pairs.

4.,2.,4, Production Measure III: Preceding Veowel Duration

Durations of vowels preceding voiced or voiceless stops weare

measured for the same 24 readings of rata - rada from Wrocitaw. The

mean duration of vowels before [ﬂlwas i6?.4 msec, and of vowels
before Ed], 169.5 msec, The ratio of these two means is .99. In
addition, for each palir of measurements, the ratio of vowel before
[t] to vowel before [d] wasg computed, The mean of these 24 ratios
is 1.0, The data for Polish clearly show that vowel duration dﬁes
not vary systematically according to the voicing of the following
consonant, Thus it will not be considered as a potential cue to
the medial voicing contrast,

Comparable data for English vowels before voiced and voiceless
medial stops have been collected by Sharf (1962) and Klatt (1973).
The ratios they obtained were .75 and .79, respectively.3

"It has been suggested. for example by Delattre‘(1962) and
Chen (1970), that some amount of vowel lengthening ceccurs univer-
sally before voiced obstruents, Previoué to this study, at least
seven languages have been studied for this effect, and all of them
show at least a 10% difference in duration between vowels before
voliced consomants and vowels before voiceless consonants. It has
been thought that such a difference would be found in all languages,
and that-it in fact constitutes a phonetic universal.

Our Polish data contradict this claim, The finding was extend-
ed by recording speakers of Czech reading contrasting words ian that
language., Czech, another West Slavic language, is similar to Polish

in many ways, but it has phonemic vowel length contrasts, It seem-

ed likely that Czech would not lengthen vowels before voiced

it — ——
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consonants, because vowel duration would be reserved for the leugth

contrast, Three native speakers of Czech read several words of the

BISET R

The number of phonemic short and long vowels was balanced. The

following form:

mean duration of vowels before [FJ wag 193.7 msecy before‘:q],
204,2 msec, The ratio of these two means ig ]195; the mean of

the 24 ratios is ,98, Thus there is a slight tendency for vowels
to be lenpgthened before voiced consonants in Czech, at least
based on this small amount of data, but the effect is minimal. The
difference in durations did not reach statistical significance
(tqg = =37, p >.20). This finding shows that Czech, as well #s
Polish, does not show the putatively universal vowel lengthening

before voiced consonants.

4,2,5, Discussion of Production Data

Two of the fhree measures made showed sy;tematic varlation
according to the voicing of a medial stop. Neither, however, was
effective in distinguishing-[tj from [d] consistently. One measure
was VOT, as defined to include closure voicing in rurning speech
for [d_]. Notice that in the case of medial stops, this measure
must not apply to the occasional voiced [ﬁ]- closure, or voiceless
[d]-burst. To the extent that a [t] and =a [d] can both have
voiced closures and voiceless bursts, this measure will show over-
lap between the two voicing categories., It was suggested that
there may be other differences between such tokens, though, such
as the nature of - the voicing during closure and burst, or the speed

of the amplitude rilse after stop release.
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The other measure that varied systematically with stop veoicing
was closure duration. Individual speakers produced much longer
closures for [t] than for [d], and the means for the group wvere
distinctive for the two consonants, Nonetheless, the distribution
of individual tokens for the group showed a fair amount of category
overlap, Thus it is not clear how strong a cue closure duration is
for the medial voicing contrast, Closure duration for [d] is of
course also used as a measure of VOT; Possibly some combination of
the closure and voicing parameters would be the most efifective cue.

.-Vowel duration was found not-to differentiate a following [t]
from [d] in this context, Although this parameter has been thought
to be a unfversal correlate of voicing contrasts, the Polish data
does not support such a claim. The possible cue value of vowel
duration will not be considered further. Perceptual experiments

will focus on closure duration and volcing.
4.3, Perception Data

4.3.1. Methedology

Stimuli were constructed from tokens of rata, rada, tata, and
data spoken by MG. .The: [t] of rata, which i.s shown in Fig. 4-ba,
has about 160 msec of closure, all with low-amplitude-voicing,
followed by a voiceless burst, Detail.of the closure voicing is
shown in Fig. 4~10C, The [d] ~burst, which is shown in Fig. 4-5d,
is voiced throughout. The initial /ra/ syllables of rata and Eégg
were of nearly identical durations.

The initial bursts of MG's tata and data are shown in Ch, 2,
Fig. 2-14, This token of data was ldeantified as having initial

-[d] when prevoicing was present, but initial [t] when preveicing

re————r——— P —n——
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was removed. The [d]—burst has a voiceless beginning, but some

irregular voicing with frication immediately after that,

Various stimuli representing tokens of rata, rada, tata, and

data were made., They are described below for each experiment, All
stiﬁuli representing tata and data spokem by MG, including those
constructed for other experiments, were combined intoc one test for
presentatioﬁ to listeners, All stimull representing rata and rada
spoken by MG were also combined into a single test. For each test,
ten tokens of each stimulus were presénted in random order to 24
subjects in Wroclaw, Poland, See Ch, 2 for details on the proce-
dure.

The number of [{]-responaes (out of 10) to each stimulus was
determined for each subject, and a mean percentage for the group
was computed., Statistical tests were performed on the number of

[q]-responses using repeated~measures analyses of variance.

4.3.2. Expefiment I

The object of this experiment was to see whether a medial
consonant maintains its voicing quality when the preceding initial
syllable is removed, and the final syllable is presented as an
faitial syllable. In English, this is not the ﬁase, as a medial
voiceless gtop is heard as voiced when it is presented as an 1nitia
stop. For example, if the second syllable is excised from rapid,
it will be heard as bid. This result indicates that for English a
somewhat different set of cues must be relevant for initial and
medial stop voicing., There i3 an allophonic shift in the phonetic
volcing categories used for medial stops in English trochees, Cues
during the vowel and closure Intervals, before the burst, may be as

important as cues during and after the burst., Experiment I

S——
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considers the comparable situation in Polish,

The [t{] of rata and [gé] of rada were used as initial sylla-
bles of tata and data. (These disyllables were used instead of
nonosyllabic ta and da so that the stimuli could be combined with
other stimulil into a single test.) The final C}a] came from tata
or data. Thus there were two initial syllables and two final
syllables, allowing four stimuli to be made. The "initial" [ta]]
and {?a] were taken from the burst to the end of the syllable. The
final [pi]'s consisted of the volceless closure plus the rest of
the syllable,

