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Eight native speakers of American English each produced ten tokens of all possible CV, FCV, and VFCV
utterances with V = [a] or [u], F =[s] ot [f], and C =[t] or [k]. Acoustic analysis showed that the formant
transition onsets following the stop consonant release were systematically influenced by the preceding

fricative, although there were large individual differences. In particular, F3 and F4 tended to be higher
following [s] than following []. The coarticulatory effects were equally large in FCV (e.g., /sta/} and VFCV
(e.g., /asda/) utterances; that is, they were not reduced when a syllable boundary intervened between fricative
and stop. In a parallel perceptual study, the CV portions of these utterances (with release bursts removed to
provoke errors) were presented to listeners for identification of the stop consonant. The pattern of place-of-

articulation confusions, too, revealed coarticulatory effects due to the excised fricative context.

PACS numbers: 43.70.Dn, 43.70.Ve, 43.70.Ep

INTRODUCTION

In two previous papers (Mann and Repp, 1981; Repp
and Mann, 1981) we described an effect of a preceding
fricative on stop consonant perception: When a synthe-
tic syllable ambiguous between [ta] and [ka] was pre-
ceded by africative noise appropriate for [s] (plus a brief

_silence appropriate for stop closure), listeners reported
[ska]more often than [sta]. A preceding[f] noise, onthe
other hand, had little effect onthe perceived place of stop
articulation. Inaseries of experiments, we eliminated
several possible explanations of the contrasting effects
of [s] and [J ], such as a simple response bias, auditory
contrast, or cues in natural frication to stop place of
articulation. We concluded that the perceptual context
effect most likely reflects listeners’ expectation of a
coarticulatory interaction between a stop consonant and
a preceding fricative—namely, a shift in place of stop
consonant articulation towards that of the fricative.

In our second paper (Repp and Mann, 1981), we re-
ported data that supported this hypothesis. Starting with
fricative~stop—vowel utterances obtained from a single
speaker, we examined listeners’ stop consonant percep-
tion after the fricative noise and the stop release burst
had been removed. The stops in these truncated CV
syllables were more often perceived as having a rela-
tively forward place of articulation when the excised
- fricative had been [s] than when it had been [[]. In ad-

dition, acoustic measurements of the same stimuli

showed that the onset frequency of the second formant
(F2) following the stop release was lowered by about

100 Hz in the context of [s], relative to [[] context. A

possible difference in F3 onset in the opposite direc-

" tion was also indicated. Thus F2 and F3 onsets were
more widely separated in [s] context than in [ ] con-

" text—a pattern that is consistent with the hypothesized

forward shift in place of stop articulation following [s],

considering the well-known fact that F2 and F3 onsets

are more widely separated in [ta] than in [ka].
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While these data suggested that fricative—stop coar-
ticulation can occur, their generality was uncertain.
After all, the data derived from only three tokens of a
few utterances produced by a single speaker. In the
present paper, we report acoustic measurements and
supplementary perceptual tests using utterances col-
lected from eight new speakers.

I. ACOUSTIC MEASUREMENTS

A. Method
1. Speakers

Four males (AA,LL,RM,VG) and four females (VM,
SP,PP,FBB), all native speakers of American English,
were enlisted. They included two senior phoneticians
(AA,LL), an experienced speech scientist (FBB), a
graduate student in phonetics (PP), and four speakers
with little formal training.

2. Utterances

The experimental utterances included all possible
combinations of an initial vowel ([a], [u], or absent), a fric-
ative ([s], [ f], or absent), a stop ([t]or [k]), and a final
vowel ([a]or [u}), withthe restriction that two vowels in an A
utterance be the same. Table Ilists the individual utter-
ances, both in phonetic notation and in the spelling in which
they were read by the subjects. Note that the stop conso-
nants, although unaspirated in both FCV and VFCV con-
texts, were phonologically voiceless in FCV utterances
where they were part of a syllable-initial fricative—stop
cluster, but phonologically voiced in VFCV utterances
where they were in syllable-initial position.! Thus this
set of utterances enabled us to assess not only the effect of
aprecedingfricative on stop articulation but alsothe sen-
sitivity of that effect to the presence of an intervening
syllable boundary.

Ten randomized lists of these utterances were typed
on a sheet of paper. The lists included four other ut-
terances ([sa], [fa], [su], and [ u]) whose analysis we
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TABLE I. The set of utterances used.

