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A Phonetic Study of a Voicing Contrast in Polish

by Patricia Ann Keating, Ph,D, Brown University, Jume 1980

A series of experiments on the praduction anj perception of
the vaicing contrast in Polish was carried out to determine the

importance of the phonetic dimension of Vbice-Onset-Iime (vaT)

+in that contrast, Polish contrasts prevoiced and short-lag VOT

categories, while English contrasts short-lag and long-lag VOT
categories, One goai of the study is_to explore differénces
betﬁeen the two types of contrasts that ﬁould account for their
relative frequency af gccurrence.

Data was collected for 24 Polish speakers in Wroc*aw, Poland.
It was found that the Polish contrast is felatively.straightfor--
ward in production., Initial and medial stops in isolated minimal
pairs and in running speech styles show no overlap 4inm VOT values
between voiced and voiceless stops. 1In ruaning speech, voiced
closureiduration is used as a measuré of VOT for voica& steps.,
For voiced stops, there 13 always volcing during clééure, wiile
for voiceless stops there is not. Perceptual experiments were
carried out using both synthetic and natural stimuli.® Closure
voicing and veilceing lag were found to be strong cues fcr voicedness
znd voiéelessness, respectively; burst voicing is a weaker cue,
However, when synthetic VOT continua are used, listenersi boundar=-
ies between the voicing categories are strongly affected by the

range of VOT values in each continuum, Only when the range

. corresponds te that found in narural Polish productions do the

isteners' boundaries align with their production categories. For
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a range of-VOT values corresponding to natural English productions
the Poiiah listeners' cﬁtegory boundaries are too high. On the
other hand, American listeners show consistent boundaries on all
three synthetic continua, regardless of the VOT range used, Thus
VOT seems to be a less stable perceptual dimension in Polish

than in English, It is proposed that Polish listemers respond to
non-Polish ranges of VOT on the basié of psychoacous£ic categories
giving'the higher boundaries., The Enélish volcing categories are
alfeady aligned with psychoacoustic categories, so Americén
liséeners would not show range Effects. Thus the Polish voicing
contfast is quite stable in production but less stable in percep=
tion. The reverse is true of the ﬁﬁglish contrast,

In medizl stops additional cues are shown to enter into a
trading relation that determines the percept. The prOportion of
closnre voiting to closure silence within Fhe total closure
duration of a voiced stop has-a'perceptuai effect thét_corresponds
to the patterns seeﬁ in production. On the other hand; the
durétion'of the preceding vowel, which has been thought to be
universally lengthened before voiced consonénts, does not corre~
late with stop voicing in Polish,

It is proposed that two—category voicing contrasts like those
of Polish and English be represented at éhe phonological level by
tue feature [ivoice]'in all languages, so that phonological rules
will be expressed equiﬁalently.' At the phonetic level, however,
the feature representation would be [n VOT], allowing phonetic
detail in each language to be described, The results of the i

experiments indicate that VOT is an excellent dimension for such

descrintions,
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CHAPTER ONE == Introduction

1.1. Phonological Features and Their Phonetic Implementations

1l,1.1. Relation of phonolegical features to speech signal

A primary goal of linguistiec phonetics is to relate acoqstic
signals to units establiished on linguistic grounds. One such
linguistic unit is the distinctive feature, which is motivated
within the phonological component of the grammar. Distinctive
features describe oppositions among phonemes and allow phonological
rules to be represented in terms of natural classes, Since dis-
tinctive features were first posited, there has been an attempt to
locaté them in the speech signal, An important question is
whether these linguistic units are in fact present acoustically,
and extracted by the perceptual system., It is known that many
aspects of the speech signal can serve as acoustic cues to distinc-
tive features, that there are many such cues to each feature, and
that these cues vary according to their context (e.g. Lisker, 1977)
The issue, then, is whether some cue oy cue-;nmplex can uniquely
speclify a distinctive feature in all contexts (Stevens and Blum-
stein, 1978)., Only if this is the case would distinctive features
be "foﬁdd" in the speech signal. 1If this is not the case, then
} sude more complex description of how the cues relate to the fea-
tures is required, allowing for contextual dependeuncies and cua
nultiplicity. In the sense that the features would be derived from
the cues, they are an abstraction, one step removed from the physi-

cal utterance.l




l.1l.2. Relation of features across languages

The same, limited set of distincfive features appear to be
available across languages; eacﬁ language uses some subset in its
phonology. However, across langnages,.the.sounds which these
distinctive features describe differ phonetically. In describing
pessible differences between sounds (even if those differences are
never contrastive), a larger, but still linited, set of phonetic
features can be used, This set is larger simply because some
audible differences in sounds across languages never seem to be
used phonologically by any one language. The phomnetic feaﬁures
describe all possible human speech sounds, as constrained by human
production and perception abilities. In any one language, phonetic
features can serve as redundant features providing phonetic detail
beyond that conveyed by the distinctive features,

A possible constraint on linguistic theory would be to require
that the distinctime features of any language form a
subset of the phonetic features, Or linguistig theory could zllow
the two sets to differ, in which case some mapping between thenm
would have to be provided. All things being equal, the first
approach would be preferred for reasons'of-parsimony, but it will be
suggested below that the second alternative has advantages over the
first,

Below the phonetic level, fhere must be some actual physical
level, where acoustic cues and the articulations that produce then
are described, The phonetic level may be thought of as integrating
the production and perception information from the physical level,

although the phonetic level 1itself is not a physical level.




1.1.3., Levels of representation

The question of how linguistic units relate to the speech sig-
nal has now been narrowed to the question of how phonological
features relate to phonetic features., One.form this question has
taken is whether phonological features should have "phonetic con-
teat", that is, consist of phopetic parameters. One extreme view,
held by Fudge (1967) and others, is that there is not necessarily
any coﬁnection between the phonological and the phonetic features.
Fudgé in particular was concerned that a éingle set of features
could not serve the two purposes of phonological and phonetic des-
cription equally well, Si;ce he assumed that these features had to
be either identical or unrelated, he proposed having two unrelated
sets of features with an arbitrary mapping between them. The oppo-
site view also assumes that, to be related, phonological and phoﬁe-
tic features must be identical, and so posits this identity, This

view is exemplified in Chomsky and Halle (1968) (SPE) and in

 Ladefoged (1971), This identity is attained by replacing the older

notion, Jakobson, Fant and Halle (1952)'s "distinctive" features,
with “"phonetic" features that cam be used as "phonological® fea-
tures, The phonetic features are designed to provide inherently
non-contrastive detaill about speech sounds, which distiucgive fea~-
tures were not,

The view espoused in SPE warrants special attention, since it
is the most explicitly stated, and the most widely-accepted, view
of the relation between phonological and phonetic features to date,.
In this system, the phonological coﬁponent describes the systematic
sound patterns in a language, such as distinctive oppositionsg be-

tween individual sounds, the naturzl classes of those sounds, and
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' alternations of sounds in the various realizations of a single mor-

pheme. The input to the phonological component is lexical repre=-
sentations and grammatical information. The phonological rules
convert underlying forms to phonetic forms.which in turm serve as
the input to rules of speech production (or are the output of
speech perception devices), The same features are used throughout
the system. Ai the phonclogical level these features are binary,
but at the phonetic level they assuﬁe scalar values whichlprovide
phonetic detail. Phonoloegical and phonetic forms are represented
2as matrices, with segments as columns and features as rows.
Phonological rules can add or delete segments, or change the value
of a featuré, represented in a cell of the matrix, but they cannot
change the name assigned to any row (featuré) in the matrix, at any
stage,

This constraint on features is an attempt te ensure that
phonological features have phonetic content. The Naturalness Con-
dition formulated by Postal (1968) stipulates ;hat'the same fea~-
tures be used at both levels so that phonological rules and repre-

sentations can be judged for phonetic naturalness. Thus the use of

a single set of phometic features is motivated by a desire to have
an evaluation measure that uses phonetic naturalness as one criter-
ion in ratiﬁg alternative grammars,

One problem facing the SPE system is that 1ingﬁistic represen=-

tations are segmental, while articulations and acoustic signals are

.no:. The SPE system 18 constrained to have segmental representa-~

tions at all levels, since the phonological level requires themn.
This forces some ad~hoc descriptions of the phonetic and physical

levels (see below) to avoid representing the encoded nature of




speech., The reverse problem imposed by the SPE system 1s that

phonetic detail derived from the physical level is codified as
features and as such carried into the phonqlogicél level and leii-
cal representations,

A third answer to the question of phonetic content of phono-
logical features is proposed by Lieberman (1970, 1977), Lieberman'
"unified” approach requires phonological features to have phonetic

content, but net to be identical to phonetic features. Instead,

phonological features are implemented as phonetic features, perhaps

differently by different languages. However, Lieberman does not
specify how the phonetic theory will constrain the relation of the
tﬁo sets of features. The features are to be optimal for the level
at which they are used, but they must be related.by the theory.

One purpose of the present study-is te consider how different
features could be used at different levels of the grammar. The
.goal 1s te provide sufficiently abstract, but phonetically-motivat-
ed, features at the phonological level, and sufficiently accurate
 phonetic a2nd physical features. A separate issue is how many types
and levels of features are required.in the grammar.