Subjects’ responses to each stimulus were analyzed with a
twvo-way repeated measures analysis of variance. The means for each
condition and factor are given in Table 1, and the results of the
analysis in Table 2, As would be expected, the source of the final
syllable [F%] had no influence on subjects' responses, either as
a main effect or in the interaction, On the other hand, the iden-~
tity of the "initfal" consonant did have a significant effect: a
medial [t] iz initial position was still heard as [t] s and a meddi-
ali:dj in initial position was heard as [h]. With boéh consonants,
the categorizations were weaker than for the same syllables in
medial position,

As reported in Ch. 2, MG's productions of initial [d] from
which prevoicing had been removed were heard as [t]. Thus the
medial [d], wﬁich also had no prevoicing, had more effective cu;s
Ifor volcedness than did the edited initial [ﬁ]'s. The reason for
l this difference may be burst voieing. The [d]-burst from rada,

l shown in Fig, 4-~5d, 1is entirely voiced, unlike the [ﬁ]-bursts from
l

I the initial syllables,

Bursts tend to be volced throughout more




final [ta]
from tata

final [ta]

MEAN

from data

TABLE 1

“initial"

11,7

12,9

12.3

[ta]

"{nitial™

67.5

65.0

66.3

% [ﬁ]-reaponses for 24 subjects, Experiment 1

[de)
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MEAN

39.6

38.9




TABLE 2

Results of ANOVA, Experiment 1

Source Ei- . gﬁ.
Initial (ta eor da) 1 698,76001
error _ 23 15,15168
Final (from tata 1  0.09375
or data)
error 23 : 2.22418
l Initial X Final 1 0.84375

error 23 1.97418

185
£ 2
46,12 . 001
<1 -
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often in medial than in initial position., However, this burst
produced only 66% [ﬂ]—responses, compared to JP's 80% and better
for initial [d] without prevoicing. This result indicates that,
while burst veicing can yield a categorization as [d] s, Some other
cue or cues to voicedness are still not optimal in MG's tokens.
Data on perception of JP's medial stops in initial position would

be useful in this regard.

4.3.3. Experiment II

The object of this experiment is to see whether initial
preveiced iﬁ] and medial voiced rd] are perceptually equivalent
in medial position, Fig, &4-8 illustrates phonation in prevoicing
and voiced closure, Each figure shows the most common pattern for
that context, but both kinds of phonation, as well as intermediate
patterns, occur In both contexts, The pattern of phomation in
Fig, 4-8b for medial closure resembles nasalization, Fig. 4-9 shows
part of the [m] in dama. Voicing during stop oceclusion can be
effected by opening the velum, resulting in nasalization, but more
data would_be needed to determine whether nasalization correlates
with syllable position., Despite the lack of such data, it seens
likely that prevoicing and medial closure voicing would be equi-
valeant in cueing voicedness.

The stimuli were constructed from tokens of rata, rada, and

data. The two initial [}a] syllables were lsolated once to the.
beginning of medial closure, and a second time with 60 msec of
closure. For rata, the closure was voiced with the low-amplitude
volcing sometimes found before medial voiceless stops. For rada,
the closure was voiced with high~amplitude voicing. The initial

syllable [dé] from data was also isolated, once without prevoicing
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and a2 second time with 60 msec of prevoicing. The two {Eq] sylla=-

bles without closure were combined with the [ﬁ%] without prevoicing
Thus all four stimuli contained = [Fa followved by 60 msec of voi-

cing, plus a [dé].v The voicing was either prevoicing, strong I
medial closure voicing, of weak medial closure voicing. Tﬂe four
stimull are shown in Fig. 4-10.

Subjects' responses to each stimulus were analyzed with a

two-way repeated measures analysis of wvariance, The means for each
factor and condition are given in Table 3, and the results of the
analysis in Table 4, The means indicate that three of the four
stimuli were almost uniformly heard as containing medial [d] .

The fourth stimulus, [ré] from rata with 60 msec weak closure
voicing plus [dé] without preveoicing, was ambiguous.

MGC's initial [ﬁ] from data requires preveoicing in initial
position to be heard as [ﬁ]. Prevoilcing in medial positicn also
‘allowé this token to be heard as [d]. Medial closure voicing works
as well as prevoicing in signaling voicednesa, if it is the strong
voleing that occurs before medial [ﬂ]. The weak woicing ;hat
occurs before medial [t] is not sufficient to signal voicedness in
that [d], and subjects give slightly more [E]- than [d]-responsés.
All of the signifi;ant effects obtained with the analysis of vari-
aance appear to be due to this failure of [}]-closure voicing to
préduce'a voiced percept.

‘This result, that'[}]-closure volcing is not perceptually l
equivalent to [d]—cloaure voicing under certain conditions, suggest
that weak closure voicing may not have much effect on perception.
.Thus its exclusion from measurements of VOT may be justified,

In Experiment I, medial syllables were used as initial




TABLE 3

Initial
[ra] (©)
prevolcing 99.6
original
closure
Veoicing 42,9
MEAN _ 71.3

z [d]— responses for 24 subjects, Experiment II

initial

[Fa](d)

98.8

10.0

99.4




Results of ANOVA,

Source

Initial Syllable
(Ra{t) or Ra(d))

error

Voilecing (Prevoicing
or Original Closure)

error
Initial X Voicing

error

TABLE 4

Experiment IL

df
1
23

1

23
1

23

us

189,84363

2,95244

184.26009

2,97780
201.26004

2,97780

=

64.30

61,88

67,59
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001

.001

001
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syllables, and in Experiment II an initial syllable was used medi-
ally. 1In general, the two positions éeem to be similar, in that
the same cues appear to be relevant and have similar effects, The
strength of closﬁre volcing and burst voicing both affeet the

perception of voiced and veiceless medfal consonants.

