‘understanding the vocal tract normalization problem,
Attempts to specify vowels across talkers have usually .

..taken as their basic data, the formant frequency yalues
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of a single cross section of a syllable.” Our research
indicates that the human perceptual system is ill-
equipped to deal with such data. It would seem fruitful
to renew the search for invariants across talkers uti-
lizing information defined over the time course of at
least a syllable,
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APPENDIX CONFUSION MATRICES

Tables report the frequency with which each intended
vowel x was identified as response alternative y. In
addition, summary statistics for each condition are
provided: the percent error for each intended vowel,
the overall percent error, and the number of listeners
(N).

TABLE A-I. Vowels in /p~p/ syllables: Mixed-talker condi-
tion. Overall percent error=17,0%; N=19,

Response

Intended Percent
vowel t I 3 = q ’ A ] [ None error
i 188 1 1 1.1

1 187 1 2 ¢ 1.8
[ 139 47 3 1 26.8
= 3 154 2 1 18.9
e ' 152 19 17 2 20,0
3 1 46 138 1 4 27.4
a 18 5 161 [] 15.3
[] 8 2 47 116 18 1 38.9
'Y 2 3 185 2.6

TABLE A-II. Vowels in /p~p/ eyllables: Segregated-talker
condition. Overall percent error=9,5; N=33,

Response

Intended Percent
vowel 1 I ¢ = a 3 > [} ¢ None error
1 329 1 0.3
I 3 318 4 2 2 1 3.8
¢ 1 290 20 4 7 5 3 121
= § 324 1 1.8
aq 7 255 62 4 2 22.7
3 5 269 2 4 18.8
a 11 9 305 4 1 7.6
] 29 13 272 10 i7.6
u 1 2 327 0.9

TABLE A-II. Isolated vowels: Mlxed-ta.lker condition. Over-
all percent error=42.6; N=18,

Intended Response Percent
vowel 1 t e 2 EXY v 4 None error
i 119 30 6 1 4 25.6
1 2 124 19 3 [ 1 1 4 22.5
¢ 1 2 61 64 2 8 ¢ - 5 3 [ 61.9
» 2 851 .84 3 10 1 [] 2 1 47.5
a 1 1 20 62 41 21 2 - 6 613
3 1 2 2 18 112 17 ] 1 1 30.0
3 1 8 32 31 60 22 4 4 62.5
] 1 H 3 1 15 48 81 1 5 49.4
('} 2 1 1 - 7 ] 16 124 3 22.5

TABLE A-IV. Isolated vowels: Segreated-talker condition.
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Overall perceat error=31,2; N=30, . .
Intended Respanse Percent
vowel 1 1 ] » [3 3 a [} 4 None error
1 251 3 1 1 <1 1 6 33 3 16.3
1 s 288 21 1 3 3 1 4 3 137
. 4 7 1881 92 9 6 9 7 5 46.3
= 48 221 3 18 3 2 3 2 263
[ 2 37 107 135 17 1 1 64.3
3 1 1 12 43 214 .19 @8 4 28,7
s 1 6 30 47 31 174 9 2 42,0
v 3 4 3 10 51 214 12 3 287
u 8 1 1 3 1 2 3 22 258 1 14.0

TABLE A~V, - Vowels in C~C syllables; Mi.xed-talker condl—
tion. Overall percent error=21.7; N=22.

Inteaded . Response Percent
voweal 1 1 ¢ ® a ) 4 [ 4 Nooe error
i "33t 7 5 1 1 5 2 6.0
1 . 2 292 53 1 2 2 ’ 17.1
e 3 2 28 2n 2 21 3 3 23.8
] 47 298 7 18.3
e 4 2 6 242 83 [} 4 1 2 a3
3 2 3 1 2 91 222 18 [] 4 3 36.9
a .21 5§ 14 4 280 17 1 1 17.9
v 1 § 1 8§ 10 70 214 41 1 3.2
[ ] - 2 6 18 323 8.2

TABLE A-VI. Vowels in C~C syllables: Segregated-talker
coundition. Overall percent error=22,9; N=24,

Intended Response Percent
vowel 1 1 3 » a Fy a M u Nose error
{ s 2 17 1 1 5 4 7.8
t 4 338 35 1 1 4 1.7
e 10 21 829 13 1 1 1 8 14,3
= 2 1 28 33 2 7 1 10 13.3
e 1 1 23° 225 100 15 4 6 9 41.4
3 1 11 130 217 4 10 4 7T 43,5
4 3 3 18 8 342 8 4 10.9
v 2 4 2 10 1 53 209 91 12 45,6
u 1 1 1 5 2 5 48 318 3 17.2

"Requests for reprints should be addressed to Winifred
Strange, Center for Research in Human Learning, 205 Elliott
Hall, University of Minnesota, Minneapolis, MN 55455. A
partial summary of these results was presented at the 87th
Meeting of the Acoustical Society of America, New York, 25
April 1974, and published in W, Strange, R. R, Verbrugge,
and D, Shankweiler, *Consounant environment specifies vowel
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identity,” Haskins Lab. Status Report Speech Res. SR-37/38
(1974}, A more complete exposition of the problem of per-
ceptual constancy in speech perception may be found in
Shankweiler, Strange, and Verbrugge (in press).