-In the next section, various treatments of a particular con-
trast, voicing, are presented, Intuitively, the feature involved
is similar across languages. The different accounts are presented,
however, to illustrate how linguists are influenced by phonetic
variation when describing this contrast., Nonetheless, it will be
suggested that, when correctly represented, this phonetic variation

can be used to motivate a single phonological feature,
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1,2, An Example: Voicing Contrasts

1.2,1. Universal feature of voicing

One feature that seems to occur in contrasts in many unrelated
1aﬁguages is that of "voicing". Almost all languages contrast
"voiced" and "voiceless" obstruents; a few languages have sonorant
céntfast# as well, Many languages have phonological rules which
refer to the voiding feature, in particular, rules which assimilate
the voicing of one consonant to that of another, and rules which
change a8 volcing feature depending on pogsition within 2 word. One
example 1s cluster assimilation in Slavic languages and French,
where the first of two consonants assimilates in volcing to the
second, e.g. Polish /farba/~ ffarpka/, [kot/~ /kodf#vibutax/.
Another example is plural formation in English, where the phonetic
shape of the plural morpheme depends in part on the voicing of a
preceding consonant, the final segment of the root, e.g., [kaets/
vs, /kaedz/. The second type of example is rules such as word-final
devoicing, which occurs in, €.8+; Slavic languages, German, and
some dialects of English,

_The interesting point is that these processes are 2ll known as
"voicing assimilation™ and "devoicing", even though the so-called
"voicing" contrasts involved may differ phonetically, ‘In fact,
they differ enough phonetically that most feature systems developed
do not treat them as equivalent, as will be seen below, Nonethe-
iess, they intuitively seem to be similar, as evidenced by the I
tendency to equate the rules, if not the contrasts themselves,

A unified cross-linguistic representation of the "voicing" I

feature is a goal of the present study, |




1.2,2. PFeature systems
Traditional descriptions of voicing differ in their treatment
of the aspiration in English initial stops. Some authors consider
the aspiration grounds for separating the English contrast from
other contrasts which do not involve allophonic aspiration,
Heffner (1969)'s aécount providesthe feature-equivalence dis-
cussed above, He considers any contrast of the type /b d g/ ~

/p t k/ to be one of voicing, even in English, where, unlike in

French, the "voiced" stops are not voiced throughout "their total
length™, Other languages contrast /p t k/ﬂ-/ph B kh/ by a feature
of aspiration or "fortis release" (presumably languages with a

three-way contrast), The allophonic aspiration of English voice-

less stops does not enter into the description of the basic
contrast,

Trubetzkoy (1969) used three phonetic features, [iyoice],
[iﬁeuse], and [igspirated] to describe various voicing categories,
but while the same phonetic features could be used for various

languages, the distinctive feature for each language must be deter=~

mined independently by phonological evidence, Slavic languages
have distinctive riyoice], redundant [itense], and no aspiration.
French, English, and German have co-varying [+voice] and fitense],
but it is impossible to say which is distinctive and which is
redundant. In Enrglish, [igspiration? is an allophonic feature
associated with voicelesé, tense stops.

Jakobson, Fant, and Halle (1952) decided that in fact tense-
ness is distinctive, at least for English and French, so that those
two languages have redundant voiecing, while Slavic languages have

distinetive voicing., 1In Danish, [itense] is also distinctive, but

all stops are voiceless. Tenseness and aspiration are related,

e ool — N — - ]




and tenseness 15 used in describing three-way contrasts, along
with voicing.

Another approach is to recegnize thfee or more basiec phonetic
voilcing categories, and describe voicing contrasts as a choice of
two or three of these categories. Abercrombie_(1967) describes
the three categories "voiced", "voiceless unaspirated”, and
"volceless aspirated”, These categories were given an articulatory
.and acoustic basis by Lisker and Abramson (1964), who describe five
phonetic categories along a single voicing dimension, The phonetic

feature is known as voice-onset time (VOT); it will be described

in detail in tﬁe next section. The five phonetic categories can
be combined into the three potentially contrastive.categories of
Abercrombie, In this view, aspiration is not an independent fea-
ture, but a natural concomitant of one of the voicing categories.,
Ladefoged (1971) also adopted this approach, with five phonetic
.categories, "fully voiced"™, "partly voiced", "voiceless unaspirat-
ed”, "voiceless Elightly aspirated"”, “voiceless aspirated”, Accord-
ing to Ladefoged, French voiced stops are "fully voiced”, while
English ones are "partly voiced", According to Lisker and Abram=-
son, the English voiced stops are usually voiceless unéspirated.
Chomsky and Halle (1968) were aware of LiSker.and Abramson's
fiqdings and VOT dimension, but they wished to maintain independent
binary features, rather than multi-valued scales, at the phonologi~
cal level, Also, as mentioned above, temporal features are less
appropriate when a strict segmental representation is desired,
Therefore Chomsky and Halle chose to describe four of the five VOT
categories with four binary features, all of them based on articu-

latory configurations., Since these features are no longer in use
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(Sommerstein, 1977) and rather complex, they will not be described
here, One point should be made, however. The articulatory detail
given by these four features was soc fine that they described dif-
ferent articulations with the same acoustic and phonetic cutput
(see Lisker and Abramson, 1971, Figure 2, derived from SPE ﬁ. 328).
This inherently non-contrastive information was then carried along

through to the morphophonemic level. For exawmple, subglottal

pressure was uesed as a phonological feature in languages with under
lying aspiration contrasts, The same articulatory detail marks

Halle and Stevens (1972)'s feature of stiff/slack vocal cords,

which aseribes an invariaance to articulation that is probably unwar
 ranted (e,g, Westbury and Niimi, 19?9). More recent work in genera
tive phonology uses some version of Et voice] plus [t aspiratioﬁ]
to represent voicing contraste and phonetic forms.

Thus, in sum, there have been four general approaches to cross
‘language "voicing" contrasts, One is that all languages have a
voicing.contraat, and that allophonically English has aspiration,
Another is that some languages have a volcing contrast, but that
other languages have a tenseness contrast. English themn has allo-
phonic aspiration precisely because it has contrastive tenseness
rather than voicing., The third approach 1s to have a more elaborat
set of features, like those of SPE, which incorporate explicit pho=-
ne;ic descriptions,

'fhe fourth approach iq guite different. It allows the basic
phonetic categories to be described by a single feature, VOT, and
leaves open how that phonetic feature is to be represented at the
phonologicalllevel. It also provides a fairly explicit account

of the articulatory and acoustic parameters associated with it,
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Lieberman (1970) proposes separating the phonologically contrast-
ive feature, [t voice] y» from the phonetic implementation of that
contrast, particular VOT categories for each language, As he says,
"It is not necessary to invoke an additional feature of tenseness
to explain the differences between English and Russian stops, The
difference resides in the way that the feature of voicing is imple-
mented in these languages.” (Fn. 3, p. 308), Phonological features
are implemented by universal, language~specific, and individual-
speaker "implementation rules" which determine the articulation to
be used, This approach seems preferable to one which allows low-
level phonetic differences to affect phonemic representations. The
unity of the abstract feature "voicing" seems to ocutweigh any
effect these differences may have at the phonological level.

The present study is an attempt to develop this two-tiered
feature system in a way that will allow cross-language contrasts
to be equivalenced ‘at one level but accuratelz differentiated at
another, The feature considered is that of voicing, implemented
differentially across languages as VOT categories, In the next

éection. the phonetic feature VOT is described.
1.3. VOT Voicing Categories

1.3.1,. Definitions
Lisker and Abramson, in their pioneering 1964 study, defined

VOT as a single preoduction dimension, the tiune interval between

the release of a stop occlusion and the onset of vocal fold vibra-
tion. As such it is meant to be a cover~term for various laryngeali
events that can affect this timing relaticn. The acoustic manifes-

“tations of this articulatory dimension are diverse. The current
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use of "VOT" to describe one of these acoustic manifestations, the
time between the burst and the first perilodicity in the acoustic
signal, 1s a much narrower use of the term "VOT" than intended by
Lisker and Abramaonf The entire set of acoustic correlates of the
ar;iculatory dimension include not only the timing of periodicity,
but also burst intensity, aspiration, F1 cutback, onset fregquency
of volced transitions, and fundamental frequency variation (Abram-
son, 1977). In this view, aspiration is simply the result of tur-
bulent air passing through the glottis and resonating at vocal
tract frequencies during a voilcing lag, rather than being an ortho=-
gonai feature, such as tenseness, The Lisker and Abramson scheme
in fact does away entirely with the feature tenseness. In systems
with this feature, muscle "tension" for voiceless stops is supposed
to inhibit voieing by preventing the pharynx from expanding. Experi
mental eﬁidence has indicataed, however, that the situation can
actually be completely reversed. .The pharynx can be actively ex-
panded to permit voicing during stop closure (Bell-Berti, 1975),
and thus this feature has no physical basis.