4.3.4, Experiment TII

The object of fhis experiment is to compare the contributiouns
of strong veicing, weak voicing, and silence during closure to
the perception of voicedness in medifal stops., A closure interval
can be voiced throughout, voiceless throughout, or combine volcing
followed by silence in any proportion. For English, there appears
to be a hierarchy of cues to medial stop voicelessness (Lisker,
1857; Port, 1977). 1If the stop is aspirated at all (i.e., VOT
about 15 msec), then the percept is voiceless, If not, and if the
closure is voiced or short, the percept i1s voiced. Otherwise the
percept 1is voicelegs. This hierarchy of cues i illustrated in
Fig. 4=-11, Thus a token of medial [b], with a short voiced closure,
will sti1ll be heard as [ﬂ] with the voicing removed from that short
closurxe, If the resulting silent closure is lengthened, however,
the percept will be [p], even though the burst and following portio
come from a [P]-syllable. Preliminary data of a similar type was
gathered for medial [t] and [ﬁ] in Polish, using stimuli with vari-
ous combinations of cleoesure volcing and silence.

Stimuli consisted of (1) [ra] from rata or rada, plus, (2)

some amount of closure from rata or rada, and/or (3) some amount

of silence, plus (4) [ta] or [Bg] from tata or data. The original
rata token had 160 msec weakly voiced closure (see Fig. 4-4a);

the ofiginal rada token had 85 msec fully voiced closure (see Fig.
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4-58). The following durations of closure were used in coustructing
the experimental stimuli: from rata, 0, 60, 110, and 160 msec; from
rada, 0, 60, and 85 msec., Several durations of silence were also !
recorded: 50, 60, 100, 110, 150, 160, 200, 210 msec, Finally, the

initial syllabies [p{] and [ﬁa] (without preveoicing) were isolated

from tata and data and used as final syllables. This use of initial
eyllables in the wmedial position was intended tﬁ allow comparison I

with data €rom other experiments, Observation and Exp. I and II

suggested that the positional Qariants are quite similar, However,
this particular edited [d]lfrom MG's data apparently contains no
cues for voicedness, since with prevoicing removed it was identifie
as Ltl. The medial Cd] in MG's rada was identified as rd] when 1t

was presented in initial position without closure volcing, probablyl

becayse 1t has a completely voiced burst, Thus it must be borne

in mind that the [dé] used in constructing these stimuli was probab
ly less likely to contribute to [d]—re3ponses than other [ﬁ{]'s
(initial or medial) that could have been used.

A list of the stimuli constructed is given im Table 5.

The major results of this experiment were the following., First,
few stimuli were categorized as containing [d], and those stimulil
all had closure voicing from rada. Second, the weak closure voicing
from rata has virtually the same effect as does a silent closure.
That 18, the voicing is either not perceived ar is ignored by the
ligtener. Third, all the parameters varied affectel the percentage
of responses, if not the groess categorization., All effects were
larger when the closure interval containmed voicing from rada,be~

cause of floor effects with silent and [t]—cloaure.

Table 6 summarizes how listeners responded to the stimuli. Only
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TABLE 5

Construction of stimuli, Exp., III, Closures taken from rata have
weak voicing; closures taken from rada have stroag volcing.

In any one stimulus, the first syllable and the closure both
come from either rata or rada, l

closure interval with
total duraticn of !
60; 110, 160, 210 msec,
containing
[ra] from rata 0, 60, 110 msec medial [pa]
closure from rata
.[;a] from rada [ﬁa]
OR

0, 60 msec medial
closure from rada

plus

silence

and

[ra] from rada + 85 msec medial closure +§§:§

e e r———— el s




TABLE 6

Categorizations of stimuli by 24 listeners, Exp., III,

193

T=110-~50-da

Key: T - [ra] from rada or rata
lst number msec medial closure from token
indicated by D or T
2nd aumber msec silence
ta second syllable
Total Closure Duration (msec)
7 .
categories 60 110 160 210
go-100z1a D-60-0-ta D-60-50-da
(strong) D=60=-0-~da
40-60% [a] D=0~60-da | D=-60-50-ta D-60-100~da| D-60-150-da
(ambiguous) T=-60-0-da
60-80% [t ] T-0-60-da | D=0~110-da
(weak)
80-100% [t] D-0-60-ta D~-0-110-ta D-60-100-ta|D~60-150-ta
(strong) - T=-60~0~ta T-0-110-ta D~0- 160~ta;D= 0=210-~tga
T=-0~60-ta T=0=110~da D=0= 160-da!D~ 0-210-da
T-60~50~ta T=0= 160—ta|T— 0-210-ta
T=60-~50~da T=0~ 160-da: T~ 0-210=da
T-110=0-ta T=60-100~tai T=60~-150=ta
T=110=0~da T=60~100=-da! T-60-150-da
T-110~50-ta) T-110-190~ta

T-110-100~da
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five stimuli were heard unambiguously as [{], and five were ambi-
guous. The rest were categorized, either weakly or strongly, as
[t]. Since the [d] used in medial position was not a good exenmplar
of a voiced stop, it is possible that with a "better"{:d], the four
ambiguous stimuli with final [da] would be heard unambiguously as
fel.

At extreme stimulus values, perception is quite consistent,
With 160 msec of [f]—voiced or silent closure, any stimulus is
labeled as [t] 90Z or more. With 60 or 85 msec of completely-
"voiced closure (the only values tested), a stimulus is labeled as
[dj almost uniformly, The sources of the initial and final sylla-
bles have significant effects on the percept, but the differences
produced are very small, All of the more interesting effects are
obtained at shorter closure durations or when closure volcing is
present in some of the closure interval, This pattern ie consis-
‘tent with that found in other chapters, in that some combinations
are potentially ;mbiguous and allow minor cues some role in detex-
nining the percept.