[tal da [tu] du
(kal ga [ku) gu
[stal sta [stul stu
[skal ska [skul sku
[/tal shta [ftu] shtu
[fxal shka [ fku] shku
[astal asda [ustu]l usdu
{aska] asga [usku] usgu
{a/td ashda [u ftu] ushdu
lafka) ashga fufkul ushgu

will not report here. The CV syllables ([ta], [ka], [tu],
[ku]) were added after speakers VM and SP had been

recorded; thus CV data were available for six speakers
only.

3. Recording procedure

The utterances were produced in a soundproof booth in
front of a Shure dynamic microphone and recorded on a
Crown 800 tape recorder. Speakers were given sample
pronunciations by the experimenter and were instruct-
ed to read at an even pace and as naturally as possible.
Speakers varied in their assignment of stress in the di-
syllabic (VFCV) utterances: three (AA,LL,VM)
stressed the second syllable while the other five
stressed the first syllable. This unintended variation
in stress offered the opportunity to observe any possi-
ble effects of this variable.

4. Measurement procedure

Individual utterances were input from audio tape to a
Federal Scientific UA-6A spectrum analyzer. The results
of the spectralanalysis were stored in the memory buffer
of a GT -40 computer and displayed on a Hewlett— Packard
oscilloscope. By using a cursor below a spectrogram
of the whole utterance, individual time frames could be
selected whose smoothed average spectrum was dis-
played above the spectrogram, while the corr esponding
portion of the digitized waveform appeared on a second
screen. Thus the selection of frames for spectral an-
alysis was guided by both waveform and spectrographic
information. Spectral cross sections were computed
over a 25.6-ms time frame; the step size from one
frame to the next was 12.8 ms, The spectrum was
displayed as a point plot with a resolution of 40 Hz.
Spectral peaks corresponding to formants were deter-
mined from this display by eye and noted down by hand.
Appropriate adjustments were ‘made for asymmetric
shapes of spectral peaks; occasional multiple peaks,
apparently due to a formant straddling two or more in-
dividual harmonics, were averaged. In doubtful cases,
the spectra of the preceding and following time frames
were taken as a guideline.

Because of the laborious nature of this manual pro-
cedure, the measurements had to be restricted to the
most crucial aspects of the stimuli-the onset frequen-
cies of F2 and F3 (and in some cases, F4) following the
stop release. Since the release burst of the stop usual-
ly showed a highly irregular spectrum (especially for
alveolar stops), it was ignored, and measurements
were taken from the first frame that showed a

clear formant pattern, normally including F1 (sig-
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nifying the onset of voicing). Additional measure-
ments were taken from the next two frameS\ (only

from the next frame in the case of speaker AA
whose utterances were the first measured), so that for-

mant transitions were tracked over approximately 50
ms.

Note that this procedure provides a conservative es-
timate of coarticulatory effects due to the fricative,
since any such effects are likely to be most pronounced
at the point of stop release and to decrease with dis~
tance from the release. Although coarticulatory chang-
es in the release burst may exist (cf. Repp and Mamn,
1981, for indirect evidence) they cannot be assessed

-easily by the present method., Thus the present inves-~

tigation was concerned solely with coarticulatory chang-

es in the formant transitions following the release
burst.

The raw data consisted of F2 and F3 (and, sometimes,
F4) for three (two in the case of AA) consecutive
frames of each of ten tokens of 20 utterances (16 in
the case of VM and SP) produced by eight speakers.
Missing data due to omissions, mispronunciations, or
gross acoustic anomalies were rare. A more common
source of missing data was the weakness of some for-
mants in certain utterances, particularly F3 in utter-
ances containing [ku]. For some speakers, as noted
below, no reliable data for F3 could be obtained in these
instances.

B. Resuits and discussion

The measurements of F2 and F3 in FCV and VFCV
utterances were subjected to separate five-way analy-
ses of variance, with the factors syllable boundary
(FCV versus VFCV), fricative ([s] versus [[]), vowel
({a] versus [u]), stop ([t] versus [k]), and time (three
frames). Speaker AA was not included in these analy-
ses because of missing data.