The Lisker and Abramson approach defines three overall contras
tive VOT categories corresponding to the phoﬁetic categories "fully
voiced", "voiceless unaspirated™, and "voiceless agpirated". In
general, most languages include two or three of these among their
stop contrasts, (A few languages, such as Korean and Hindi, have
additional stop categories that cannot be accounted for by laryngea
timing.) Fully voiced stops are those with voicing during closure,
that is, where voice onset leads before the release ("prevoiced"),

Voiceless unaspirated stops are those where voice onset lags after

the release by up to 20-25 msec ("short lag")., Voiceless aspirated
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stops are those for which voice onset lags after the release by

more than 23 msec ("long lag"). VOT is usually represented graphi-
cally as a continuum, with voilcing at the stop release set equal
to 0 msec VOT. Stimuli with voicing lag have positive VOT values;

stimuli in which voicing leads the release have negative VOT values

1,3,2, Cross~language studies

Lisker and Abramson (1964) showed that VOT is an effective
measure for separating word-initial stops into phonemic voicing
categorieg in eleven languages., They measured VOT values for pro-
ductions of absolute~initial stops in each phonological voicing
category in Dutch, Spanish, Hungarian, Tamil, Cantonese, English,
E. Armenian, Thai, Korean, Hindil, and Marathi. Although the mean
VOT values were not identical across these languages, they cluster~-
ed in ways that allowed the three potentially~-contrastive categorie
to be defined. |

Further data on production of VOT has been collected for
Spanish by Williams (1977), and for English by several investiga~
tors, among them Zlatin (193&) and Moslin (1978), Additional
languages studied include Kikuyu (Streeter, 1976), Arabic (Yeni-
Komshian, Caramazza, and Preston, 1977), and French (Caramazza and
Yeni-Koﬁshian, 1974), The VOT categories of a number of languages
are indicated in Table 1, For all these languages, VOT is suffi-
clent to disfinguish the word-ianitial phonological stop categories,
except as noted above. The only casés of overlap occur when 1)
with a prevoiced;short lag contrast, some tokens that should bde
prevoiced are not, resulting in short lag VOT values; 2) in rapid
conversational style, the English contrast of short lag-long lag

is somewhat reduced., However, except for English, running speech

i T T e A — . A e — e ———————.
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Languagpe
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Spanish
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Cantonese
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TABLE 1

Lisker and Abramson (1964),
allophonic free variation,
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Use of contrastive VOT categories by several languages, based on
English use of prevoicing is

Note that the last three languages
have stop categories which are not differentiated on the basis

preveoiced
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X

(x)
(x)

VOT categories

short lag
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X

(x)

long lag

X
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environments have not been studied extensively.

Since Lisker and Abramscn's demonstration of the usefulness

of VOT in describing production, most attention has centéred on its

usefulness in describing perception, Data on both labeling and

discrimination of VOT have been obtained and related to the pro-
duction data. Typically, a series of stimuli are produced synthe-
tically such that their VOT values vary in small (e.g. 5 or 10
msec) steps along a pseudo-continuum, Listeners are presented thes
stimuli individually for labeling and in various combinations for
digerimination. Such perception experiments have been carried out
for a subset of the ianguages for which production has been studied
(see below), It is generally expected that the labeling categories
will match Ehe production categories, and that the;e-will be a
disc:iminationlpeak corresponding to each_éategory boundary. This
-eipectation has been met consistently for English (e.g. Lisker
and Abramson, 1970; Abramson and Lisker, 1970; Zliatin, 1974), In
fact, this relation is so reliable that it is the basis of much
further experiﬁental work in speech perception., All of the other
languagss'atudied have shown a somewhat lgss qonsisten£ relation
between prodﬁction,-labeling, and discrimination, In particular,
prodﬁction categories are often not aligned with perceptual cate-
.goqies. Table 2 and the following diséussion summarize the more
important of these studies. |

‘Some dafa is available for Lebanese Arabie (Yeni—Komshian,‘
Caramazza, and Preston, 1977), This language has a voicing contras
only for-apicai and emphatic aplical stops, with prevoiced and
short lag categories. For both paifs, there is a fair amount

of production overlap in VOT, since veoiced stops are sometimes
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TABLE 2
A summary of results of studies on the perception of VOT in.
languages, with production data given for comparison, All
values are in msec VOT. '
Place of Production Labeling I Discrimination
Articulation Ranges Boundaries | Peaks
—— — T = —-.;——'—____———-—L-_....._.. S
THAI: Lisker and Abramson, 1970
Abramson and Lisker, 1970
labial -150/-40;0/+10 =203 +40 -20; +30
+30/+80 .
apical -150/-90; 0/+20 ~103 +45 -
+30/+120
velar - 1 0/+40 - +40 -
+50/+150
THAI: Donald 1976, 1978
labial - -22; +25 ~20; +20
velar - ==z +33 -20; +20
ENGLISH: Lisker and Abramson, 1970
Abramson and Lisker, 1970
labial =-130/0; +20/+90 E +22. +20
apical ~120/+20; +30/+100!. . +37 -——-
velar -150/+30; +50/+130] +40 -
ENGLTSH: Kuhl and Miller, 1978
labial - | +27 ———
apical m e i +35 m——
velar —— i +42 ———
ENGLISH: Zlatin, 1974
labial -210/+50; +10/+2201 +32 -
apical -200/+50; +30/+180| +27 -
velar | =210/+505 +40/+170] +66 -
- SPANISH: Lisker and Abramson, 1970
Abramson and Lisker, 1972
labial j -150/=-60; 0/+20 +14 ‘ no pooled data
apical -150/-9%0; ©/+10 +22 given; various
velar -130/~40; +10/+50

+24 ;

numbers of peaksl

per subject
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SPANISH: Williams 1974,1977

labial ~180/-30; +5/+45 =10 -
apical ~160/=40; +10/+40 —— —
~180/-35; +15/+135 -— _—
KIKUYU: Streeter, 1976
| - .
labial X = =65, 5 = 23,2 | ‘em- -15,+20
apical x = «62, 58 = 21,2 —— +10
X = +10, s = 8
ARABIC: Yeni~Komshian et al,, 1977
labial -160/+20; -~ ——— ——
apical -130/+30; 0/+115 +5 ———
(emphatic) -130/+30; 0/+80 - ——
velar —— s 0/+120 -—— -
uvular — s 0/+110 - _——
FRENCH: Caramazza et al., 1974
labial =150/+10; 0/+25 —— ——
apical -100/0; +15/4+35 —— ——
velar ~125/0; +20/+40 —-—— ——
FRENCH: Simon and Fourcin, 1978

apical

+15

!
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produced without preveicing. This wa; found for most of the
speakers, in tokens that were judged by other speakers to be per-
fectly acceptable voiced stops. The spéakers were essentially
monolingual. Thus it seems likely that prevolcing is not ghe only
correlate of volcedness in Arabic, and further work is needed to
c%arify the role of VOT there. Labeling was also assessed, through
free imitation rather than a forcedfchoice paradigm, and the cate~
gory-boundary values given were estimated. The best estimate of

the group boundary was about +5 msec VOT, although a wide range of
individual boundaries was obgerved.

Data is also availablé for Kikuyu (Streeter, 1976), Although
data 1s presented for both labialé and apicals, only the latter
have contrastive cateéories. She did not display the actual fre-
quency distribution of VOT measurements, but based on the means
and standard deviations she reported, there seems to be little or
no category overlap, Discrimination but not labeling was assessed.
The observed "peak" in discrimination is extremely wide, covering
the entire short lag region of the VOT continuum, Its center is

at +10 msec VOT, which is the mean production value for the voice-

less category. Thus the discrimination peak is too wide and too
high. Streeter concluded that her subjects had performed more on
the basis of psychoacoustic than linguistic di;tinctioés.

The most-studied languages other than English have been Spanish
and Thai.. Spanish is a two-category language with prevoiced and_
shart lag stops. However, the stop voicing contrast is maintained
only after a pause or a liquid. In all other pesitions,a voiced
stn§ is spirantized, Therefore Spanish stop voicing has not been
studied in non-initial positions, or in running speech, since the

number of tokens would be small. Thai is a three-category language,

ll v e - o e oo — —




except that there is no prevoiced velar stop. All the data 18
obtained for Thai have been for initial position.

Spanish and Thai were the languages selected by Lisker and
Abramson, with English, for the first studies of perceﬁtion of
VOT {(Lisker and Abrémaon, 1970; Abramson and Lisker, 1970). The
Sganish production data gave a clear catégory separation in the
lead region, but the labeling boundaries fell in the lag region,
in the middle of the voiceless category. Subjects were unable to
carry out a discrimination task, For Thaif, the prevoiced - short
lag contrast showed fair agreement between production,. labeling,
and discrimination data. The short lag - long lag contrast showed
labeling boundariesg that wefe teco high for the production data,
and discrimination peaks that were even higher, Thus, the earliest
studies were not entirely in accord with a VOT analysis of these
contrasts, although they were largely interpreted as such,

Abramson and Lisker (1972) repeated experiments in discrimin-
ating Spanish labial volcing categories, A wi%e range of peaks is
apparent in thelindividual data, Abramson and Lisker concluded
from this that both linguistic and psychoacoustic factors influence
discrimination performance.