For the stimuli without extreme values of closure duration
and consisten; volcing, the listeners' responses can be approxi-
mately accounted for by aasigning cue-weightings as follows,
Closure from rata is treafad like silence, An initial [;a] from
Eiéi is 'equal to 50 msec of silent closure as a cue for [t]. A
final [ta] is equal to 10C msec of silent closure, Each SO-mseé
of silent closure is weighted cumulatively, but voiced closure

from rada 1s subtruacted from the voiceless closure, With these

welghtings, all the stimuli with strong [t]-categorizations have

a "{?]-score" of 3 or more, The stimulus with a strong ch—
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categorization has a “Et]—score" of 0, The stimuli with ambiguous

and weak Lf]-categorizations have “EE]-scores" of 1 or 2,

Consider the stimuli with none of the original closure, but
instead with artificial silent closures of 60, 110, 160, and 210
msec. For the two longer closures, stimuli are all labeled as [t]
wvell over 907, but the sources of the initial and final syllables
do have an effect on the exact percentage of responses, These
effects are larger for the two shorter closures. Even though the
closure contains no voiecing, the stimulus with an initial syllable
(to the point of closure) from rada, 60 msec silence, plus final
[daT] was perceived as rada 49%Z, The same 60 msec silent closure,
but with [ra] from rata and final [ta], was perceived as rada
only 3%Z. The effect of the initial syllable fs particularly inter~
esting, since no closure is #ncluded from the original token, For
60 msec silent closure, the *nitial syllable gave an 11% difference
in [d]-responses, collapsed over final syllables. This difference
is not due to differences in the durations of'tha vewels or sylla-
bles, which are almost identical. It may be due to the final
irregular pitch periods in the [ra] from rata, or to fundamental
frequency differences.,

The effects of silence and closure voieing in the potentially
ambiguous stiuulil can be seen in Table 7., For stimuli with ipitial
[Fa] from rata, the voiced closure is essentially equivalent to
sllence, Lengthening closure from 60 to 110 msec reduces the f
Cd]—r35ponses, but lengthening it even further te 160 msec does not
further reduce the I Eﬁ]¥responses. For stimuli with initial [ra]

from rada, the 60 msec of closure is voiced, and this segment is

crucial te the perception of medial [d]. Even when 100 msec of l




original veoiced closure and silence,
collapsed over final syllable, Experiment III

- .Initial Syllable
Closure ra(ta) ra(da) E MEAN
n60 msec cibsure 26 . 97 6l
;
60 msec silence _ 21 | 32 26
MEAN 24 : 65 44
60 msec clos + 50 msec si1 7 62 34
110 msec sil ) 7 | 12 HE
MEAN 7 37 22
60 ms;; clos.:-IOO mseélsil 7 g 23
160 msec sil 2 _6 _4
MEAN - 5 22 14
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TABLE 7
A [dJ- responses for various combinations of
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TABELE 8
z {41 - responses to stimuli made from initial [;a] from rada plus |
60 msec voiced closure, Experiment IIIL i
Final Syllable I
Closure Silence [_ta] [daT]

0 nmsec - 98 - 96 !

50 41 82

1460 | . 19 58

150 8 45 I
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silence is added to the 60 msec of closure voicing, the Z% [d]-

responses collapsed over final syllable (38%) is greater than that
for 60 msec silent closure (322), although this difference is of
course quite small. With 50 msec silence added to the 60 msec
closure, a stimulug is still categorized as [d] 62%, collapsed over
final syllable (vs, 97% [d]—responses with ro silence),

The final syllable has its largest effect for just these
stimuli, those made with voiced closure from rada and some silence
inserted in the closure interval. This effect is shown in Table 8,
Here the final syllable nearly produces true category shifts, In
fact, these stimuli with [ré] from rada, 60 msec closure voicing,
50 or 100 msec silence, and [da] as the final syllable are the
only stimull with any silence during closure that are categorized
as [d]. When the closure contains no veicing, or 150 msec silence,
the categorization is Et]. Note, however, that when a closure of
60 msec is entirely voiced, it overrides a final syllable [ta] to
produce an almost uniform categorization as [dj.

By collapsing 50 aﬁd 60 msec silence, 100 and 110 msec silence
and 150 and 160 msec silence, 1t w23 possible to perform a four-way
analysié of variance for some of the stimuli used in this experi-
ment, Completely crossed factors of (originmal) closure and silence
are found only for those stimuli with no closure or 60 msec closure

and with 50, 100, 159 msec inserted silence. The other two factors

tested were initial syliable ¢ [ré}(t) or [?é](d)) and final
syllable [Fé] or [gé]. The means for each factor are given in Tablel
9, and the results of the analysis are given in Table 10, Note that

none of the % [H]—responses represents a categorization as [ﬁ]. |

Only two stimuli with silence during closure were categorized as I
j
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TABLE 9

Mean Z [d] - responses for each of 4 factors in ANOVA,
Experiment III

Initial ra (ta) 7 %
ra (da) 29
Closure 0 msec 13
60 msec 23
Silence 50 ﬁsec 30
100 nsec 16
150 msec g
Final ta (ta) 8

da {(ta) 28




Results of 4-way repeated measures ANOVA on Initial Syllable (from l
Closure (0 or 60 msec of original); Silence
Syllable(initial syllableJ

rata or rada);

(50,100 or 150 msec inserted); Final

of tata or data), Experiment III

Source

INITIAL
error

CLOSURE
error

SILENCE
error

FINAL
errxor

IN X CL
error

IN X SIL
error

IN X FIN
error

CL X 811,
' error

CL X FIN
error

S8IL X FIN
error

IN X CL X SIL
error

IN X CL X FIN
.error

IN X SIL X FIN
error

I cL X SIL X FIN
error

RXCXSZXF
error

as

i
23

1
23

2
46

TABLE 10

MS

669,51392
12,62792

145,00110
3,78796

239,41089
4,78283

606.38867
9.98844

322,50024
6.17926

48.31760
1.77242

118.26494

2.68228

4,07465
3.44240

2.91840
1.00898

41.26540
1.96671

17,35582
1,47365

74,39012
1.92323

1,00520
2.,75339

14,07455
2,64892

0.41145
2.13428

F

53,02

38,28

20,06

60.71

52.19

27.26

44,09

11.78

38.68

£1

. 200

B

s

.001 I
.001 )

. 001 l

001

.001

001

.001

« 315

+102

.001

.001

.001

008
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[d?, and one was marginal enough to be considered ambiguous. Both
had 60 msec voiced closure from rada and final [d%]; they had in-
seréed silences of 50 and 100 msec. (Of course, similar stimuli
with no inserted silence were also categorized as [d], but they i

could not be included in this analysis of variance.)