Figure 1 gives an impression of the general frequency
characteristics of the formant transitions, regardless of
preceding context. The transitions are depicted as tra-
jectories in the F2-F3 plane, separately for each
speaker’s productions of [ta], {ka], [tu], and [ku], aver-
aged over the five contexts [-], [s-], [f-], [as-] (or
[us-]), and {8f-] (or [uf-]). Except for the few cases
with missing data points, each trajectory is based on
three points in time separated by 12.8 ms, with 50 mea-
surements per point. In the left panel, it can be seen
that all speakers had falling F2 transitions in both [ta]
and [ka], but two different patterns emerged for F3;

For five speakers (LL,RM, VG, SP, PP), the F3 transi-
tions were falling for [ta] and slightly falling for [ka];
for the remaining three speakers (AA, VM, FBB), F3
was completely flat for [ta] but rising for [ka]. These
individual differences may indicate that the second group of
speakers produced [a] witha relatively high F3. Inthe
right panel, we see thatall speakers (except for VM in [ku])
showedfalling F3transitionsin [tu]buta flat #31in [ku].
Notethat after about 50 ms of formant movement, the for-
mants of [ta] and [ka], and of [tu] and [ku], were still widely
separated, suggesting rather long formant transitions
and/or variations in vowel quality dependent on the pre-
ceding stop (particularly in [u]). :
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FIG. 1. Formant transition patterns for individual speakers’
productions of [ta], [kal, [tu], and (kul, averaged over five
different contexts and depicted as trajectories in the F2—F3
plane. Data for [ku] are missing from speakers AA, LL, and
PP, due to unreliable F3 measurements.

The trends shown in Fig. 1 are all highly significant
and they are generally in agreement with other data in
the literature. We will not dwell on them here, as our
primary concern was the effect of preceding fricative
context. We examined this effect in terms of the dif-
ference in formant onset frequencies following [s] and

Ul

Table II shows these differences (in Hz) for F2, brok-
en down by individual utterance pairs and speakers but
averaged over the three time frames. A positive dif-
ference indicates that F2 was higher following [s] than
following [J]. Italics indicate differences that were sig-
nificant at the p <0.01 level in individual ¢ tests. It can
be seen that, on the average, F2 was 4 Hz lower fol-
lowing [s] than following [f ]—a nonsignificant differen-
ce. Nevertheless, out of 64 individual comparisons,
20.were significant—a proportion far exceeding chance.
Of these 20 differences, 8 were positive and 12 nega-
tive, which confirms the absence of any general trend.
Since there was no pattern in the data, these significant
coarticulatory effects must be considered entirely idio-
syncratic.

’

In the analysis of variance, however, there was a
significant triple interaction between fricative, stop,

and time, F(2,12)=14.0,p>0.001: the F2 transitions
of alveolar stops started an average of 40 Hz lower in~
[s] context than in [ f] context, and this difference dim-
inished over time. The F2 transition of velar stops, on
the other hand, was essentially unaffected by fricative
context. No other effect involving the fricative factor
was significant, except for one marginally significant
four-way interaction with no clear associated pattern.

The F3 measurements are shown in Table III. The
picture was quite different here. On the average, F3
was 46 Hz higher following [s] than following [[], F(1,6)
=51.8,p<0.001. Of the 61 individual comparisons, 28

‘were significant, and every single one of them was
positive. Thus, even though there was considerable
variability across speakers and tokens, the evidence for
coarticulatory variation in F3 is very strong. The cor-
relafion between the entries in Tables H and III is

—0.07, indicating no relation between context-induced
shifts in F2 and F3.

The coarticulatory effect on F3 did not decrease over
time, suggesting that fricative context may have in-
fluenced not only the articulation of the following stop
but also that of the following vowel. Two interactions
involving the fricative factor reached significance in the
analysis of variance. One [between fricative, syllable
boundary, and time, F(2,12)=4.2,p<0.05] revealed
that the coarticulatory effect increased over time in
FCV utterances but did not change at all over time .in
VFCV utterances. According to the second interaction
[between fricative, vowel, stop, and time, F(2,12)
=8.0,p<0.01] the coarticulatory effect increased over
time in [u] context and for alveolar stops in [a] context,
but decreased over time for velar stops in {a] context.
The reasons for these complex patterns are not clear.

‘Table IV shows the F4 measurements, which were ob-
tained for only five speakers and yielded reliable data -
for only about half the comparisons (mostly those in-
volving stops preceding [u]).? Nevertheless, the pat-
tern was very clear: out of 19 individual comparisons,
18 were positive, and 13 of these were significant.