Williams (1974, 1977) also studied Spanish labial stops, and
obtained a pgood matech between production, 1abeling, and discrimina-~
tion. The group category boundary fell at aboui -10 msec VOT,
Williams’(1977) then considered whether prevoicing is a necessary
‘cue for the voiced category, by editing prevoicing from natural-
tokens and presenting them to listerers for labeling., Overall,
these stimuli were still labeled as voiced, but significantly less

often than the unedited sctimuli, That is, prevoicing increases

|
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the likelihood of a "voiced" response, but there are other cues
to volcedness In the stimulus that remain available when prevoicing
is removed., Williams hypothesized that properties of the onset
such as absence of a release burst, and continuous voilcing Fhrough
the release, could act as such cues, (Recall that in Spanish most
volced stops actually occur as voliced fricatives.) Williams sug-
gested that thé manner and volcing features are conflated in the
"property“[% abrupt onseg]. Prevoicing, continuous voicing, lack
of a release burst, and spirantization would all be [fabrupt onses]
and cue volcedness,

Donald (1976, 1978) obtained further labeling and discrimina-
tion data for Thai, She found a better fit between perception and
production than Lisker and Abramson did, but there was a tendency
on the part of some Bubjects to place the short lag - long lag
bour:dary higher in the labeling task than in discrimination,

Some research has been directed at the question of whether the
VOT values within a category are affected when there happens not to
be a2 contrast at a particular place of articulaticon~~that is, when
there is a8 "hole" in the system of voicing contrasts, For exaﬁple,
in Kikuyu, there 15 a prevoiced but no short lag stop at the labial
place of articulation., Streeter (1976) found that the production
values for the prevolced stop were in line with those for the
contraséive apical prevoiced stops. {(Since VOT varies systematical~-
1y with place of articulation, we would expect the values for fhe
;abials to be slightly lower than those for the apicals, which
they are.) 1In a discrimination task, listeners showed twvo peaks
along a labilial VOT continuum-~one between the prevoiced and short

lag stops, just as if there were a contrast, and also one between
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short and long lag values, which are never contrastive in Kikuyu,.
category language, where there is no prevoiced velar stop, but the

showed a discrimination peak even where there is no contrast, but
that peak, between prevoiced and short lag stops, was weaker than
the peak found between the contrastive short and long lag velar

stops. Dent (1976) measured VOT production values for Spanish

contrast is not only one of voicing but also of manner. Again,
integrity of the volcing category was maintained by speakers, who
produced voiceless stops with consistent short lag VOT values,

Thus, studies of non-contrastive VOT categories have found

there were a contrast, 'Diacrimination, however, is improved at
the non-linguistic category boundary. That is, when there is no
contrast, listeners' performance 1s influenced by psycheacoustic
factors as well.

Overall, the results of studies of VOT have been mixed. In

most cases, the problem has been that pexceptual boundaries lie

about 10 to 20 msec higher than the production boundardes, This

sexm perceptually shorter than the measured VOT value,

‘how an “effective" VOT value is derived by a listener, are still
not well understood. Except for Williams' work on Spanish onsets,

which was preliminary, work on other voicing cues in initlal

Donald (1978) looked at a similar situation in Thai, a three~

velar short lag - long lag contrast is maintained, Again listeners

voiceless stops in running speech, where, it will be recalled, the

that production values remain confined to a single VOT range, as if

problem may be due to non-optimal settings of various parameters in

some of the stimuli used, that somehow make the effective VOT value

The precise acoustic manifestations of the VOT dimension, and
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position has been focused on English. As stated before, Lisker
and Abramson have always insisted that VOT 1is a complex of co-
varying cues, The gquestion arises, however, as to which of these
co-varying cues the perceptual system is aﬁtnally sensitive to.
Individual languages and/or speakers may have a hierarchy of cues
to which they attend. Soﬁe cues which have been shown to be
relevant to English perception include aspiration (Winitz et al.,
1975; Repp, 1979), voiced transition onset frequency or duration
(Stevens and Klatt, 1974; Lisker, 1975; Summerfield and Haggard,
1977), fundamental frequency after release (Fujimura, 19?1; Hag-~
gard; Ambler, and Callow, 1970),and burst intensity (Repp, 1979).
Detailed acoustic descriptions of burst intensity and duration
are given by Klatt (1975) and Zue (1976), without perceptual data.
The first two of thesé, agpiration and transition onset, may be
of limited use in languages with a prevoiced ~ short lag contrast.
Most short-lag VOT values fall at about +20 msec; since the burst
itself can easily comprise the first 10 msec of this interval, the
transitions might be just underway at the point of voice-onset.
Thus almost all of the tramsitions' extent will be voiced, so that
there is no Fl cutback, and no aspiration (&f. Simoen and Fourcin,
1978, for ar interpretation of labeling responses of French chil-
dren).

It 'is certainly possible that the earliest VOT continua made

. were simply not satisfactory, and that they were more suited to

English than to other languages, However, it is also possible that

the discrepancies between productlion and perception categories may
be due to differences iIn the ranges of VOT values used in various

studies. One fact that can be noted is that the mismatched
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perceptual boundaries occur in those studies which used a wide
range of VOT values in their test continua., The original Abramson
and Lisker continua extended from ~150 t§ +150 msec VOT, which
covers the range of productions for Thai, Most subsequent studies
used most or all of this range, However, the two sets of studies
which were successful in matching production and perception, those
of Williams for Spanish and Donald for Thai, used much smaller
ranges which focused more on the suspected category boundaries:
from -40 to +40 msec for Williams, and from =50 to +50 msec for
Donald, This factor, then, also warrants consideration in studies
of languages other than English,

In sum, it can be said that, although some studies of VOT have
certain drawbacks that would make VOT seem suspect as a phonetic
universal, other studies have apparently overcome those problems,
and give promising results. More work is needed on the influence
of other cues besides the timing of the onset of periodicity, and
on the effect, if any, of the range of stimuli used on perceptuél
categories. Nonetheless, VOT seems a reasonable phonetic feature

for a study of cross-linguistic voicing contrasts.

1.,3.3. Psychophysical basis for VOT contrasts
In an account of cross=language voicing contrasts, another

issue which must be addressed is whether one category or one

‘contrast is more highly-valued, and preferred by languages, than

another (Stevens, 1972),., In fact, all languages with voicing con-
trasts seem to use the short lag category. in addition, they I
choose one or both of the other categories, No language contrasts

prevoiced and long lag stops alone.
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Several lines of research have suggested that-there is a
psychophysical basis for three VOT categories., One line is the
study of discrimination of phonetic contrasts which are not dis-
tinctive in a particular language, For example, Streeter and
Landauer (1976), in a study of Kikuyu children learning English,
found that the first grgders had two discrimination peaks for a
labial VOT continuum, (Kikuyu has a prevoiced labial stop but no
contrast.) One peak coxrresponded to the Kikuyu contrast of pre-
voiced - short lag VOT found for apical and velar stops. The
other peak corresponded to the English contrasﬁ of short lag_-
long lag VOT, Another exanmple is discrimination of the English
contrast by monolingual épeakers of Spanish. Both Abrams cn and
Lisker (1972) and Williams (1974) found secondary discriminatien
ﬁeaks at about +35 msec along the VOT dimension which cannot be
attributed to linguistic experience, since Spénish does not use
"this contrast, On the other hand, speakers of English do not
appear to discriminate the Spanish prevoiced = short lag contrast;
that is, this ability occurs in only one direction.

Investigations of infant perception also show discrimination
abilities which cannot be entirely due to.linguistic experlence,
Both Spanish and Kikuyu infants show discrimination peaks between
three VOT categories, (Lasky at al., 1975; Streeter, 1976). Again,
howevef; this ability to make discriminations not in the language
' doés.ndt apply to English., American infants show only one clear
peak, corresponding to the English VOT contrast, and merely a
tendency to discriminate prevoiced from lag VOT values, given a
large enough contrast (Eimas et al., 1971), Alse, the Spanish and

Rikuyu infants' peaks do not quite correspond te adults'® peaks.

i, m W, oial—— - —r
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For example, Williams (1974) found that Spanish adults have their
category boundary at about -10 msec VOT, but Lasky et al. (1975)
found that Spanish‘infants did not discriminate ~20 from +20 msec
VOT. Rather, their peaks lay beyond -20 and +20 msec.

To explain this non~-linguistic discrimination ability, it has
been hypothesized that some minimum temporal separation between
major acoustic events within a stimulus is required for those
events to be distinguishable, for example, stimulus onset and
voice onset., This explanation was tested in two experiments with
adult speakers of English. Miller at al, (1976) used stimuli that
presented a buzz at various time intervals after & noise burst,
thus similar to lag VOT stimuli, Listeners showad a category
boundary at about 17-20 msec temporal separation, Pisoni (1977)
used stimuli with two tones, at 500 and 1500 Hz, where the lower
tone led and lagged the higher one in intervals up to 50 msec,
These stimuli thus contain a "cue" somewhat like the F1 cutback
cue used in synthetic VOT continua, Most listeners showed cate-
gory boundaries at about +20 and -20 msec temporal separation of
the tone onsets,

A fourth line of research has been investigations of animal
perception of human speech categories. Perception of VOT has been
studied in rhesus monkeys (Waters and Wilson, 1976) and chinchillas
(Kuhl and Miller, 1975, 1978). The rhesus monkey study used large
-differences in VOT (70-msec steps) from =140 to +140 msec VOT. The
0/+70 msec pair was discriminated best, but performance varied
depending on the range of stimuli used in a given test. Since
Waters and Wilson were looking only for an English-like Eoundary,

they used a forced-choilce format (their "discrimination” task is
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really more like labeling) that did not allow for two possible

boundaries along the "continuum®™, Thus it is difficult to inter-
pret these results, The Kuhl and Miller studies with chinchillas
were more detailed, but they also were not looking for boundaries
in the lead region, They used labial, alveolar, and velar con-
tinua with VOT values from O to +80 msec in 10-msec steps. The
chinchillas showed category boundaries like those of English-
speaking humans, but their identification functions were less
steep, The chinchillas' boundaries varied accbrding to place of
articulation, just as the humans' did, from about +25 msec for
labials to about +42 msec for velars,

These several studies, taken together, suggest the following:!