: The results of the analysis indicate that all four main
effects and most of the interactions were sigﬂificant. Since all
the stimuli included in this analysis‘contained some closure si-
lence, there was a preponderance of [t]-responsgs. Most of the
interactions obtained here seem to involve floor effects with the
% [t]—responses. That is, listeners heard so many [t]'s that the
effects for initial and final syllables, as well as lengthened
silent'closuré, were weaker simply because one cannot hear more
than 100% of the tokens as [p]. Larger differences were found at
lower silence durations, with initial,[r{lfrom Eggg or final
[ﬁa], and with the 60 msec of original closure veoicing from rada.
Some of the significant interactions are illustrated in the graphs
in Fig. 4-12,

Tﬁ summarize the results of Exp, IIIﬁ the most ilmportant
factor in deterwining the voilcing feature of a Polish medial stop
seems to be the presence of at least some strong velcimng during the
medial closure interval, A moderate amount of silence may follow
the closure voicing, and the percept will still be voiced, With
moderate amounts of silence, the influence of the initial and
final syllables increases, but wi&th extreme amounts of silence the
percept is unambiguously voiceless regardless of these other para=-
meters, The relevent parameter in the initial syllable may be the

nature of voleing offset; iIn the final syllable, it may be burst

i i i ipeame i et —
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voicing, They assert themselves most at the intermediate, and
ambiguous, values of the closure cues. There is an interesting
trading relation operating among these cues. The interacting cues I
are initial syllable (voicing cffset), closure voicing, closure
silence, overall closure duration, and burst voicing in the‘medial
stop. Of these, the closure cues interact among themselves at a
more primary level, and then the comb;nation of these interacts

with the mnore minor cues.

4.3.5, Discussion of Perception Data : "
Three preliminary experiments on the perception of medial
apical stops in Polish were carried out. In Exp., I, final syllables

|

with medial stops were put in initial position, while in Exp., II,

an initial [d] was used Iin medial position both with and without
prevoicing, In Exp. IXI initial Ed] and [t] wvere used iun médial
position with various combinations of closure-voicing and silence,.
A major result of Exp, II and III was that the low-amplitude
("weak") closure voicing found before medial [}]'has virtually the
same perceptual effect as absclute silence, that is, it does not
cause a2ny increase in-td]-responaes. Exp, II also showed that
prevoicing and closure voicing are equally effective in producing
Ld]-responses.

Another result seems to be that there is a "continuum" of

burst veicing which influences perception of stop voicimg, A

Hvoicelegs [t]—burst with some aspiration is a cue for stop voice-
lessness, while a voiced-throughout rd]-burst is a cue for stop I

voicedness, Partially-voiced [d]—bursts, that 1s, bursts with

voiceless beginnings but some internal noisy voiecing, which are i

|

Lfommon, may be less effective cues for stop voicedness. However,

— '

et e ——— — Wvotriran -
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unlike English, burst voicelessness and aspiration do not seem to

be overriding cues to stop voicelessness, At most, they produce i
a 40Z response shift when combined with seme closure silence,
A third result is that few of the stimulus combinations con- I

structed resulted in [d]-categorizations. Only a short voiced

closure interval was am overriding cue to stop voicelessness., The
effect of a long voiced closure was not investigated, but a long !
{(L60 msec) closure interval filled with weak voilcing and/or silence
is an overriding'cue to stop voicelessness, A short silent closure1
or a medium-~length closure combining voicing and silence, is a
cue to stop voicedness that interacts with other cues in determininq

the percept. The weightings of all the cues involved,including.

those found in the initial syllable before closure and in the final

syllable including the medial stop burst, remain to be determined.

4.4, General Discussion

In this chaptei, acoustic analysis and perceptual experiments
vere uéed to identify some correlates of and cues to the Polish
medial [t:]_- [d] contrast. The contrast seems to be acoustically
quite similar to the initial contrast in running speech, and the
perceptual experiments in fact used initial tokens in the medial
position, The most relevant parameters appear to be clesure dura-
tion and voicing, which interact. The closure voicing that is
sometime; seen with medial Et] has no perceptual effect, and

presumably can be discounted., The pattern identified for [q]con-

sists of closure voicing which continues through the burst, or I
which dies down somewhat before the voiceless or partliy=-voiced

'burst, followed quickly by am amplitude rise for the formants. I

Perceptually, voiced closure is the best cue for[?d]. If the *

e — i ohdia T —
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closure is all or part voiceless, then the burst must be voiced to
produce a voiced percept, |

Preliminary results on the critical closure durations feor
perception agree with the pr&duction data., Acoustic analysis
showed category overlap for closures between 90 and 140 msec long.

Perceptual experiments showed that shorter and longer durations

were indeed unambiguous {(although the effect of long entirely-~voiced
closures was not tested)., At the intermediate duration tested
(110 msec), the presence of at least some closure voicing, plus a
fully-volced burst, was critical for a [d]-percept. Inspection of
the production datﬁ indicates first, that the few voilceless Ld]-
closures were all quite short, and second, that the [{]-closure
intervals that were longer than 90 msec all contained about 90 to
115 msec of voicing. However, most tokens with some silent closure
also have voiceless medial bursts, which is surprising given the
perceptual finding that voiced bursts are very influential with
ambiguous closuré combinations,

The production and perception resuylts are enough In agreement
to outline the general medial voicing contrast. However, more

work is needed to £ill in the details of this contrast, Still un-

clear is the proportion of closure voicing and silence that is pro-
duced, and that is tolerated perceptually, Also not clear ig how
burst voicing is perceived -~ that is, how voiced a burst has to be

to have cue value, and how it interacts with closure voicing,
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FOOTNOTES

lRecall that there is no final voicing contrast in Polish,

21n a few instances the d]-burst is voiceless, and a VOT
measure equal to the burst duration can be made, Because this is
a4 relatively uncommon pattern, such measurements were not made,

3English has a rule of medial flapping, so these data are
for labials and velars,




30 mgec

Fig. 4-1a -~ Waveform showing closure and rel
The left cursor is set at closure onset, and
gset at the burst, The diSplay is continuous
The closure duration as measured between the

Note that the time scale has been compressed
The token is rata read by Wroc¥aw speaker #3,

i e it e

eare of medial ft].

the right cursor is
across the two lines,
cursors is 105 msec.

in this display.
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Fig., 4~1b ~- Waveform showing closure and rélease-of medial [;].
The left cursor is set at closure onset, and the right curser is
set at the burst. The display is continuous across the two lines.
The closure duration is 122 msec, Note that the time scale has
been compressed im this display. The token is rata read by

Wroctaw speaker #5.