Thus there was a clear tendency for F4 to be higher
following [s] than following [[]. This tendency seemed
to be even stronger than that for F3, the average dif-
ference in Table IV being more than twice as large (102

TABLE II. Coarticulationeffects on F2: [F2], - [F2] yinHz. Italicsindicate difference is significant

(¢ <0.01) by ¢ test.

Utterances Speakers
AA LL RM VG VM SP PP FBB  Mean
{stal-[/ta] 10 -11 -37 -65 32 —24 -21 63 -7
[skal—{fkal 36 -13 1 85 52 8 0 17 23
[stul = {[tu] 98 5 —64 73 -76 ~12 —-47  —44 -8
[skul—[fkul 4 -20 76 7 49 —164 —44 147 —-30
fastal - [afta) 4 -35 -63 -57  ~13 15 -3 -4 -20
[askal - {a [kal 131 51 3 -3 137 4  -33 40 46
[ustul = [uftul ~22 9 -81 -83 -15 4 21 71 -30
[usku] ~ fu fku} ~10 9 -8 -15 -31 -1 33 —44 -8
Mean 31 -1 ~22 -7 17 -16 -12 -24 —4
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. TABLE IlI. Coarticulation effects on F3: [F3],~ [F3); inHz. Htalics indicate difference is significant
(p<0.01) by ¢ test. Differences in parentheses are based on a small number of tokens only,

Utterances

Speakers
AA LL RM VG VM  SP PP FBB Mean
[stal~ [ [tal -20 101 (54) 43 43 37 27 117 50
{skal— [[kal 86 1 76 61 -21 64 29 49 43
[stul = [ ftu] 74 89 123 67 28 83 75 -9 66
[skul = [fkul (82) 12 (19) 0 71 112 1 44)
lastal - [aftal 54 33 —-24 97 12 28 -1 145 43
faskal - [@ [kal (60) 8 104 40 —-55 11 79 45 37
fustu] = fuftu] 108 61 15 64 88 24 125 1 - 61
[usku] — [u fkul 25 9) -29 25 (46) 55 22)
Mean 60 54 48 50 8 43 62 52 46

Hz) than that in Table III. However, the changes in F3
and in F'4 were not significantly correlated (r=0.21),

A comparison of the F3 data from each fricative con-
text with the measurements for CV utterances did not
confirm our expectation (based on the earlier percep-
tual data) that the coarticulatory effect would be primar-
ily due to [s]. On the contrary, the data suggest that it
was almost entirely due to [[]. However, this differ-
ence was in large measureé due to a single subject (PP),
and because this analysis could be done on five speak-

~ers’ utterances only, the effects did not reach statis-
tical significance.

We recognize that it is difficult to infer articulatory
processes from acoustic data. Given our hypothesis
that the place of stop articulation shifts towards that of
the preceding fricative (Repp and Mann, 1981}, one
might expect that the formant transitions of a stop fol-
lowing [s] would be more [t] -like (indicating a forward
shift) than those of a stop following {4}, which would
be more [k] -like (indicating a backward shift). Since [t]
has a somewhat higher F3 onset than [k] in both vocalic
contexts (cf. Fig. 1), our finding of a higher F3 onset
following [s] is consistent with these expectations, What
is not consistent is (1) the absence of any coarticulatory
shifts in F2, particularly in [~u] context where [t] and
[k] are characterized by widely differing frequencies
(cf. Fig. 1), and (2) the finding of higher .F4 onsets fol-
lowing [s], for our data indicate that F4 is considerably
higher in [ku] than in [tu], with less difference between
[ka] and [ta].. In view of these ambiguities, we turned
to a perceptual test in the hope that it might shed some
light on the direction of the shifts in stop place articu-
lation.

TABLE IV, Coarticulation effects on F4: [F4] ~[F4] fin Hz,
Italics indicate difference is significant {» <0, 01) by ¢ test.