1) There is a relevant non-speech psychoacoustic boundary at both

-20 and +20 msec temporal separation. However, the basic auditory
boundary for lag VOT in speech is higher than this, for example,
+35 msec VOT for apical stops, corresponding to the English
voicing contrast,

2) There is no psychoacousﬁic support for boundaries from about
=10 to +10 msec VOT, although this is the region for boundaries

in languages contrasting only prevoiced and short lag voicing
categorlies, such as Spanish,

3)-Some infant and animal studies could be tapping either the
speech-psychoacoustic or noise~psychoacoustic category boundaries,
considering the relatively large step sizes generally used in éuch
studies.

45 The English short lag ~ long lag category boundaries seem
stronger, more salient, than the prevoiced - short lag boundaries,

There seem to be three psychoacoustic timing categories for non-

speech stimull, and non-~speakers of English evidence three VOT
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categories for speech, as do infants from these octher speech

communities, However, English speakers and their infants do not

show a separate perceptual category for lead VOT values, The

differential behavior of the English vs., non-English Iinfants is

puzzling, but seems to indicate that even a few weeks or months of

exposure suffices to activate the prevoiced - short lag contrast

for infantsg,

With the strong correspondence of the English type of voicing

categories to basic auditory processing, and the lack of such

correspondence for some other languages' contrasts, it is interest-

ing that the prevoiced - short lag contrast is quite common among

languages. In fact, it may be more common than the perceptually-

easier short lag -~ long lag contrast., Therefore one object of the

present study 1s to consider why the prevoiced VOT category 1is so

"popular,™ in particular, by looking at its production and per-

ception in various contexts,

1,4, Study of Polish Voicing

The present study is an investigation of the productiow and

perception of a voicing contrast in Polish, %Polish is a West

Slavic language spokenm by at least 32 million‘people in Peland,

and, as a native language, by a few million others outside Poland.

Polish,-like other Slavic languages, is described as having voiced

" and voiceless unaspirated stops, and preliminary observations in- I

deed confirmed that these have lead and short lag VOT values, Thus,

as regards voicing contrasts, Polish is a two-category language,

which, like Spanish, French, Arabic, etec., uses the phonetic con-

tragst which English does not use,

Unlike Spanish, however, Polish

I




o — S—— S —— T L A el A “ﬁ

27

has post-vocalic voicing contrasts, and is therefore more suited

to a study using running speech, "An additional advantage of
Polish is that its spoken dialects asre fairly uniform for educated
speakers. Alsgo, its phonology has been studied (e.g. Mikoé, 1977),
and the processes involving voicing contrasts are understood.

The study is limited to the contrast of the apical stops (t]
and [ﬁ] in non~-cluster environments, Table 3 gives the surface
phonemes of Modern Standard Polish, following Mikos (1977). In
this treatment, [q] and [d] are the major allophones of phonemes
/t/ and /d/, respectively. Palatalized allophones also occur,
before the high front vowel /1i/; [t] and [d] occur before the
high back unrounded vowel /%#/ and before all the other vowels,

As the result of historical changes, some /t,d/ alternate morpho-
phonemically ﬁith /é,é/ before front oral vowels, Overall, the
volceless consonant is more common that the voiced, as it enters
into many more consonant clusters, and occurs exclusively before
pause, There is a2 Morpheme Structure Coundition that obstruent
clusters agree in volcing, and most underlying two-obstruent
clusters are voiceless., There is a rule of progressive oustruent
voicing assimilation within and across words, and a rule of pre-
pausal obstruent devoicing. Thus the Polish [t] - [d] cantrast 1is
;lmoat prototypical. There is no question as to the phonological
fe;ture‘involved, as there is for other languages.

“The experimental portion of this study is contained in Ch, 2-

cription of the acoustic nature of the Polish contrast, Ch, 5 uses

4, Production and perception experiments aim to arrive at a des-

these results to consider cross-linguistic low-level variation in

voicing, and factors favoring each type of contrast, Finally, an |




TABLE 3

Surface phonemes of Modern Stamdard Polish, from Mikos (1977).

CONSONANTS ¢

- o plgg; of articulation
manner bilab lab-dentrdental jalveolar palatal velar
s£;; p b t d : ' k g -
fricative fv 5 z H 4 ; b4
affricate c g g 5 ¢ z
nasal ‘m n n
liquid lr (1)
glide I ' j y W

VOWELS: 1 + e a o u

l
+
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attempt is made to justify a multi-level feature system, as

discussed above,
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FOOTNOTES

lrhis representation of distinctive features as linguistic
but not physical units makes no claims at all as to their "psycho-
logical reality". It simply excludes them from phonetic process=
ing, but still allows them a role in cognitive activities such as
acquiring the phonology as a child, lexical storage, etc.




CHAPTER TWO =«

Production and Perception of VOT in Word=-Initial Ct] and [ﬁ]

In this chapter I will examine the effectiveness of VOT in

differentiating voiced and voiceless initial apical stops inm Polish,
i

In the first section I will comnsider acoustic measurements of VOT;

in the second section I will consider perceptual data,
2.1, Production Measurements
2,1.1, Methodology

2.1,1.1, Recorded speech samples
a, Wroctaw minimal pairs

A list of minimal pairs with [t] - [ﬂ] contrasts was construct
ed for Polish by MJM.l Five pairs were recorded by 24 speakers in
Wroclaw, Poland. Four of the pairs have word-initial contrasts, an
one has a medial contrast.z Two of the pairs consist of disyllable

with a stressed vowel [q] after the apical stop, and two consist of

monosyllables, with the vowels [a] and [u].

The 24 speakers were students at the Institute of Telecommuni-
cations and Acoustics; all spoke Modern Standard Folish, Most read
the five pairs once; some read them twice. Recordings were made
ot & cassette through the kindness of Dr. Wejelech Majewski.3
b, FPolish sentences

‘A s;t of sentences was constructed Ey MJM for a study of
Polisﬁ intonation. The word~initial tokens of [t] and Edz that
happen to occur in these sentences were analyzed for the present
study. A recording of five speakers in Poland, who also spoke |
Modern Standard Polish, reading these sentences was made available |

by MIM. The recording was made in the radic station in Lbdz where
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the gspeakers were employed,

All the.word—initial [f] 's happén to occur in the word to, I
sometimes as a stressed prdnoun, sometimes as an unstressed adjec-
tive, with a total of four tokens in the sentences. All the word- I

initial [dJ's occur before the vowel [o], in unstressed preposi-

tibns, and in stressed and unstressed syllables of content words,
for a total of 14 tokens of word-initial [d] .
¢, Providence palrs and sentences

Recordings of minimal pairs and seﬁtences were also made by
three native Poles in Providence. Strict standards were set for
the inclusion of local residents in this study: that the subjects
be near-monolingual (i.e, have difficulty answering simple question
or following instructions in English), and that s/he be visiting
other Poles in the US for a limited time. The three Poles who met
these criteria were JP, a university researcher about 45 years old,
MG, another researcher  about 30 years old, and DB, a high school
student 16 years old, JP énd MG spoke educated standard Polish;

DB spoke Bomewhat less educated Polish,

Recordings were supervised by MJH; ﬁhe language spoken during
recording sessions was Polish. The minimal pairs were preseunted,
%n'pairs, on a single sheet of paper in order to highlight the,[t]
- [d] contrast. Speakers were not told to emphasize those segments,

nor what the purpose of the experiment was, but it wss hoped that

presentation of the words 1n such a format would encourage distinc-

tiveness in the readings, Speakers were told to pause between

words, in order to avoid the effect of running speech, Recordings

werea made in the 'home or office of the speaker on a high-quality

recorder (Nagra 4.2) at 3 1/2 ips tape speed,




=

33

The set of minimal pairs that these speakers read consists of
14 [t] - [ﬁ:]contrasts. Twelve of the pairs have word-initial con-
trasts, and two have medial contrasts, The word—-initial contrasts
occur in both ome-.and two- syllable words, with the vowels
' [i u o a] following the initial apical stop.4 These speakers read
the same list of sentences as the speakers recorded in Poland,
except.that one sentence wi;h initizl [t] and one with initial.[d]
were omitted. Thus there were three tokens of [t] and 13 tokensg
of Id] .

Table 1 lists all the words from the minimal pairs and the
Sentences; the complete set of senténces is given in the Appendix.

MJM was ablé to engage one speaker, JP, in a lengthy spon-
| taneous comversation about English borrowings into Polish and vice
| versa. This conversation was transcribed, and all tokens of word-
:initial [t] and [d] were considered for inclusion in this study.
The [t] —tokens are found.in stressed and unstressed sylliables. of
content and function words with all five Polish oral vowels
[* e a o u] following the initial apical stop. However, very few
.tokens of word-initial [d] are to be found in this conversation;
all occur before the vowel [oJ in unstressed syllables.