TPresent address: Départment of Psychology, University of
Michigan, Ann Arbor, MI 48104,

The extremely high error rate for the vowel /a/ is, in part,
due to the considerable confusion bertween /a/ and /3/ in the
dialect of the talkers, In-Table I, the percentages shown in
parentheses for these two vowels represent the error rates.
excluding /a/~/3/ confusions; that is, a respouse was counted
correct if the subject identified an intended /a/ either as /a/
or as /3/, and likewise for an intended />/, Adjusted overall

-error rates also presented in Table I show that subtracting
/8/=/ 3/ confusions has little effect on the relative differ-
ences among the four conditions.

For many isolated vowels and some vowels in /p—p/ frames,
the offset of periodic energy preceded offset of highar for-
mant energy considerably. However, the rank order of
vowels within each listening condition was the same even when
the duration of higher formant energy was considered. Thus,
the conclusions discussed in the text are valid for both mea-

. sures of duration,

31t has been suggested that the relatively poor performance on
the isolated vowels might be due to the lack of correspondence
between the stimuli and the orthographic represeatation of the
alternatives provided on the response forms. For both
/p—p/ and #— ¢ conditions, subjects were required to respond
by selecting the appropriate /p—p/ syllsble, (peep, pip,
etc.) ‘Thus, subjectsinthe #- # condition had to “decode” -
the orthography to match the isolated vowel, whereas subjects
who heard medial vowels had only to match the orthographic
syllable to the perceived syllable, Since the preparation of
this manuscript, we have used different response forms for
both /p~p/ and #~# tests, The symbols on the response
forms cortesponded to vowels in isolation, (EE, IH,

EH, etc.), and subjects were given practice to make sure they
could use the symbols appropriately, Results of these studies,
when compared to those from conditions using the syllable
response alternatives, showed no difference in performance
for the isolated vowels. On the other hand, errors for vowels
in /p—p/ syllables were somewhat greater when we used the
isolated vowel symbols, However, identification of medial
vowels was still significantly better than for isolated vowela,
Further studies of the effects of different response forms

are underway and will be reported in a subsequent article.

We feel quite confident that the large and consistent differ-
ences found in the present study were due primarily to per-
ceptual effects,

1t 18 worth noting that tokens by the subset of 12 talkers used
in the C~C test yielded 20% errors on the/p—p/ test. Thus,
if anything, errors in the C~C study are probably over-
estimated relative to the results one might expect for a test
including all 15 talkers.

Sna separate study, similar results were found when subjects
were asked to identify both the consonants and the vowel in
each test syllable, Errors in vowel identification averaged
29%. Thus, even with the additional task of identifying the
consonants, error rates were substantfally lower than when
listeners were required to ideatify vowels in isolation,

“Two aspects of the design of the C~C tests make further in-
terpretation of the results problematic. First, although each
consonant appeared equally often, the occurrences of con-

sonants in {nitial and final position were not balanced across
vowels, nor were equal numbers of consonants contributed by
different talkers in the mixed test, As a result, we cannot
make precise statements about the relative advantages of fixed
and variable contexts, about the interaction of context with
talker variation, or about the relative effects of different
consonants on the identifiability of coarticulated vowels,. A
second problem concerns a possible interaction between
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vowel categories and prior familiarity with particular test °
items. Many of the'C~C syllables are words which are
familiar to the listeners, If this factor has a major effect
on the perception of vowels in tasks like ours (ia spite of the
closed response set and the instructions to ignore meaniag),
. the superior recognition of C~C syllables might have 1ittle
-to do with the type of acoustic information made available,
If so, one might expect that lsteners would do far better on

- syllables that formed words than on those which were non-

sense syllables. Of the 72 C~C syllables included in the
present experiment, 38 were English words, The overall er-
ror rate for these tokens {n the mixed-talker test was 16%,
compared to a 25% error rate for the 34 remaining C~C syl-
lables. While this suggests that linguistic experience is a
factor in vowel identification under these conditions, two
further observations should he made. First, both error rates
are well below that obtained for isolated vowels, Thus, if
experience 18 a factor at all, it {s probably secondary to the
presence of phonetic context, Second, the error rates for the
real words and nonsense syllables are difficult to interpret,
since the fraction of C~C syllables which are real words
varies with different vowel categories, The analysis is fur-
ther complicated by intrinsic differences in perceptual diffi-
culty among the nine vowels and by differences among the
C~C syllables {n orthographic representation.
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