Utterances Speakers
RM VM sp PP FBB

[stul - [ftu] 35 187 145 47
[skul = [fkul 16 123

fastal — [aStal -1 185

faskal - [a/ka] 79 27

[ustul — fu ftu] 100 36 83 260 84
[uskul - [u fku} 105 89 148 199
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il. PERCEPTUAL DATA

To compiément our acoustic measurements, we
gathered perceptual data for a subset of the utterances
described above, supposing that labeling responses
to FCV and VFCV utterances from which the fricative
noise and release burst had been removed might pro-
vide another means of assessing any coarticulation be-
tween fricative and stop~—a procedure used succ essful-
ly by Repp and Mann (1981). We began by focusing only
on those utterances which contained the vowel [a],} but
later extended our experiment to utterances containing

]
A. Method
1. Subjects

The subjects were ten students from Bryn Mawr and
Haverford Colleges, all native speakers of English, of
whom eight were paid volunteers and two were parti-
cipating as part of a class project,

2. Stimuli

To create the truncated CV syllables, the utterances
were digitized at 10 kHz using the Haskins Laborator-
ies PCM system. Individual utterances were displayed
on a storage oscilloscope, and the beginning of the first
clear pitch pulse following the stop release burst was
located in the waveform. Only the stimulus portion fol-
lowing that point was retained. The burst duration
(from burst onset to the cutoff point) was recorded.
This was done for five tokens of each of all eight speak-
ers’ utterances containing the vowel [a] and for four
speakers’ (AA, LL, PP, FBB) utterances containing the
vowel [u].?

The truncated CV syllables were assembled into se-
quences and recorded onto audio tape. A separate tape
was created for each speaker and for each vowel, each
tape containing five repetitions of each of the 40 stimuli
(five tokens of each of eight utterances) in separately
randomized blocks. Interstimulus interval was 2.5 s,
with 7.5 s between blocks.

3. Procedure

All subjects participated-in two different sessions of
approximately one hour. The [a] tapes for speakers
LL,VM,RM, and SP were played in the first session
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and those for speakers AA,PP,VG, and FBB were
played in the second session, in the order as listed.

Six of the subjects returned for a third session in which
all of the [u] tapes were played. The stimuli were pre-
sented in a quiet room over TDH-39 earphones. Sub-
jects were required to label each stimulus as containing
an initial “b,” “th” (as in that), “d,” “g,” or, if neces-
sary, “~” (no consonant).

B. Results and discussion

The data obtained with speaker SP’s [a] utterances
were excluded from analysis because listeners found it
difficult to hear any stops and responded fairly random-~
ly. The combined confusion matrix for the remaining
seven speakers’ {a] utterances is shown in the left half
of Table V. Comparing utterances differing only in the
nature of the original fricative, it is evident that “d4”
(and “th”) responses were somewhat more frequent
when the fricative context had been [s], and that “g”
(and “b”) responses were more frequent when the frica-
tive context had been [[]. Except for the trend in the
“b” responses, this pattern is consistent with our hy-
pothesis that [s] leads to a forward shift in the place
of articulation of a following stop.

Responses of “d” and “g” were subjected to separate
four-way analyses of variance with the factors speaker,
stop ([t] versus [k]), fricative ([s] versus [[]), andsyl-
lable boundary (FCV versus VFCV). Wé discovered
that, while the effect of fricative context on “d” respon-
ses did not reach significance, that on “g” responses
did, F(1,9)=14.5,p<0.01. However, the extent of this
difference varied across speakers, F(6.54)=8.3,p
<0.001. It was also greater for alveolar stops than for
velar ones, F(1,9)=8.1,p<0.05, and greater for FCV
utterances than for VFCV utterances, F(1,9)=13.8,
»<0.01. Several other statistical interactions were
significant, indicating high variability among utter-
ances produced by different speakers, but consistency
in subjects’ perception.

To see whether the speaker variability in the per-
ceptual data was related to the similar variability
observed in the acoustic measurements, we subtracted
‘the percentage of “g” responses (which had shown a sig-
nificant effect of fricative context) for each utterance
which had contained [s] from that for the corresponding
utterance which had contained { {], and then correlated

TABLE V. Confusion matrices for truncated syllables.

these difference scores (four values for each of seven

" speakers) with the F3 difference measures of Table II.

The correlation was positive and significant, »(28)
=0.44,p<0.02. Thus pairs of utterances showing a
relatively large acoustic effect of fricative context
(i.e., higher values of F3 following [s]) also tended to
elicit a larger difference in “g” responses (viz. , fewer
“g” responses to utterances that originally included

[s]).