20 msec

"Flg, 4- lc -- Waveform showing detail of closure onset for medial

éL The token ia rata read by Wroc¥Xaw speaker #4.
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Fig. 4=2a == Waveform showing Elosure and release for medial Eﬁ].

The left cursor 1s set at closure onset, and the right curr r 1is

set at the burst, The closure duration is 70 msec., Note that

the closure is voiced throughout, and that the time scale has
been compressed in this display., The token is rada read by

Wroctaw speaker #7,
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30 msec
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Fig., 4-2b --.Waveform showing closure and release of medial [QJ.
The left cursor 1s set at closure onset, and the right cursor is
se; at the burst, The closure duration is 82 msec. Note that
the closure is voiced thruughtout, and that the time scale has
been compressed in this display. The token is rody read by MG,

The display is continuous across the two lines,




Fig, 4~2c ~~ Waveform showing detail:of closure onset and voicing.

The token 1s rada read by Wroctaw speaker #1,




Fig, 4=3 == Waveform showing point from which vowel duration was

measured following [EJ‘ The display shows the transition from
. omne tap of the trill to the next, which then continues directly

into the following vowel,




Fig, 4~4 -- Waveform showing closure and release for medial [t].
In this token the closure is voiced. The closure duration is
164 msee, Note that the time scale in this display has been

greatly compressed., The token is rata read by speaker MG,




Fig, 4-4b -- Waveform showing detail of medial [q]-burst and

comparatively long lag VOTI. The cursor is set at the burst, The

.hard—copy shown here does not indicate the burst frication as

well as does the original display. The token is rata read by

gspeaker JP.




20 msec

Fig, 4=4c -=- Waveform showing detail of voice-onset and burst in
medial Ef]. The VOT is 13.2 msec, The token is rata read by
Wrocfaw speaker #1,

Fig. 4-4d -~ Waveform showing burst and voice-onset of medial [t].
The VOT is 23 msec, The token is rata read by Wroctaw speaker #8.
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Fig. 4-4e =~ Waveform showing burst and voice-onset of medial [E]
in sentence contex-t. This token has a double- burst, indicated by
the cursor andlfhe arrow, The VOT ia“ZBImsec. Some of the
preceding voiced clbsure'can also be seen, The token is gazeta

read by speaker JP.




.20 msec

Flg, 4-5a -~ Waveform showing voiced closure and burst in medial
[d]. The closure voicing has relatively high amplitude. Note
that the time scale has been compressed in this display, The
closure duration is 92 msec, The token is rada read by speaker MGC.

Fig., 4-5b =-- Waveform showing end of closure and beginding of
amplitude increase for folloving vowel with no visible burst.
The token is rada read by speaker JP,




20 msec

10 mseé

RO

Fig., 4-5¢ ~~- Waveform rhowing closure silence followed by voice-
less burst in medial [d]. The "second" VOT that could be measured
is shown between the cursors; it is 18.2 msec., The token is rada
read by Wroctaw speaker {1,

Fig. 4-5d -~ Waveform showing voiced burst of medial [d]. The
token 1s rada read by speaker MG,




10 msec

RS

Fig, 4~5e -- Waveform showing fully-voiced burst 0. medial [q].
The burst frication is obscured on the hard-copy display. The
token is rada read by Wroc¥Yaw speaker #7.

Fig. 4-53f -~ Waveform showing closure and following vowel of media
(8] in sentence context., The cursor is set at closure onset. No
burst 1s visible. The token is jade read by speaker JP,
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Fig, 4=6 ~- Distribution.of [t]- and [dJ]-closures for 24 pairs
of rata and rada read by speakers in Wrocitaw,
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RATIOS OF VOICELESS TO VOICED CLOSURE

Fig. 4~7 =~ Distribution of closure duration ratios for 24 pairs
of rata and rada read by speakers in WrogZaw,
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data read by speaker MG,
rada read by speaker MG,

dama read by speaker MG,

Fig. 4=9 -~ Waveform showing nasal consonant

Pafbr AR

Fig, 4-8a -- Waveform showing prevoicing from initial [d] in

Fig. 4-8b =-- Waveform showing voiced closure from medial [ﬁ] in

[m} from token of

ﬂ
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20 msec

i

Fig., 4-10a-=-. Waveform showing natural-edited stimulus w’th
first syllable from rada plus $0C msec prevoicing plus [gé] from
data-ag. the second syllable. The cursor is set at closure onset

and the display 1s continuous across the two lines. The speaker

of the original tokens is JP.
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Fig, 4-10b -~ Waveform showing natural-edited stimlus with first

syllable from rata plus 60 msec prevoicing plus [ﬁa ‘from data
as the second syllable, The cursor is set at the burst and the

display is continuous across the two lines. The speaker of the

- o1iginal token is JP,

|
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20 msec -

]

Fig, 4-10c ~~ Waveform showing natural-edited stimulus with first

syllable from rata plus 60 msec (voiced) closure from rata plus
@q]from data as the second syllable. The display is continuous

across the two lines. The speaker of the original tokens is JP.
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L

20 msec

Fig., 4~10d =-=- Waveform showing natural-edited étimulus with first

syllable from rada plus 60 msec of voiced eclosure from rada,

shown between cursors, plus)[da from data as the second syllable,

The display is continuous across the two lines, The speaker of
the original teckens 1is JP,

——— ——— —




aspirated stop?

yes : no
[t] voiced closure?
ves

[

short closure?

ves ’ no

[ﬁ] . [t]

Fig. 4-11 ~- Proposed hierarchy of some cues to medial voicing

L

in English stops,
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ammme initial E:a] from rada
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Fig., 4-12 ~- Examples of interactions among two factors in