It is true of several other conversations recorded by MJIM
.in Polish that the number of word-initial [t]'s is much greater
than the number of word;initial [d] 's, The sentences described
abové, however, contain wany more [d]'s than ft]'s. One reason for
including these sentences in this study, then, is that they provide
| tokens of word—initial [d] in running speech to supplement the
conversation tokens., A total of 237 tokens of word-initial [t] and

248 tokens of word-initial [d] were recorded,

vt —— Mot i alre— e i "




34

TABLE 1

Words read in minimal pair list, The * indicates the set read by
the 24 subjects in Wroclaw, Poland,

to -~ do

tym - dym
¥tama - dama
*tata - data -
tom - dom
*ta -~ da

tomy ~ domy
tam - dam
#tupr - dur
tyle = dyle
tarka - darka
tamy - damy

*rata - rada
roty -~ rody

Words read in sentences. Capital letters indicate that the word
occurred in sentence-initial position, post pausally. The *
indicates words read only by speakers in Lodz, Poland.

Sentence #

domu

1 to
4 do
5 . do
16 To
17 do
domu
21 do
domu
25 Dostales
29 do .
31 to o
%33 To
%35 do
37 dostales
38 do
domu .
49 do
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2,1.,1.2, Inclusion of tokens

The data presented in this chapter come only from words with

initial [t] and [d] followed immediately by a vowel., No initial I

consonant clusters or word-internal stops are included here, How=

ever, both post-pausal stops and stops embedded in running speech

are included.

Not all the 237 tokens of ft] and 248 tokens of [d] that were
recorded were actually measured for this study, First, in the read
conditions, a speaker sometimes left out a word or did not produce
the correct consonant. 1In the conversation, low speaking volune,
_background noise, or overlapping speech by the two speakers made it
necessary to exclude some tokens, In addition, in very fast speech,'
vowel deletions sometimes resulted in surface forms with consonant
clusters, which were excluded,

Add{itional tokens could not be included in the analysis becaus
of measurement difficulties, A particular problem was finding
bursts in rapid running speech on the tage of ;entences from Pol-
and.s_ However, enough tokens could be'measured from this tape to
Justify its use, Measurement problems will be discugssed further
telow, In some cases estimates rather than measuremexnts could be
made, providing some additional data.

- After e;clusiéns for all of these reasons, 187 of the 237 [t]—
tokens and 164 of the 248 [d]-tokens were actually measured for
this stu&y. An additiomnal 473 [d]wtokens could be estimated with

{
confidence, for a total of 207 [dl-tokens. These figures can be I
broken down as follows: ,
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minimal pairs

(&) 120 of 132
[47] 124 of 132
sentences
[t] 23 of 29
[d] 38 of 109 (plus 43 estimates)

JP conversation
[c] 44 of 76
[d] 3 of 7

2,1,1,3. Analysis
a, VOT measurement

All measurements were made on the PDP-11/34 computer in the
Phonetics Lab of the Brown Linguistics Department, using the WAVE
program written by John Mertus., This system samples at 20 kHz
using a 10-bit analog to digital converter, and the-input 1s band~
pass filtered from 60 to 10,000 Hz,

VOT was measured from the beginning of the release burst tg
the beginning of voicing, If the onset of phonation ocecurs after
the release burst, the VOT measurement is positive; if phonation
begins before the release burst, the VOT measurement is negative,
if.both begin at the same point, the VOT measurement iz 0, If efther
the bursg or voicing onset cannot be seen in the wavefora, no VOT
measu;ement can be made. Conservative criteria biased toward
detecting voicing were used in identifying the onset of periodi-
city, in that any acoustic event representing irregular vocal fold |
vibration was considered "voicing".® Fer positive VOT, voice onset

!

was measured as the zero-crossing before the first negative peak of

- — Womin — — O —
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pulsationy, unless some other point clearly marked the onset of

phonation, For negative VOT, voice onset was measured as the low
point of the first clear negative peak, rather than to the zero-
erossing, because there often was no zero-crossing in the vicini:y.
_Haasurements were made to a tenth of 2 millisecond and rounded to
the nearest millisecond,

In the case of voiced tokens, the beginning of the burst was
taken from the noise frication, even when the burst appeared to be
superposed on a pitch pericd., The landmark points used in measuring
VOT are illustrated in sample waveform displays in Fig. 2-1,

'There are systematic differences for [d] across speakers aud
speaking conditions regarding voicing beforé and during the release |
burst that complicate the measurement procedure., For some speakers,

there is a tendency for prevolcing to die down completely several

milliseconds before the release burst, as shown in Fi~, 2-2. In
these cases the VOT measurement is still made from the ansét of
voicing to the burst, ignoring the silent interva1.8

In the running speech conditions, voicing for a [d] usually
continues from a preceding voiced segment th;ough the Ed] rclease
and into the following vowel without a‘break; Therefoxre there is,
strictly speaking, no "onset" of volcing from which to measure VOT.

This situation is discussed in the next section,

b. continuous volcing measurement

When voicing is continuous from a preceding segument through
stop closure and release, no true VOT measurement 1is possible. Imn l
this caée "VOT" was réplaced by (or redefined as) a measure of thel‘

duration of the closure interval, which for [d] ig voiced, This

measure 1s not entirely arbitrary, since a prevoicing measure for

M e -
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VOT also represents closure voicing. In the case of prevoicing,
the closure duration can be thought of as upbounded -~ the beginning

of closure is seen only in the prevoicing, with no preceding segmen

to delineate the process of occlusion., In the case of running
speech, the onset of closure is clearly defined in the preceding I
segment, and the closure can be thought of as being bounded by that
preceding segnment, I

Closure was measured frem the point where the spectral charac-
teristics of the vowel periods were essentially lost =-- where the I
peaks and troughs disappeared or were smoothed out, etc. =-=- to the
stop burst, In many cases no burst gcould be found, and so0 a secondl

set of closure duration values was obtained by estimating closure

offset as the point where the amplitude began to increase and the
spectral shape began to change for the following vowel, For voiced
stops this point is usﬁally quite socon after the burst, and in any
event such a measure provided an upper bound on the actual closure
duration, These estimates were rounded down t; the nearest 5 msec,
Tt will alvays be stated in the results sections when these esti-
mates are being included,

Examples of closure duration measurements are shown in Fig.2-3,

¢, measurement reliability

An assessment was made of the reliability of the VOT measure-— |
ment s reiorted here. The 12 minimal pairs of word-initial [t] and
[dJ read once each by MG and JP were measured independently an two
occasiong., The consistency of these measurement across sessions
was tested in two ways. Means and standard deviations were computed
for [t]'s and [h] 's for gach set of measurements. Then the dif~

ference between the members of each pair of measurements (first and
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second sets) was computed, and the mean and standard deviations of
these differences. The object of this test is to see if the stan-

dard deviations for the differences are smaller than those for the

feasurements themselves~~that is, if remeasurement error introduces

more variation into the measurements than ig already present from
sampling, The second way in which consistency was assessed was by
calculating the correlation coefficient of each set of paired
measurements.

In each case the voicing lead measurements are less reliable

than the voicing lag ones, because for each speaker there was one

token where the onset of prevoicing was difficult to distinguish
from backgrognd noise., These measurements varied by tens of milli-
seconds, and this variation accounts for most of the unreliability,
Table 2 shows the mean and standard deviation of each consonant
sample for each speaker., The mean and standard deviation of the
differences between. the samples is also shown, both for 12 values
per sample, and for 11 values, with the one un;eliable one in each
sample left out, The large improvement in the reliability, shown
by the decrease in the standard deviations, indicates that these
single tokens indeed account for most of the unreiiability in the
samnples,

Correlation coefficients calculated for each sample are also
given_in:Téble 2. One way of considering correlation i1s to ask
whéther one sample for [t] is like the other sample for [t]for one
f the speakers, and whether oné [q] sample is like the other [d]
sample, This question is relevant when one locks at me;ns and
ranges for each consonant, The correlation coefficients for these

comparisons are shown in Table 2; the comparisons of the [d]

T ——— i .S —_ — P rer——————
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TABLE 2

Reliability of VOT measurements made for the same tokens (12 minimal
pairs spoken by MG and JP) on two different cccasions, giving mean
and standard deviation (SD) for each set of measurements, and for
the differences (A) between the paired measurements, for each
speaker. The last column gives the SD of the differences when the
nmost different pair in each set is omitted.

lst sample 2nd sample = A =12 values A-11 values
mean (SD) -mean (SBD) mean {5D) {sD)
M .
t 18.7 (7.9) 17.8 (9.7) -.92 (4.1) (.47)
d -102,3 (20.3) -96,6 (19.87) 1.92 (13.95) (1.46)
t 35.0 (8.3) 34,9 (8.2) 08 (,29) -

d -79.9 (26.8) -86,2 (BZ.Q) ~6.25 (24.3) (2,15)

Correlation Coefficients -

2 samples [t] .91
2 samples [d] .80
2 combined samples ' 99
2 samples [t] 1.00
Z samples [d] .67

2 combined samples .97




samples show much lower correlations than do the (t] samples,
A second way of considering correlation is to ask whether one

set of measurements of [t]’s and {d}'s presents a different picturel

of the distribution of the two consonants than does a second set of
méaéufeménts. The values for the combination of.[f]'s and [d{'s "
are then compared for each gpeaker.. Table 2 shows these coeffi- f
clents as well; the combined samples of measurements are quite
 reliable, even with those values fpr [d]'s that differ widely.

. The values reported in this chapter are those of the first

sample, since they show smaller standard deviations,

2.1.2, Results

The data for the post-pausal tokens will be presented separ-
ately from the data for the running speech tokens., 1In the post-
pausal eunvironment, prevoicing can éasily be measured for [d].
while it often cannot in running speech. Also, the speaking rate,
_etc;, may vary in these cogditions, and so at the first stage of
analysis the data are kept separate, Lafer, the possibility of
Icollapsing over several conditions is cbnsidered.