The confusion matrix for the [u] utterances is shown
in the right-half of Table V. There we see that alveolar
stops were most often identified as “d,” but truncated
velar stops received predominantly “b” responses—a
finding that may be explained by the similarity of the
(equally minimal) formant transitions of labial and velar
stops in [u] context (cf. Kewley-Port, 1981), together
with a possible listener bias to respond “b” in this con~
text. The table reveals little systematic variation con-
tingent on the excised fricative context, except for a
trade between “b” and “g” responses to velar stops:
when the preceding fricative had been [s], “b” respon-
ses were less frequent, and “g” responses more fre-
quent, than when it had been [{]. These differences,
as reflected in the stop by fricative interaction, were
significant in separate analyses of “b” responses,
F(1,5)=18.4,p<0.01, and of “g” responses, F(1,5)
=15.0,p<0.01. However, there were a number of
significant interactions with other factors, especially
with speakers, reflecting again high between-speaker
variability coupled with relatively low between-listener
variability. There was no significant correlation with
the acoustic measurements for [u] utterances.

11l. CONCLUSIONS

. The results of our present studies, even though they
are based on a very large amount of data, are not quite
as clear as we had hoped. Nevertheless, two conclu-
sions seem appropriate. First, we have obtained rath-
er solid acoustic evidence for a coarticulatory shift in

‘stop production contingent on preceding fricative con-

text. This shift was reflected in generally higher onset
values of F3 and F4 following [s] than following [f].
Second, we have found additional evidence for fricative-
induced shifts in stop production in listeners’ perception
of the vocalic formant transitions, although the correla-
tion between the acoustic and perceptual findings was

Percent responses

V={a] V=[ul

Utterance €@ b” & th”. €« a» 3 gn . L] é“ b” € th” “‘d,, g g,, 73]
[(s)tV] 16 13 55 10 6 6 5 80 8 1
(fytv] 16 9 - 52 17 6 3 6 80 9 2
[(s)kV] 24 8 21 41 6 63 4 3 19 11
(V] T 26 6 14 . 46 8 70 3 2 14 11
[(vs)tvl] 6. 13 64 9 8 7 3 84 5 1
[(v itvi 9 10 63 12 6 3 3 87 6 1
[(Vs)kV] 10 10 32 42 6 52 5 5 29 9
v kvl 14 8 30 41 7 62 3 4 23 8
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weak. Variability of coarticulatory effects across
speakers and tokens was unexpectedly large. Unfor-
tunately, neither the acoustic nor the perceptual data
have a straightforward articulatory interpretation,
which leaves open the question of whether the place of
stop articulation indeed shifts toward that of a preceding
fricative, or whether some more complex articulatory
adjustment is involved. Presumably, only direct obser-
vations of speech production will shed light on this is-
sue. In this study and our previous ones, we have laid
the foundation for this further research by establishing
fricative~stop coarticulation as a real phenomenon in
the acoustic and perceptual domains.
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!They were also phonologically voiced in CV utterances, where
unaspirated [t] and k] may have alternated with prevoiced
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[d] and [g]. To simplify the notation, we refer to all stops as
{tl or [k].

2Average F4 onset frequencies for five individual speakers
(based on a subset of the utterances) were 2862 Hz (RM),
3733 Hz (VM), 3962 Hz (SP), 4303 Hz (PP), and 3626 Hz (FBB),

3To check for any possible differences in burst duration contin.
gent on preceding fricative, an analysis of variance was
conducted on the burst duration measurements, For the [a]
utterances, there was no significant effect of the preceding
fricative. Bursts were, however, significantly longer for
velar stops (24 ms) than for alveolar ones (16 ms), F(1,7)
=39.2, p<0.001. Bursts were also significantly longer fol-
lowing a syllable boundary, F(1,7)= 11.3, p<0.02, although
the difference was only 2 ms. In the fu] utterances, too,
bursts were longer for velar stops (24 ms) than for alveolar
ones (20 ms), F(1,3)=28.5, p<0,05, and bursts tended to be
longer following [s] (24 ms) than following [f] (20 ms), F(1,3)
=10.7, $<0.05, both effects being due to unusually short
bursts for alveolar stops following [s] (17 ms). The syllable
boundary effect was reversed here but nonsignificant.

Kewley-Port, D. (1981). “Representations of spectral charige
as cues to place of articulation of stop consonants,” yn-
published doctoral dissertation, CUNY.

Mann, V., A,, and Repp, B, H. (1981). “Influence of preceding
fricative on stop consonant perception,” J, Acoust. Soc. Am.
69, 548~558, .

Repp, B, H., and Mann, V, A, (1981). “Perceptual assessment
of fricative—stop coarticulation,” J, Acoust. Soc. Am. 69,
1154-1163.

B. H. Repp and V. A. Mann: Fricative-stop coarticulation 1567