¢xperiment on perception of medial [t] and [d].
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CHAPTER FIVE -- Summary and Conclusions

r
341, Summary and Discussion of Experimental Findings

The experiments described in Ch, 2 - 4 vere designed to deter-
mine the Importance of VOT as a cue to voicing in Polish stop con~
sonants. The overall result of these experiments was that VOT is
the best dimension for reptesenting the Polish volcing contrast
when compared to, e.g., burst parameters., VOT is strongly correl-

ated with production categories, and two acoustic aspects, closure

voicing and voicing lag, of VOT act as primary cues to the percep-
tion of volcing., It was found that the two volcing categories are

differentiated in production by the presence or absence of voicing

during'closure. .Vpiced;étopé_consistently hg?e some voicing during
closure; voiceless s?nps dﬁ not,.bﬁt_rathef hgveha“moderate interval
of voicing lag after the release burst. Qé;reépogd;ngly, closure
voicing add voiciﬂg lag we:e-each found éo be &n overriding cue fof
one of the volcing categories, .Thus the production aﬁd-perception
data are complementary,

The production data can be éummarized as follows, VbT values
were measured for Polish [t] and'[d] in initfal and medial position
in both minimal pairs and .running speech. For-initial,[d] in run-
ning speech, and for medial [d] y the duration of closure before
€top release was used as a measure of VOT, Given.these measures,
the production contrast was found to be generally straightforward,
In all positions and speech styles, the mean VOT value for [t]is
about +20 msec (voiecing lag)., For initial [d] in minimal pairs,
the mean VOT value is =120 msec (voicing lead). For medial [d] in

minimal pairs, thelmean VOT value is =30 msec. For initial [ﬁ] in a

’running speech context, the mean VOT value is about =50 msec H

— i
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prelimiﬁar; observation of medial [d]tokens in rﬁnning speech indi-
cates that about the same valué is found in that context,
For medial stops, two other paraﬁeters were measured, closure
lduration and préceding vowel duration, The second of these was
found not to correlate with stop voicing, although it has been
thought that vowels are universally lengthened before voiced conson-
ants., The firet parameter does correlate with ﬁoicing_categories,
but there is a fair amount of category overlap. This is due to the
ioccurrence of a silent interval between closure voicing and the
burst in some tokens of [dJ » resulting in increased total durations
extending into the [f]-category.

The perception results can be;éﬁmmarized as follows. For initial

stop voicing, synthetic VOT continua covering three ranges of VOT
Lﬁalues wvere used, plus natural speech Qontinua covering a fourth
‘Erange. Listeners responded systematically to these continua, but
the placement of the category boundary is subjeét to strong ramge
effects, A continuum with more long lag stimuli and fewer prevoiced
stimulil results in a higher category boundary, In contrast to these
results for Polish listeners, American listeners maintain a coﬁstant
bouﬁdary across various test comtinua. This difference suggests
that VOT is not as stable a perceptual dimension fpr Polish as for
|English. Rather, in Polish the relation of the voicing categories
'to.VOT is relative, reflecting the particular stimulus set used in
an experiment. In an experimental situation, Polish listeners
require a range of VOT values that correspondé approximately to the i

range of values produced in natural spsech. The Polish mean categ-

fory boundaries varied from about +5 msec VOT to +20 msec VOoT, com=~ |

e e
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pared to +35 msec VOT for the Americans. The lower of the Polish
boundarifes, obtained with continua representative of natural prod=~
uction values, are well-matched to the production categories., The
higher Polish boundary does not match the.production categories, but
falls at the modal VOT valpeé for Ct]. Thus a good match between
. production and perception categories is obtained only with an appro-
priate range of VOT in the test continuum.

| In natural tokens of Eﬂ], there is always some closure voicing,
This suggests that prevoicing may be a necessary cue for the percep-
tion of voicedness in initial stops, However, experiments showed
that this is true for only some tokens of Ed]. " Other tﬁkens have
additional cues for‘voicedness during or after the burst. The chigf
additional cue seems to be a fully-voiced burst. Burst voicing 1s a
secondary cue, in that a voicéless burst 1in a [d]-token is complete~
ly overridden by closure vbicing. In the same way, a fully-voiced
burst can be c§mp1etely overridden by a moderate voicing lag follow-
ing after ig. Howevér, if neither cidsure volcing nor,a_voiciﬁg lag
is present in a stimulus, then the secondary cue asserts itself, and
a fully~voiced burst results in a voiced percept. .Thé results of
these perceptual experiments suggest that there may be degrees of
voicing in [d]-bursts, which vary in their strength as cues. Burst
cue; affect listeners' responses only at ambiguous VOT values,
which in these stimuli'corraspond to +10 to +20 msec VOT.

The situation with medial stops seems somewhat more complicated.

Volcing during closure is still the strongest cue for voicedness,
and a long silent closure gives a voiceless percept. There is a

trading relation between closure voicing and silence, and total
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closure duration, in that voiced closures tend to be short,and
voiceless ones tend to be long., Long voiced closures were not
tested; however, a short voiceless closure gives an ambiguous per-
.cept. (It is possible that with a fully-voiced medial [ﬁ]—burst the
percept would be voiced, even withouf closure voicing,) At inter-
mediate closure durations, roughly corresponding to the overlapping
durations found in production, closure silence offsets closure
volcing as a cue for voicedness, In otherwise ambiguous combina-
tions, other secondary cues have an effect as well.

Sehondary cues affect the percept when the stimulus lacks primary
cues, and also when the stimulus configuration is unnatural or im=~
plausible. In a sufficiently implausible stimulus, primary cues
fhave less effect than usual, For example, a long voicing lag is
;normally_a strong primary cue to voicelessness, However, if the
{transition onset that follows the lag is taken from a different
stimelus that had no such lag, the effect of the lag cue is weakened
This result indicates ﬁhat-speech cues are not assessed independent
fof the context. Rather, they are assessed in a speech mode that
takes into account possible productions_and i; sensitive to discon~
j tinuities in the stimulus, (Another possible éxplanation of this
teffect is that the perceptual system does not process totally unfam-

iliar patterns in the same way as more familiar speech stimuli,)

fWhatever set of welghtings is normally brought to bear in assessing

the total configuration of cues that co-occur in a stimulus, it is

} Any cue can then contribute to the percept, I

i

{ practically abandoned in the face of a truly equivocal stimulus.
Polish listeners are quite sensitive to the plausibility of a [
|

|




232

stinulus presented in a perceptual test. They are more semsitive

than English listeners to the range of VOT values presented. If
the experimental parameters used are not suitable, Polish listeners
do not respond io VOT in a linguistically-relevant way, i.e., in
relation to the categories found in their language, Rather, they
respond in terms of the psychoacoustic boundary found for non~speech
stimuli at +20 msec separation between onsets. The Polish voicing

categories are not aligned with any patural psychoacoustic boundary.