.For each condition, the number of tokens for which there are
measurements (N), the entire range the measurements cover in msec
VbT, and the mean (X) and standard deviation (s) for thu?e measure-
ment s agé presénted. Following standard practice, the positive
and hegative VOI's for a single stop consonant sample are presented
separately, since usually there are two distinect distributions '

involved.

2,1.2.1, Resultslfor post-pausal [t] and rd]

The post pausal tokens are found both in the minimal pair

o
——




|

42

readings and in initial position in the sentences. Data for each
set of readings of the saﬁe material (4 or 12 minimal pairs, sen-
tences) are presented separately in Table 3. Sample distributions
for individualé'and groups, as labeled, are shown in Fig., 2-4,

It can be seen from the frequency distributioms that, while
the values for an individwal speaker (JP, MG, DB) do not cluster
around any particular value, the combined values for the 24
speakers from Wroctaw give an essentially normal distribution for
each phonemic category. The rmode for [E] igs between +15 and +20
msec, and the mode for [d] is about =120 msec VOT, These distri-
butions are similar to those given by Lisker and Abramson (1964)
for other.two-category languages contrasting lead and short-lag
apical?.

The breakdown by speakers and condition shows that the means
and standard deviations for [t] are quite similar across these
samples, The exception to this is that speaker JP produces higher
VOT values for‘[t] 's in minimal pairs than do the other speakers,
Nonefheless, his higher values, which are all under +50 msec, are
within the ranpe reported by Lisker and Abramson, and indeed one
Wroctaw Pole also produced a +50 msec wvalue. Overall, there is
no obstacle to collapsing the data across speakers and conditions
for post=pausal [t] - -

The values for [2] in minimal pairs are alsoc qnite siﬁilar,
but there is less prevoicing used in the sentence context than in
the minimal pairs. Since there are only four prevoiced sentence
tokens {(the fifth has a lag value), it is &ifficult to know
whether this difference is meaningful, but there-is some evidence

that it may not be accidental., As will be seer in the running

|

it i -




43
TABLE 3

Number of tokens (X), range of VOT neasurements, mean VOT measure-

1)

2)

3)

ment (X) and standard deviation (s}, in msec VOT, for tokens of
[t] and tﬁj following pause.

24 VWrociaw Poles, 4 minimal pairs

[tl range = +3 / +36 msec

N = 90 % = 20 s = 7.7
[a] range = =177 / =35, +9 / +13 nsec
N = 94 X = =120, +11 s = 32,9, -

3 Providence Poles, 12 minimal pairé

{el range = 0 / +49 msec
N = 36 X = 24 s= 11

‘ !
N = 36 X = =102 s = 29

[d7] range = =169 / -34 msec
8 readers, sentences, 2 initial [f] and 1 initial [d]

[t] range = +13 / +30 msec

N =12 X = +19 s = 5,5

[a7] range = =32 / =27, +22 msec
N =5 % = =30, +22 s = 2,1, -
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speech condition, lead VOT values of =30 to =60 msec cover most of

the range of voiced closure durations found for [d] in running
speech. Thus the shorter values for prevoicing found in sentence-
initial position coincide with the values for voiced closure dura-
tion found in sentence-~internal position. That is, sentence pro-
duction of [d] may invelve a different production strategy from
that used in minimal pairs, even in post-Pausal positicn,

Finally, 1t should be noted that two[ﬂ]-tokens were produced
without prevoicing by one of the Wrocktaw Poles, and one [d]—token

was produced without prevoicing in a sentence.
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2.1.2,2, Results for [t] and [d] in running speech

As in the preceding section, data for the sentences is combined
across speakers, The data for JP's convergation is presented sep-~ !
arately, Table 4 gives the number of tokens, the range, mean and

standard deviation for each sample of the two consounants, I

All but three [d]—tokens in the sample from which data for
this section is derived contain voicing continuous from a preceding
segment through the closure and release portions. For these three
tokens, volcing was not sustained from the preceding segment
through the apical stop; voicing died down a few milliseconds befor
the burst, Of these three, one could not be measured, one had a

VOT of 0, and the other a VOT of 16,7 msec. The values given in

Table 4 are closure duration measurements, and.so do not include
these last two valués. C103ure_durations will-be discussed in
more detail in Ch, 4,

It can be seen from Table 4 that the d;ta from the two condi-
tions, both in the means and the standard deviations, are quite
similar, aﬁd could be collapsed.

Speaker JP contributes a disproportionate share of tokens

to this §ample of data, and some of hig [t] values are slightly
higher than those of octher speakers., In this sample, however, it
is not always because of longer lag or aspiration, but often |
because he tended to produce double bursts, VOT is always measuredl

from the first burst, if there are more than one, and so the VOT

values measured for this type of token will be somewhat inflated,

Liee Fig. 2-5 for an illustration of double bursts,

W—. A e———— g T




TABLE 4

Number of tokens (N), range of VOT measurements, mean VOT measure-
ment (X) apd standard deviation (s), in msec VOI,for tokens of
[t] and [d] embedded in speech not following pause,

1) sentences, 12/13 embedded [ﬁ], 2 embedded Et]

[E] N =10 range = 0 / 426 msec
X = +15 s = 8,8

Cd] N = 33 range = -20/ -83 msec
X

= =50 s = 15.5
with estimated valuaes:
N = 78 ‘range = ~15/-83 msec

X = -45 s = 16,3

2) conversation

[t] N = 44 range = 0/+53 msec
¥ = +28 8 = 11.1
4] N = 2 measured, 1 estimated

range = =-58/-100 msec

X = -73
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A few of the [dj values are noticeably longer than the others;
these are all taken from the phraaé “zaraz do domu", in the un-
stressed preposition. Although iﬁ might be expected that the
closure would be quite short in this context, the closure after
the fricative [z] containg some frication and lasts longer than
other closures, Presumably this 1s due to the homorganic place
of articulation, which allows the closure for the [d] te be

coarticulated with the [z].
2.1,3, Observations and Discussion

2.1,3,1., Comparison across conditions
There are two facters that might affect the distribution of

VOT values in the present éamplea. The first is post-~pausal vs,

non-post-pausal (embedded) position; the second is word-list

(minimal pairs) vs. continuous speech context, Of the four pos-—

sible combinations of these two crossed factors, only three are
found in these samples, as there are no explicit minimal pairs
embedded in running speech. The + post-pausal contrast occurs oaly
in the sentences; the + context contrast occurs orly in post-paussal
position. <Consider each factor in turn. A comparison of Table 3,
#3 with Table 4, #1 indicates that there is no substantial differ-
ence in VOT for [t] and [d1 in post-pausal and non-post-pausal
positioﬁs. On the other hand, a comparison of Table 3, #1 and 2
with '#3 indicates that the spzech context does affect vOoT, in that I
post-pausal tokens ir sentences have a more restricted range of
VOT values than do minimal pairs read in word lists, This is I

especially true of'[d]—tokens, which have much lower VOT values

in sentences, even in post-pausal position, than 1isclated minimal




pairs,
In the presentation of the data, it was noted that values
within the post-pausal and running speech conditions could be

partially collapsed over speakers. Comparison across conditions

indicates that all samples are similar enough in means and standard
deviations to allow collapeing, except for the + minimal pafirs
factor for [d]. Here, it will be recalled, values are much larger
for the minimal pairs condition., In fact, the two sets of [d]-
values, for %+ minimal pairs, form two distinct distributions, with
modes at about =120 and =60 mse¢ VOT,

Fig. 2-6 presents all the production data, collapsed over most:
coenditions. The data for [t] is quite systematic, with a quasi-
normal distribution. The data for [d] ie separated into + minimal
pairs, and the outline of the combined distribution is given in
 dots, Since this combined distribution is, at best, bimodal, it
seems best bot to collapsé over these conditions without further
data for [ﬁ] to clarify the nature of the distribution,

In English, a fair amount of category overlap is found for
voiced and volceless stops in running speech, especially in casual
conversation (Lisker-and Abramson, 19673 Moslin, 1978). For exam-
ple, Fig. 2-7 shows a distribution from a casuval English conversa-
tion, taken from Moslin (1978)., It is therefore remarkable how
lictle dategory overlap theres is in Polish. Even in running speech
where [d] is represented by the less distinctive voiced closurg
duration measure, the volcing categories are quite sepérate. The I

Polish distinction "voicing before release"/"voicing after ralease"

seems to be an easy one to produce consistently, '
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2,1.3.2. Individual differences

There is considerable variation in the productién of voicing
contrasts across the 32 speakers represented im the corpus used
here. 1In this sectioﬁ these differences are illustrated im order
to show that a single "VOT" value can be realized acoustically in
2 number of different ways; Also, very little explicit information
on acoustic details of the preveicing~shert iag VOT contrast is
available, and another purpose of this section is'to provide such
information,

a. variation for [t]

The three basic types of [f]'s to be found in the corpus are
illustrated in Fig, 2-8, With the first type of [t], veoicing
begins inmmediately or shortly after the burst,giving a low VOT
value., However, in this case the burst is quite prominent,with
frication and possibly some aspiration, and a relatively high
amplitude, Of course, care must be taken in interpreting relative
intensity in waveform displays, since the ovegall recording level

|
may vary across tokens., A more detailed analysis based on a care=- I

fully controlled recorded sample weuld be required to be certain of

these differences, Still, comparing burst portions to the sur-

[

Tounding portlons in a single token, it seems that some bursts and
lag intervals are more prominent than others, even with similar