On the other hand, the English [t]-{d] boundary at about +35 msec
VOT correspcnds to a second psychophysical boundary, cne for s%nthe-
tic speech stimuli, as demonstrated by chinchillas (Kuhl and Miller,
1978). Thus there is no reason for English 1isteners.to show |
boundary shifts, for whether they respond on the basis of linguistice
or psychoacoustic categories, théir categorizations should remain
the same,

A second goal of this study was to explore the advantages and
disadvantages of each of the available volcing contrasts, prevoiced-
short lag and short lag-long lag, In the choice of voicing con-
trasts, a language seems to face a trade-off between production and
perception stability. The English [f]—[ﬁj contrast, with the
category boundary at about +35 msec VOT, is more stable perceptual-
ly, with a better psychophysical bésis, but its production may
require a more precise control of timing., In contrast, the Polish
[t]—[ﬁ] contrast, with the category boundary at about 0 to +5 msec
VOT, is fairly straightforward to produce, but it seems to be more
difficult to perceive consistently under varied circumstances.

Both the Polish and English voicing contrasts use the short lag
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category, which is marked by neither closure voicing nor aspiration.
The production of short lag'stops depends on having the vocal cords
in their phonation-neutral position at the time of the release of
the stop occlusion., It takes about 20 maec for phonation to get
underway once alr starts flowing through the glottis, which it will-
do when the supraglottal air pressure drops at stop release
(Lieberman, 1967), This timing relation corresponds exactly to the
VOT values measured for Polish [t], and it will be recalled that the
mean VOT for [t] is quite comsistent across positions and contexts.
Thus languages start with this one highly-valued VOT category and
with it build a voicing contrast, In Polisk, this is done by
explditing voiding-lead.valués along the VOT dimension, giving a
stable, easy-to-produce contrast, In English, this 1is done by
exploiting the psychoacoustic categorization of the VOT dimension

into short-lag and long-lag values,

5.2, Feature Representations of the Voicing Contrast

In Ch. 1 it was proposed that at one level of feature represen-

tation, all two-category voicing contrasts should be represented as
[tvoicé], regardless of their phonetic specifications. The inten=
tion of this preoposal is that phonological rules which refer to
voicing be equivalent across languages at a higher level than the
phonetic, Thus voicing assimilation and devoicing processes will be
described similarly across languages, regardless of the actual phon-
etic contrasts involved, The feature representation of three— and
four~category contrasts would be determined by phonological evidencej
in each language involved, possibly using a non=binary voicing

feature, or possibly two separate features, e.g., volcing and aspir-~
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_ation.

To allew this equivalent representation, the phoﬁological fea=-

}

tures cannot be provided by the lowest level of phenetic description
and then be carried up to the morphophonemic level. The phonoloé-
ical features-are in this sense.abstractEd from the phonetic detail.
However, this use of non-physical features £s not meant to be arbi-
trary. The phonological features must still have phonetic content,
iThe mapping of the voicing feature into the phonetic dimension of
E;\J’OT providés such content, although other dimensions may be needed
’for certain categories such as voiced aspirates,

‘ It is proposed that the nature of the VOT dimension itself--a .
$continuum-o£.timing relations--accounts for the cross-linguistic
!equivalences. The VOT dimension provides three potentially-
gcontfast1Ve caﬁegories, and a given language with two or three
voicing categories uses the middle {short lag) one and either or
{both of the extreme ones for 1its own contrast, although the exact
locatioﬁ of each category ﬁay vary across languages, There are then
three referance points along the vof continuum that can be used in
describing cross-linguistic volecing processes, They are the middle
category, the positive endpoint, and the negative endpoint, That
1s, the phonological voicing rules can be thought of as shifts

towards one of the endpoints, or towards the (phonetically unmarked)

ishort lag category. The [i voice] feature is seen to stand for a
relative index of more~ or less-voicedness, A given language's I

starting point along the continuum will not affect the process,

The VOT dimensicn allows a degree of phonetic content but still i

abstracts away from non-contrastive variation specific to individual
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languages or speakers,

At some lower level still, that phonetic detail must be provided.
The VOT dimension i1s well-suited to feed into a physical level of
description, since it i8 a cover-term for acoustic consequences of
articulatory timing relations, As such, it ailows the acoustic
correlates of the various véicing contrasts to be described system-

atically, relating production and perception,
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APPENDIX: Polish sentences constructed by MJIM

and read by five speakers in :ddz,
Poland and three in Providence (see
Ch, 2)

Czyja to gazeta?

Czy ktos dzwonii dzisiaj?

Zaraz wychodzimy.

Idziemy do kinsg?

Jedziemy szybko do Warszawy.

Czemu nie zadzwonides?

Zaraz wychodzimy.

Listonosz przychodzl raz dziennie.

Byieé wezoraj w Warszawie?

Zle sie czuje dzisiaj.

Na zabawie byio féjnie.

MogE wyiséd?

Czy Andrzej juz wrbciy?

Kto by¥ na wyktadzie?

Na zabawle byto fajnie,

Te moja gazeta.

Jade zaraz do domu,

Jakie masz plany na jutro?

Listonosz przychodie raz dzienunie,.

0 ktérej wychodzimy?

Wracamy do domu?

Nie moglem weczoraj zadzwonic,
Jak bylo na zabawie?

Nie mam planéw na jutro. i
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Dostates bilety?

Czy on ma samochad?

Jak SiE czujesz dzisiaj?
Nikogo nie byio na wyk¥adzie.
Jedziemy szybko do Warszawy,
Nie moglem wczoraj zadzwonic,
Czy to byi.tng plan?

Jak czesto przychodis listonosz?
To moja gazeta.

- Nlkogo nie byto na wyktfadzie.
Ktorgdy wracamy dq Warszawy?
Nie mam planéw_na jutro.

Czy dostaies juz paczke?
Kiedy wracasz do domu?

Zle siE czuje dzisiaj.

Jade zaraz do donmu,
[ 9
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