VOT values. This sort of varlation does not accord with Lisker

and Abramson's model of voice timing, and indicates that some

other production parameter may be involved (e.g., subglottal

pressure, muscle tension). It also indicates that VOT may not be
the only cue to voicelessness. Other aspects of the acoustic sig-

nal may vary im a way that compensates for low VOT values, rather




than co-vary with them,

With the second type of [t], voicelessness is seen in the
amount of.aSpiration present after the bursﬁ, with a highef vor
value, from +206 to +50 ﬁsec. The third type of [t], however, has
a fairly long lag VOT but 1little or no aspiration during tﬂe
voicing lag. Especially common is some combination of aspirated
and silent lag. The point to be made is that speakers vary in how
much aspiration fills the lag interval, Judging from inspection of

waveform displays. The degree of aspiration does not seem to be

this question will be addressed in the next chapter,
b. variation for da]

In section 2,1.%,3a some patterns of prevoicing were described,
Fig. 2=9 1llustrates further the variation found in Polish [d]. Of
the three types of productions, by far the least common is the one
where the prevoicing stops before the burst,and several msec of
silence intervenes between them, (See Fig., 2-2) This pattern is used
by only a very few speakers, in the minimal pairs condition. In
Ch., 4 we will see that this pattern also occurs with mediai [h] in

minimal pairs. It does not seem to occur in running speech, When

directly correlated with the VOT value, The perceptual aspect of

prevoicing is measured, the silent interval is included in the VOT !

value, and these VOT values are typically longer than those for I

togens wﬁere the voicing does not stop before the release. That is,

the amount of actual voici.g is similar, but the VOT is greater I

because of the added sileace. l
The most prevalent pattern in minimal pairs is what Lee Wil=-

liams (1977) called “interrupted" voicing: the prevoicing continues f

up until the release, but with lower energy immediately before it;
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the burst is voiceless, and voicing recommences after the burst.
This pattern is quite rare in the running speech condition. (See

Fig, 2-%a,)

The usual pattern in running speech, and which also occurs
consistently for some speakers in the minimal pairs, is continuous
voicing up to and through the release, There are two sub-~types
here, which Williams does not Qistinguish. The first is 1llustra-
ted in Fig, 2-9b: the burst appears to be superposed on a pitch
pulse. This type is rare for Polish, although it may be the domin-
ant pattern in other prevoicing languages.g

Most instances of continuous voicing in Polish involve a burst
which is c¢learly distinguishable from prevoiecing, but which con~-
tains several short pitch pulses within 1it. Fig, 2-9c illustrates
'such a pattern, The components of the burst are evenly spaced and
the burat frication appears superposed on them; compare the normal
noisy-looking burst shown in Fig., 2-1b or the fricated [t]—burst
in Fig., 2-8a, -

The effect of these various patterns is that no simple state-

ment can be made about a [d]-burst being characteristically voiced,
In minimal pairs it is often vofceless, while in running speech it
1s typically voiced, In both conditions theré are tens of milli-
stconds‘of voicing during the closure interval before the burst,
However,‘in minimal pairs this voicing is much longer than it is in
running speech, It is in the minimal pairs, where the lengthy
prevoicing is an unmistakeable correlate of voicedness, that the
reiease iteelf 1is ambiguous, since a veoiceless burst can occur in
either a [t] oY a [d] in Polish, ﬁhere there ds much less closure

voicing, in running speech conditions, the release is unambiguously

— " s s




voiced.

2.,1,4, Summary and Conclusions

Data has been presented on volce-onset measures for Polish
word=igitial [t] and [d] . In post-pausal position, where both
lead and lag VOT can be measured, VOT is extremely effective in
distinguishing the two stop categories, Values for [t] fall in
the short lag region, and values for rd] fall in the lead
(especially long lead} region, of the VOT continuum. In running
speech, VOT values for [t] also fall in the short lag region, but
ne point of voicing onset can be identified for [d], as voicing
is continuous from a preceding segment, Therefore, for [d] in
running speecﬁ, a measure of the (volced} closure duration was
substituted for a true VOT measure, This measure was always nega-
tive, and so "VOI" was still effective in distinguishing the stop
categories. The overall result of the study is that for [d], there
is always some VOicing during closure, while for [t], there is
never any volcing during closure, Also, for [d] the burst may be
voiced or voiceless, but for [t] it i8 always voiceless,

Many speakers have voiceless bursts for [d] in minimal pairs.
Were this not so, the voicing distinction could be characterized

by burst voicing alone == possibly in terms of spectral properties

of the release. And because some [d] 's have voiceless bursts,[d]
cannot be defined by continuous voicing? vs, interrupted voicing
for [f]. However, in ttase mituations where the burst itself is
not voiced, there is more voilcing (longer VOT) during the closure,
possibly providiﬁg more information about the voicing category of
the consonant.

The voicing contrast in Pplish is thus not the simplest one

A — m——— ——
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that could be imagined for a prevoiced ~ voiceless unaspirated
language. The simplest situation would be one in which veoicing
was never interrupted for [d],.and 50 Ed]-bursts were always
voiced, with continuous voiecing from closure through the re}ease,
and in which [t]-bursts were always voiceless with lag VOT (as
they are in Polish), In this simple situation, the volcing cate-
gories could be distinguished by referring to any one of: fhe
closure interval, the burst, or the segment immediately after the

burst,

The Polish situation, as we have seen, is more complicated,
The burst in itself is ambiguous. In the portion immediately be-
fore the burst, voicing information is also ambiguous, since pre-
voicing can die down before the release., Inmediately after the
burst, frication and asplraticn may obscure a gradual veice=-onset,
makiag the VOT unclear. Portions well before and slightly after
.the burst ghould, however, be unambiguous Qith respaect to voicing:
[tl's show some voicing lag after the burst, and [d]'s show some
voicing before the burst,

In terms of contrasting Polish [t] and Ld], VOT provides more

information than is actually needed., A numerical VOT value is not
needed to clearly separate the [t]-category from the [d]-category;

the "+" or "-" sign attached to the number is sufficient, The

effectiveness of these signe, however, crucially depends on the
measurement procedures . set up earlier, For example, it must bé
understood that an interruption in voicing, followed by a2 second
voicing onset after the burst, will be ignored., If we were first

to look for a voicing onset after the burst, then tokens of [d]with

s e attd ey D W

interrupted voicing would be mis-categorized as [t], i
P
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Polish [t] and [d] can be distinguished by noting whether or
not there is any voicing before the burst. Because voicing some-
tines dies down immediately before the burst, one must look for
voicing well before the burst. The best place to do so is probably
immediately after the point of occlusion, at the onset of closure,
If there is voicing at and after the onset of closure, then the

steop is veoiced; if voicing ends at closure, then the stop is

role as a reference point relative to the onset of voicing; rather,l

voiceless, 1In this scheme, the release burst plays no particular !
|
the occlusion =-- the onset of closure -~ plays that role.
Why then use VOT at all? First, the burst seems to be impor-

tant for categorization along several phonetic dimensions, for

example stop/fricative, and probably place of articulation (Stevens
and Blumstein, 1978). Thus there 1is no advantage in not involving
it in this volecing categorizztion. It is not clear what indepen-
dently-motivated role is required for the onset of closure,

Second, numerical VOT values are useful in describing the
compensatory relationship that may exist between closure voicing
duration and burst voicing. As described earliier, there seem to
be more voilceless [d]wbursts in minimal pair readings thanm in
running speech. It is also in the minimal pairs that long inter-
vale of closure voicing ~- prevolcing -- occur, and it was specu-
lated that the longer preveoicing wmay help compensate for the
voiceless bursts. If this is so, then only numerical values caﬁ
represeat the fact that the prevoicing is.longer than the closure
voicing in running speech., However, this account is purely specu-

lative, and so cannot be used for or against any particular measure

at this point,
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Third, VOT is useful in providing non-~contrastive acoustic
detail about Polish stop voicing. The VOT distributions shown
here are systematic, and so a VOT measure 18 not arbitrary. Mare
importantly, VOT is useful in non-contrastive cross-language
comparisons, for example between Polish and English. We will re-

turn to this point in the final chapter.
2,2, Perception Data

2,2,1, Introduction

In the preceding section on production data a falrly straight-

forward_account of the voicing contrast in Polish apical stops was
given. For [dJ, there is vocal fold vibration before and often
through the release burst, For [t], vocal fold wvibration begins
after the release burst, These generalizations hold for minimal
palirs, read sentences, and spontaneous conversation. VOT is a
useful measure for representing this contrast and especizlly for
describing acoustic details,

However, once an acoustic correlate of a contrast is
found, it is necessary to investigate the va;ue of that correlate
as a cue to the perception of that contrast, It could be that VOT
happens to co~vary with some perceptually-relévant parameter in
gratural speech, such that the correlation obtained for the produc-
tion.data 1s misleading, It might be that, as has happened with

VOT (Lisker and Abramson, 1¢70) the production and perception

catepgories are not quite matched indicating that other parameters
play a role in perception, Or, on the other hand, 1t could instead
be the case that VOT is the most reliable metric for describing

the perception of voicing,




